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Enteral nutrition by tube feeding in adults

K. M. MOHANDAS, Y. M. SHASTRI, M. SHIRODKAR

ABSTRACT
Patients who cannot eat enough require alternatives to oral
feeding. Tube feeding is one such method for patients with a
functioning gut. The techniques for the placement of feeding
tubes and diets for tube feeding have improved during the past
20 years. Comfortable thin-bore polyurethane tubes are replac-
ing the thicker vinyl tubes. Long term access routes such as
gastrostomy and jejunostomy are being done by endoscopic or
radiological techniques. Pre-defined formula feeds have reduced
the effort and labour involved in the preparation, storage and
administration of blenderized tube feeds. However, the use of
soft feeding tubes and commercial formulae will increase the cost
of nutrition therapy in India. The ultimate cost-effectiveness of
tube feeding will depend on whether it is used appropriately
during an illness with adequate delivery of feeds, and whether
attention is given to small details by a dedicated nutritional
support team. A strong commitment to the scientific use of
nutritional support is necessary for getting the best results from
tube feeding in everyday practice.
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INTRODUCTION
Many patients in Indian hospitals are malnourished. This results
.in increased morbidity and mortality, prolongs hospitalization and
delays rehabilitation. Malnourished patients need nutritional sup-
port to hasten their recovery. Timely nutritional support by the
oral, enteral and parenteral routes helps to reverse the ill-effects of
malnutrition. The enteral route is preferred since the gut is func-
tional in most patients. Enteral feeding prevents atrophy of the
intestinal mucosa and preserves gut function. Tube feeding should
be considered when patients cannot increase their oral intake to
meet their nutritional requirements (Fig. 1).When tube feeding is
contraindicated, nutritional support should be ,given by the
parenteral route.

Tube feeding has been in use for a very long time. In 1598,
Capivacceus from Venice used a hollow tube in the oesophagus to
feed a patient. This was followed by the development of small
silver tubes passed into the oesophagus to feed patients with
tetanus. Sir John Hunter used a nasogastric tube made from eel's
skin to feed patients with dysphagia. In 1918, Andresent intro-
duced jejunal feeding in patients after a gastrojejunostomy. Speci-
fic enteral feeding formulae containing casein hydrolysate were
introduced in the 1930s.

More recent developments such as soft tubes made of polyure-
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thane (PU), feeding pumps, endoscopic gastrostomy and different
pre-defined formulae have revolutionized tube feeding. Till re-
cently, doctors in India had few choices regarding tube feeding:
large-bore polyvinyl chloride (PVC) feeding tubes, surgical gas-
troenterostomy and home-made blenderized diets. Although these
time-tested methods are very effective, their use in a busy clinical
practice is cumbersome. We believe this to be one of the reasons
for the neglect of clinical nutritional therapy in India. Establish-
ment of the concept of nutritional support teams (NST) was yet
another step towards the appropriate use of tube feeding.

INDICATIONS AND CONTRAINDICA TIONS
The decision to initiate tube feeding is based on standard indica-
tions for nutrition therapy and not by the presence or absence of a
specific disease. The commonest indication for tube feeding is the
inability to swallow (Table I); it is also required to deliver food
beyond a certain part of the digestive tract. Rarely, it may be used
to deliver unpalatable feeds (e.g. elemental diets, bile infusion,
etc.). There are a few absolute contraindications to tube feeding.
These include postoperative intestinal leaks, high-output upper
intestinal fistulas, intestinal obstruction, severe loss of absorptive
surface and intolerance to tube feeding.

WHEN AND HOW TO ACCESS THE GUT
Whenever possible, a nutritional assessment should be done
before starting tube feeds. Usually, well nourished patients need
nutritional support only after 5-7 days of starvation, whereas
malnourished patients need immediate nutritional support. The
type of feeding tube to be used is determined by several factors
(Table II). Feeding tubes are classified into two major categories:

TABLE1. Common indications for tube feeding

Patient cannot swallow
Central nervous system disorder (e.g. coma, stroke, myopathies, etc.)

