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Abstract

Feeding difficulties, mainly determined by oral motor problems, 
are common in patients with severe neurodevelopmental disabili-
ties (NDD). These problems have a negative impact on health and 
developmental outcome as a consequence of insufficient intake. 

Research data show that insufficient intake, and not enhanced 
 caloric needs, is the major cause of malnutrition. However, no 
 direct relation between intake and nutritional state has been shown, 
illustrating the wide variety in caloric needs in this population. 
 Individual caloric needs in patients with NDD show a wide variety, 
but are generally lower than in normal children. 

Treatment of these patients is complex as data on adequate daily 
allowances for this population are not available and standard an-
thropometric cut-off points to define malnutrition need adaptation. 

In order to prevent and treat malnutrition in patients with neu-
rodevelopmental problems, careful multidisciplinary follow-up is 
indicated, aimed at early detection of feeding problems, nutritional 
deficiencies and growth failure. Oral food intake can be enhanced 
using adapted food texture and special feeding devices, giving posi-
tional support combined with specialized dietary advice on nutri-
ent- and caloric-dense food. When oral feeding is unsafe or ineffi-
cient, partial or total enteral nutrition is started through a 
gastrostomy, with or without concomitant fundoplication. Evi-
dence based criteria guiding this decision are lacking. (Acta gastro
enterol. belg., 2013, 76, 329-334).
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Introduction

The prevalence of feeding problems in children with 
neurodevelopmental disabilities (NDD) is high (30 
80%). The more severe the disability, the higher the 
prevalence of feeding difficulties (1,2,3,4). These feed
ing problems can cause malnutrition which has a nega
tive impact on health and developmental outcome (5). 
Hence, proper care for patients with NDD implies screen
ing and prevention of malnutrition involving a multidis
ciplinary team of physicians, nurses, dietitians, speech 
therapists and psychologists (6). This paper gives an 
overview of the causes of malnutrition, the use of anthro
pometric measures for screening and diagnosis and de
scribes possibilities and indications of nutritional support 
in children with NDD. 

Causes and consequences of feeding difficulties

Feeding difficulties are mainly determined by oral 
motor problems, or dysphagia, associated with the under
lying neurological impairment. Children with spastic 

quadriplegia need up to 15 times more time to eat the 
same food quantity than their normal weightequivalent 
peers (7). The prevalence of feeding difficulties and mal
nutrition is highest in patients with more severe neuro
logical impairment, however, less severe impairment 
does not preclude feeding problems (8).

The inability to selffeed, to maintain a stable position 
while eating, and to communicate hunger and/or satiety 
contribute to the feeding problems. These feeding prob
lems, apart from causing distress for patients and care
givers, often result in insufficient intake and malnutri
tion. Indeed, research data show that insufficient intake, 
and not enhanced caloric needs, is the major cause of 
malnutrition (9). However, there is no direct relation be
tween intake and nutritional state, illustrating the wide 
variety in caloric needs in this population (10). Individu
al caloric needs in patients with NDD show a wide vari
ety, but are generally lower than in normal children (11). 
There are no data on daily allowances for population.

Often, gastrointestinal problems as well as behavioral 
and parentchild interaction problems will negatively in
fluence intake (12). Gastro-esophageal reflux disease 
(GERD) is present in up to 57% of these patients (13). It 
is influenced by severity of the underlying disease and 
the presence of chronic obstructive pulmonary dis
ease (14). GERD will negatively influence the intake and 
subsequently the risk for malnutrition, however, malnu
trition has also been suggested to have a deleterious ef
fect on GERD (15).

