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magnesaemia and dehydration associated with it.
Magnesium hydroxide and lactulose are safer and more
frequently used.

MANAGEMENT OF GENERALIZED WEAKNESS
Corrective underlying causes such as anaemia or
inadequate food intake should be carefully looked for.
Anabolic steroids are not likely to be of help unless
protein intake is adequate. Similarly, preparations of
vitamins and minerals are not indicated unless specific
deficiencies are demonstrable.

MANAGEMENT OF DYSPNOEA
It is often possible to determine the cause of dyspnoea and
institute specific therapy. Thus, dyspnoea due to cardiac
causes, chronic obstructive airways disease, pleural effu-
sion or severe anaemia can be treated. However, some
patients are dyspnoeic without any apparent cause, and
do not benefit from bronchodilator therapy. Adequate
pain control or anxiolytic therapy often helps such
patients.

MANAGEMENT OF PRURITUS .
Pruritus is common in terminal cancer and may be the con-
sequence of either the disease or the treatment. Topical
emollient creams, anti-histaminic creams, crotamiton or
corticosteroid creams (when inflammation is present) are
useful. Sometimes systemic administration of anti-
histaminics such as trimerprazine, chlorpheniramine or

Nutritional support in adults
D. D. K. ROLSTON

INTRODUCTION
Almost any illness in a malnourished individual is
associated with an increased mortality and morbidity, so it
is important to correct calorie and nutrient deficits in
patients whenever possible. However. the treating doctor
must first be aware of the energy and nutrient require-
ments of a healthy individual; he should learn how to
recognize nutrient, calorie and fluid deficits, and have
some understanding of the metabolic consequences of
starvation and stress.

METABOLIC CONSEQUENCES OF ST ARV A TION
AND STRESS
During starvation the body attempts to conserve proteins
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cyprohepatadine may help. If pruritus is due to surgical
obstructive jaundice and surgery is not possible, choles-
tyramine 4 g thrice daily may occasionally be helpful but
diarrhoea is a troublesome side-effect.

ANTI-INFECTIVE THERAPY IN CANCER
Although a patient with cancer is susceptible to infections
because of generalized debility and a suppressed immune
system, little attention has been given to the role of
antimicrobial agents in patients with malignancy. While
no guidelines exist, it is best to avoid potentially toxic
drugs such as aminoglycosides (streptomycin, gentamycin,
kanamycin and tobramycin) because both renal and
hepatic functions are likely to be subnormal. Further-
more, the patient is usually cachectic and therefore a
reduction in the dose of some of these drugs, often made
arbitrarily, is advisable so as to avoid serious adverse
effects. This is particularly true of drugs such as tetra-
cyclines, the cephalosporins and co-trimoxazole.

CONCLUSION
It should be emphasized that the primary aim of supportive
therapy in cancer is not to increase the life expectancy of
the patient but to improve the quality of life by providing
succour and relief from the distressing symptoms induced
either by the disease or its treatment. The goal should be
to free patients from pain and other symptoms so that
those with terminal disease, die in relative comfort.

and energy. Initially, liver glycogen is mobilized but this
is depleted within 24 hours. Fat stores are then oxidized
to free fatty acids (FFA) or converted to ketones. Once
this happens some tissues meet their energy requirements
from FFA, for example the heart, while glucose (which is
necessary for some tissues such as the brain) is derived
from amino acids and glycerol. Simultaneously, there
is a decrease in basal energy expenditure (BEE)-the
amount of oxygen consumed under fasting conditions
extrapolated to 24 hours-and nitrogen excretion.

In contrast, stress increases energy expenditure and
net protein breakdown, seriously impairing the adaptive
responses to starvation. The metabolic response to stress
does, however, provide amino acids from peripheral pro-
tein stores for hepatic protein and glucose synthesis.
Unfortunately, no therapy can alter the deleterious
metabolic responses that stress causes but nutritional
support can favourably influence the metabolic response
to starvation and can help conserve body tissues.

