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The delivery of food via a tube directly into the 
gastrointestinal tract has been described since 
pre-Christian times. In ancient Egypt, and later in 
Greece, feeds were introduced into the rectum, 
and in the nineteenth century, rudimentary tubes 
were used to infuse basic foods such as broths, 
eggs, milk, and even alcohol into the esophagus 
and stomach.1 Despite the increasing sophistica-
tion in other areas of medical care over the past 
century, treatment with enteral nutrition had been 
slow to develop. However, over the past two 
decades, enteral nutrition therapy has undergone 
a renaissance.2–7 Many patients who previously 
received parenteral nutrition are now successfully 
managed with enteral nutrition alone or in combi-
nation with parenteral nutrition.2,3,8 This has been 
made possible by the increasing range of options 
for gastrointestinal access, improved delivery 
systems, and advances in enteral nutrition formu-
las. Home enteral nutrition therapy is now an 
important adjunct to the management of infants 
and children with chronic disease or feeding 
problems.6 

PRINCIPLES OF ENTERAL NUTRITION

Enteral nutrition therapy has a number of advan-
tages over parenteral nutrition in the management 
of patients requiring nutritional support. Enteral 
nutrition aids in the preservation of gastrointesti-
nal function by the provision of enteral nutrients 
and is easier, safer and less costly to administer. 
However, despite these relative advantages, the 
delivery of safe and effective enteral nutrition 
therapy may still present challenges for families 
and caregivers in terms of time, technical exper-
tise, and cost.9 

PRESERVATION OF 
GASTROINTESTINAL FUNCTION

Enteral nutrition mimics the normal gastrointesti-
nal response following the ingestion of a meal, 
with the exception of the oral phase. The pres-
ence of nutrients within the intestinal lumen pro-
vides stimulation of gastrointestinal function and 
helps to maintain the complex intraluminal envi-
ronment via a number of key mechanisms. 

Intraluminal nutrients stimulate gastrointesti-
nal neuroendocrine function, effecting motility, 
and digestion through the secretion of digestive 

enzymes and gastrointestinal hormones. Intesti-
nal functional and structural changes occur 
through local and systemic interaction of nutri-
ents and neuroendocrine peptides, cytokines, and 
hormones.10–12 The list of these mediators is con-
stantly growing and includes gastrin; enteroglu-
cagon; peptide YY; interleukin 3, 11, or 15; 
epidermal growth factor; growth hormone; insu-
lin-like growth factors I and II; glutathione; fi ber; 
short-chain fatty acids; glutamine; triglycerides; 
dietary nucleotides; and polyamines.10–12 Mono-
saccharides and fatty acids can infl uence the 
secretion of enteroglucagon and peptide YY and 
via these mediators effect mucosal growth and 
decrease intestinal transit time.13 Carbohydrate, 
protein, zinc, magnesium, potassium, or manga-
nese defi ciency can modify the effect of growth 
hormone and insulin-like growth factor II.14–16

Intraluminal nutrients assist in the mainte-
nance of gut mucosal mass, including the gut-
associated lymphoid tissue (GALT). The GALT 
consists of the lamina propria, intraepithelial 
lymphocytes, immunoglobulin A (IgA), Peyer’s 
patches, and mesenteric nodes and is responsible 
for processing intestinal antigens.17 During peri-
ods of “bowel rest,” such as occur with intrave-
nous feeding and starvation, there is a reduction 
in gut mass and the function of the GALT is sup-
pressed.17 This has been associated with a reduc-
tion in IgA secretion and increased gut 
permeability resulting in increased bacterial 
adherence to the intestinal wall, cellular injury, 
and bacterial penetration with adverse systemic 
host responses.17–19 In animal studies, an associa-
tion between parenteral nutrition and bacterial 
translocation has been reported; however, these 
results have not been replicated in humans.20 Oral 
or enteral feeding may reduce the potential risk of 
bacterial translocation, except when disturbances 
in intestinal permeability are related to an under-
lying disease process (eg, short-bowel syndrome) 
or the chemical composition of the enterally pro-
vided substance (eg, blue food dye).17,21–23

The gastrointestinal tract is a delicate ecosys-
tem with the balance determined and maintained 
through the interplay between nutrients, bacteria, 
and the intestinal defense system (luminal, muco-
sal, and submucosal immune system). Intralumi-
nal nutrients play an important role in the 
development and function of the gastrointestinal 
ecosystem through the modulation of the resident 
bacterial fl ora. The key contribution of prebiotics 

to development of normal intestinal fl ora and the 
intestinal immune system has been recognized.24 
The interaction between specifi c bacteria and 
toll-like receptors located on intestinal entero-
cytes and lymphoid cell from as early as birth 
infl uences the development of physiologic intes-
tinal immune response.24 The provision of nutri-
ents via the intestine results in improved 
utilization of digested and absorbed nutrients. 
Gut and liver work in synchronism utilizing and 
eliminating nutrients. The actions of digestion 
and absorption in the gut followed by a fi rst-pass 
metabolism in the liver contribute to maintenance 
of physiologic metabolism. 

COST

Although enteral nutrition therapy is more 
costly than standard feeds, compared to paren-
teral nutrition therapy, enteral nutrition is 
approximately two- to fourfold cheaper on an 
inpatient or out-patient basis.2,3,9,25–27 Based on 
US Medicare charges, the annual cost of provid-
ing enteral nutrition per patient is approximately 
US$9,605 � US$9,327 compared with 
US$55,193 � US$30,596 for parenteral solu-
tions.4 In addition, the frequency and cost of 
hospitalization is higher for patients supported 
on parenteral nutrition therapy compared with 
enteral nutrition therapy.4

MANAGEABILITY AND SAFETY

Due to advances in technology of enteral feeding 
tubes and delivery systems, specialization of 
health professionals, and better education of par-
ents and caregivers, the administration of enteral 
nutrition has been associated with improved clin-
ical outcome and safety profi les.28 Enteral nutri-
tion therapy is easier and safer to administer than 
is parenteral nutrition. Not only are the risks of 
intravenous access avoided, but there is also a 
wider margin for error with most metabolic com-
plications. As a result, enteral nutrition therapy is 
easier to administer in low-intensity hospitals and 
patient care settings, including the home. How-
ever, compared with normal diet, tube feedings 
require extra time and effort to administer and 
this additional care need may contribute to 
increased burden and stress for families and care-
givers.9,29 
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INDICATIONS FOR 
ENTERAL NUTRITION

Enteral nutrition should be considered for any 
patient with a functional gastrointestinal tract 
who requires nutritional support. Enteral feeding 
may be required if adequate oral nutrient intake 
cannot be provided in children with growth fail-
ure, weight faltering, or weight defi cit. This may 
be defi ned as a child with a weight or weight for 
height less than 5th percentile below the mean for 
sex and age and/or crossing of two growth curves 
on the weight, height, or weight/height percentile 
charts, no weight gain or weight loss during the 
last 2–3 months and/or triceps skin fold measure-
ments less than 5th percentile. Children with 
severe neurological dysfunction may require pro-
longed periods devoted to oral feeding. Tube 
feeding can provide welcome respite for families 
and caregivers who previously may have spent 
over 6 hours a day assisting with oral feeding. 
Patients with severe neurological disabilities 
associated with oropharyngeal dysfunction may 
be at risk of chronic aspiration. The risk of aspira-
tion may be reduced by tube feeding. Children 
with cognitive, pyschiatric, and behavioral disor-
ders that interfere with oral feeding may develop 
nutritional defi ciency. Enteral tube feeding may 
provide a safe and reliable route for the delivery 
of essential nutrients. Enteral feeding may be an 
option for children with increased energy needs 
that are diffi cult to achieve via the oral route such 
as may occur in cystic fi brosis or congenital heart 
disease. Disorders of the gastrointestinal tract that 
result in excessive gastrointestinal losses, such as 
short-bowel syndrome, secretory diarrhea, or dys-
motility syndromes, may have improved absorp-
tion and reduction in losses with small volume 
continuous enteral feeds of a specialized formula. 
Due to their composition these formulas are often 
unpalatable and require tube administration to 
obtain adequate volumes of administration. Most 
patients receiving parenteral nutrition will also 
receive some enteral nutrition. Enteral nutrition 
usually provides an important transition stage as 
the patient progresses from parenteral nutrition to 
oral diet. Although enteral nutrition has mainly a 
therapeutic intent, it can also be used to prevent 
the development of malnutrition, such as can 
occur during cancer chemotherapy.30 A more 
recent concept is that of minimal enteral feeding, 
in which enteral nutrition is provided at a very 
slow rate and volume with the aim of presenting 
nutrients to the intestinal mucosa without attempt-
ing to contribute signifi cantly to total-body nutri-
tion.31 Advances in the understanding of the role 
of nutrients in the modifi cation of infl ammation 
and specifi c disease processes have led to the 
development of disease-specifi c formulas (eg, for 
Crohn’s disease).32 Enteral nutrition has been 
advocated as a primary treatment for conditions 
associated with a metabolic disturbance, such as 
the use of gastrostomy tube feeding to infuse a 
ketogenic diet in children with epilepsy.33 