Practical clinical approach (Fig. 1)

The questions guiding the clinical approach concern
ing nutritional support in children with NDD, are simple. 
Are feeding problems present ? Is oral feeding safe ? Is 
feeding efficient ? Is the child malnourished or at risk for 
malnutrition ? Is it possible to enhance and optimize oral 
intake ? Are these measures efficient ? Is tube feeding 
indicated ?
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Fig. 1. — Flowchart : nutritional support in patients with neurodevelopmental disabilities
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charts can’t be considered as normative as they did not 
take into account whether their nutritional state was 
 optimal. Another problem is the inability to precisely 
measure height, especially when they are having contrac
tures. This problem can be addressed by using segmental 
measures such as upper arm length or lower leg length/
tibial length (22,23). 

Skinfold measures (triceps, sugscapular, biceps, 
 iliacal) give an indication of fat mass, and are easily 
available. Again, it remains to be shown whether normal 
reference values are applicable in NDD patients as some 
data indicate a different fat distribution in this popula
tion. 

Other methods to measure body composition show 
promising possibilities in giving more precise informa
tion on body composition. A study comparing the results 
of bioelectrical impedance (BIA) and equations using 
the sum of 4 skinfold thicknesses with isotope dilution 
(golden standard for measuring lean and fat body mass) 
has shown BIA to be more concordant with the reference 
than the skinfold equation (R² : 0,92 versus 0,44) (11). 
Further research is needed before BIA can be advised as 
a routine screening tool in this population. 

Longitudinal data on weight, height and skinfold evo
lution are the most informative in guiding decisions on 
the indication of artificial nutritional support on an indi
vidual basis. 

Apart from the risk of malnutrition, attention needs to 
be given to prevent deficiencies of micro-nutrients. Iron 
deficiency is common as result of gastrointestinal losses 
caused by GER related esophagitis. Also, vitamin D defi
ciency is highly prevalent, related to insufficient sun-
light exposure and/or increased needs associated with the 
use of anti-epileptics (24).

Management of feeding problems

Guidelines are available advocating a stepwise ap
proach, aimed at optimizing oral intake, and indicating 
the placement of a gastrostomy for nutritional support by 
tube feeding in case of insufficient/unsafe oral in
take (6,25,26).

The aim of treatment is attaining acceptable weight 
gain (avoiding overnutrition) with acceptable feeding 
times. Patient comfort and wellbeing take central place 
in the decisionmaking. 

Although evidence is scarce regarding the effect on 
food intake of sensorimotor oral stimulation, using 
adapted food texture or special feeding devices and giv
ing positional support during feeding, together with spe
cialized dietary advice on nutrient and caloricdense 
food, are used (27). 

When oral feeding is unsafe or when malnutrition de
velops despite the above mentioned advice, partial or to
tal enteral nutrition is started. Patients with NDD will 
need long term tube feeding when indicated, therefore 
the placement of a gastrostomy offers advantages over 
the use of nasogastric tube feeding (28). These patients 

Whereas these questions seem simple, the answers 
seldom are clearcut. 

Are feeding problems present ?

A feeding history includes detailed information on 
what and how much a child is eating, on the duration of 
mealtimes, whether feeding skills are ageadapted, what 
textures are preferred, whether adapted feeding gear is 
used, whether the child is able to selffeed, in which posi
tion feeding is taking place and whether adaptation strat
egies have been developed by patient and/or carers (16). 
Preferably this information is gathered by a dietitian and 
a speech therapist, skilled in the evaluation of oral motor 
function. Structured questionnaires to guide mealtime 
observation have been developed in order to monitor 
feeding behavior (17). Mealtime observation is a valu
able additional tool for diagnosing feeding problems, not 
always apparent from the feeding history (17). 

Is oral feeding safe ?

Aspiration of food, liquid or secretions but also of re
fluxate from the stomach, is a frequent problem in pa
tients with oral motor dysfunction which is a major cause 
of recurrent pulmonary infections and lung damage, with 
concomitant morbidity and mortality (18). Clinical signs 
of aspiration, although not always present, include re
peated chest infections, coughing and/or choking during/
after feeds, and change in breathing rhythm or apnoe dur
ing feeds. Videofluoroscopy is a valuable additional tool, 
enabling to visualize “silent aspiration” (19). Whereas 
videofluoroscopy can be a very informative investiga
tion, interpretation needs to be done carefully, taking into 
account the conditions at the time of the examination 
(position, adapted gear, familiar person, adaptation time) 
and incorporating the result in the global evaluation.