In the 'average' postoperative period, 30 to 40 kcaUkg/
day and 3 g/kg/day of amino acids are usually adequate. A
higher calorie intake only results in fat accumulation.
About 50% of non-protein calories should be provided as
lipids in order to prevent increased carbon dioxide pro-
duction, increased oxygen consumption and consequent
respiratory failure.
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NUTRIENT AND ENERGY REQUIREMENTS
The intake of the recommended daily allowance (RDA)
of nutrients and energy ensures that healthy individuals
do not develop malnutrition and is influenced by an
individual's activity and sex. Thus, the RDA for a 55 kg
Indian male who does moderate work is: 2800 calories
(15% from fats and 70% from carbohydrates), 55 g pro-
tein (from a mixed vegetable source), calcium 0.4 g,
iron 20 mg, vitamin A as retinol 750 !'-g, thiamine 1.4 mg,
riboflavin 1.5 mg, nicotinic acid 19 mg, ascorbic acid
50 mg, folic acid 100 ltg, vitamin BI2 1'ltg and vitamin D
200 IU. This diet contains adequate trace elements, elec-
trolytes and minerals. A 45 kg female who does moderate
work requires 2200 calories and 45 g proteins. Other
nutrient requirements are nearly identical to those of
the male except that of iron which is higher (30 mg/day).

Fluids
Normally 30 ml/kglday (1 ml/kcal) of fluids are adequate.
Each 2 °C rise in ambient temperature above 32°C and
each 1 °C increase in body temperature above normal
generates, respectively a need for an additional 500 ml
and 200 ml/day.

Energy
Energy requirements vary with age, sex, activity, growth,
body size, pregnancy and lactation. An individual's
calorie requirements can be derived from the BEE and is
approximately 25 kcal/kg for non-obese individuals. BEE
is more accurately derived from the Harris-Benedict
equation:
Men:
BEE = 66+(13.7xweight in kg)+(5xheight in ern)

-(6.8xage in years)

Women:
BEE=66.5+(9. 6xweight in kg)+(1.7xheight in cm)

-(4.7xage in years)

Calorie requirements increase by 13% for each 1 °C
increase in body temperature above normal. It should be
remembered that proteins and carbohydrates supply
approximately 4 kcal/g and fats 9 kcal/g.

Proteins
Protein intake should be 1 to 2 g/kg/day and should
provide essential amino acids, a nitrogen to non-protein
calorie ratio of 1:100 to 1:200 (to ensure optimal utiliza-
tion of carbohydrate and protein), and 10% to 15% of
total calorie intake. A rough estimate of an individual's
nitrogen balance can be derived from the formula:

Nitrogen balance=protein intake/6.25-
(urinary urea nitrogenx-l).

It should be remembered that approximately 6 g of
protein yield 1 g of nitrogen.

Fats
Fats are a concentrated energy source and also serve as a
carrier for fat soluble vitamins. Two per cent of calories
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should come from the essential polyunsaturated fatty
acid, linoleic acid, and 0.5% from linolenic acid. Not
more than 10% of calories ingested daily should be
derived from polyunsaturated fatty acids because circulat-
ing HDL cholesterol may decrease and predispose to gall-
stone formation.

Electrolytes and trace elements
The daily requirements of electrolytes and trace elements
such as sodium 50 to 150 mM, potassium 60 to 150 mM,
calcium 9 to 18 mM, phosphates 30 to 60 mM, and
magnesium 8 to 24 mM are present in a balanced diet.

ASSESSMENT OF NUTRITIONAL STATE
A factor that is often overlooked is that the evaluation of
the nutritional status of an individual requires training
and experience. A diagnosis of subclinical malnutrition is
made on dietary information, clinical examination, and
anthropometric and laboratory data. Every doctor should
be able to reasonably assess the adequacy of a patient's
diet and therefore must know what questions to ask
(Table I). Anthropometric measurements (Table II,
Fig. 1), laboratory parameters (Table III), muscle func-
tion assessment using, for example, grip strength
dynamometry, and global clinical assessment including
muscle wasting are used to determine the patient's nutri-
tional status. As many of these characteristics can be
influenced by factors other than nutrition, indices derived
from multiple variables have been suggested which provide
a more precise estimate of a person's nutrition. One such
index is the prognostic nutritional index (PNI) which is
derived from the formula:

15.8x 16.6 (alb)xO.78 (TSF)xO.2 (TFN)xS.8 (DH)

where alb=albumin (gldl), TSF=triceps skin fold thickness
(mm), TFN=serum transferrin (mgldl), DH=maximum
cutaneous delayed hypersensitivity reactivity to any of
three antigens.