Indications for enteral nutrition in pediatric 
patients are listed in Table 1. With developments 

 necrotizing enterocolitis and toxic megacolon, 
severe  intractable vomiting or diarrhea, diffuse 
peritonitis, and mechanical intestinal obstruc-
tion.7,34 Extreme care should be taken when 
administering enteral nutrition in patients in 
whom the gastrointestinal blood fl ow could be 
compromised, such as during treatment with 
hypothermia, low cardiac output, multiorgan fail-
ure, chronic occlusion, compression syndromes, 
or infusions of specifi c drugs. However, in addi-
tion to a reduction of caloric defi cits, enteral 
nutrition has been shown to protect the splanch-
nic oxygen balance during intraoperative duode-
nal feedings in severely burned patients.35 

ROUTES OF ADMINISTRATION

During enteral nutrition therapy, nutrients are 
directly delivered via a tube into the stomach, 
duodenum, or jejunum. The tube is inserted either 
through the nose or mouth for short-term enteral 
nutrition (�3 months) or through a surgically or 
endoscopically created stoma for long-term 
enteral nutrition (�3 months). The choice of the 
location and the route of administration will 
depend on the patient’s underlying medical or 
surgical condition, including gastrointestinal 
anatomy and function, the indication and dura-
tion of enteral nutrition therapy, and psychosocial 
factors. Additional factors, such as local techni-
cal expertise, tube availability, and cost, will also 
infl uence the route and type of device selected. 
As a general principle, tubes that deliver nutrients 
into the stomach are the preferred choice. Gastric 
tubes are easier to insert and allow a physiologi-
cal digestive process with bolus or continuous 
feeding regimens. However, in the presence of 
gastric outlet dysfunction, severe gastroesopha-
geal refl ux, or gastric paralysis, trans-pyloric 
access may be indicated.

NONINVASIVE GASTROINTESTINAL 
ACCESS FOR ENTERAL NUTRITION

Nonsurgical or nonendoscopic placement of a 
feeding tube through the mouth or nose is the 
most common method of establishing gastroin-
testinal access in infants and children due to the 
ease of placement and cost. The nasal access is 
usually preferred, except in preterm infants or 
in patients with nasopharyngeal abnormalities 
or obstruction as may occur following trauma 
or with congenital malformations. The tube is 
generally of small diameter (5 to 12 Fr) and is 
well suited to nutritional support of short or 
intermediate duration or intermittent nutritional 
therapy. However, the small luminal diameter 
renders these tubes susceptible to blockage par-
ticularly when medications or nutrient supple-
ments are infused. To minimize the risk of 
blockage it is recommended that the tube is 
fl ushed after each feed and each infusion of 
medication. 

There is a wide range of enteric feeding tubes 
available for use in children. Early nasogastric 

Table 1 Indications for Pediatric Enteral Nutrition

1. Inability to ingest adequate nutrition orally
     i. Disorders of sucking and swallowing
 • Prematurity
 •  Neurological and neuromuscular disorders 

(eg, cerebral palsy, dysphagia)
    ii.  Congenital abnormalities of the upper gastro-

intestinal tract or airways
 • Tracheoesophageal fi stula
   iii. Tumors
 • Oral cancer
 • Head and neck cancer
   iv. Trauma
    v. Critical illness
 • Mechanical ventilation
   vi. Severe gastroesophageal refl ux
  vii. Drug related
 • Chemotherapy
  vii. Severe food aversion
 viii. Severe depression
2. Disorders of digestion or absorption
     i. Cystic fi brosis
    ii. Short-bowel syndrome
   iii. Infl ammatory bowel disease
   iv.  Congenital abnormalities of the gastro-

intestinal tract
 • Microvillus inclusion disease
 • Tufting enteropathy
    v. Enteritis
   vi. Intractable diarrhea of infancy
  vii. Auto-immune enteropathy
 viii. Immunodefi ciency
 • AIDS
 • Severe combined immunodefi ciency
   ix. Postgastrointestinal surgery 
    x. Graft-versus-host disease
   xi. Solid organ transplantation
  xii. Intestinal fi stulae
 xiii. Chronic liver disease
 • Biliary atresia
 • Alagille’s Syndrome
3. Disorders of gastrointestinal motility
     i. Chronic pseudo-obstruction
    ii. Ileocolonic Hirschsprung’s disease
4. Increased nutritional requirements
     i. Cystic fi brosis
    ii. Chronic renal disease
   iii. Congenital heart disease
   iv. Chronic pulmonary disease
 • Bronchopulmonary dysplasia
    v. Burn injury
5.  Psychiatric and behavioral disorders that interfere 

with oral intake
     i. Anorexia nervosa
    ii. Severe behavioral disorders
  •  Autism
6. Metabolic diseases
     i. Inborn errors of metabolism
    ii. Diabetes mellitus
7. Acute or acute/chronic pancreatitis
8. Administration of disease treatment
 • Ketogenic diet in epilepsy 
 • Administration of pharmaceutical agents
 •  Bowel washouts in severe chronic 

constipation

in options for gastrointestinal access, delivery 
systems, and enteral formulas, the list of absolute 
contraindications for enteral nutrition therapy has 
been reduced signifi cantly. Contraindications 
include gastrointestinal ischemia, including 
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tubes were composed of polyethylene or polyvi-
nyl chloride. Because of their inherent stiffness, 
they required regular replacement to reduce the 
risk of skin necrosis, gastric ulceration, and 
 perforation. Current feeding tubes are made from 
fl exible silicone, polyurethane, or elastomer and 
may require a stylet to assist placement. Despite 
the increased fl exibility, they have a longer life 
span and may incorporate specialized features. 
These features may include (1) aids for tube place-
ment and to prevent dislodgment, including water-
activated hydrophilic lubricant at the distal end 
and in the lumen, plastic-coated stylets to mini-
mize the risk of tube perforation, marked refer-
ence points on the tubing to allow proper tube 
selection and positioning, and a rounded, non-
weighted bullet-shaped tip to favor insertion; (2) a 
combination of distal-end and side exit ports to 
prevent blockage; and (3) a double port at the 
proximal end to allow for feeding and side injec-
tions. Accurate tube positioning is enhanced by 
radiopaque material within the tube wall. Tube 
sizes differ in length and port diameter, with the 
longer tubes suited for jejunal feeding (Table 2). 
Weighted tips are designed to allow gravity to 
assist with small-bowel placement and to prevent 
retrograde displacement. However, with the pos-
sible exception of patients requiring mechanical 
ventilation, the weighted tubes have not been 
shown to have significant benefit over non-
weighted tubes.36,37

Nasogastric Tube Placement 

With training, nasogastric tubes can be safely 
inserted by allied health staff, caregivers, family 
members, and even the patients themselves. Prior 
to insertion, the desired length of the tube is esti-
mated by measuring the distance from the tip of 
the nose to the ear and down to the xiphoid. This 
provides an estimate of the distance between the 
external nares and the gastroesophageal junction. 
An additional measurement from the xiphoid to 
the right or left lateral costal margin provides an 
estimate of the distance from the gastroesophageal 
junction to the pylorus. A small amount of lubri-
cant is applied to the nostril and along the length of 
the tube. The tube is then advanced through the 
nares past the nasopharynx into the stomach. Vol-
untary swallowing and head fl exion by the patient 
can aid the passage of the tube. Once the tube is in 
place, the stylet is removed and the proximal end 
of the tube is secured close to or behind the ear. 
The tube location must be verifi ed before com-
mencing the infusion. Fluoroscopy or endoscopy 
can be used to assist diffi cult gastric tube place-
ment as well as magnetic assisted devices. 