• Surgery (craniofacial and pharyngeal surgery, etc.)
• Acutely ill patient in the intensive care unit
• Severe oropharyngeal infection or inflammation
• Oesophageal stricture, achalasia, pharyngeal tumour
• Heavily sedated patient

Patient will not swallow
• Unpalatable feeds (e.g. elemental diets)
• Severe anorexia
• Severe depression

Patient should not swallow
• Ileus (postoperative and others)
• Gastroparesis (postoperative and others)
• Fistulas (oesophageal, gastric or enteric)
• Mechanical obstruction (oesophageal, pyloric, etc.)

TABLEII. Factors that determine the type of feeding tube to be
placed

• Local facilities and expertise available for tube feeding
• Pre-existing disease (e.g. gastro-oesophageal reflux, asthma)
• Presence of structural lesion (e.g. stricture, fistula)
• Clinical situation (e.g. admitted in the intensive care unit)
• Type of therapy planned (e.g. due for laparotomy)
• Long term prognosis (e.g. terminal cancer)
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Gut is functional and usable for nutritional support
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FIG1. Algorithm for placement of feeding tube

those passed through the nostril for short term use and those
passed through the abdominal wall for long term use (Table III).
Expertise in several methods should be available or developed so
as to optimize the placement of feeding tubes. Pharyngo-oesoph-
ageal tube placement and permanent pharyngo-oesophagostomy
are rarely used nowadays. Physically active patients requiring
long term enteral feeding may benefit from a skin-level button
gastrostomy.

TABLEIII. Types of access for tube feeding

Short term feeding «4 weeks)
• Nasogastric, nasojejunal or nasoenteral tubes
1. Blindly placed
2. Fluoroscopically placed
3. Endoscopically placed

Long term feeding (>4 weeks)
• Gastrostomy or jejunostomy
I. Endoscopic (PEG, direct PEJ or JET-PEG)
2. Surgical (open or laparoscopic and needle catheter jejunostomy)
3. Radiological

SpeciaL methods
• Pharyngo-oesophageal tube
• Pharyngo-oesophagostomy

PEG Percutaneous endoscopic gastrostomy
JET-PEG jejunostomy through PEG

TECHNIQUES FOR PLACING FEEDING TUBES
Nasogastric tube
Feeding tubes used for nasogastric (NG) or nasojejunal (NJ)
feeding vary in length (30-45") and diameter (5-18 F). Shorter
tubes are used for NG feeding and longer ones for NJ feeding.
Most feeding tubes are made of PU or PVC, have side holes and
a tip made of weighted metal (Table IV). An NG tube should be
used when tube feeding is anticipated to last less than 4 weeks.
These tubes are usually passed blindly through the nostril and
throat, down the oesophagus into the stomach. In conscious
patients swallowing small quantities of water helps in passing the
tube and care should be taken not to force it down. Once the tube
is placed, its position must be confirmed. Fluoroscopic examina-
tion is the best method for doing this but may not be easily
available. In the absence of fluoroscopy, the position is ascer-
tained by pushing 20-50 ml of air through the tube while auscul-
tating over the stomach. Occasionally, the sound of airflow is
heard over the epigastrium even when the tube is in the chest. In
the absence of fluorosocopy, we prefer to confirm the position of
the tube by slowly infusing about 20 ml of sterile normal saline
through it before starting feeds.

In a few patients, fluorosocopy is required to manoeuvre the
NG tube correctly. In others, such as patients with tumours of the
head and neck region, strictures of the oesophagus and severe
neuromuscular diseases, endoscopic assistance may be required .
In such cases, the tube is placed using the Seldinger's technique.
After passing an endoscope into the stomach, a stiff guidewire is
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TABLEIV. Comparison of fine- and large-bore feeding tubes

Feature Fine-bore tubes Large-bore tubes

External size
Material
Designed for

6-12 F
Polyurethane, silicone
Tubefeedingonly

14-22 F
Mostly polyvinyl chloride
Multipurpose, for lavage,
drainage, deflation and
feeding
Uncomfortable, discomfort
persists

Frequent, erosions and
ulceration of nose,
nasopharynx and
oesophagus
Approximately within 10
days
Less frequent
Restricted
Low
Infrequent
Less intensi ve

Patient comfort Acceptable, gets
used to soon

InfrequentMucosal injury

Hardening of tube Months

Dislodgement
Oral intake
Cost
Clogging
Level of care

Frequent
Near normal
High
Frequent
Meticulous and high

passed through the endoscope, over which the NG tube is passed.
Although the placement of an NG tube is simple and safe in the
majority of patients, it can very rarely cause serious complications.
In our experience with over 800 endoscopic NG tube placements
in cancer patients with obstruction, we have had two tumour
perforations, one of which was fatal.