A PNI of >SOis associated with an increased risk of post-
operative complications or death. Others have found that
a 10% decrease in weight (6% in obese individuals) 3 to
6 weeks prior to surgery, plasma albumin <3 g/dl,
plasma transferrin < 170 mgldl, skin test anergy,
inadequate nutritional intake for S days or more prior to
surgery, and subjective clinical assessment of altered body
composition are associated with an adverse surgical
outcome.

NUTRITIONAL SUPPORT
If a patient requires nutritional support, the route (enteral
or parenteral) of fluid, nutrient and calorie administration
must be decided upon. As long as the gastrointestinal tract
is functional (no ileus, obstruction or severe malabsorp-
tion) and the danger to pulmonary aspiration is minimal,
enteral feeding is the route of choice. A minimum of
100 em of jejunum or ISO cm of ileum are required for
successful enteral feeding. It should be borne in mind that
the correction of water deficit, metabolic and electrolyte
abnormalities, and therapy of associated medical problems
such as shock, infections etc., take precedence over
attempts to improve nutrition.
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TABLE I. Questions which help in assessing the nutritional status
of a patient

1. Is there a recent change in weight? How much?
2. Is there a recent change in appetite. taste or smell?
3. Is there difficulty in swallowing?
4. Are there any gastrointestinal symptoms especially diarrhoea.

vomiting, sitophobia?
5. Is there a history of alcohol consumption? How much?
6. Is the diet restricted? Why?
7. Is the patient depressed?
H. Does the patient live alone'> Who cooks?
9. Docs the patient consume any drugs including vitamin supplements?

10. What is the patient's financial status?

TABLE II. Anthropometric parameters used to assess nutritional
status

I. body weight indices
a. weight
b. body mass index (weight/height-)"

2. Triceps fold thickness"
3. Midarm muscle area+

• hody mass index more accurately reflects an individuals nutritional status
hecuase unlike weight alone it takes into account the effect of height as well
•• This is measured using the skin fold caliper and taking the mean of three recordings
at a point over the triceps muscle midway he tween the olecranon and the acromion
process of the non-dominant arm 'This is an index of skeletal muscle mass

FIG. I. Skin fold calipers

Enteral nutrition
Several types of enteral diets are commercially available
but none are ideal. The characteristics of an ideal enteral
diet are given in Table IV. The choice of preparation is
influenced by its composition, physicalcharacteristics,
the patient's nutritional needs and gastrointestinal func-
tion. Most commercial diets are suitable for 8F to 12F tubes
and provide 1 kcal/ml. No diet should be used if it has
been left open for more than 8 hours at room temperature
or 24 hours at 4 °C as they are an excellent culture
medium!

Four main forms of enteral diets are available:
(i) polymeric. (ii) elemental (predigested, chemically
defined), (iii] modular, and (iv) disease specific.
Polymeric and elemental diets are the most widely used.
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TABLE III. Laboratory parameters used to assess nutritional
status •

A. Biochemical
I. Commonly used

albumin (21 days)
transferrin (7 days)
prealbumin (2 days)
retinol binding protein (12 hours)

l l. Less commonly used
carotene
thiamin
riboflavin
folate

B"
zinc
copper
magnesium

B. Immunological
delayed hypersensitivity skin test
total lymphocyte count

• data in brackets indicate half- life . All biochemical measurements arc in serum or
plasma

TABLE IV. Characteristics of an ideal enteral diet

I. Nutritionally complete within reasonable volume limits
2. Easily digested and absorbed
3. Low residue
4. Iso-osrnolar
5. Low viscosity
6. Pre-mixed or easily prepared
7. Low cost
H. Lactose-free
9. Versatile

However, in India the 'home-brew' or blenderized diets
prepared in hospital kitchens are important because
commercially prepared diets are expensive and not easily
available in our country.