Nasoduodenal or Nasojejunal 
Tube Placement 

Advances in tube technology and the techniques 
for placement of nasoenteric tubes in children 
have provided an opportunity for postpyloric 
feeding in children in whom gastric feeding is 
diffi cult or contraindicated. As a result there has 
been renewed enthusiasm for the use of postpylo-
ric feeding in the critically ill. Compared to intra-
gastric feeding, postpyloric feeding in the 
critically ill is associated with a higher caloric 
intake and avoids complications associated with 
parenteral nutrition therapy. In a recent study in 
critically ill children requiring mechanical venti-
lation the risk of aspiration was similar in patients 
receiving either postpyloric or intragastric 
 feeding.38 

Nasoenteric tubes can be placed blindly or 
under fl uoroscopic or endoscopic guidance.39 
The blind tube placement technique relies on the 
spontaneous passage of an enteric feeding tube 
from the stomach into the small intestine. This 
can occur after a period of hours or days and be 
facilitated by positioning the patient on the right 
side using the “corkscrew” technique, whereby a 
wire stylet is twisted when the tube is in the stom-
ach. The use of air insuffl ation, a pH sensing tube, 
or the administration of prokinetic drugs, such as 
metoclopramide, may assist in tube place-
ment.40,41 The role of erythromycin for postpylo-
ric intubation is controversial, with both positive 
and negative results observed in children.42,43 In a 
randomized controlled trial comparing enteric-
tube placement in critically ill children using 
either the standard technique, the standard tech-
nique with gastric insuffl ation, or the standard 
technique with erythromycin, a high rate of suc-
cessful placement was reached at the fi rst attempt 
(88%) in all groups, with approximately 95% of 
the tubes placed at the second attempt.44 The 
operator’s experience rather than the specifi c 
technique was correlated with successful 
 placement. 

Postpyloric tube placement can also be per-
formed under fl uoroscopic guidance.45 In this 
method, the passage of the tube is monitored with 
the aid of the radiopaque markings on the tube. 
Endoscopic placement of a nasoenteric tube has a 
number of advantages over the other methods of 
placement. The tube is placed under direct vision 
with a guidewire within the tube lumen using a 
drag and pull technique.39,46 Endoscopic place-
ment avoids exposure to ionizing radiation and 
can be performed in high-dependency patient 
care areas such as the intensive care unit.39 The 
application of magnets to guide tubes into small 
bowel seems promising although pediatric expe-
rience using this technique is limited.

INVASIVE ACCESS FOR 
ENTERAL NUTRITION

Placement of a feeding tube using surgical, radio-
logical, or endoscopic techniques is recommended 
for long-term enteral nutrition therapy or gastric 

decompression. There are a number of important 
advantages of these tubes over nasogastric or 
nasoenteric tubes in children. The gastrostomy or 
jejunostomy tube can be maintained in position 
for a longer period because it is fi xed against the 
anterior abdominal wall. The tube does not inter-
fere with breathing and avoids potential complica-
tions of chronic nasal discharge, sinusitis, and 
developmental abnormalities of the nose. In addi-
tion, for some children, repeated insertion of a 
nasogastric tube is associated with psychological 
trauma and feeding aversion. Once the decision 
has been made to place a gastrostomy or jejunos-
tomy tube for long-term home enteral nutrition 
therapy, education of the patient, parents, and 
caregivers should be initiated.

Gastrostomy Tube

Gastrostomy tubes are usually large-bore tubes 
(14–24 Fr) to deliver high feeding volumes and 
medications with minimal risk of occlusion. The 
original gastrostomy tubes were made from latex 
with a balloon retention device, such as the Foley 
catheter. Today, most gastrostomy tubes are made 
of a biocompatible material such as silicone or 
polyurethane, and are anchored in place with 
either parallel bumpers, or a mushroom or bal-
loon at the gastric site with a retention disk at the 
skin. This allows the tube to be secured to the 
stomach wall without sutures. The gastrostomy 
tube can extend through the stoma with at least 
two access ports for simultaneous administration 
of feed and medical medications. A wide range of 
gastrostomy tubes is available for use in children. 
These tubes can be summarized into the follow-
ing types: (i) standard gastrostomy tube with a 
cupped internal bolster, a sliding external bolster, 
and a separate cap to be placed at the distal end of 
the tube with a large feeding infusion port and a 
small side port for medications; (ii) a balloon gas-
trostomy replacement tube with a balloon-type 
internal bolster, a sliding external bolster, and a 
one-piece external tube ending with three open-
ings for feedings, medications and infl ation; (iii) 
low-profi le gastrostomy devices with a balloon-
type or a stylet distensible internal bolster and a 
shaft of a predetermined length to suit the fi stula 
length. The external bolster contains the access 
infusion port. When in use a connector is used to 
allow infusion of formula or medications. Most 
low-profi le devices have an antirefl ux valve to 
prevent the release of gastric contents when the 
tube is accessed. This device is easily disguised 
under clothing and the feeding tube is connected 
only at the time of infusion; as a result it is 
 particularly popular with older children and 
 adolescents (Figure 1).

The ideal position for gastrostomy tube place-
ment is on the greater curvature of the stomach 
with the stoma sited on the anterior abdominal 
wall just below the costal margin with consider-
ation of the axis of bending and clothing. How-
ever, if proximity to the small intestine is a 
priority, such as in the use of the gastric stoma for 
placement of a jejunostomy tube, placement close 

Table 2 A Guide to Pediatric Enteric Tubes

 Tube French Tube length

 size (cm)

Premature to neonate 4–5 38–41
Infants to young children 5–8 41–91
Older children to adolescents 8–14 91–114
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to the antrum may be preferred. The external 
bolster should be routinely checked for secure 
position to avoid tube migration and to prevent 
injury to the abdominal wall due to compression 
between the internal and external bolsters. The 
stomal site requires regular cleaning to avoid 
chemical injuries from the gastric secretions and 
infection. Stomal granulomas and skin irritation 
or infection need prompt attention with referral to 
a stomal therapist if necessary, to prevent further 
complications. Eventually gastrostomy tubes will 
degrade over months to years due to physical or 
chemical trauma from yeast contamination or 
medications. The most vulnerable gastrostomy 
devices are balloon-type skin level devices which 
have a high rate of inner balloon rupture limiting 

their longevity to an average of 5 months.47 
However, these devices have been associated 
with few major complications. 

The introduction of the percutaneous endo-
scopic gastrostomy (PEG) technique has revolu-
tionized the placement of enteric feeding tubes 
in children.48 This relatively simple and fast 
procedure can be performed during esophago-
gastroduodenoscopy in an endoscopy suite with 
the use of conscious sedation and local anesthe-
sia or general anesthesia with a success rate of 
up to 96% even in small infants (�3.5 kg).49 
Although several techniques (Ponsky pull, 
Sachs-Vine push, Russel introducer) have been 
developed, all have in common the basic princi-
ple that the endoscope locates the site of tube 

placement from within the stomach while 
transillumination of the light from the endo-
scope through the abdominal wall identifi es the 
site of skin incision. Using the Ponsky pull tech-
nique, the anterior abdominal wall is indented at 
the point of maximal transillumination of the 
endoscope light. This should be seen as a sharp 
indentation on the gastric wall by the endosco-
pist. A poorly defi ned indentation could indicate 
an overlying viscus (eg, transverse colon) and 
either an alternative site should be sought or the 
procedure converted to a surgical gastrostomy. 
After sterile preparation of the abdominal wall, 
local anesthetic is instilled and a small incision 
is made. The endoscopist distends the stomach 
with air and prepares the snare. A cannula is 
inserted perpendicular to the abdominal wall 
through the incision and punctures the gastric 
wall. The stylet is then removed; a thick suture 
is introduced along the cannula and is snared by 
the endoscopist. The endoscope and the suture 
are retrieved. The gastrostomy tube is tied to the 
suture and is slowly pulled back, by tension at 
the abdominal wall, through the mouth, along 
the esophagus, and into position on the gastric 
wall under direct vision by the endoscopist. 
Once the position has been verifi ed by endos-
copy, the external bolster can be opposed to the 
abdominal wall and the tube cut to the desired 
length. Postinsertion edema at the stoma site is 
common, and care should be taken not to pull 
the bolster too tight. To minimize infection at 
the stoma site, perioperative antibiotic prophy-
laxis is advocated.50 The tube can be used within 
6 to 24 hours in most patients.

