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ABSTRACT

NUTRITIONAL SUPPORT OF THE
HOSPITALIZED PATIENT
by
Susan Steinberg Shapiro
Master of Science in Home Economics

The purpose of this project was to develop a
text and a set of guidelines concerning nutritional
support of the hospitalized patient, and the type of
nutritional support these patients require.

The

objective was to design material that dietetic students,
dietitians. and employees of health-care companies (who
manufacture and distribute parenteral nutrition
solutions) could use in their education or place of
employment.

Nutritional support of the hospitalized patient
has been recognized by medical practitioners as an
integral component of treatment for many areas of
medicine.

The fact still remains, however, that upwards

of 50% of the adult hospitalized patient population has

viii

poor nutrition status which has been shown to cause
increased morbidity and mortality.

With the available tool of nutritional
assessment (performed by trained professionals), a
patient's nutritional status can be screened, treatment
can be selected, and the patient can be monitored for
progress.

Total parenteral nutrition is used whenever a
patient is at risk of developing severe nutritional
deficits or is already suffering from malnutrition.

The

therapeutic goals of a parenteral nutrition regimen are
to fulfill energy requirements, restore and preserve body
tissues and their function, maintain optimal electrolyte,
vitamin, mineral, and fluid levels, and to prevent
essential fatty acid deficiency.

Evaluation of the project involved a panel of
four professionals who read the pamphlet and _answered a
questionnaire.

Results were favorable and, in the

opinion of this author, these guidelines will be a useful
tool for those interested in nutritional support.
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CHAPTER 1

INTRODUCTION

Nutritional support of the hospitalized patient
has been recognized by the medical -community as an
integral component of treatment for many areas of
medicine.

Representatives of disciplines in the hospital

setting have been trained to readily detect forms of
malnutrition by simple observation, detailed nutritional
assessment, instant nutritional assessment, and knowledge
of the nutritional requirements in health and disease
states.

These include physicians, registered nurses.

pharmacists. physical therapists, and registered
dietitians.

The entire spectrum of nutritional support, both
enteral and parenteral, is vast.

Before one could assume

responsibility for the nutritional care of the
hospitalized patient. full-time effort would be required
to learn all areas of nutritional support.

In fact, many

· medical centers have professional personnel that do just
that.

As this field of nutrition expands, it is

imperative that the student of dietetics and the
professional dietitian keep abreast of this rapidly
growing and changing area.
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Awareness of the need for nutritional support
has burgeoned in the last few years.

This area of

nutritional support has elicited the attention and
participation of most medical practitioners.

However,

malnutrition is still prevalent in the hospital.

As

trained professionals in the field of nutrition, the goal
is to see that the nutritional requirements of all
hospitalized patients are met.

Therefore, a

comprehensive review of nutritional support of the
hospitalized patient inclusive of the development of
parenteral nutrition was proposed, included were
examinations of what parenteral nutrition is, what its
benefits are, where it is used. and the consequence of
nonintervention.

As a result, a guidelines pamphlet was

developed to cover nutritional assessment, using the
Anergic Metabolic Profile and the different parenteral
nutrition regimens.

JUSTIFICATION AND OBJECTIVES

The nutritional requirements of all hospitalized
patients must be met.

This statement has become more

valid everyday, as indicated by the following news
article:
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"HOSPITAL LIABILITY:
WRONGFUL DEATH
"Mr. Sprouse sued St. Luke's Hospital in
Missouri for the wrongful death of his wife who
developed postoperative Adult Respiratory
Distress Syndrome (ARDS).
"Mrs. Sprouse was admitted to St. Luke's
Hospital with a diagnosis of severe inflammatory
bowel disease (Crohn's disease) and underwent
the removal of her colon. Following surgery~
Mrs. Sprouse developed adult respiratory
distress syndrome and experienced respiratory
arrest while unattended in a hallway.
Mrs. Sprouse was administered morphine following
the arrest and her condition deteriorated until
her death 20 days later. The Sprouses brought
suit, alleging that Mrs. Sprouse's ARDS resulted
from inadequate postoperative total parenteral
nutrition, which caused malnutrition, and
inadequate postoperative steroid therapy, and
alleging that the morphine therapy was
contraindicated in Mrs. Sprouse's weakened
condition.
"A $400,000 settlement was made for the
wrongful death of Mrs. Sprouse.
"Sprouse vs. St. Luke's Hospital, MO
Jackson County Circuit Court, No. CV81~15002,
March 19, 1982, From 21 ATLA L Rep. 425." (1)

It is up to the physician to maintain or enhance a
patient's nutritional status.

Dietitians are aware that,

although left up to the physician, a patient's
nutritional status is not always of primary concern to
the physician.
point.

Dietitians play a vital role at this

It is the clinical dietitian's primary

responsibility to make certain that the patient's
nutri.tional needs are met; whether it be by normal
feeding, enteral nutrition, or parenteral nutrition.
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The dietitian's role has expanded to include the
responsibility for determining (where the physician has
not already done so) a patient's need for nutritional
support.

This need is usually determined by a

nutritional assessment of the patient which is then
reported to the physician.
~tudent

of dietetics can

Before the dietitian or

properl~

determine

thi~ need~

he

or she must learn how to complete a nutritional
assessment, how to evaluate the results, and how to
recommend the best nutritional regimen suiting the
patient's needs.