Polymeric diets contain whole or partially hydrolyzed
protein, solubilized carbohydrates and fats. Proteins
provide approximately 13% and fats 30% to 40% of the
calories. The non-nitrogen:nitrogen calorie ratio ranges
from 150: 1 to 200: 1. These diets are indicated for patients
with normal or near-normal functioning intestinal tracts
and should be given initially at 20 ml/hour and increased
in 20 ml increments until 80 to 100 ml/hour or 1920 to
2400 kcal/day are delivered. Intravenous therapy is there-
fore necessary during the initial 4 to 5 days. Recent
reports, however, suggest that initiating feeds with
half-strength formulae or low flow rates is unnecessary,
thus obviating the need for initial parenteral fluids.

Elemental diets: Three types are available.

1. those with a high concentration of crystalline L-amino
acids and branched chain amino acids. Fat is present as
medium chain triglycerides,

2. those in which partially hydrolyzed lactalbumin is
the main protein source (20% as amino acids and 60%
as peptides of various sizes) with fat provided as
medium chain triglycerides, and
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3. those with very low fat and high carbohydrate content.

Blenderized diets prepared in hospital kitchens are
important in India. They should be suitable for tube feed-
ing or energy dense. Examples used in our Institution are
given in Table V.

TABLE V. Some examples of hospital prepared diets

I. A high protein liver blend'
Ingredients Quantity
Liver 200 g
Milk 200ml
S~M ~g
Eggs 2

Cook these ingredients together. cool. add essence. strain and pour into
sterile bottles
Calories
Protein
Sodium
Potassium
Cost approximately

682 kcal
60g
130mg
356mg
Rs7

• final volume to be made up to 300 ml

II. A high calorie cereal mix

Ingredients Quantity
Milk 250ml
Rice flour 25 g
Refined oil 16 g
Sugar 18 g

Mix flour and sugar into the milk. Bring 10 boil. add oil and stir well or
blenderize
Calories
Proteins
Cost approximately

470 kcal
9.7 g
Rs4

III. A high protein. high calorie diet

Ingredients Quantity
Casilan 40 g
Corn flour 100 g
Sugar I()()g
Refined oil 50 g
Add 1500 ml of water and blenderize
Calories 1400 kcal
Proteins 45 g
Cost approximately Rs 35

Indications for enteral feeds are:

I. moderate to severe malnutrition (albumin <3 gldl,
obvious muscle wasting and/or peripheral oedema),

2. adequately nourished patients who have a disease
which may result in malnutrition if adequate nutritional
support is lacking,

3. patients with intestinal fistulae, burns, sepsis, trauma,
4. some patients in intensive care units,
5. patients with cancer, and
6. patients who have short bowel syndrome.

Enteral feeds are contraindicated in paralytic ileus, intes-
tinal obstruction and intra-abdominal sepsis.

Delivery route
Enteral feeds can be delivered nasoenterally (nasogastric,
nasoduodenal or nasojejunal) through an oesophagostomy,
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gastrostomy (percutaneous. endoscopic or surgical) or a
jejunostomy (needle catheter or 'conventional').

Nasoenteral feeds: The use of fine bore tubes for naso-
enteral feeding greatly reduces the complications associated
with larger tubes. such as pharyngitis, oesophageal stric-
tures, gastritis and upper gastrointestinal haemorrhage.
Nevertheless, tubes should not be placed carelessly. They
can pass into the bronchial tree without causing discom-
fort to the patient and can produce pneumothorax or
oesophageal perforations if a stylet or stiffening wire is
used to aid the insertion. An X-ray is essential, to confirm
the position of the tube. Nasogastric delivery of nutrients
is preferred to nasoduodenal or nasojejunal delivery
because the stomach accepts a high osmotic load without
producing crampy abdominal pain and its large capacity
allows bolus feeds (300 to 400 ml every 3 to 4 hours). When
the nasogastric route is used gastric residual volume must
be measured before each feed. If it is > 150 ml, intragastric
feeds should not be given and intragastric volume
measured 2 hours later. If the residual volume is still
>150 ml the nasogastric route should not be used. The
inability to prop up a patient during and for one hour after
feeds is a relative contraindication to intragastric feeding
because of the risk of pulmonary aspiration. To minimize
oesophageal reflux, the optimal tube tip position is just
distal to the ligament of Treitz.