Nasoenteral tube
Patients with delayed gastric emptying or gastro-oesophageal
reflux (GER) require placement of a nasoenteral (NE) tube. This
is a thin tube with a weighted tip and is made of soft material such
as PU or silicone rubber. The NE tube passes through the nose,
throat, oesophagus, stomach and beyond the C loop of the duo-

FIG 2. X-ray of a nasojejunal tube in place
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denum into the upper small intestine (Fig. 2). The NE tube can be
placed by different techniques. The common method is to pass a
soft, weighted NE tube into the stomach and then allow it to
migrate into the jejunum. The spontaneous passage of the NE tube
is dependent on peristaltic activity and can be speeded up by the
use of prokinetic drugs such as metoclopramide. The NE tube can
also be placed by endoscopic methods. In one such method, a pair
of forceps holds a string at the tip of the NE tube. The tube is then
dragged by the endoscope into the jejunum where it is released and
the endoscope withdrawn. The other endoscopic method is the
Seldinger's technique. A stiff guidewire is passed into the duo-
denum through the biopsy channel of an endoscope. The endo-
scope is withdrawn leaving the wire in the duodenum. An NE
feeding tube is threaded over the wire deep into the duodenum. It
may be necessary to use fluoroscopy in difficult situations, and the
position of the NE tube must be confirmed either by fluoroscopy
or abdominal X-ray. This is because these tubes often migrate
back into the stomach during withdrawal of the endoscope (imme-
diate), due to recoil of the NE tube (after a few minutes or hours),
or by reverse peristalsis following vomiting (after a few hours or
days). The use of a fine-bore tube made of silicone or PU ensures
greater comfort to the patient but these are more susceptible to
clogging. Placement of an NE tube can be laborious and occasion-
ally takes a few hours or several attempts. The time and effort spent
in placing the NE tube is, however, invaluable, because it helps to
avoid the use of total parenteral nutrition.

Gastrostomy techniques
Gastrostomy or jejunostomy is appropriate when nutritional sup-
port is expected to last for more than 4-6 weeks. A gastrostomy
tube can be inserted by endoscopic, surgical, laparoscopic or
radiological techniques. Percutaneous endoscopic gastrostomy
(PEG) is the most popular method. It is indicated for patients with
neurological disorders; head, neck and oesophageal cancers; and
in children with feeding problems but should not be used for
patients with a rapidly progressive disease. Compared toNG tube
feeding, PEG causes less discomfort, provides a larger lumen, is
less prone to migration or dislodgement and is more acceptable
cosmetically. Clinical trials have found PEG to be more effective
than the NE tube for enteral feeding. The advantage of a large-bore
tube for feeding and the simplicity of the technique have made
PEG the procedure of choice for long term tube feeding in Europe
and North America.

Percutaneous endoscopic gastrostomy can be done in an endo-
scopy room under mild sedation and tube feeds can be started
within 24 hours. It is most commonly done by the pull technique
ofPonsky and Gauderer. There have been many modifications of
the original technique, each with advantages and some disad-
vantages. A large series of 299 PEGs from the Mayo Clinic
reported 13% minor and 3% major complications with a 1%
mortality. Prophylactic antibiotics and antiseptic mouth washes
reduce infectious complications. Inability to transilluminate the
stomach, portal hypertension and undiagnosed acute abdomen
are absolute contraindications for PEG, though it can be per-
formed in obstructive lesions after dilatation. A low-profile
gastrostomy button can be inserted in a cosmetically concerned
patient. We have been performing PEG since 1989 using home-
made tubes. Our results have shown that home-made PEG tubes
(costing less than Rs 100 each) offer long term tube feeding
access that is as simple, safe, effective and durable as commer-
cial PEG kits.
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FIG 3. X-ray of jejunostomy through percutaneous endoscopic gas-
trostomy (JET-PEG) showing the PEG and jejunal tube