Is the child malnourished or at risk of malnutrition ?

Monitoring for malnutrition includes the use of weight 
and height curves. Undernutrition is defined as weight 
for height below 80% of median weight for height or as a 
body mass index below 2SD (20). In patients with se
vere NDD, however, growth is impaired not only as the 
consequence of malnutrition, but also by neuroendo
crine factors and muscle impairment. It is well known 
that, in patients with hemiplegia, the hemiplegic body
side is smaller and leaner. The older the child, the more 
pronounced the difference becomes (21). Hence, stan
dard anthropometric cut-off points to define malnutrition, 
need adaptation. At this moment, it is not clear how to 
define the goal of nutritional support in children with 
NDD, in terms of “ideal weight for height”. Growth 
charts according to the severity of the neurological im
pairment (based upon the General Motor Function Clas
sification System classes) have been developed based on 
observational data in a large cohort of patients with NDD 
(www.lifeexpectancy.org/articles/growthcharts). The 
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Contradictory data exist in the literature on the rela
tionship between PEG and GER. Most studies show that 
GER does not worsen after PEG (3538), but these stud
ies conflict with others (39-40). The published studies, 
up to now, include children with a very wide age range 
and different underlying diseases. Some include all chil
dren requiring PEG, whereas others include only chil
dren with signs of GER. Methods for diagnosing GER 
were also different among the studies : only clinical 
symptoms, pHmetry (36), manometry or endoscopy. 
Two recent papers using repeated pHimpedancemetry in 
small cohorts of NDD children have completely opposite 
conclusions (41-42).

The presence of GERD before PEG and/or aggrava
tion of GERD after PEG in some NDD children has led 
some teams to perform systematic antireflux surgery at 
the time of gastrostomy. However, such surgery is 
 frequently complicated with a high rate of perioperative 
and late complications and recurrence of complaints, re
sulting in an operative failure rate of 25%, in whom a 
reoperation rate of 50% is described (43-44).

In Lille (France) the outcome of 368 patients who re
ceived a PEGtube between 1990 and 2003 is reviewed. 
GERD is diagnosed in 237 patients (75%) at the time of 
PEG placement. Subsequently, GERD disappears spon
taneously in 32 patients (41%) or aggravates in 82 pa
tients (38%). Fifty-five patients (17%) need antireflux 
surgery after PEG placement. In 22 of these patients, the 
surgery is performed within the first year following PEG 
placement, whereas for the remaining 33 patients, GERD 
surgery is performed after 1 to 7 years of followup. The 
only factor associated with GERD worsening and requir
ing antireflux surgery after PEG placement is the pres
ence of a neuromuscular disease. Neurologically im
paired patients present more often with aggravation of 
the GERD (49% vs 26%, p < 0.05) and require more an
tireflux surgery (22% vs 10%, p < 0.05) compared with 
the other children. Thus, 71% of all operations for a 
GERD are done in NDD patients, but conversely only 
22% of NDD patients need antireflux surgery after PEG 
placement.

In practice several parameters should be taken into ac
count needing a multidisciplinary approach : nutritional 
status, aetiology and prognosis of underlying disease, 
and respiratory status must all be considered. The con
cept of systematic prophylactic fundoplication associated 
with PEG placement should obviously be ruled out (35). 
In all cases, patients should be evaluated at least clini
cally to determine the presence of GERD and its impor
tance before PEG placement. Esophagoscopy concomi
tant to PEG may also help to assess the presence of 
esophagitis, which indirectly proves the preexistence of 
GERD before PEG. 

