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Enteral Nutrition in Pediatric Patients
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Pediatric patients require specialized attention and have diverse demands for proper growth and development, and
thus need a different approach and interest in nutritional assessment and supply. Enteral nutrition is the most basic
and important method of nutritional intervention, and its indications should be identified. Also, the sites, modes, types,
and timing of nutritional intervention according to the patient’s condition should be determined. In addition, various
complications associated with enteral nutrition supply should be identified, and prevention and treatment are
required. This approach to enteral nutrition and proper administration can help in the proper growth and recovery

of pediatric patients with nutritional imbalances or nutritional needs.
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INTRODUCTION

At any age, the most important aspects in relation
to diseases are proper diagnosis and treatment; for
this reason, numerous drugs and surgical methods
have been developed. In recent years, however, the
importance of professional treatment beyond simple
medical treatment is increasing, and proper nutri-
tional support is essential [1,2]. Thus, interest in nu-
trition is increasing in modern medicine. In the man-
agement of complications of diseases or sequelae
during and after treatment, the importance of nutri-
tional therapy or artificial nutrition is increasing [3-5].

Pediatric patients, in particular, require speci-
alized attention and have diverse demands for prop-
er growth and development, not necessarily because

of illness [6-8]. Unlike adults, ongoing care for prop-
er growth is also needed, and the quality of life of pa-
rents and other families caring for their children
should also be considered. In addition, infants, chil-
dren, and young adolescents require different medi-
cal and psychological approaches because of diseases
and prognosis depending on age and weight [6-8].
Therefore, for nutritional approach and artificial
nutrition, gastrointestinal function such as digestion
and absorption is important, as well as age and clin-
ical condition. In addition, considerations should be
given to the likelihood of oral intake, the degree of
functioning, the possibility of intervention, the cost
of nutritional management, diet, and compliance
[2,6]. In this article, we will examine the basic con-
cepts of nutritional therapy in children, particularly
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enteral nutrition (EN).

METHODS OF NUTRITIONAL
INTERVENTION

The initial steps to nutritional therapies and ap-
proaches are to determine nutritional status through
nutritional counseling [1,2]. Whether an inter-
vention such as artificial nutrition is necessary in
consideration of disease state, economic power, and
ethical issues is determined. Then, oral nutritional
supplements are added, and EN or parenteral nu-
trition (PN) according to the indications are considered.
Essentially, EN is the basic artificial nutrition per-
formed by medical doctors [2].

Nutritional support is provided to pediatric pa-
tients under two possible conditions [6,7]. The first is
to supply <60% to 80% of the nutritional require-
ments for > 10 days, or >4 to 6 hours per day of total
feeding time for children with disabilities. In the
case of insufficient oral intake, nutritional support
should be initiated within 5 days at the age of 1 year
and within 3 days at the age of <1 year.

The second is wasting and stunting status as fol-
lows: 1) inadequate growth and > 1 month of weight
loss for <2 years; 2) weight loss of =3 months or no
weight gain at the age of 2 years; 3) >2 stages of
weight change in the growth charts; 4) triceps skin-
folds consistently below the fifth percentile of age; 5)
decreased height velocity by =0.3 SD per year; and
6) decreased height velocity by >2 c¢m per year dur-
ing puberty.

HISTORY AND DEFINITION OF EN

The concept of EN is known to have originated
from ancient Egypt and later Greece [9-11]. Initially,
the practice was to put food into the rectum. In the
16th century, a hollow tube with a bladder attached
is inserted into the esophagus. In the 18th century,
orogastric tubes were designed to supply jellies and
eggs along with milk and water. By the 19th century,
basic foods such as broths, eggs, milk, and even alco-
hol were fed through rudimentary tubes to the
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esophagus. In the 1930s, protein hydrolysate for-
mulations were supplied to surgical patients, and in
the 1940s, the first infant formula was developed.
Since the 1980s, EN has been recognized as a safe, ef-
fective, and cost-effective way to provide adequate
nutrition. Accordingly, various devices for nutri-
tional supply have been developed, and formulas
with various indications and purposes have been
produced [11,12].

