
Turk J Gastroenterol 2002; 13 (4): 186-191

Basic principles of enteral feeding
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INTRODUCTION

The maintenance of appropriate nutrition in
patients with acute and chronic illness is known to
be a fundemental part of patient care. Some
patients require specialized nutrition support. A
meta analysis of 30 randomized controlled trials
found that patients receiving nutritional support
showed improvements in body weight and anthro-
pometrical measurements and a reduced risk of
death compared to control group cases. The indi-
cations for nutritional support are as follows:

1. Preexisting nutritional deprivation: This is
probably the most common indication for nutri-
tional support. Malnutrition is common in clinical
practice and such patients have impaired physio-
logical funchoning high risk of complications and
infections and poorer clinical outcomes. Many
patients are also subject to iatrogenic starvation.

2. Inadequate oral energy intake: This results in
breakdown of glycogen stores gluconeogenesis,
peripheral lypolysis and amino acid oxidation
from muscle stores. Although the optimal time for
commencment of nutritional support is controver-
sial it seems reasonable to start in patients with a
history of inadequate oral intake for 7-14 days or
in those patients in whom inadequate oral intake
is expected over a 7- 14 day period.

3. Significant multiorgan system disease: This is
the third most common indication for nutritional
support. Renal, hepatic, cardiac, pulmonary, gas-
trointestinal or hematologic diseases can preclude
adequate intake of oral nutrition and cause hyper-
catabolism.
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Both enteral and parenteral routes can be used for
nutritional support but there are insufficient ran-
domised controlled trials comparing these routes
in various disease states. Enteral nutrition (EN)
has a number of advantages such as reduced cost,
better maintenance of gut integrity, reduced infec-
tion rates and decreased length of hospital stay.
Critically ill patients not receiving EN, bacterial
translocation and associated endotoxin release
can activate inflammatory pathways and this
activation can be a contributory factor in multi-
system organ failure. However, it can not be con-
cluded that EN is superior to parental nutrition
(PN) in other diseases.

In this study the basic principles of EN will be
reviewed in detail.

INDICATIONS FOR ENTERAL NUTRITION

Enteral nutrition is indicated for patients with a
functional gastrointestinal tract whose oral nutri-
tional intake is insufficient to meet estimated
needs. Various types of enteral feeding can be con-
sidered.

CONTRAINDICATIONS OF ENTERAL
NUTRITION

Evaluation of the most appropriate route for
nutritional support should take account of the
adage " If the gut works, use it ". However,
although the enteral route should be the method
of choice whore possible, there may be occasions
when it is contraindicated. These include:

- Absence of intestinal function due to failure,
severe inflammation or, in some instances, post
operative stasis

- Complete intestinal obstruction



Basic principles of enteral feeding 187

Supplementation Sip feeding

t î
Oral

Enteral nutrition

Tube feeding Duodenal

Jejunal
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- Inability to access the gut eg. severe burns

- High loss intestinal fistulae

- Ethical considerations eg. terminal care.

ENTERAL ACCESS

Selection of the proper enteral access device is
dependent on the patients' gastrointestinal anato-
my and function, expected duration of EN and the
potential risk of aspiration (Figure 1). The nasoen-
teric tube is the most commonly used method of
enteral access and it can be inserted into the stom-
ach, duodenum or the jejunum. Tubes placed past
the third portion of the duodenum, and especially
past the ligament of Treitz, are associated with a
decreased risk of aspiration. These tubes are indi-
cated for short term use (less than four weeks) and
can usually be placed into the gastrointestinal
tract at the bedside. After inserting the tube into
the stomach, it is allowed to migrate spontaneous-
ly into the small bowel. Instead of large-bore naso-
gastric tubes, small bore feeding tubes made from
polyurethane or silicone, in sizes from 6 F to 12 F
are more suitable since they are associated with
greater tolerance and comfort.