If GERD is absent or controlled by early medical 
treatment including proton pump inhibitors, PEG should 
be performed. Careful followup is therefore needed to 
diagnose GERD and/or complications related to GER 
such as lung aspiration. If GERD occurs or worsens after 

represent 30 to 40% of all the indications of PEG (13). 
Longstanding malnutrition may reveal to be irrevers

ible due to limited feeding tolerance because of severe 
gastrointestinal motor dysfunction. Nutritional outcome 
is better in children in whom the gastrostomy was placed 
before the age of 18 months, compared to those in whom 
it was placed later (29). 

Although the decision to insert a gastrostomy can be 
very difficult for care-givers, as it is perceived as yet an
other loss of normality, several reports indicate that most 
care-givers are satisfied with the procedure afterwards, 
and recognize that they would have accepted an earlier 
placement of the gastrostomy had they anticipated the 
outcome (29,30). Gastrostomy tube feeding leads to im
proved weight gain, shorter feeding time and improved 
quality of life for carers (31).

In practice, the amount of tube feeding is tailored to 
the caloric intake before the placement of the gastrosto
my, augmenting it gradually according to tolerance and 
needs. In order to provide enough micronutrients and 
fluid without excess calories, new low-energy, micronu
trient complete enteral formulas providing 0,75 kcal/ml 
instead of 1 kcal/ml, have been developed and are pre
ferred to diluting standard formula in case less than stan
dard intake is needed (32).

Administration schedules (bolus feeding / intermittent 
slow administration / continuous feeding) are adapted ac
cording to gastrointestinal tolerance and daily activities. 
When gastric feeding is not well tolerated, jejunal con
tinuous tube feeding can be proposed (28).

Is it necessary to perform a fundoplication systemati-
cally when placing a PEG tube ?

Up to 57% of NDD patients have GERD. Despite in
creasing experience, the relationship between PEG and 
GERD is still a matter of debate. Can PEG placement 
lead to the development or worsening of GERD ? Do we 
have to perform a systematic fundoplication at the time 
of gastrostomy in neurologically impaired children (33) ?

Several factors may contribute to the occurrence or 
worsening of GERD after gastrostomy placement : se
verity of the underlying disease, presence of chronic ob
structive pulmonary disease, type and location of the gas
trostomy tube (14) and type of feeding (bolus versus 
continuous) (14,34). In adults, using scintigraphic and 
manometry techniques, it has been shown that rapid in
tragastric bolus infusion leads to a reduction of the lower 
esophageal sphincter (LES) pressure and increased gas
troesophageal reflux whereas continuous gastrostomy 
feedings did not (34).

Malnutrition is also suggested to have a deleterious 
effect on GERD. In some children, nutritional restitution 
is associated with the complete cessation of vomiting at
tributed to GER. Nutritional restitution in children with 
PEG tube is associated with significant decreases in the 
number of episodes of GERD, as well as the frequency of 
esophagitis (15).
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PEG, medical treatment (medication, feeding mode) 
should first be adapted. Fundoplication or gastro-jejunos
tomy should be proposed in case of failure. If a severe 
GERD associated with impaired pulmonary function is 
present before PEG feeding is decided, or when GERD is 
not controlled by medical treatment, Nissen fundoplica
tion associated with gastrostomy should be performed. 
Figure 1 proposes an algorithm for managing GERD in 
NDD children with PEG tube feeding.

Conclusion

Patients with NDD are at risk of malnutrition, a serious 
cause of comorbidity. Prevention and treatment of mal
nutrition is a central issue in their care, preferably in an 
experienced multidisciplinary setting. They are a hetero
geneous group so that a “one size fits all” approach is in
appropriate. Individually tailored enhancement of safe 
oral intake, but not delaying gastrostomy tube feeding 
when needed, is important in order to improve general 
health and quality of life of both patient and caregiver. 
Further research however, is needed in order to define 
“optimal nutritional state” in this complex group of 
 patients.
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