In the past, EN has been traditionally defined as
providing food to the stomach or small intestine be-
yond the esophagus through a tube. However, re-
cently, the need for nutritional intervention has in-
creased; thus, various oral nutritional supplements
have been developed. EN is defined as the use of oral
food for medical purposes [2,6,13]. EN is easier and
safer to supply than PN. As intravenous access is not
needed, EN has no side effects such as catheter-re-
lated or metabolic complications, and is advanta-
geous in preserving the gastrointestinal function
[14-18].

INDICATIONS AND
CONTRAINDICATIONS OF EN

As pediatric patients differ in the type and course
of nutrition depending on age, consideration should
be given to the EN supply [6,19]. The current age, life
expectancy, acute or chronic disease, adverse effect
of treatment, or temporary deterioration due to dis-
ease should be determined. The method and dura-
tion of EN should be decided in accordance with
whether the patient’s condition is stable or rever-
sible, and with the function of the gastrointestinal
tract [20,21].

The indications for EN in pediatric patients are not
significantly different from those required in nutri-
tional support (Table 1). EN is needed if the general
dietary intake alone cannot meet the energy and nu-
tritional needs of children with growth retardation,
weight faltering, or weight deficit [11]. It can also be
considered useful for the treatment of diseases such
as Crohn’s disease, food allergy, and intolerance
[22,23]. However, the most important condition is
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Table 1. Clinical Indications for Enteral Nutrition in Pediatric
Patients

Disorders of oral feeding
Abnormal sucking and swallowing
Congenital abnormalities of the upper gastrointestinal tract
Severe gastroesophageal reflux and esophagitis
Severe feeding aversion, behavioral disorders, and anorexia
nervosa
Trauma
Critical illness
Depression
Disorders of digestion and/or absorption
Congenital abnormalities of the gastrointestinal tract
Gastrointestinal dysmotility
Intractable diarrhea of infancy
Autoimmune enteropathy and immunodeficiency
Short bowel syndrome
Organ transplantation and graft versus host disease
Pancreatitis
Cystic fibrosis
Increased nutrient and/or metabolic requirement
Cystic fibrosis
Burn injury
Recurrent infection
Congenital heart disease
Chronic renal/pulmonary disease
Disorders where enteral nutrition is a key component of
disease treatment
Crohn’s disease
Ketogenic diet in epilepsy
Inborn errors of metabolism

that the function of the gastrointestinal tract allows
for EN, at least in part [6]. It may also be used for var-
ious diagnoses or illnesses, but its use should be de-
termined by consideration of the cost of the patient,
or whether it is feasible or not [24,25]. In neonates,
EN supply is required depending on the condition in
situations such as premature or necrotizing enter-
ocolitis [7].

Absolute contraindications to EN are problems
with the gastrointestinal function, such as paralytic
or mechanical ileus, and intestinal obstruction or
perforation. Relative contraindications include in-
testinal dysmotility, necrotizing enterocolitis, toxic
megacolon, diffuse peritonitis, gastrointestinal bleed-
ing, and high-output enteric fistula. However, if pos-
sible, full fasting should be avoided and a minimum
intestinal nutritional supply should be maintained
[26,27].

14 Vol. 21, No. 1, January 2018

SITES AND MODES OF DELIVERY

The decision on the location and route of EN ad-
ministration is based on the patient’s disease status,
the structural and functional status of the gastro-
intestinal tract, the purpose and duration of EN, and
the risk of aspiration. The mode of delivery of nu-
trients is preferably through the stomach because it
is more physiological [6,11].

Gastric feeding has the risk of gastroesophageal
reflux and pulmonary aspiration. However, it can
play a bactericidal role through gastric hydrochloric
acid and helps to absorb certain nutrients. Bolus
feeding is also possible because the position is fixed
and easy to administer, and the stomach serves as a
reservoir [3,6]. This intermittent bolus feeding pro-
vides a cyclic surge of gastrointestinal hormones, so
it has a trophic effect on the intestinal mucosa, al-
lows the feeding patient to freely perform activities,
and is more physiological [6,28]. It does not require
a feeding pump and is cheap. However, it carries a
risk of osmotic diarrhea and is disabled in jejunal
feeding (Table 2).