Correct tube placement is confirmed by air insuf-
flation and ascultation, aspiration of gastric and
small bowel contents and by X-ray. Prokinetic
agents given before the procedure, pH sensors, use
of weighted tubes, magnets and bioelectrical
detection devices can also facilitate and confirm
tube placement. If the blind method fails, fluoro-
scopic, sonographic and endoscopic guidance can
be used to place the tube beyond the pylorus.
Their success rate is around 85-95 %. Patients
requiring long term (more than four weeks) EN,
more permanent access routes should be used.
Tube enterostomies (gastrostomy or jejunostomy)
are used for long term EN and when obstruction
makes nasal intubation impossible, gastrostomy
being the most common method for long term
access. The insertion of gastric tubes can be per-
formed nonsurgically such as by percutaneous
endoscopic gastrostomy (PEG) or fluoroscopic
guidance or surgically. Several PEG placement
techniques such as pull (Gauderer-Ponsky), push
(Sachs-Vine), introducer (Russell), Versa (t-fas-
tener) and primary button method can be used
and PEG is more cost effective than surgical
placement. Complications related to PEG place-
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ment are variable. Major complications, occurring
in 1-4 % of patients, include necrotising fasciitis,
buried bumper syndrome, colo-cutaneous fistula,
inadvertent PEG tube removal and pulmonary
aspiration. The most common minor complications
occur in 4-33 % of patients and are peristomal
infection and leakage, pneumoperitoneum, tempo-
rary ileus, wound bleeding, cutaneous and gastric
ulceration, tube clogging and tube dysfunction.

A jejunal feeding tube can be placed endoscopical-
ly or surgically. One endoscopic method is passing
a jejunal feeding tube (J tube) through a preexist-
ing PEG tube (PEG/J). A second endoscopic
method of J-tube placement is known as percuta-
neous endoscopic jejunostomy (PEJ) which
involves direct percutaneous endoscopic small
bowel puncture. This technique requires specific
training and is technique dependent. The small
intestine is more difficult to puncture as it tends
to be pushed away from the abdominal wall.
Success rates with this procedure are 80-90 %.
Complications include skin infections, small bowel
abscess and wound infections.

Surgical techniques for EN are reserved for
patients in whom an endoscopy and PEG proce-
dure can not be performed safely such as in
tumour obstruction or for patients on whom
another surgical procedure will be performed any-
way. Surgical techniques can be classified as
either permanent or temporary. Temporary surgi-
cal enterostomies can also be performed laparo-
scopically. During major surgery to the upper gas-
trointestinal tract, the preferred surgical feeding
technique is the needle catheter jejunostomy,
which can also be done laparoscopically. The
advantage of this technique is early enteral nutri-
tion in in the initial 6-12 hours after surgery.
Surgical jejunostomy complications are rare and
include tube obstruction, wound infection, peri-
toneal leakage and inadvertent tube removal.

EQUIPMENT FOR ENTERAL NUTRITION

Feeding tubes: As mentioned above, small bore
naso-enteric feeding tubes are usually preferred
for patients' comfort. Large bore tubes (14 F-22 F)
made from PVC, which are used for gastric
drainage, aspiration stomach deflation and are
uncomfortable for patients and also cause dilation
of the nostrils and throat.

Enteral feeding pumps: These are specifically
designed pumps which vary in weight and can be

used at the bedside, attached to a drip stand or
placed in a carry-sack for patients wishing to be
mobile. Pump use instructions should be carefully
followed and specific training for users should be
given. The pumps should be kept very clean.
These pumps can be especially useful in the fol-
lowing circumstances;

- If the feed is thick and viscous,

- If the feed has to be given on a timed basis

- If it is necessary to avoid giving a large volume
of feed in a short period of time.

Delivery systems: These include a reservoir, which
is usually the feeding solutions' container and a
giving set. Giving sets may have an optional drug
port.

When this equipment is used, the following proto-
col should be used to avoid bacterial contamina-
tion risk.

- The equipment should never be used on more
than one patient.

- Giving sets should be changed every 24 hours.

- Reservoirs should be used for 24 hours.

- Hands should be washed before handling feeds.

- Feeds should not be left in the container for
longer than the recommended period.

- Feeding tubes should be washed regularly.