Students of dietetics and dietitians who.have
not had formal training in nutritional support will find
it most valuable to read "Nutritional Support of the
Hospitalized Patient," and have a guidelines pamphlet
which demonstrates how to determine the parenteral
nutrition needs of patients.

This guide encapsulates all

parameters of nutritional assessment, differing patient
types with their specific nutritional requirements, and
the parenteral nutrition regimens which can be used to.
satisfy these requirements.

Such a guidelines pamphlet

was the end product of this project.

This project should

be of special value to such courses as "Diet in Health
and Disease," as such courses specifically address the
different nutritional problems of hospitalized patients.

•
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In addition, dietitians in hospitals would find it most
helpful to have this pamphlet available in their daily
routine of assessing patients• nutritional needs.

In view of the foregoing, the importance of such
a project justified and established the need for this
undertaking.

CHAPTER 2

REVIEW OF LITERATURE

Development of Total Parenteral Nutrition:

Historical

Aspects

The first successful attempt at long-term total
parenteral nutrition (TPN) with growth, development, and
positive nitrogen balance, in man and animals, was by
Stanley Dudrick and his co-workers in 1966 (72).

There

were many earlier attempts with TPN, dating back to 1656
when English architect and astronomer Sir Christopher
Wren first tried to inject ale, wine, and opium into
veins of dogs (74).

In 1843, sugar solutions were

infused into animals by physiologist
Claude Bernard (74).

There were many significant

clinical trials to follow on which Dudrick based his
studies.

In 1891, saline was intravenously infused in man
by Rudolph Matas for treatment of shock.

In 1896, Biedl

and Kraus injected glucose intravenously into humans for
the first time (74).

Kausch, in 1911, attempted the

first use of intravenous glucose for specific nutritional
purposes (3).

In 1913, protein was successfully injected
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into animals by Henriques and Anderson.

These men

achieved nitrogen balance in animals by infusing casein
hydrolysates {83).

The successful administration of

protein hydrolysates to human patients was not until
Elman and Weiner {78). in 1939. reported their success in
obtaining positive nitrogen balance in several patients
receiving mixtures of glucose and amino acids.

The amino

acids used were casein hydrolysates fortified with
tryptophan and methronine or cystine {78}.

Helfrick and Abelson {97). in 1944. documented
the first successful attempt of TPN in an infant.

A

5-month old infant with extreme maramus who would· have
died in a matter of days was the patient.

The

investigators were able to administer 130 calories in
150 ml/kg/day via an ankle vein.

Infusions consisted of

a mixture of 50% glucose and 10% casein hydrolysate in
saline followed by a homogenized olive oil - lecithin
emulsion {97).

Although thrombophlebitis was a problem,

TPN was administered for 5 days.

At the end of this

·period, the general nutritional status of the patient was
greatly improved (97).

The necessity for providing protein as well as
calories in patients starved for long periods of time was
documented by Gamble in 1946 {90}.

Gamble (90)

.s

demonstrated the protein-sparing effect of glucose in
fasting

man~

This established the scientific basis for

glucose infusion in fasting patients.

Intravenous

glucose therapy was helpful in reducing protein
catabolism.
established.
giv~n

Nitrogen balance could not, however, be
Approximately_lOO gm of glucose would have

the maximum protein-sparing benefit.

In the several years following, there were many
clinical trials using the central venous route of
administration for nutrition.

Central venous nutrition

in dogs was performed by Rhode, Parkins, and Vars in
1949 (72).

Aubaniac, in 1949, had the first percutaneous

subclavian catheterization in man (166).

The components of parenteral nutrition:
carbohydrates, fat, and protein have been studied by
different investigators.

Rose (158), in 1955, identified

the requirements for essential versus nonessential amino
acids.

The high caloric value of an isotonic intravenous

fat emulsion seemed to be an ingenious idea for allowing
a surplus of calories and providing essential fatty
acids.

The first intravenous fat emulsion available for

use in the United States was Lipomul (Abbott
Laboratories) (53).

This isotonic emulsion, made from

cottonseed oil, proved too toxic.

Wretlind, in 1961,
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developed the first nontoxic fat emulsion, Intralipid,
for use in Europe (166).

Problems with fluid delivery existed when
certain amounts of isotonic glucose and amino acids were
·administered.

These ·infusions, ·if· they were to meet·

energy and protein demands, provided excessive amounts of
fluid (74).

The average sick adult is limited to

approximately 3 to 3-1/2 liters of fluid per day.

With

these excessive amounts of fluids, diuretics were given
to lessen the fluid overload.
balance was still a problem.

However, positive nitrogen
The final concentration of

the intravenous· solute (protein hydrolysates and

·

dextrose), if administered into a peripheral vein, was
another problem (74).

Phlebitis or thrombosis were

certain occurrences if the dextrose solutions were higher
than 10% (74).

The limitations of peripheral vein

therapy (too high a final solute concentration, not
enough calories or nitrogen given, and the resulting
phlebitis} caused researchers to search for another
method of delivery.

Early attempts were reported using

the central venous route of administration via the
inferior vena cava.

While these attempts were performed

on dying patients, it was revealed after autopsy that
there was clot formation about the catheter.

Due to

these problems, this method was no longer viable (74).
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Dudrick, et al. (72), excited by the potential
therapeutic value of these hypertonic solutions,
developed a safe and effective technique for long-term
infusions.