Post-pyloric feeding is performed in situations
where gastric feeding is difficult, such as tracheal as-
piration, gastroparesis, gastric outlet dysfunction, or
previous gastric surgery. Rapid infusion of nutrients
is not possible, so intermittent or continuous in-
fusion should be performed. However, this carries
the risk of high-energy, hyperosmolar feeding.
Therefore, post-pyloric feeding in preterm infants re-
quires more attention and carries a higher risk of
complications. Nevertheless, continuous feeding de-
livered through infusion at a constant rate provides
constant mucosal stimulation to aid intestinal adap-
tation and enable optimal absorption. It also has a
lower probability of emesis than intermittent feed-
ing, and is more effective at enteral balance and
weight gain [29,30]. However, the development of
taste or oral motor function may become problematic
(Table 2).

To compensate for the advantages and dis-
advantages of these feeding methods, a method of
preserving the oral feeding skill through the combi-
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Table 2. Feeding Volume according to Bolus and Continuous Feedings

Bolus feeding

Continuous feeding

0-12 mo 1-6 y >7y 0-12 mo 1-6 y >7y
Initiation 10-15 ml/kg 5-10 mL/kg 90-120 mL/kg 1-2 ml/kg 1 ml/kg 25 mi/kg
every 2-3 hours every 2-3 hours every 3-4 hours every hour every hour every hour
Advance 10-30 mL per 30-45 mL per 60-90 mL per 1-2 ml/kg 1 mL/kg every 25 mL every
feeding feeding feeding every 2-8 hours  2-8 hours 2-8 hours
Suggested tolerance  20-30 ml/kg 15-20 mL/kg 330-480 mL 6 mL/kg 1-5 ml/kg 100-150 mL

volumes every 4-5 hours every 4-5 hours

every 4-5 hours

every hour every hour every hour

nation of bolus feeding during the day and con-
tinuous feeding during the night may be used de-
pending on the patient’s condition.

TYPES AND METHODS OF EN:
CLASSIFICATION BY ENTERAL
ACCESS

To determine the route of administration for EN
delivery, the expected duration of EN and the under-
lying disease of the patient or the structure and func-
tioning of the gastrointestinal tract should be con-
sidered [6,7,31]. Technical experience or cost, psy-
chological approaches, or patient activity may also be
an additional consideration (Fig. 1).

If a short period of EN of <4 weeks is required, nu-
trition should be directly supplied to the stomach,
duodenum, or jejunum via a tube. Gastric tube feed-
ing, or inserting a feeding tube directly through the
mouth or nose, is a relatively less invasive procedure
and less difficult to locate. It is the most common and
effective method of short-term EN supply, but the
possibility of blockage is high because of the small
luminal diameter. Nasoduodenal or nasojejunal tube
feeding can be performed when gastric tube feeding
is difficult owing to the risk of aspiration. Owing to
the difficulty of positioning, various methods are
used, such as endoscopy, fluoroscopy, or admin-
istration of prokinetic drugs [32-35].

Even if EN is required for >4 weeks, it is posi-
tioned according to the risk of aspiration. Nutrition is
supplied endoscopically or through a surgical access
established using gastrostomy or jejunostomy [31].
Chronic diseases associated with nutritional im-

balance or neurological abnormalities such as cere-
bral palsy, neuromuscular disorder, and coma are in-
dications for percutaneous endoscopic gastrostomy
(PEG) or jejunostomy (PEJ). PEG(J) is also consid-
ered for feeding and decompression if malignant tu-
mors of the head, neck, or esophagus or chronic in-
testinal pseudo-obstruction is present [36]. PEG(J)
feeding has fewer complications and discomforts,
such as irritation, ulceration, bleeding, displace-
ment, and clogging, than nasogastric tube feeding
[37]. However, it may be difficult to apply according
to the abdominal wall or cooperative condition of the
patient, and may be a contraindication even if life ex-
pectancy is limited or serious coagulation disorders
are present [31,38].

Endoscopic techniques are the most commonly
used method for enteral access, but laparoscopic, so-
nographic, fluoroscopic, and surgical methods are al-
so often used [31]. In the case of the PEG tube, it can
be used for a long time in a fixed position, is easy to
use and remove, and is associated with relatively
fewer complications. The button- or balloon-type
PEG tube is designed to be fixed in the stomach and
considered more frequently for pediatric patients of
relatively older age. PEJ is similar to PEG but forms a
tract between the duodenum and the abdominal
wall. After laboratory tests (hemoglobin, platelet,
and coagulation tests) are performed before and af-
ter the PEG or PEJ procedure for checking for contra-
indications, the procedure is performed under asep-
tic conditions after prophylactic antibiotic treatment
[31]. After the procedure, the patient can start diet 6
hours later and full feeding after 24 hours.
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Dietary advice and follow-up