Jejunostomy and needle catheter jejunostomy
In patients who are likely to aspirate (e.g. patients with
gastroparesis, GER disorder and altered states of conscious-
ness) or when prolonged gastric feeding is contraindicated, a
jejunostomy is appropriate. This may be done by the surgical
or endoscopic method. In the endoscopic method, PEG is
modified into a jejunostomy. This is done by passing a weighted
jejunal tube through a PEG into the stomach and then position-
ing it in the jejunum (Fig. 3). Endoscopy-guided direct punc-
ture of the jejunum is possible in some patients though percu-
taneous endoscopic jejunostomy (PEJ) requires a high level of
expertise. Surgical jejunostomy is done either by the open,
laparoscopic or needle catheter jejunostomy (NCJ) method
during laparotomy. Currently NCJ is popular as it offers easy
and safe placement of a jejunostomy tube during laparotomy.

ESTIMATING NUTRITIONAL REQUIREMENTS
The function of the gut and the nutritional needs of the patient
determine the composition of the tube-feeding formulation, the
method and rate of delivery. The calorie and protein require-
ments of patients vary widely and are estimated using time-
tested formulae (Table V). Fluid and electrolyte requirements
depend upon the clinical condition of the patient. The fluid
requirement can be calculated to be 30-35 mllkg+500 ml per
degree of pyrexia or I ml/kcal+ 100 mllg of nitrogen ingested.
Urine output, a daily weight record and serum electrolytes
provide useful information for assessing changes in the fluid
requirement to maintain the correct balance. A range of formula
feeds with different consti-tuents available internationally are
now marketed in India (Table VI). The commercial formula feeds
simplify the effort involved in ordering, storing, preparing and
administering tube feeds. However, they are relatively expen-
sive for Indian patients when compared to kitchen-made
blenderized foods. The majority of clinical situations requiring
tube feeding can be managed by a polymeric isotonic formula.
Enteral feeds with novel pharmaceutical agents (arginine, omega
fatty acids, etc.) are also available. More clinical trials are
required before the routine use of feeds containing these novel
substances can be recommended. Periodic nutritional assess-
ment is necessary for all patients requiring long term tube
feeding, irrespective of the formula used.
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TABLEV. Determination of daily energy and nitrogen
requirements*

Daily energy requirement is estimated as A+B+Ct

A: Basal metabolic rate (BMR) by Schofield's equation

Age Men (kcal/day) VVomen(kcal/day)

15-18 17.6 VV+656 13.3 VV+690
18-30 15.0 VV+690 14.8 VV+485
30-60 11.4 VV+870 8.1 VV+842
>60 11.7 VV+586 9.0 VV+656

B: Stress factor
Severe sepsis/extensive surgery/fracture/trauma= 10%-30%
Bums/wounds=50%-150%

C: Energy expenditure for physical activity
+20% immobile
+30% bed-bound but mobile
+40% mobile in ward
Daily estimated nitrogen requirement for adults
Status Nitrogen (g/kg/day)
Normal 0.17 (0.14-0.20)
Hypermetabolic states

5%-25%
25%-50%
>50%

Depleted

0.2 (0.17-0.25)
0.25 (0.20-0.30)
0.3 (0.25-0.35)
0.3 (0.20-0.40)

* modified from reference t add 10% of estimate for specific dynamic action of food
and for each I "C of fever; add up to 600 kcal/day if increase in weight is required.
W weight in kg

TABLEVI. Currently available enteral feeding formulas

Type of formula Features

Polymeric formula (whole protein)
Blenderized Long term feeding, glucose intolerance, bowel

regulation
100 kcal, 4 g proteinll00 ml
1.5-2 kcallml; for high calorie requirement/volume
restriction

May help in weaning difficult patients away from a
ventilator
Fat malabsorptionlmaldigestion, chyle leak
triglyceride-rich diet

Increased nitrogen requirement
Renal impairment

Standard
Concentrated

High-fat feed

Medium chain
triglycerides

High protein
Low proteinllow
mineral

Low sodium
Fibre added

Patients with ascites/hypertension
For long term feeding, prevents gut bacterial
translocation

Elemental formula
Peptides Protein-losing enteropathy (radiation enteritis),

coeliac sprue
Short bowel sydromes, severe malabsorpti ve states,
elimination diets