These investigators used six pedigreed beagle

puppies to demonstrate their method of intravenous
feeding via the superior vena cava. where.the solute was
rapidly diluted.

Intravenous infusions of glucose,

fibrin hydrolysate, and all the vitamins and minerals
recommended for growth in dogs were given to the puppies
over a 21-23 hour period daily.

The fat emulsion used

was administered separately over a 2-3 hour period.
Littermate control puppies were orally fed the same
calories.

The results of this experiment showed the six

intravenously-fed puppies to outweigh the control puppies
while they were evenly matched in skeletal growth and
development (72).

With the success of these hypertonic

solutions being infused into the superior vena, these
puppies grew and developed for 36 weeks.

This experiment

set the stage for all of the following experiments in
total parenteral nutrition performed on human infants and
adults (71).

After these landmark results of Dudrick, et al.,
the term "total parenteral nutritionu became widely used
as of 1968.

Other terms used in the literature to denote

"total parenteral nutrition" (TPN) were:

(A) parenteral

11

nutrition, (B) hyperalimentation, (C) intravenous
hyperalimentation (IVH), and (D) intravenous feedings.
All of these terms. seen and used interchangeably, are
defined as:

"[A] method of providing all required nutrients
intravenously. The solutions administered are
designed to meet not only basal and maintenance
requirements, but also the additional demands of
growth and development, nutritional repletion,
and stress states, including critical illness
and injury (166)."

The beagle puppy experiment conducted by Dudrick
and his associates proved that long-term
hyperalimentation was effective, thus leading

the~

to

adopt their technique for use in man.

Intravenous hyperalimentation solutions were
formulated according to the nutrient requirements for
growth in human infants and adults (74).

The protocol

Dudrick, et al. (74). used was as follows:

"The intravenous solution was administered
through a polyvinyl or siliconized rubber
catheter inserted into the superior vena cava
via a subclavian vein or an external or internal
jugular vein. Solutions contained approximately
20% to 25% dextrose, 4% to 5% fibrin
hydrolysates, and 5% additional solute,
consisting of all required vitamins, minerals,
and trace elements -- all infused continuously
by pump."

0 .
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An infant with near-total small bowel atresia,
weighing 1.8 kilograms, was the first human to
successfully be intravenously hyperalimented with growth
and development for what is to be considered
"long-terma (72).

This infant girl progressed

astonishingly well having 97% of all her nutrients
administered intravenously.

A maximum weight of 18-1/2

pounds was ultimately reached by the age of 1 year--more
than tripling her birth weight (72).

Successful IVH in this infant led these
investigators, and others, to perform the procedure in
dozens of infants with similar medical conditions.

Dudrick and his colleagues• original goal in
developing this procedure of TPN was to nutritionally
support surgical patients whose caloric intake was
insufficient.

Patients with different disease states who

become nutritionally compromised due to weight loss,
either preoperatively or postoperatively, can have a more
complicated clinical course (36, 74, 132, 134, 157).
These investigators believed they could modify or
possibly overcome the obligatory catabolic phase
following trauma or surgery by providing nutrition by
vein.

13

The first adult patient, as well as several
hundred others that Dudrick, et al. (74), hyperalimented,
responded with positive nitrogen balance, wound healing,
weight gain, and increased strength and activity.

The

successes with IVH that Dudrick and his associates
{71, 74) achieved with disease states such as:
{A) tuberculosis, achalasia, an indolent infected
thoracotomy complicated by malnutrition; {B) anorexia,
nauseau, and vomiting, secondary to an obstructing
marginal ulcer at the site of previous gastroenterostomy;
and {C) congenital atresia, and many others, allowed them
to expand their original ideas of intravenous feeding by
vein and go on to several new aspects of TPN.

Dudrick and his co-workers continued with their
accomplishments in TPN using it in several other disease
states.

The ability to bypass the bowel, allowing

complete bowel rest and yet still being able to give
adequate nutrients and vitamins by vein, allowed these
investigators to use IVH in patients with (A) short bowel
syndrome, (B) bowel resections, (C) gastrointestinal
tract fistulas, (D) pancreatic fistulas, {E) regional
enteritis, (F) granulomatous colitis, (G) ulcerative
colitis, and (H) chronic diarrhea, where, after
nutritional support, they either (A) avoided surgery
altogether, (B) had the fistulas closed, (C) had a

14

reduction in the volume of exocrine secretion from
pancreatic fistulas, or (D) had a reversal of the
preoperative catabolic state with enhanced nutritional
status, making the patient a better risk for surgery
(74, 97).

The new world of TPN opened up several other
areas of medicine where severe catabolism, malnutrition,
and depleted nutritional status existed.

Burn, trauma,

oncology, renal, and hepatic patients were, all
candidates for nutritional support.

These patient

groups, if indicated, were, nutritionally supported with
different regimens and studied to see how TPN affected
the clinical course of the disease.

In many oncology patients, early studies by
Dudrick, et al. (74), showed that, if patients undergoing
chemotherapy or radiation therapy had nutritional support
by vein, their nausea, vomiting, anorexia, and pain was
reduced while achieving a positive nitrogen balance and
weight gain.-

Dudrick, et al. (74), also studied hepatic

patients who had hepatic encephalopathy-together with
malnutrition and abnormally high levels of· blood ammonia
who were fed adequate calories and high biological value
protein intravenously.

Blood ammonia levels were

significantly reduced while receiving TPN.