Immediate complications of PEG placement 
include abdominal wall skin infection, necrosis 
of the skin or mucosa caused by a tight bolster, 
perforation of a viscus, hepatogastric-, 
gastrocolic- or colocutaneous fi stula, and pha-
ryngeal or esophageal trauma associated with 
the passage of the internal fi xation device. Pneu-
moperitoneum is common following PEG place-
ment and does not necessarily indicate a 
complication of insertion. Long-term complica-
tions include gastroesophageal refl ux, granula-
tion tissue formation, recurrent stoma-site 
infection, stoma enlargement, and dislodgment 
of the tube distally into the small bowel or prox-
imally along the fi stula track (ie, buried bumper 
syndrome).51 Occlusions are rare events and can 
be easily treated with warm water instilled by a 
syringe, pancreatic enzymes and bicarbonate 
solution, or specifi c tube cleaning brushes. Con-
traindications to the PEG technique include gas-
tric varices, severe esophageal stricture, or 
abnormalities that might restrict the ability to 
oppose the stomach against the anterior abdomi-
nal wall, such as ascites, previous gastrointesti-
nal surgery, or abnormalities in gastrointestinal 
rotation or position. Extreme care must be taken 
in patients with musculoskeletal deformities, 
hyperinflation of the lungs, organomegaly, 
immunodefi ciency disease, cyanotic heart dis-
ease, or prior gastrointestinal surgery, including 
ventriculoperitoneal shunts. 

Figure 1 A child with PEG ready for a physical education session.
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Radiological placement of gastrostomy tubes 
has been shown to be safe and cost-effective in 
pediatric patients.52,53 During this procedure, the 
stomach is distended with air instilled via a naso-
gastric tube. The stomach is then directly punc-
tured under fl uoroscopic control. A guidewire is 
inserted, followed by an introducer, a dilator, and 
then fi nally the feeding tube. The major disad-
vantage of this procedure is the exposure to ion-
izing radiation during the procedure.

With the development of the PEG technique 
surgical placement of a gastrostomy tube has 
become generally restricted to patients who have 
a contraindication for PEG placement, had a 
failed PEG placement, or require another surgical 
procedure in conjunction with tube placement, 
such as a fundoplication. Placement of the feed-
ing tube can be performed using an open surgical 
approach or by laparoscopy. In the classic open 
gastrostomy technique (Stamm and Witzel tech-
niques), the tube is inserted into the stomach 
along a serosa-lined tract, whereas in the revised 
version (Janeway technique), a small portion of 
the stomach is used to make a mucosa-lined tube 
attached to the skin as a modifi ed fi stula. The 
procedure for laparoscopic gastrostomy tube 
placement requires the creation of pneumoperito-
neum and insertion of an umbilical catheter. The 
anterior stomach wall is fastened to the abdomi-
nal wall with temporary sutures. An opening (by 
a needle and a J-wire) is made in the stomach and 
progressively enlarged using dilators to fi nally 
allow the insertion of the feeding tube.54 In expe-
rienced hands, laparoscopic gastrostomy is faster 
than the open procedure and is associated with 
reduced length of hospital stay, and patient 
discomfort.55 Laparoscopy is also a useful aid 
during PEG placement by monitoring tube place-
ment by direct vision.56

Jejunostomy Tube

The percutaneous endoscopic technique can be 
used to place an enteric tube using either a direct 
approach (direct percutaneous endoscopic jejunos-
tomy, DPEJ) or by the creation of a PEG and place-
ment of a specialized double-lumen tube 
(percutaneous endoscopic gastrostomy jejunos-
tomy, PEJ).57 The method for the DPEJ is similar to 
the PEG technique but with the endoscope placed 
in the jejunum. Transillumination of the bowel 
through the anterior abdominal wall and a sharp 
indentation easily seen within the small bowel by 
the endoscopist is necessary prior to the direct punc-
ture of the duodenum or jejunum.57 The suture is 

advanced along the cannula and is grasped by for-
ceps rather than a snare. The PEGJ can be inserted 
as part of an initial PEG procedure or through an 
existing gastrostomy stoma. The specialized tube 
has a gastric lumen and port and another longer 
lumen and port for the small bowel. This enables 
gastric decompression during postpyloric feeding. 
Once the tube is inserted into the stomach, the intes-
tinal lumen of the tube can then be advanced into 
the duodenum or jejunum under direct endoscopic 
vision using a guidewire and grasping forceps.

Among the range of surgical techniques 
described for jejunostomy tube placement, the nee-
dle-catheter jejunostomy is the most common. 
Using this technique, a large-bore needle is tun-
neled through the seromuscular layers of the jeju-
num distal to the ligament of Treitz. The jejunum is 
then anchored to the anterior abdominal wall and 
the tube is secured to the skin. The tunneling proce-
dure limits refl ux of formula and heals quickly upon 
tube removal. In the presence of intestinal adhe-
sions, severe intestinal disease, or high risk of infec-
tion or bleeding, straight insertion of a tube into the 
jejunum (Stamm technique) or direct jejunal stoma 
(Maydl technique) might be preferred. Laparo-
scopic placement of a jejunostomy tube requires 
two additional cannulae to bring the proximal jeju-
num into proximity of the abdominal wall and 
secure it there.58 Fluoroscopic J-tube positioning is 
also possible using similar techniques as described 
above for the insertion of an intragastric tube.

J-tubes are generally smaller in diameter 
(9–12 Fr) than gastrostomy tubes and tend to 
have a shorter lifespan (3–6 months). Dislodge-
ment of gastro-jejunal tubes is not uncommon 
and may be a limiting factor for the use of this 
type of tube in patients requiring long-term 
home enteral nutrition.59 

MONITORING TUBE POSITION 
AND CONDITION

Before infusing any fl uid through a gastric or 
enteric feeding tube, the position of the tube 
should be confi rmed. Complications owing to 
incorrect placement or tube dislodgment can 
potentially be fatal. Plain or contrast radiography 
is a universally accepted method for assessing 
tube position. However, repeat radiological stud-
ies are impractical and potentially unsafe in 
patients requiring long-term enteral nutrition 
therapy. As a result, bedside methods have been 
developed to screen for correct tube position. 
These include clinical observation, auscultation, 

and analysis of tube aspirate. If a nasogastric tube 
is incorrectly placed in the airways, cough, chok-
ing, and pulmonary distress can occur. However, 
these features can be minimal or absent if the 
tube is small or if tracheal refl exes are absent (eg, 
in coma or intubated patients). Although com-
monly used, auscultation does not reliably distin-
guish between either gastric and pulmonary 
placement or gastric and small-bowel place-
ment.60 Aspirates from either the feeding tube or 
the lungs can be assessed for color, appearance, pH 
level, and enzyme measurements (Table 3).61–66 
Aspirate pH value can be measured with a quali-
tative colorimetric test strip or a quantitative pH 
meter. Bilirubin can also be measured with spec-
trophotometer readings, using urine bilirubin test 
strips, or on the colorimetric visual bilirubin 
scale. Detection of gastric pepsin in tracheal aspi-
rates relies on a Western blot immunoassay using 
a rooster polyclonal antibody against human pep-
sin.38 Trypsin also can be used to screen for intes-
tinal juice present in the aspirate. Both trypsin 
and pepsin are secreted at a physiologically lower 
level in infants and young children compared to 
adults but continue to be effective tools in the 
discrimination of tube placement.64 However, 
measurement of gastric aspirate may be modifi ed 
by fasting, intermittent or continuous feeding, 
and use of gastric acid suppressants. Due to the 
difficulties in verifying tube position, new 
approaches are being developed to confi rm cor-
rect tube position. The measurement of myoelec-
tric slow-wave frequencies has been proposed 
because these differ in the stomach (3 cycles/min) 
and the duodenum (11 to 12 cycles/min) and are 
not infl uenced by other gastrointestinal contrac-
tions.67 The “bubbling under water” method relies 
on the exit of bubbles from the external end of the 
tube when placed under water if the tube has been 
misplaced in the lungs. However, misplacement 
of the tube into the bronchioles or pleura will not 
produce bubbles. Other options under develop-
ment include electromagnetic navigation devices, 
self-propelling tubes, fi beroptic tube tips, and 
ultrasonography-guided tube placement.68–71

In the case of PEG or other invasive tube 
placement it is recommended to routinely 
examine the stoma tract and the access device to 
prevent the occurrence of major complications. 
For instance, incorrect positioning of the external 
bolster, cracks or ruptures, discoloration or irreg-
ular beading of the tube, stoma leaking are exam-
ples of initial problems of access devises to be 
looked for and promptly managed. In patients in 
whom dislodgment or migration of the gastros-
tomy or jejunostomy tube is suspected, endos-
copy or liquid contrast radiology may assist in 
defi ning the tube position. 