Free amino acids

NURSING CARE
The method of delivering tube feeds can vary widely. In general,
drip feeds given over several hours by gravity or using a pump
are preferred over intermittent bolus feeds. Drip-feeding is
essential for jejunal feeding and critically ill patients. As bolus
feeding has some advantages, it may be used for gastric feeding
in patients who are ambulatory and where there is no risk of
aspiration. The methods for feeding in different clinical settings
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are summarized in Table VII. A regular nursing protocol for the
care of the tube is necessary (Table VIII). Patients and/or
relatives should be adequately trained to look after the tube in
the hospital and at home. Although tube feeding is simple and
safe in most patients, it can result in complications, some of
which can be life-threatening. Complications of tube feeding are
much more common in bed-ridden patients (e.g. those in an
intensive care unit) than in ambulatory patients and, therefore,
in such patients nursing care needs to be more rigorous. The
complications of tube feeding can be divided into three broad
categories (Table IX). The reported complication rates for the
placement of NG and NJ tubes vary between 0.5% and 3%. A
morbidity rate of 5%-15% and a mortality rate of 0.3%-1 % are
associated with PEG and PEJ.

Enteral nutritional support using feeding tubes is an important

TABLEVII. Techniques for delivery of feeds

Method of feeding Indications Comments

Constant infusion Intensive care unit. Initially 20-50 ml/hour,
(by gravity or pump) bedridden patients increased periodically;

lowers gastric residue,
chances of aspiration and
metabolic abnormalities

Raise head end of bed
30°-4SOto reduce the
risk of aspiration and
regurgitation

Cyclic intermittent Partially recumbent High infusion rate for a
(by gravity or pump) short period (8-16 hours).

while changing from tube
feed to oral feeds

Bolus intermittent Ambulatory patient 100-400 ml over 10-30
(by syringe, bulb) minutes several times,

increased risk of
aspiration and diarrhoea.
convenient and cheaper
in India

Intermittent drip Home enteral feeding 1500-2000 ml over 8-12
(by gravity or pump) hours overnight,

freedom during daytime

TABLEVIII. General care during tube feeding

Before feeds
• Wash hands thoroughly before handling tubes and bags
• Check for migration of tube before each use
• Look for wound infection around the exit site ofthe tube
• Measure the residue in the stomach before feeding
• Flush the tube well before each feed

During feeds
• Initiate feeding with undiluted isotonic formula
• Start with a continuous drip at a rate of 20-50 mllhour
• Gradually increase the rate by 10-25 mllhourevery 8-12 hours
• Flush the tube after feeds

General care
• Always elevate the head end of the bed during feeding
• Have a written nursing protocol
• Strain all blenderized/powder-based feeds before infusing
• Avoid contamination offeeds
• Do not push solid medications through feeding tubes
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TABLEIX. Complications of tube feeding

Mechanical problems
• Erosions and/or ulceration of the mucosa
• Clogging of the tube
• Proximal or distal migration of the tube
• Leak around the site of insertion of the tube

Infection
• Site of tube insertion
• Aspiration pneumonia
• Nasopharyngeal and ear infections
• Peritonitis
• Infective diarrhoea

Metabolic problems
• Hyponatraemia
• Hypokalaemia
• Hyperglycaemia
• Dehydration
• Constipation
• Diarrhoea
• Deficiency of nutrients

TABLEX. Review of key points

• All patients should be screened for malnutrition on admission to hospital
• Patients identified to be at risk should be evaluated by the nutrition team
• Enteral nutrition is preferred over parenteral nutrition when the gut is

functional
• Clinical condition of the patient and available expertise should decide the

route of tube feeding
• Type and amount of feeds should meet the estimated needs of the patient
• Written protocols reduce complications and ensure safe administration of

feeds
• Patients on tube feeds should be monitored regularly and assessed

periodically
• Presence of a nutrition team will improve the overall use of tube feeding

but overlooked area of patient care. Tube feeding should be
included in the treatment plan of all patients who are unable to take
adequate amounts of food orally. The feeding tubes can be posi-
tioned at various sites using different techniques. It is essential
that the nutritional team takes a cohesive, active interest to ensure
that high standards of feeding and safety are achieved in order to
obtain the best results from enteral nutritional therapy (Table X).
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