"15

Dudrick, Wilmore, Steiger, and Long (73, 184)
studied renal failure patients on a regimen of TPN
consistent with the Rose formula of amino acids and the
Giordano-Giovanetti diet.

Blood urea nitrogen levels

were significantly lowered in these patients.

These achievements in IVH in the late sixties
and early seventies were only the beginning of an entire
era in medicine which has continued to expand into the
mid-eighties.

Research, development, and technology

within the health-care industry have kept pace in this
burgeoning area of medicine.

Protein hydrolysates of

fibrin or casein used in the early stages of TPN were
soon replaced, in 1971, by synthetic crystalline amino
acid mixtures patterned after the Rose formula.

Fat

emulsions to be used in TPN became available for use in
the United States in 1975 for a soy bean oil emulsion
(Cutter Laboratories), and in 1979 for a safflower oil
emulsion (166).

The above-mentioned investigators accomplished
their goals of developing a technique of total
intravenous feeding over long periods of time with
growth, development, and positive nitrogen balance.
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Dudrick and his associates were successful in their
attempt to create a relatively safe and efficacious
method of IVH.

Development of Parenteral Nutrition:

Malnutrition

and the Necessity for Nutritional Assessment

Malnutrition can be defined in any of the
following four ways:

1.

Undernutrition resulting from lack of
sufficient food over a period of time;

2.

Overnutrition caused by an excess of food
over time;

3.

Specific deficiency states resulting from a
lack of individual nutrients; and

4.

An imbalance caused by a disproportionate
amount of required nutrients in a balanced
diet (171).

There is also a distinction to be made between primary and
secondary malnutrition.

Primary malnutrition refers to

inadequacies and imbalances in the diet in either the
quality or quantity of foods consumed.

Secondary

malnutrition is the increased risk of malnutrition from
disease and disability (171).
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The clinical manifestations of these conditions
are multivaried and the degree is related to the extent and
duration of nutritional deprivation.

These clinical

manifestations are weight loss, delayed wound healing,
electrolyte and fluid imbalance, depressed cellular
immunity, and, in acute states, progressive weakness, skin
breakdown, and endocrine abnormalities (171).

The degree of nutritional depletion will determine
the severity and rapidity of weight loss (166).

A weight

loss of 5-10% can be tolerated by previously healthy
adults, while a 35-40% weight loss usually results in
death.

The total number of fat cells one has determines

the length of time one can withstand life during
starvation.

As one adapts to starvation, the metabolic

effects cause calories to be derived from protein at a
fairly constant rate of 15-18% of total calories.

This

will continue until fat stores have been depleted, at which
time protein catabolism increases (125).

Starvation

Many changes occur in overall body composition and
hormone concentration during starvation or protein-calorie
malnutrition.

Of the clinical manifestations mentioned

earlier, weight loss is the easiest to detect.

When

18

·detailed laboratory studies are completed, it can be seen
that morphologic and physiologic alteratirins occur in
almost every organ of the body (166).

Starvation. with the body utilizing its own energy
stores. will begin to occur if food substrates are not
provided.

Energy derived from carbohydrate, fat, and

protein metabolism is essential for survival.

When there

is insufficient energy provided, glycogen (storage form of
carbohydrate), fat, and protein (visceral and somatic) are
used in a specific order to meet energy demands.

Glycogen

provides the first 1,200 reserve calories, but this usually
is depleted after 12 hours of starvation and stress.

Once

glycogen stores have been depleted, glucose homeostasis is
attained through increased gluconeogenesis from amino
acids, glycerol, and recycled lactate in order to satisfy
the ongoing demand for glucose by the brain. central
nervous system, and leukocytes.

As starvation progresses

·with increasing gluconeogenesis, brain glucose requirements
decrease.

Initially. 10 grams of nitrogen per day is

necessary to meet the energy demands of the central nervous
system (CNS).

This amount falls to about 3-5 grams ·of

nitrogen per day as the CNS adapts to using ketones.

As

the decrease in brain glucose requirements occur, there are
several other undesirable effects of starvation which
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result in the depletion of liver cellular protein, bone
marrow protein. and muscle protein which then cause a fall
in albumin synthesis, immune dysfunction, and muscle
As protein continues to be catabolized, there is

weakness~

an increased urinary nitrogen loss from 5-7 grams per day
at the onset of protein catabolism to 8-12 grams nitrogen
(mostly in the form of urea) excreted per day (103, 114,
130, 143).

During the next stage of starvation, body fat
oxidation becomes the primary energy source.
the basal metabolic rate begins to decline.

At this time,
Blood glucose

concentration decreases when there is no glucose intake,
causing a simultaneous decrease in serum insulin
concentration.

When this happens, the hormone-sensitive

trigylceride lipase causes mobilization of fatty acids from
adipose tissues to be oxidized for energy.

These fatty

acids, bound to albumin, are transported from adipose
tissues to the heart, skeletal muscle, liver, and renal
cortex.

Gluconeogenesis from protein is greatly reduced

with only about 5% of caiories being derived from protein
catabolism.

If this were not the case, the protein

compartment would be rapidly depleted.

In doing an

assessment, the total body protein is equally divided into
two compartments:

p

.
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1.

The somatic protein compartment (skeletal
muscle); and

2.

The visceral protein compartment
(non-muscle).

One's ability to adapt to nutrient deprivation
allows lean body mass conservation.