DELIVERY OF ENTERAL NUTRITION

The method of delivery of enteral nutrition will 
depend on the route of administration (gastric, 
duodenal, or jejunal), characteristics of the feeding 
tube (small- versus large-bore catheter), the 

Table 3 Bedside Evaluation Tests for Tube Placement in Children61–66

Aspirate  Color and appearance pH value Pepsin (µg/mL) Trypsin (µg/mL) Bilirubin (mg/dL)

Gastric secretions Yellow-gray or white-tan;  � 6 � 100 (� 20)* � 30 (� 50)* � 5
  cloudy 
Intestinal secretions Green � 6 � 100 (� 20)* � 30 (� 50)* � 5
Respiratory Yellow-gray; mucoid 6–8 � 100 (� 20)* � 30 (� 50)* � 5
 secretions

*Trypsin and pepsin ranges specifi c for children.
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desired feeding pattern (bolus, intermittent, 
cyclic, or continuous), and the cost and availabil-
ity of equipment (by gravity or syringe, or by 
infusion pump). Bolus tube infusion usually mim-
ics the normal meal pattern based on age. Inter-
mittent or cyclic feedings are delivered at a 
specifi ed rate over 1 or more hours, with 4 to 8 
hours per day of gut rest allowing freedom from 
tubes and pumps for a period of the day. Continu-
ous feeding delivers a constant-rate infusion, usu-
ally by an infusion pump, over the entire day or a 
prolonged period. The infusion pump allows 
accurate nutrient delivery with less intestinal 
pressure. Some pumps are specifi cally designed 
for outdoor activities and may be carried in a 
small backpack improving mobility for children 
on long-term enteral nutrition therapy.

Gastric feeding is preferred because it is con-
sidered more physiologic, allows bolus feeds 
through large-bore tubes, and is generally cheaper 
and easier to administer.7 Many patients intoler-
ant of bolus feeds can be successfully fed intra-
gastrically using an intermittent or continuous 
feeding regimen. Jejunal feeding is an option for 
patients with disorders of gastric or esophageal 
anatomy or function and in the nutritional man-
agement of the critically ill.2,3,39 Jejunal feedings 
are usually delivered as an intermittent or contin-
uous infusion because rapid-rate infusion of 
nutrients is often limited by abdominal discom-
fort, diarrhea, or dumping syndrome.

There are specifi c physiologic and metabolic 
considerations associated with continuous-rate 
feeding. During continuous intragastric feeding, 
gastric emptying increases parallel to the rate of 
infusion if the infusion rate is maintained at less 
than 3 kcal/minute.72 However, increased caloric 
density, fat, and osmolarity of the formula can 
delay gastric emptying. The protein composition 
is also an important factor infl uencing the gastric 
emptying rate. Whey-based enteral formulas 
enter the duodenum faster than casein-based 
enteral formulas.73 In animals, the absorptive 
capacity of the proximal small intestine is 
unchanged during continuous enteral nutrition. 
However, the protein and DNA content of the 
distal small intestine and the enzymatic and func-
tional capacity of the distal small intestine and 
colon are reduced.72 The relative lack of nutrients 
reaching the distal gut during jejunal feeding with 
an elemental or hydrolyzed formula could explain 
this observation. This might provide an opportu-
nity for the treatment of gastrointestinal infl amma-
tory diseases, such as Crohn’s disease, by providing 
nutrients to the proximal intestine but reducing 
antigenic stimulation to the distal gut.74 In addi-
tion, energy expenditure owing to the thermic 
effect of feeding is lower in patients receiving con-
tinuous enteral nutrition than in patients receiving 
the same quantity of nutrients delivered by bolus.75 
The continuous delivery of nutrients into the small 
intestine affects glycemic control by modifying 
the typical fl uctuating pattern of insulin and gluca-
gon production.76,77 The reduction in steatosis dur-
ing continuous enteral nutrition compared with 
parenteral nutrition with the same carbohydrate 

intake is also consistent with this observation. 
Energy intake goals are more successfully 
achieved in critically ill patients receiving post-
pyloric feeds compared with those receiving 
intragastric feeds.78

Enteral feedings should be monitored in terms 
of intestinal tolerance: nausea, vomiting, diarrhea, 
abdominal distension, and bowel movements. 
Tube-feeding residuals are an indirect parameter 
to determine enteral feeding tolerance. Residuals 
should be checked more frequently during the fi rst 
days from starting enteral feedings, when chang-
ing infusions or during symptoms. Residuals are 
checked by aspirating through a tube with a 
syringe gastric or intestinal fl uids. Changes in 
infusions are recommended when residual volume 
exceeds twice the hourly infusion volume in con-
tinuous feedings or 50% of the infusion volume in 
bolus. Tubes should be irrigated after any infusion 
(feeding or medication). Irrigation volume to be 
instilled into tubes after every meal or medication 
can vary between 3 and 5 mL in infants and 
between 20 and 30 mL in children and adults. 

ENTERAL FORMULAS

In the early days of enteral nutrition, a mixture of 
blenderized diets and milk products was adminis-
tered through a large bore feeding tube. This 
approach was associated with nutritional imbal-
ance, micronutrient defi ciencies, feeding intoler-
ance, and tube blockage. Today, there is a wide 
range of enteral nutrition products suitable for use 
in infants and children (see Chapter “Enteral 
Products” in Appendix III). Most formulas are 
designed to provide complete macro- and micro-
nutrient requirements as the sole nutritional 
intake. Specifi c needs of different ages and stages 
of development are refl ected in the composition 
of preterm infant, full-term infant, and pediatric 
enteral nutrition formulations. Modular formulas 
are specialized combinations of nutrients that pro-
vide a nutritional supplement or fulfi ll a specifi c 
nutrient requirement. A recent area of develop-
ment has been the introduction of disease-specifi c 
enteral formulas. These formulas aim to modify 
the metabolic or gastrointestinal response to feeds 
by limiting some nutrients, supplementing others, 
or both (eg, branched-chain amino acid formula 
for hepatic failure and immune-enhancing for-
mula for critical illness).79–82

The majority of patients with normal gastroin-
testinal tracts will tolerate the gastric administration 
of a polymeric formula. Polymeric formulas are 
based on intact protein or polypeptides usually 
derived from cow’s milk or soybeans. The nitrogen 
to nonnitrogen calorie ratio approximates 1 to 150. 
Carbohydrates are sourced from different starches, 
including corn and tapioca. Maltodextrin and hydro-
lyzed cornstarch, glucose-derived saccharides, and 
corn syrup are commonly used. Formulas can have 
different lactose contents. Fats are usually present 
as polyunsaturated fatty acids from corn, saffl ower, 
sunfl ower, or soybean oil or from animal fat. The 
content of medium-chain tryglicerides is increased 

in formulas developed for the treatment of patients 
with malabsorption. Some enteral nutrition formu-
las contain soluble fi ber. The soluble fi ber is added 
primarily to normalize gastrointestinal transit, but 
after it is converted to short-chain fatty acids it pro-
vides an additional source of calories and can exert 
trophic effects on the colonic mucosa. In all com-
plete enteral formulas, electrolytes, vitamins, and 
trace elements are added to provide the Dietary 
Reference Intakes of micronutrients and minerals at 
the target volume. However, in a study of stable 
young children receiving long-term enteral feeding 
and without excessive gastrointestintal losses, the 
serum vitamin B12

 and copper levels exceeded the 
reference range despite receiving a median energy 
intake of only 75% of their estimated requirement.83 
At standard dilution, the caloric content of infant 
formula is usually 0.67 kcal/mL, and of standard 
enteral formula, 1 kcal/mL. Concentrated enteral 
nutrition formulas are also available (1.5 and 2 kcal/
mL). The osmolality of enteral formulas can range 
widely depending on the nutrient composition and 
caloric density (~ 200 to 750 mOsm/L).