Parenteral nutrition

Does this patient need nutritional No
—
support?
Yes
Does this patient have a functional No
) . - >
gastrointestinal tract?
Yes
Enteral nutrition
Continued need for nutritional support
for >4 weeks
No Yes
v
Risk of aspiration 4>|

Risk of aspiration

No Yes No Yes
v ]
Nasogastric Postpyloric | Gastrostomy | | Jejunostomy | Flg L Flowchart of the dec-
tube tube ision making process for ent-
eral nutrition support.
COMPLICATIONS OF EN Infectious complications

Mechanical complications

Mechanical complications are common, but in
most cases, they are not as serious as central cathe-
ter-related complications [11]. The naso-enteral
tube may cause a problem of clogging or missing the
tube itself, which may cause discomfort to the pa-
tient [6]. Caution is needed because it may cause per-
foration or related complications. Gastrostomy and
enterostomy tubes may also cause similar complica-
tions and local irritation. Stoma-related complica-
tions may result in an enlarged stoma site due to a
large wall incision, leakage of nutrients or gastric
juice, and enterocutaneous fistula after removal [6].
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Infectious complications can occur in two major
directions. First, wound infection such as purulent
discharge, cellulitis, and peristomal abscess or local
and systemic septicemia associated with feeding de-
vices can occur [39-42]. Prevention and treatment
through antibiotics and dressings in sterile con-
ditions are important before and after the procedure.
The following infectious complications are con-
tamination of formulas and delivery sets [43]. The
cause of bacterial contamination is not known pre-
cisely, but often sepsis may occur, and up to 35% to
50% of cases have been reported in pediatric hospi-
tals [44]. Coagulase-negative staphylococci, strepto-
cocci, and gram-negative bacilli cause infections [6].



Formulas should always be prepared in a sanitary
environment, as infection can occur due to in-
sufficient hand washing or lack of awareness of hy-
giene, and repeated use of food storage containers.
Reducing exposure time to contamination, such as
through feeding hang time or minimizing time to ex-
posure after opening the formula, may also be effec-
tive for infection control [45].

Gastrointestinal complications
Gastrointestinal complications include abdominal
discomfort, bloating, and cramping [11]. Excessive
infusion rate, slow gastric emptying, constipation,
and psychological factors can cause nausea and vom-
iting, and dislodged tubes and intolerance of bolus
feeds can lead to regurgitation or aspiration [6].
Diarrhea may also occur due to dietary intake that is
incompatible with gastrointestinal function, intoler-
ance of bolus fees, excessive infusion rate, high feed
osmolarity, and microbial contamination [6].

Metabolic complications

Although metabolic complications are not com-
mon occurrences in EN, patients with chronic nutri-
tional imbalance or cardiac, liver, or renal problems
require more attention. Careful attention should be
paid to the possibility of refeeding syndrome during
abrupt feeding of high-energy nutrition in patients
with chronic nutritional imbalances [46]. When ex-
cessive amounts of carbohydrates are supplied,
phosphorus, magnesium, and potassium move into
the cells due to sudden increase in insulin secretion
[6]. As hypophosphatemia can lead to heart failure,
arrhythmia, and death, the initial supply volume or
calories should be at <75% of the requirement.

Drug-nutrient interactions

Unexpected interactions may occur when drugs
are administered via enteral feeding tubes [6,11].
Thus, before administration of the drug through the
intestinal tract, other possible routes should be con-
sidered and the administration of coated or slowly
degrading drugs through the tube should be avoided.
If the tube is the only route for drug administration,
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drugs should be administered in portions; pills should
be mixed with water and gelatin capsules should be
dissolved in warm water before administration.

CONCLUSION

EN is the preferred method of nutritional supple-
mentation if sufficient calories are not available in
oral feeding. It is preferred to nourish the stomach
from above it rather than supplying nutrients to the
duodenum beyond the pylorus. Intermittent bolus
feeding is also preferred because it is more physio-
logical than continuous feeding in small amounts.
Supply through gastrostomy or enterostomy should
be considered when long-term nutrition of >4
weeks is expected. Complications should be mini-
mized through careful attention and regular mon-
itoring, as problems such as EN-related infections or
metabolic abnormalities can occur.
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