ENTERAL NUTRITION DIETS

Home made diets: These diets are still used in
some cases if the commercial enteral formulations
are not available due to cost and logistics. Home
made diets can not be given through small bore
enteral feeding tubes because of blockage due to
coagulation of proteins and minerals. Bacterial
contamination is more likely to be a problem with
home made diets than commercial enteral formu-
las.

Commercial enteral formulas: These are divided
into four separate groups; polymeric, oligomeric,
elemental and special formulas.

Polymeric formulas: These are nutritionally com-
plete commercial formulas which contain whole
protein as a nitrogen source, oligosaccharides,
maltodextrins or starch as a carbohydrate source,
vegetable oil as a fat source and minerals, vita-
mins and trace elements. They require some
degree of digestion and absorption. They do not
contain lactose, they are palatable and can be
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used for oral supplementation (sipping) for enter-
al tube feeding. They generally have caloric densi-
ty of 1 kcal/1 mL and are isotonic, but may be con-
centrated to 1.5- 2 kcal/1 mL. In a standard for-
mulation, 15 to 25 % of the calories are protein,
the sources being cow milk (casein, casemate and
whey protein), eggs (egg white), soy (soy protein)
and wheat (wheat protein, gluten and gliadin).
The sources of fat include corn oil, sunflower oil,
soybean, butter fat or beef fat. Diets which are
enriched with medium chain triglycerides (MCTs)
are isolated from coconut oil. In these formulas the
main source of carbohydrates is maltodextrin. The
content of electrolytes and micronutrients (vita-
mins and trace elements) is within the range of
recommended daily allowances (RDA).

Oligomeric formulas: These are designed for use in
patients suffering from maldigestion and malab-
sorption such as Crohn's disease, short bowel syn-
drome, exocrine pancreatic insufficiency, intesti-
nal fistulas and radiation enteritis. They contain
dipeptides, tripeptides and some free amino acids
as nitrogen source that can be absorbed via active
transport mechanisms without intraluminal
hydrolysis. They also contain variable doses of fat
in the form of long chain triglycerides and MCTs,
carbohydrates, minerals, vitamins and trace ele-
ments. Thus they are nutritionally complete and
have a lower osmolality than elemental diets.

Elemental formulas: These formulas contain
amino acids, monosaccharides and disaccharides
and variable amounts of fat in the form of MCTs
and/or essential fatty acids. They generally have
caloric density of 1 kcal/ 1 mL and nitrogen con-
centration of 6-8 g/1 L. Because of the presence of
multiple small particles they are highly osmotic
(500-900 mOsm/L) and may therefore cause
osmotic diarrhea. They can not be given orally
because of their taste.

Special formulas:

- Modular diets: Most of the commercial enteral
formulas are nutritionally complete. In addition to
these formulas, there are also feeding modules
which provide a single macronutrient. According
to the patient's needs, not only the amount of
nutrients, but also the type of nutrients can be
changed. Carbohydrate, protein and fat modules
are present. Indications for modular diets are
organ dysfuntions such as renal failure, cardiac
failure and acid-base, electrolyte disturbances.
Carbohydrate modules are used to increase caloric

density and improve palatability, while protein
modules are used to increase nitrogen intake and
fat modules are given to increase energy intake
and essential fatty acid content in a diet.

- Specialized enteral formulas: Organ or disease
specific formulas are enteral diets which are
designed specifically to meet metabolic abnormal-
ities and altered nutrient requirements according
to diseases.

Liver formulas: There is an abnormal pattern of
circulating amino acids in chronic liver disease;
the concentrations of aromatic chain amino acids
(ACAA) are increased and branched chain amino
acids (BCAA) are decreased. It has been postulat-
ed that this imbalance can lead to hepatic
encephalopathy by producing false neurotransmit-
ters. Thus BCAA-enriched and ACAA-deficient
nutrition supplements have been an extensively
utilized nutrition therapy in patients with liver
disease. However randomised, controlled trials of
the use of these supplements to treat hepatic
encephalopathy have shown that they are only
indicated in chronic encephalopathy unresponsive
to pharmacotherapy.