In patients with underlying gastrointestinal dis-
ease or those requiring jejunal feeding, an oligo-
meric formula might be indicated. The protein in 
oligomeric formulas has been hydrolyzed to pep-
tides or a combination of peptides and amino acids. 
The carbohydrate complexity varies among for-
mulas, although many oligomeric formulas are 
lactose free. A proportion of medium-chain tri-
glycerides is usually provided to improve fat 
absorption. Elemental formulas contain completely 
digested macronutrients, such as monosaccharides, 
medium-chain triglycerides, and amino acids, with 
an essential to nonessential amino acid ratio refl ect-
ing high biologic protein values. Lactose and glu-
ten are absent and residues are low. The 
unpalatability and high osmotic load of simple 
sugars and amino acids generally limit the use of 
elemental formulas to tube feeding when feeding 
intolerance occurs with other types of formula (eg, 
severe malabsorption or short-bowel syndrome).

Advances in the understanding of the role of 
specifi c nutrients and their effects on metabolism 
have led to modifi cation of enteral nutrition for-
mulas for treatment of specifi c diseases. The aim 
of the disease-specifi c formulas is to provide thera-
peutic benefi ts in addition to the maintenance of 
general nutritional status. Glutamine-enriched for-
mula has been advocated for the prevention and 
treatment of intestinal mucosa injury associated 
with chemotherapy and critical illness.79,81 Formu-
las supplemented with arginine, glutamine, ribo-
nucleic acid nucleotides, medium-chain 
triglycerides, and/or omega-3 fatty acids have been 
also been advocated as enhancing the immune sys-
tem of critically ill patients.79–82 However, whether 
the benefi t of glutamine or immune-enhancing for-
mulas in malnourished and critically ill children 
outweighs the additional cost of these formulas 
remains controversial.84,85 Omega-3 fatty acids 
have been supplemented in infant formula to 
enhance neurologic development.86 Evidence for 
improved clinical and economic outcomes of many 
of the disease-specifi c formulas, compared with 
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Table 4 Complications Associated with Enteral Tube Feeding

Complication Possible cause Prevention and treatment

Most common tube feeding complications

Tube occlusion Failure to fl ush tube regularly, inappropriate feed or medications Flush tube regularly with water; use prescribed feeds and
  placed down tube, inadequately dissolved feed, high-energy feed  Medications only
Tube dislodgment Inadequate securing of tube, inadequate monitoring of Check tube placement every 8 hours during continuous feeds
  tube position  and before every bolus or intermittent feed
Accidental tube removal Inadequate securing mechanism, deterioration of tube (balloon rupture) Review method of securing tube; consider specifi c dressings or
    clothing to prevent access to tube; regularly review tube function
   and integrity; ensure availability of replacement or “emergency”
   tube to prevent stoma closing prior to reinsertion
Diarrhea Gastroenteritis, medications (antibiotics, sorbitol-containing Review for possible causative factors including medications,
  drugs), rapid administration or bolus feeds, malabsorption,  formula, and gastrointestinal absorptive function; consider
  formula intolerance (lactose, hyperosmolar)  changing rate of delivery or formula as indicated (reduced
   osmolality, fi ber enriched, lactose free)
Bloating, abdominal cramps Gastrointestinal dysmotility, bowel obstruction, intolerance to Reduce or cease feeds according to severity until cause is defi ned;
  formula (lactose intolerance), bacterial overgrowth  consider investigations to address possible causes
Constipation Inadequate fl uid intake or large fl uid losses, gastrointestinal Correct fl uid losses and provide adequate ongoing fl uid
  dysmotility, medications, immobilization, underlying medical  requirements; review medications; consider stool softeners or
  condition  fi ber supplementation
Dumping syndrome Rapid infusion of high-volume or hypertonic feeds into Administer continuous feeds, reduced volume or osmolality of
  duodenum or jejunum, postgastric surgery or vagotomy,  formula; use uncooked cornstarch
  gastrostomy sited in distal gastric antrum
Nosocomial infection Enteral feed or equipment contamination, aspiration, increased Change sets every 24 hours; limit feed hang time; use sterile
 (bacteremia, pneumonia)  risk with gastric acid suppression in paralyzed or ventilated  system and sterile water to reconstitute feeds; culture feeds
  Patients  and equipment if contamination suspected; review for “silent”
   refl ux or aspiration or tube dislodgment
Metabolic complications Complication of the primary disease (renal failure) or treatment Correct any signifi cant electrolyte abnormalities prior to initiating
 (increased or decreased  (amphotericin), refeeding syndrome  enteral nutrition; undertake regular biochemical monitoring
 glucose, phosphate,   particularly in malnourished patients; gradually increase feed
 potassium or magnesium)   volume and concentration if at risk of refeeding syndrome
Malabsorption Underlying gastrointestinal disease (cystic fi brosis), inappropriate  Assess absorptive status and alter formula and rate of delivery
  formula selection or rate of administration  as appropriate
Perforation Tube malposition, wrong type of tube, disorders of mucosal Ensure appropriate tube selection and placement technique;
  Integrity  regularly check tube position; surgical treatment might be  required

Gastric tube feeding (general)

Vomiting, nausea Gastroenteritis, intolerance to formula, rate of infusion too rapid, Review feeding regime and medications; culture feeds and
  medications, bacterial contamination of feed, delayed gastric  equipment if contamination is suspected; consider intermittent or
  Emptying  continuous infusion, postpyloric administration, or prokinetic agents
Gastroesophageal refl ux Underlying abnormality of esophagus or stomach associated Assess for underlying refl ux; consider antirefl ux therapies or
  with refl ux or medical illness (eg, neurologic, pulmonary  Postpyloric feeding
  diseases), mechanical aspects related to tube
Large-volume gastric Delayed gastric emptying related to underlying medical Review medications; consider continuous or postpyloric feeds
 as pirates  condition (eg, neurologic disease, critical illness, diabetes,  or prokinetic agents
  intestinal pseudo-obstruction) or medications
Pulmonary aspiration Incorrect tube placement, tube dislodgment, gastroesophageal Cease feeds and check tube position; consider postpyloric feeding
  refl ux, gastric stasis, or vomiting (neurologic disorders, coma)
Gastrointestinal bleeding Tube-related irritation, ulceration, or perforation; vitamin K Review tube position and gastrointestinal status; assess for
  defi ciency  alternative tube placement sites; try gastric acid suppression;
   supplement with vitamin K when indicated
Cellulitis Postplacement contamination of wound, inadequate cleaning of Perioperative antibiotics during tube placement, regular skin care,
  stoma site, bolster too tight, chronic leakage through stoma  antibiotic therapy as appropriate; check tube and stoma site for
   areas of mechanical irritation and poor fi t
Stoma leakage Site infection; incorrect tube size, type, or position;  Examine site; assess tube integrity, suitability, and position;
  perished tube; gastric stasis (eg, diabetes, pseudo-obstruction);   check balloon volume; replace with larger or different type
  medications  of tube if appropriate; treat stoma site infection

Nasogastric tube feeding

Nasal airway obstruction Inappropriate tube size, nasopharynx disorders Insert smaller-bore tube
Chronic nasal discharge or Inappropriate tube size or composition, immunodefi ciency, Re-evaluate tube size and type; regularly change tube; assess for
 ulceration  disorder of mucosal or skin integrity  alternative sites for tube placement
Epistaxis
Sinusitis or otitis media
Feeding aversion Repeated tube replacement in infants and young children, Consider alternatives to nasogastric route in infants requiring
  development implications of tube feeding  long-term enteral nutrition; involve speech therapist early
Esophageal perforation Incorrect tube placement, ulceration related to tube position, Use appropriate tube placement technique; regularly check tube
  underlying disorders of mucosal integrity (eg, epidermolysis bullosa)  position
Pulmonary intubation Incorrect tube placement or tube dislodgment Use appropriate tube placement technique; take particular care in
   children with neurologic disorders or disturbances of 
   conscious state

(continued)
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Table 4 Complications Associated with Enteral Tube Feeding (continued)