Urinary nitrogen

losses never decrease below 2-4 grams per day.

As the

concentration of free fatty acids in the blood is rising,
the rate of fatty acid oxidation by muscle and the liver
is increasing, which reduces the rate of glucose
utilization and oxidation.

Ketone bodies are produced in

the liver as fatty acids are oxidized, and then released
into the blood.

As the concentration of ketone bodies in

the blood increases, the rate of their oxidation by the
muscle increases, thus causing an increased inhibition of
both glucose utilization and oxidation.

Cerebral

utilization of glucose is reduced due to the increased
rate at which ketone bodies are used by the brain.

After

a week or two of starvation, two-thirds or more of total
brain-oxygen consumption is provided by ketone body
oxidation, with the other one-third as glucose (39, 65,
103 1 1161 1301 143)

o

As starvation progresses into the final stage
known as keto adaptation, survival is dependent on
increased fat oxidation and decreased protein catabolism,
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with the brain and other tissues adapting to the
oxidation of ketones for energy.

As a result, the

glucose requirement of the brain is gradually decreased.
As adipose and muscle reserves are exhausted, protein
catabolism of the visceral protein compartment increases
to meet energy

~emands.

Levels of albumin and other

plasma proteins become drastically reduced, resulting in
edema.

As mentioned earlier, a 35-40% weight loss

usually results in death due to complications from the
impairment of the body's proteins (11, 39, 130, 166).

Hormonal Response to Starvation

With the onset of starvation, insulin levels
fall while glucagon and growth hormone levels gradually
rise, with an increase in the secretion of epinephrine
·which precipitates glycogenolysis.

Under this influence,

glucose homeostasis is achieved by gluconegenesis from
skeletal muscle and adipose tissue.

The liver becomes

the major source of gluconegenesis.

Homeostasis of the

liver fuel is essentially controlled by the ratio of
insulin to glucagon.

The release of free fatty acids,

increased oxidation of fatty acid, and the increased
synthesis of ketone bodies is an outcome of this hormonal
status (11, 130).
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-Metabolic Changes During Stress

Stress categories include elective general
surgery, multiple skeletal trauma, blunt trauma, mild
infection, severe infection, and thermal injury.
Cerra (143) further categorizes stress into four levels
according to the severity of metabolic stress.

A stress

level of zero is representative of simple starvation and
indicates no stress.

Levels 1 and 2 indicate mild

stress, with level 3 being indicative of severe stress
with sepsis.

Burn patients, due to the extreme metabolic

changes of thermal injury, have a stress level of 4.

The

specific metabolic events associated with different
degrees of stress are multivaried and have a significant
impact on nutritional requirements.

Consequently, the

nutritional management of a stress patient is based on
these metabolic stress levels (143).

The metabolic

response to starvation and stress differ greatly in terms
of the hormones involved, the nutrients depleted, and the
metabolic pathways involved.

This hypermetabolic state

triggers specific neurohumoral mediating mechanisms.
metabolic processes which produce energy and protein
synthesis are activated by this hormonal situation
(41, 143).

The
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The specific metabolic events during the initial
stage of stress are an overall increase in metabolic rate
with mobilization of all available substrates to satisfy
immediate needs for tissue repair.

This hypermetabolic

response is usually short lived, lasting from 5-7 days.
As the degree of stress increases, the intensity of the
associated metabolic responses also increases.

Nitrogen

balance remains negative even though the liver is
synthesizing protein.

Eventually, the stress response

increases the breakdown of protein with marked
mobilization of amino acids.

At this point, glucose

needs decline and fatty acid requirements increase.

The

branched chain amino acids are of particular importance
at this stage since there is an increased use of them
both for energy and to satisfy liver protein synthesis
(41, 130, 143).

If the stress response is not controlled, the
metabolic events will continue to be exacerbated with
multi-system organ failure (MSOF) as the eventual
result.

The domino effect comes into play at this

stage.

In the short run, nutrients are provided for

survival by the metabolic responses to stress, in the
absence of food.

If prolonged stress complications

arise, such as sepsis, with the drain on the body's
reserves being so extensive, the substrates available to
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·the body will fail to meet organ and whole body
requirements.

Energy levels are so reduced that MSOF can

occur, with death eventually ensuing.

With this

near-fatal situation, nutritional support is imperative
if there is to be survival.
sequence is:

Thus, the domino effect in

(A) prolonged trauma or stress, (B) reduced

energy reserves, (C) decreased nitrogen balance,
(D) onset of protein-calorie malnutriton. (E) MSOF, and
(F) death (41, 143. 154).

The incidence of malnutrition in hospitalized
patients is alarming.

Several studies have shown that up

to 50% of hospitalized patients suffer some degree of
protein-caloric malnutrition (PCM) and 5-10% are
literally dying of starvation (21, 24, 28, 35, 182,
183).

There seems to be little, if any, distinction

among hospital settings for the occurrence of PCM.

Both

large city hospitals, as well as community hospitals,
suffer this high incidence of malnutrition (21, 35, 182,
183).

Principles of good nutrition are practiced in some

hospitals by some physicians, as the exception rather
than the rule.

It is unfortunate that a large number of

medical practitioners assume that good nutrition (in one
form or another) is provided for their patients (35).
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The question of iatrogenic, or physician-induced
malnutrition, is not a new one but is one that physicians
have, in part, admitted.