Gastrostomy and jejunostomy are alternative approaches
for enteral feeding. A Foley's catheter is often used as a
gastrostomy tube. The balloon can, however, be damaged
by gastric secretions, its diameter changes as air slowly
diffuses out and it can produce gastric outlet obstruction.
Although gastrostomies (Fig. 2) are useful they are per-
formed less often because of associated complications
(Table VI) and the increasing use of percutaneous endo-
scopic gastrostomy (PEG) at several centres in India.
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FIG. 2. Foley's catheter inserted into stomach for use as a
feeding tube.

A Skin B Subcutaneous tissue C Stomach wall
D Purse-string suture taken through the stomach wall
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TABLE VI. Complications of gastrostomies (10% to 35%)

I. Poor wound healing
2. High rate of pulmonary aspiration
3. Leakage around the tube
4. Bleeding from stomach
5. Accidental removal of tube

PEG: A gastroscope is passed into the stomach and the
stomach inflated with air. It is then directed anteriorly so
that the light is clearly visible on the anterior abdominal
wall. A cannula is introduced into the stomach and a
strong suture or guide wire passed through the cannula
and pulled through the mouth. The gastrostomy tube is
attached to the thread and then pulled into place or, if a
guide wire has been used, the tube is pushed over it. The
procedure takes about 15 minutes and does not require
general anaesthesia. There are fewer complications than
with surgical gastrostomy but two are specific to PEG.
These are: (i) pneumoperitoneum, caused by failure to fix
the tube securely to the anterior abdominal wall, and
(ii) bacterial necrotizing fascitis of the anterior abdominal
wall.

A jejunostomy is preferred for enteral feeding if there
is oesophageal reflux and difficulty in protecting the
airway, a neoplastic disease of the stomach or impairment
to gastric emptying. Compared to a 'conventional'
jejunostomy, a needle catheter jejunostomy (NCJ) has a
lower morbidity and complication rate «2%). The
important indications for NCJ are patients who are mal-
nourished at the time of laparotomy, those who require
major upper gastrointestinal surgery, those subjected
to a laparotomy after major trauma or as an adjunct to
radiation and chemotherapy.

Initially, commercial enteral feeds were available only
in volumes of 500 rnl. Recently, the feed volume has been
increased to 3 litres because the fear of bacteria con-
taminating larger containers, left at room temperature for
several hours, has proved unfounded.

Whether feeds should be given as a bolus or as a con-
tinuous infusion is still the subject of debate. Continuous
infusion possibly for 16hours with an 8 hour fast is optimal
but polyuria is a problem. Bolus feeds are more physio-
logical but associated with a greater incidence of side-
effects, especially regurgitation and diarrhoea.

Monitoring
Any patient who receives enteral feeds needs to be
monitored carefully. The following must be recorded:
1. Diet chart: An accurate record of all nutrients given to

the patient should be kept.
2. Weight: This is the best single parameter to assess

progress.
3. Biochemical parameters: Initially, blood sugar levels

should be measured twice a day. When these levels
stabilize the urine sugar content generally provides an
adequate guide. Serum electrolytes, calcium and phos-
phorus should be measured at least once a week. Trace
metals, particularly zinc and magnesium, also require
monitoring while plasma proteins (transferrin, thyroid
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binding globulin and albumin) are good biochemical
indicators of the patient's nutritional status.

The commonest complications of tube feeding are tube
displacement, clogging of the tube, hyperglycaemia,
abdominal distension and diarrhoea (Table VII).