Complication Possible cause Prevention and treatment

Gastrostomy tube feeding

Granulation tissue formation Chronic infl ammation at stoma site, leakage, tube moving too Check tube size, type, and position; specialized dressings,
  freely along tract  corticosteroid cream, or cautery might be required
Site swelling or tenderness Site infection, migration of tube along tract, tube shaft too short  Examine site; tube removal and replacement might be required
  or bolster too tight
Fasciitis Incorrect tube or bolster position Remove tube; obtain surgical opinion; administer intravenous
   antibiotics
Buried bumper syndrome Retaining device and bolster secured too tight Remove tube; administer antibiotics
Gastritis, gastric ulceration, Trauma caused by tube, often of wall opposite insertion site, Consider change in tube design to minimize trauma and gastric
 or perforation  wrong tube type (composition or design)  acid suppression

Duodenal or jejunal tube feeding

Refl ux into stomach Tube placed in proximal small intestine, dysmotility Consider more distal placement
Bowel obstruction Tube too large, tube malposition, disorder of gastrointestinal anatomy Review tube size and position
Volvulus Tube providing an abnormal fi xation point Remove tube; obtain surgical review

standard formulas, is still required to justify rec-
ommendations of their routine use.79,81

COMPLICATIONS OF ENTERAL 
NUTRITION THERAPY

Despite the potential benefi ts of enteral nutri-
tion, complications can occur (Table 4).87–91 
Fortunately, life-threatening events are rare. 
However, problems related to the tube, the 
method of delivery, or the composition of the 
formula can seriously interfere with achieving 
nutritional goals. To minimize complications, 
prior consideration should be given to the 
patient’s medical and physical condition, includ-
ing any metabolic or electrolyte abnormalities, 
previous diet, dietary tolerance, and the time 
that has elapsed since the last signifi cant oral or 
enteral nutrition. 

GASTROINTESTINAL COMPLICATIONS

Intestinal discomfort, bloating, cramping, diar-
rhea, nausea, and vomiting can occur during 
enteral feeding. Whenever symptoms occur, the 
position and integrity of the tube should be con-
fi rmed. In some cases, these symptoms relate to 
the high osmolality of the formula or the rate of 
infusion and alterations to the formula composi-
tion or infusion rate will be suffi cient to improve 
feeding tolerance. The assessment of a sample of 
stool from a patient with diarrhea can assist in 
directing further investigations as required (bac-
terial culture, guaiac test, absorptive status by 
pH, microscopy, and reducing substances). The 
use of concomitant medications should be 
reviewed for possible drug-nutrient interactions 
or gastrointestinal side effects. Bacterial contami-
nation of the feed or the tubing can result in diar-
rhea or vomiting. Therefore the method of 
formula preparation and storage and the tech-
nique of hanging and administering should be 
reviewed.87 Samples of the feed, the tubing, and 
the feeding reservoirs are necessary to confi rm 
this diagnosis.

Patients with a primary gastrointestinal disor-
der could be at risk of bacterial overgrowth owing 
to disturbances in gut motility. Bacterial culture of 
an intestinal biopsy or a lactulose breath hydrogen 
test will assist in establishing the presence of bac-
terial overgrowth of the small intestine. Constipa-
tion associated with enteral nutrition is uncommon 
and when it occurs is usually associated with insuf-
fi cient fl uid or fi ber intake, intestinal dysmotility 
or obstruction, or medications. Gastroesophageal 
refl ux can be exacerbated by tube feeding. The 
nasogastric tube can split open the lower esopha-
geal sphincter, and irritation owing to tube trauma 
can contribute to lower sphincter incompetence. 
Placement of a gastrostomy tube plicates the stom-
ach against the anterior abdominal wall, distorting 
the normal gastric anatomy, with a potential impact 
on gastric function. Owing to the frequency of this 
complication in high-risk patients, such as those 
with cerebral palsy or cystic fi brosis, assessment 
for gastroesophageal refl ux with a 24-hour pH 
probe and nuclear gastric emptying study may be 
considered prior to gastrostomy tube placement.

If the gastrostomy or jejunostomy tube is no 
longer required, the tube can be removed after 
consideration of the original method of insertion. 
For tubes inserted using a PEG, DPEJ, or PEGJ 
technique, the tube can usually be withdrawn and 
the stoma edges opposed using a dressing or suture. 
In most cases, this will be suffi cient to allow clo-
sure of the stoma and tract within days to weeks. 
This process can be assisted with the use of gastric 
acid suppression aimed at minimizing gastric 
secretion. If the gastro- or jejunocutaneous fi stula 
does not close spontaneously, formal surgical clo-
sure might be required. Patients in whom the gas-
trostomy or jejunostomy tube has been inserted 
using the traditional surgical approach usually 
require surgical closure of the fi stula.

PULMONARY COMPLICATIONS

Aspiration of gastric contents—and pneumonia 
owing to aspiration—incorrect tube placement, 
or tube dislodgment into the airway can be fatal. 

Children at high risk include those with chronic 
neurologic disease, depressed conscious state, 
intestinal dysmotility, severe gastroesophageal 
refl ux and patients requiring mechanical ventila-
tion. In addition to checking tube position, tra-
cheal aspirates can be measured for glucose 
content or fat-laden macrophages. The addition 
of blue dye to the formula to assess tube position 
and aspiration patients should be avoided because 
it has been associated with fatalities.26

INFECTIOUS COMPLICATIONS

Irritation due to the mechanical trauma of tube or 
exposure to gastric or intestinal secretions ren-
ders the skin and mucosa susceptible to infection. 
A well-fi tting, well-maintained device specifi -
cally designed for enteral nutrition use will limit 
this complication. Contamination of the formula 
and the delivery set can occur as a result of prepa-
ration or administration of the feed.87 Bacterial 
contamination resulted to occur in 35 to 50% of 
enteral bags at the end of infusions in a pediatric 
hospital.92 Feeding devices also harbor biofi lm 
growth of various bacteria and fungi in the outer 
and inner surfaces with potential risk of local and 
systemic infections.93 Longterm nasogastric and 
nasoenteric tubes are associated with chronic 
nasal discharge, otitis media, and sinusitis.

MECHANICAL COMPLICATIONS

Mechanical complications related to enteral tube 
feeding are common. However, these can generally 
be treated and do not involve the same risks as a 
central venous catheter in critically ill children.88–91 
Tube occlusion can occur as a result of problems 
related to the tube (length, caliber, characteristics), 
the infusion (formula, drugs), pumps and clamps, 
the method and rate of delivery, and the level of 
tube care (method, frequency). Infusions that con-
tain a highly viscous formula or crushed or pow-
dered drugs are often associated with tube occlusion. 
If fl ushing the tube with warm water is unsuccess-
ful in clearing the blockage, a number of other 
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options are available. The instillation of pancreatic 
enzyme supplements is sometimes successful in 
clearing a blockage. The use of meat tenderizer is 
not recommended because of its high sodium con-
tent and the risk of tube breakage during infusion. 
Cytology brushes, guidewires, neonatal tubes 
inserted into larger tubes, and specially designed 
catheters have been developed to treat tube occlu-
sion. A biliary catheter for endoscopic retrograde 
cholangiopancreatography was described for the 
treatment of an occlusion in a nasojejunal tube.94 
The key to the prevention of tube occlusion is care-
ful monitoring and repeated fl ushing of the tube. 
Mixing of drugs and formula should be avoided.

Irritation can occur anywhere along the interface 
between the tube and the skin or mucosa, resulting 
in infl ammation, ulceration, or even perforation of 
any structure present along the tube lining (eg, lac-
eration or bleeding of nasal or oral cavity, perfora-
tion of trachea or pulmonary parenchyma, 
perforation or laceration of the gut). Granulation tis-
sue formation at the stoma site can occur as a result 
of chronic irritation. The migration of tubes with an 
internal balloon or retention device distally along 
the gastrointestinal tract can cause bowel obstruc-
tion. Migration of a gastrostomy tube along the fi s-
tula tract can cause pain and infl ammation around 
the site or the buried bumper syndrome.51 Compli-
cations such as dislodgment, ampullary obstruction, 
and jaundice can occur with jejunal tubes.