Weinsier, et al. (182), studied

the nutritional status of 134 hospitalized patients (in a
large teaching institution) and found that 50% of the
patient population, at admission. were found to be likely
candidates for becoming malnourished.

Among those

patients hospitalized for 2 weeks or longer, 69% of the
patients were found to have been LOM (likely to become
malnourished--measured by eight nutrition parameters) and
had a high LOM at the end of their 2-week stay.

In other

words, likelihood of malnutrition increased with
hospitalization in 69% of patients with impaired
nutritional status.

The nutrition parameters measured,

indicating nutritional status, were serum folate and
vitamin C, triceps skinfold (TSF), weight/height,
arm-muscle circumference (AMC), lymphocyte count, serum
albumin, and hematocrit.

In addition, in patients with

normal nutritional status at admission, 75% of those were
found to have a declined nutritional status at the end of
2 weeks.

Eighty percent of these patients showed a

decline in subcutaneous fat stores (measured by TSF),
indicating use of endogenous fat for energy.

Weight loss

averaging almost 5 kg, and declines in AMC, supported
this statistic.

It was the opinion of these authors

that, with all of the available new techniques of

p •
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.nutritional support (enteral and parenteral), it seemed
possible to. reduce, if not altogether prevent, this
deteriorated nutritional state.

The above findings are not unique to teaching
facilities.

Willard, et -al.
- (183), studied 200
consecutive adult non-obstetric admissions to a private
hospital.

Protein-calorie malnutrition (measured by the

same nutrition parameters as Weinsier) was found in 63
admissions.

The average length of stay was 8.7 days for

malnourished patients and 6.5 days for those with good
nutrition status.

Again, patients with PCM had a longer

hospital stay.

Bistrian and Blackburn, et al. (21), believed
that the failure to survey the incidence and prevalence
of PCM and to examine its relation to the prognosis of
various diseases is inconsistent with good patient care .
. These investigators conducted three single-day
nutritional surveys of 251 patients at weekly intervals
in the general medical wards of an urban teaching
hospital.

The nutrition parameters used to measure PCM

were the same as in the above-mentioned studies.

It was

found in each of the three surveys that 46% or more of
these patients had significant PCM.

Distinction was made

between medical and surgical patients.

The medical

27

patients were more depleted calorically (weight/height,
TSF}, but had better protein status (AMC, serum
albumin).

The malnutrition found in these patients (as

well as the others in the above-mentioned studies) was
found in a broad category of patient types; it was not
limited to cancer patients or other debilitating
diseases (21).

These authors again believed that. with

the new techniques of nutritional support available,
particularly parenteral hyperalimentation (if
necessitated), nutritional status can be restored or
maintained in most disease conditions, with the exception
of the acute phase of illness (21).

Nutritional Assessment

Since malnutrition has been recognized as a
source of increased mortality and morbidity in
hospitalized patients. several investigators have
developed specific protocols for measuring different
nutrition parameters.

Blackburn. et al. (29), believed

that a nutritional assessment is the first step in the
treatment of malnutrition since this procedure identifies
patients who would benefit from intensive nutritional
support (42).

Blackburn, et al. (29}, Kaminski,

et al .• (114) and Mullen, et al. (133), have developed
the "Nutrition Metabolic Profile (NMP)", the wAnergic
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·Metabolic Profile (AMP)", and the HPrognostic Nutritional
Index

(PNI)~.

respectively.

are extremely similar.

These nutritional profiles

The results identify the primary

indicators that would clearly alert the physician to a
malnourished condition that could affect morbidity and
mortality (29).

The different types of malnutrition must be
discussed before the nutritional assessment profiles are
detailed.

Protein-calorie malnutrition has been divided

into three major. classifications, based on the
pathogenesis and clinical findings, with the following
International Classification of Diseases (ICDA) codes:
marasmus (268.0), kwashiorkor-like (267), and mixed or
other disorders (269.9) (91).

Marasmus

Marasmus, or chronic inanition, is a prolonged
and gradual wasting of muscle mass and subcutaneous fat
due to an inadequate intake of both protein and
calories.

Visceral proteins, such as albumin, may remain

at normal levels since these substrates are transferred
to the visceral protein compartment.

Since muscle and

fat stores are used to provide energy, anthropometric
measurements will decrease (30, 91, 103, 166).

Anergy,
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as measured by skin test reactions to antigens, may also
be found with severe marasmus (25).

Kwashiorkor

Kwashiorkor, or protein-malnutrition, is a
protein deficiency (without a significant caloric
deficiency) caused by a protein-deficient diet such as
one that is ample in calories in the form of
carbohydrates.

Patients with kwashiorkor are usually of

normal weight or slightly overweight (30, 91, 103, 166).
Since the diet of the kwashiorkor syndrome is very high
in carbohydrates, serum insulin levels are elevated.
Somatic and fat compartments are favored at the expense
of the visceral protein compartment.

Fat reserves and

somatic muscle are preserved as shown by anthropometric
measurements (30, 103, 166).

Visceral proteins, such as

albumin, transferrin or total iron-binding capacity,
thyroxine-binding prealbumin, and retinol-binding protein
are below normal levels (as well as a reduced lymphocyte
count) (91).