TABLE VII. Complications of enteral nutrition

I. Mechanical
nasopharyngeal irritation
mucosal erosions
tube displacement

II. Diet related
diarrhoea
vomiting
bloating
abdominal cramps
regurgitation/pulmonary aspiration
drug interactions

III. Metabolic
hypertonic dehydration
hyperosmolar non-ketotic coma
hyperkalaemia. hyperphosphataemia etc
cardiac failure

Parenteral nutrition
It can be given through either the peripheral or central
veins. Peripheral parenteral nutrition is indicated when
oral intake is inadequate and likely to remain so for a
limited period of time, in marginal nutritional states when
a brief period of starvation is anticipated, or if there is
marked carbohydrate intolerance. Peripheral parenteral
nutrition assumes, as does central parenteral nutrition,
that enteral nutrition is not possible. Thrombophlebitis is
a major problem and related in part to the osmolality and
potassium content of the infused solutions. The incidence
of thromobophlebitis can be reduced with heparin (1000
units/WOO ml) or steroids. Total parenteral nutrition
(TPN) is indicated if small bowel resection has been
extensive (mesenteric vascular thrombosis) or in
advanced small bowel disease (radiation enteritis).

Contraindications include cardiovascular instability,
severe metabolic derangement, an adequately nourished
individual requiring short term nutritional support,
infants with <8 cm of small intestine and irreversibly
decerebrate individuals.

Advances in catheter composition (silicone rubber or
polyurethane) and design (two or more lumens, integral
hub systems) have made nutritional support easier.
Several techniques are available for central vein catheter
placement.

Glucose, an important source of energy, is optimally
utilized when infused at 4 to 5 mg/kg/minute. At rates
>7 mg/kg/minute (even with insulin) the oxidation rate
does not improve and the glucose clearance rate IS

increased. Not more than 300 to 400 g/day of dextrose
should be given to a 70 kg adult. Lipids, if they provide
>50% of the calories, can cause impaired bacterial clear-
ance. Lipid emulsions should be limited to 1.5 g/kg/day.
Solutions containing medium chain triglycerides do not
alter reticuloendothelial system function and are probably a
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better source of energy in the traumatized or the septic
patient. Protein requirements are met with crystalline
amino acid solutions, which are available in India but
expensive. Vitamins and minerals should be administered
according to the RDA. Two litres of a solution composed
of equal amounts of 8.5% amino acids and 50% dextrose
with 500 ml of 10% lipid emulsion per day is a feasible
protein-calorie parenteral solution.

When lipids are used the bag should be made of
ethylene vinyl acetate and not polyvinyl chloride which
reacts with lipids. Most electrolytes, vitamins and trace
elements can be safely added to the parenteral nutrition
solution but it is preferable not to add any medication.
Amphotericin and vancomycin are just two antibiotics in
a growing list, which cannot be added to parenteral nutri-
tion solutions.

The infusion rate should be 60 to 80 rnl/hour for the first
12to 24"hours. Increments of 25 mllhour should be made
till the required amount of nutrients are being delivered.
When discontinuing parenteral nutrition, the infusion
rate should be gradually reduced over 6 to 8 hours to
prevent hypoglycaemia. Glucose, electrolytes, trace
elements, weight, dietary intake etc., must be recorded as
for enteral feeds.

Parenteral nutrition is associated with several compli-
cations (Table VIII). Attention to the technique of
catheterization and an understanding of the metabolic
changes and nutrient requirements of individuals goes a
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TABLE VIII. Common complications of parenteral nutrition

I. Administration-related
thrombophlebitis (peripheral vein)
infection
tip malposition
pneumothorax

II. Metabolic
hyperglycaemia
hyperosmolality
electrolyte imbalance
liver abnormalities
renal abnormalities
hypercapnia
hyperlipidaemia

long way in decreasing both catheter-related and
metabolic complications of TPN.

CONCLUSIONS
Patients -who are admitted to hospital often require
nutritional support. It is important for physicians and
surgeons to be able to assess the nutritional status of a
patient, estimate his daily requirements and to be aware
of the various modalities of nutritional support that are
available. The use of enteral and parenteral feeding in
appropriate patients can go a long way in helping these
patients recover faster and better from their illnesses.
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