Renal formulas: In acute renal failure(ARF), the
primary aim of nutritional therapy is to reduce
toxic product accumulation, reduce serum urea
nitrogen, and maintain water and electrolyte bal-
ance and nutritional status. Patients with ARF
who are malnourished or hypercatabolic should
receive 1.5 to 1.8 gr of protein/kg per day. In
chronic renal failure (CRF), the kidney has a lim-
ited ability to excrete urea and electrolytes, which
are the major contributors to the renal solute load.
The greater the renal solute load, the greater is
the obligatory water loss through the kidneys.
With increased renal function impairment, there
is also an increased obligatory water loss for a
given solute load. A number of commercial enteral
formulas have been developed for patients with
CRF. These formulas, which have a relatively low
protein content to limit urea production and a
high percentage of essential amino acids to allow
for adequate protein synthesis with minimal urea
production are preferred in patients with CRF
who are not on dialysis. Patients with CRF on
hemodialysis and peritoneal dialysis should
receive 1.2 to 1.3 g of protein/kg per day.

Pulmonary formulas: Because the metabolism of a
calorie of carbohydrate produces more CO2 than
the metabolism of a calorie of fat, modified carbo-
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Complications of enteral nutrition
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Figure 2. Complications of enteral nutrition (7)

hydrate and fat nutrition formulas have been pro-
duced for patients with pulmonary diseases.
However the amount of CO2 produced is depen-
dent on the the number of calories consumed, not
on the source of the calories. Routine use of these
modified formulas is therefore not warranted and
energy intake should be kept at or below estimat-
ed needs in patients with pulmonary disease and
CO2 retention.

Immunomodulatory (immune enhancing) formu-
las: These formulas contain glutamine, arginine,
omega-3 fatty acids, nucleotides and BCAA. They
are designed to modify the inflammatory response
and to enhance resistance to infection by reducing
bacterial translocation and enhancing gut associ-
ated lymphoid tissue.

Gastrointestinal dysfunction formulas: Patients
with gastrointestinal disease may benefit from
oligomeric formulas. Gut recovery may be acceler-
ated by supplementation of glutamine and fiber,
which is a precursor of short chain fatty acids
(SCFA). Glutamine and SCFA are metabolic fuels
of enterocytes and colonocytes respectively.

Diabetes formulas: Most diabetic patients can be
managed using standard formulas. However, for
long term feeding, the following dietary protocol
should be followed: 15 % of calories from protein,
30 % from fat and 55 % from carbohydrates.

ADMINISTRATION OF ENTERAL TUBE
FEEDING
Once the route of feeding has been chosen and the
enteral formula identified, feeds can be delivered
in the following ways:

- Bolus: a measured amount is given by syringe
over an identified time period (usually 30
ml/minute)

- Intermittent: the feed is given over a 24 hour
period with intervals of rest (e.g. three hours feed-
ing two hours rest)

- Overnight: the feed is given overnight.

- Continuous: The feed is given for up to 20 hours
without interruption.

Feeds should be administered according to the fol-
lowing guidelines:

- Elevate the head of the patient's bed at least 30
degrees from the horizontal before initiating feed-
ing

- Begin a feeding schedule at a rate of 50 ml/hr in
adults to promote tolerance. The administration
rate of isotonic formulas can usually be increased
in 20-25 ml/hr increments every eight hours until
the desired rate is achieved.

- Flush the tube regularly with 20 to 30 ml of
warm water every four hours during continuous
feeding and before and after intermittent feeding
and medication administration.

- Check the gastric residual volume every 4-6 hr
routinely. If residual volumes exceed 200 mL on
two successive assessments, feeding should be
stopped.

Gastroesophageal reflux and pulmonary aspira-
tion are potential complications of EN. Significant
aspiration can lead to pneumonia and death.
Postpyloric placement of feeding tubes should be
considered in patients at high risk of aspiration.
These risk factors include previous aspiration
pneumonia, impaired mental status, neurologic
injury, absence of a cough or gag reflex, mechani-
cal ventilation and age.
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The incidence of diarrhea occurs in patients
receiving EN is between 21% and 72%. Common
causes of diarrhea are medications, underlying ill-
ness predisposing to malabsorption and C. difficile

colitis. Tube feeding related causes include enter-
al feeding formula content, administration tech-
nique or contamination of equipments and formu-
la.
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