Kwashiorkor is a more acute process than

marasmus which develops over weeks to months (166).
Protein malnutrition may develop during hospitalization
in patients who were obese prior to illness and then
maintained on a constant 5% glucose infusion (103, 166).
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·Marasmus-Kwashiorkor Mix

Marasmus-kwashiorkor mix is the most advanced
stage of malnutrition and is life threatening as well.
In this advanced stage of protein-calorie malnutrition.
both fat reserves and somatic mass become exhausted.

The

body literally begins to cannibalize itself by using
visceral protein to meet energy demands (103).

Levels of

visceral proteins are reduced and continue to decline as
stress becomes more pronounced.
frequently impaired as well.

Immune competence is

This anergic state can

occur from placing a marasmic patient on 5% dextrose.
The need for aggressive nutritional support is evident in
the kwashiorkor-marasmus mix state and is critical for
survival (91, 103, 114, 166).

Blackburn, et al.
- (29), developed the first
clinically useful nutritional assessment protocol which
provided guidelines for nutritional therapy with an
: objective characterization for the detection of premorbid
states.

In developing this nutritional metabolic

profile, Blackburn. et al. (29), believed that the
important nutrition assessment parameters must reflect
the status of the components of body cell mass.
Blackburn (29), Kaminski (114), Mullen (133), and many
other investigators agreed that no one assessment
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parameter can characterize nutritional status.
Therefore, the procedure consists of a profile of tests,
measurements, and derivations.

Since there are three

classifications of protein-calorie malnutrition, it is
the objective of a nutritional assessment to properly
classify the PCM by assessing fat stores, visceral and
somatic protein stores, and cell-mediated immunity.

The nutritional metabolic profile developed by
Blackburn (29)consists of the following parameters:

1.

Height in centimeters;

2.

Weight in kilograms;

3.

Basal energy expenditure in kilocalories per
day;

4.

Actual weight as a percentage of ideal
weight;

5.

Actual triceps skinfold thickness as a
percentage of the standard value;

6.

Actual mid-upper arm muscle circumference as
a percentage of the standard value;

7.

Creatinine/height index;

8.

Serum albumin level;

9.

Serum transferrin level or total
iron-binding capacity;

10.

Total lymphocyte count;

11.

Measure of cell-mediated immunity (delayed
hypersensitivity reaction);

12.

Nitrogen balance;
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13.

Apparent net protein utilization;

14.

Weight change as percent of usual weight
(with time);

15.

Caloric intake as a multiple of basal energy
expenditure; and

16.

Body surface in square meters.

Parameters 1-6 are anthropometric measurements.
Parameters 7-11 are laboratory tests.

Parameters 12-16

are diet and nutrition related.

Anthropometries

Anthropometry provides at least one quick and
easy way to assess the patient's protein and calorie
reserves. These measurements can be used to evaluate
changes in the somatic protein compartment and in fat
reserves during the malnourished state and the repletion
state (93).

The most commonly-obtained measurements are

·height, weight, triceps skinfold thickness, and upper-arm
. circumference.

Weight/Height

Weight for height is an anthropometric index
that relates body mass to stature.

Body weight is the

most commonly assessed nutritional parameter.

There is
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no simple and accurate measurement that directly assesses
the adequacy of the somatic and visceral protein
compartments.

Physicians agreed that body weight is

useful as a gross parameter in nutritional management,
providing there is no edema (49).

Thus, it is generally

agreed that reestablishment of ideal body weight is a
goal in nutrition therapy.

A patient's weight and height should be measured
precisely on admission.

The patient's premorbid or usual

weight, length of illness, and current weight should be
recorded (114).

Premorbid weight, rather than Nideal"

body weight, was considered by Clouse (49) to be more
useful in assessing the degree of malnutrition associated
with illness.

This is so body protein malnutrition is

not overlooked and so recent weight loss from previously
stable weight is emphasized.

In estimating the severity of nutrition
depletion and in setting nutritional goals, both usual or
premorbid and ideal body weight have been used.

These

weights are then compared with height-weight standards
derived by insurance companies• studies of life insurance
mortality (49).

0 .
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The height-weight charts, developed by
Metropolitan Life Insurance Company, provide data so the
percentage weight loss can be calculated and present
weight can be compared with ideal weight values.

There

are, however, several problems and much controversy with
using these standards (91. 166).

Until 1983, these standard tables gave values
which were only approximations since there was no
scientific or standard definition of "body frame"
available and increases in body weight associated with
advancing age were not taken into account (166).
Drs. Silberman and Eisenberg (166} believed that the
available data from these tables are probably inadequate
to

describ~

even the actual weight of "average" members

of the population or to specify what weight would be most
conducive to health.

Prior to 1983, Metropolitan Life Insurance
Company still used their height-weight standards from
studies conducted back in the early 1900's and the late
1950's, with one exception.

These studies reported the

prevalence of mortality among insured persons according
to variations in body build (height and weight) and also
presented the average weight for height of persons by
age.

Metropolitan conducted these studies and set up
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these standards so they could underwrite insurance
policies and change insurance policy premiums (49).

In 1983, Metropolitan Life Insurance Company
published new height-weight standards based on studies
conducted by the Society of Activities and the
Association of Life Insurance Medical Directors of
America.

These studies, compiled in a study known as the

Build study, were published in 1979.
in the Build study was

f~om

25 life

in the United States and Canada.

The data presented
insu~ance

companies

This data showed the

prevalence of mortality from 1954-1972 of approximately
4.2 million insured men and women.