METABOLIC COMPLICATIONS

Metabolic complications associated with enteral 
nutrition are uncommon. Patients with chronic mal-
nutrition or cardiac, hepatic, or renal impairment 
require careful monitoring of fl uid and electrolyte 
status to prevent imbalance.95 Patients commencing 
enteral nutrition who have had a period of prolonged 
fasting, inadequate nutritional intake, or signifi cant 
weight loss (�10% body weight) should be moni-
tored for the metabolic features of the refeeding 
syndrome. Daily monitoring of fl uid status, serum 
sodium, potassium, phosphate, and magnesium lev-
els is required until stability has been achieved with 
feeding advancement. Serum glucose levels, which 
are usually stable during continuous enteral nutri-
tion therapy, can increase with overfeeding or as 
part of a stress response during critical illness. 
Hypoglycemia during intermittent feeding can be 
prevented with a progressive slowing of the rate of 
infusion in the period prior to disconnection. Dump-
ing syndrome is reported in patients during enteral 
feeding in response to the presence of nutrients 
within the proximal intestine. This is can be associ-
ated with a rapid infusion of a formula with a high 
nutrient density and is treated with modifi cations to 
the formula (such as adding uncooked cornstarch) 
or rate of delivery.

HOME ENTERAL NUTRITION

Over the past two decades, advances in tube 
design, methods of delivery, and formulas have 
made enteral nutrition therapy safer, cheaper, and 

therapy have been developed by national nutri-
tion support organizations.7,97 These guidelines 
take into consideration patient selection, assess-
ment, monitoring, and the development of the 
enteral nutrition plan, including methods of imple-
mentation, documentation, and protocols for ter-
mination of therapy. Training patients, their 
families, or caregivers in safe and effective home 
enteral nutrition therapy is ideally performed by a 
multidisciplinary team, including the gastroenter-
ologist or surgeon, dietitian, stomal therapist, or 
nurse specialist.97 An essential component of a 
successful home enteral nutrition service is avail-
ability of health professionals to provide support 
to the patient or caregivers at home to address 
concerns and direct appropriate intervention when 
necessary. A mechanism should be available to 
manage after-hours tube malfunction. To facili-
tate this process, all patients should carry a card 
with the type and size of tube and the date of last 
insertion clearly listed. Written documentation of 
routine tube care, as well as the recommended 
steps to take in the event of tube malfunction, is 
invaluable to the patient and caregiver at home.

Regular review by the multidisciplinary home 
enteral nutrition team is cost-effective and improves 
quality of care.99 At regular outpatient appoint-
ments, all aspects of the administration of enteral 
nutrition can be assessed. The tube is examined for 
size, function, and integrity and can be changed if 
necessary. The stoma site is examined. The method 
of delivery is reviewed, along with protocols for 
formula preparation. The intake of formula is 
assessed with reference to the nutritional goals. The 
patient is examined for growth, weight gain, and 
nutritional status. Laboratory markers of nutritional 
status can be obtained as indicated. 

INTERACTIONS BETWEEN DRUGS 
AND ENTERAL FEEDING

Administration of medications through an enteral 
feeding tube, either in combination with formula 
or alone, is problematic because only a few drugs 
have been tested and approved for tube delivery. 
Characteristics of the composition of the tube can 
infl uence the binding of drug to the tube wall (eg, 
carbamazepine reacts with polyvinyl chloride 
feeding tubes).7 Interactions between a drug and a 
nutrient can result in an undesired side effect of 
the drug or feeding intolerance. Drug-nutrient 
interactions can result in changes in medication 
bioavailability, distribution, metabolism, or 
excretion.100 Common drug-nutrient interactions 
are described with substances containing calcium, 
zinc, and iron, or when acidic and neutral liquid 
medications are combined with casein or soy pro-
tein. Impaired absorption of phenytoin is well 
documented in the literature and occurs as a result 
of pharmacokinetic incompatibility.7 Long-chain 
fatty acids can enhance the absorption of lipid-
soluble drugs but hasten the degradation of other 
medications (eg, carbamazepine) (Table 5).

Liquid preparations of medications are pre-
ferred by children and for enteral administration. 

Table 5 List of Common Medications That May 
Contain Sorbitol

Acetaminophen (Tylenol pediatric elixir, suspension,
 and maximum strength liquid)
Acyclovir (Zovirax suspension)
Al/MgOH (Maalox suspension and extra strength plus)
Al/MgOH/simethicone (Mylanta cherry cream-, milk
 cream-, double strength-liquid)
AlOH (Alternagel, Gaviscon liquid) and AlOH gel
Aminocaproic acid (amicar syrup)
Calcium carbonate (CaCO3 oral suspension), calcium
 glucobionate (neo-calglucon)
Carbamazepine (tegretol susp)
Chloral hydrate (syrup)
Cimetidine (Tagamed liquid)
Clemastine (Tavist syrup)
Dexamethasone (oral solution)
Diazepam (oral solution)
Digoxin (elixir)
Diphenhydramine (Benadryl elixir)
Felbamate (Felbatol susp)
Ferrous sulfate (drops, syrup)
Furosemide (solutions)
Hydroxyzine (Vistaril susp)
Ibuprofen (Pedia-Profen susp)
Lithium citrate 
Metaproterenol and metaproterenol sulfate (syrup)
Metoclopramide (syrup, oral solution)
Milk of magnesia
Multivitamins (Iberet 250, 500 liquid)
Naproxen (Naprosyn oral suspension)
Nitrofurantoin (Furadantin suspension)
Oxybutynin (Ditropan syrup)
PE/Tripolidine (Children’s actifed liquid)
PE/PPA/chlorpheniramine/phenyltoloxamine 
 (Naldecon Ped drops, syrup)
Potassium chloride (Rum-K)
Prednisolone (Pediapred)
Propanolol (oral solution)
Ranitidine (Zantac syrup)
Sodium polystyrene sulfonate (suspension)
Sucralfate (Carafate suspension)
Tetracyline (sumycin)
Theophylline (oral solution, Slo-phyllin syrup, 
 Theoclear syrup)
Trimethoprim/Sulfamethoxazole (Septra suspension,
 sulfa/trimethoprim, bactrim susp)
Valproic acid (Depakene syrup)
Vitamin E (Aquasol E drops)

easier to administer for a wide range of disorders 
in childhood.5,96,97 With attention to appropriate 
patient selection, education, and providing ade-
quate technical support, enteral nutrition therapy 
can be safely and effectively provided in the 
home.97 In 1992, data from Medicare and insur-
ance companies estimated that there were about 
152,000 patients of all ages receiving home enteral 
nutrition in the United States.5 The rapid growth 
of home enteral nutrition therapy observed in the 
United States in 1987 had reached a plateau in 
1992.5 In contrast, in Britain, home enteral nutri-
tion therapy has been increasing rapidly—at a rate 
of up to 20% per year—and is about 10 times 
more common than home parenteral nutrition 
therapy.97 Of patients receiving home enteral 
nutrition therapy in Britain, 40% are children, 
compared with 5 to 20% in three US cohorts.98

Best-practice guidelines for the administra-
tion of safe and effective home enteral nutrition 
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However, liquid drug preparations tend to have a 
high osmolality (1,000 and 11,000 mOsm/kg) and 
may cause feeding intolerance when infused into 
the jejunum. The osmotic properties of these liq-
uids are usually attributable to the presence of sor-
bitol, propylene glycol, or polyethylene glycol. 
Although included among the inactive ingredients 
on drug labels, the amount is not usually quanti-
fi ed. Osmotic diarrhea and delayed gastric empty-
ing can occur if the cumulative dose is more than 
20 g (range, 7.5 to 30 g). 

CONCLUSION

Advances in tube placement techniques, tube 
design, delivery systems, and enteral formulas have 
enabled the safe and effective provision of enteral 
nutrition therapy for a broad range of disease indi-
cations in children. Successful enteral nutrition 
therapy has limited the use of parenteral nutrition 
therapy, resulting in important benefi ts in terms of 
safety, manageability, and cost. The management 
of nutritional problems in patients with chronic dis-
eases, such as neurologic disorders, Crohn’s and 
cystic fi brosis, can be enhanced by home enteral 
nutrition therapy. The development of 
disease-specifi c formulas provides new therapeutic 
options. Further improvements in technology 
enabling light, simple, feeding pumps and modifi -
cations to tube design will continue to assist in the 
administration of enteral nutrition to children.
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