The terms "ideal body

weight" and "desirable body weight" were omitted and not
applied to the new height and weight tables because of
the various misinterpretations of

thei~

meaning.

The

study claims that 90% of reported weights were obtained
by direct

measu~ement.

An

a~bitrary

weight of 5 lb for

men and 3 lb for women and a (one-inch heel height for
both sexes) were included in the new weight tables
(6, 180).

Additional

cor~ections

were made for body frame

size, and for people with diseases that are potentially
weight related (cancer, diabetes, or

hea~t

disease).

Weights in the revised table were given in categories of
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·body frame size to satisfy the earlier criticism that
height-weight data ignores variations in body build, a
factor that influences body weight (160).

Frame sizes

were established for sex, age, and race by categorizing
elbow breadths (shown to be a reliable indicator of frame
size) below the 15th percentile as small, between the
15th and 85th percentile as medium, and above the 85th
percentile as large.

The people with diseases such as cancer,
diabetes, or heart disease were screened out of the Build
Study so that the effect of weight on longevity would be
isolated (160).

The exception to the Metropolitan tables of the
early 1900's and late 1950's was the Adjusted
Metropolitan Life Insurance Company Standards.

Since the

heights and weights of people were originally taken with
clothing and shoes on, Jelliffe (109), in 1966, published
new standards which were adjusted to include nude weights
and heights without shoes.

Many investigators argued

that these corrections were invalid since the clothing
weights and shoe heel heights were variable.

(Blackburn

and his associates suggested using Jelliffe's adjusted
standards).

Blackburn, et al. (29), set a standard that

if a measurement of between 60-90% of the standard
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existed, it indicated moderate depletion with below 60%
being indicative of severe depletion.

Another alternative set of standards used for
height-weight comparison were tables developed by the
HANES {Health and Nutrition Examination Survey) data.
Data were collected from 21,000 subjects chosen to
represent the civilian, noninstitutionalized population
of the United States.

The results of this survey

represent the first national norms for height and
weight.

The problem with these data was that there was

no correlation to morbidity and mortality; the
implication being that the data may have represented a
trend (heavier than average weight) that was
inappropriate for the clinical management and treatment
of patients (160).

Investigators have now argued that the new
standards for height-weight given by HANES and by
Metropolitan Life may not be representative of the "ideal
body weights" for Americans, since these new standards
set higher desirable weights than the Adjusted
Metropolitan Life (1966) or the Joslin Standards
{standards set up by Dr. Joslin, founder of the Joslin
Diabetes Center for use in his clinic).

This point is
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argued since the higher standards set may simply be
evidence of increased incidence of obesity in the
United States (18).

Acknowledging the many problems with the
currently available data from which standards for weight
were established, another index for determining body
weight was developed.

According to Silberman (166) and

many other investigators, body weight measurements can
provide valuable information.

A patient's weight can be

calculated as a percentage of ideal body weight (% IBW).
This is determined from the standards set for
height-weight and is calculated as follows:

% IBW

Actual weight
IBW

x

100

This measurement of % IBW is useful but there are
problems with it as well.

In considering these potential

problems (e.g., an obese patient with an undetected
protein deficit), it is best to use the patient's present
or actual weight and compare that to his usual weight
(premorbid weight).

The percent usual body weight(%

UBW) is calculated as follows:

%UBW = Actual weight
Usual weight

x

100

' .
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The percent weight loss is calculated as follows:

%Weight Loss

UBW-Actual body weight
UBW

x

100
(166)

In addition, percent weight loss from UBW is evaluated as
follows:

< 10% is limited

10-25% is significant
> 25% is severe

(1)

Another index to measure malnutrition was
developed at Duke University in a study in which 200 male
and female patients participated.

These investigators

related body frame size to a height-wrist circumference
ratio (r).

Heights were recorded without shoes and the

wrist circumference was measured just distal to the
styloid process at the wrist crease on the right arm.
This ratio is:

r

Height (em)
Wrist circumference (em)

~1

•
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Frame size was determined as follows:

Males

r > 10.4 small
r = 9.6-10.4 medium
r < 9.6 large

Females

r > 11.0 small
r = 10.1-11.0 medium
r < 10.1 large

After this ratio for frame size is obtained, %UBW is then
calculated as mentioned above (91).

Relation of Height-Weight Measurements to Malnutrition

According to Blackburn and his associates (29),
actual body weight less than 80% of IBW may be considered
significant and nutritional therapy should be
considered.

It is generally agreed that a recent weight

loss of 10% or more is significant and that it is
possible that some degree of protein-calorie malnutrition
exists.

A recent weight loss of 10% is usually

indicative of calorie deficits in the diet, resulting in
a loss of body fat or protein (32).

Significant weight loss and its correlation with
mortality has been studied by several investigators.
When otherwise healthy infants who had a 40% or more body
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weight loss were studied, significant mortality was
reported.

In another study, it was found that when the

patient was undernourished and was ill or had injury, the
rate of mortality after a loss of 25% of body weight was
increased (166).

When a group of surgical patients was

studied, it was found that a nearly ten-fold increase in
operative mortality existed in patients who had a recent
weight loss of 20% or more (177).

Blackburn,

et al. (29), suggested that weight loss, if sustained in
a short period of time, can be correlated with the
significance of the loss.

In other words, it is

important to note how quickly the weight loss occurred.

Potential Problems With Interpretation of Values

When body weight is used in the parameters of a
nutritional assessment, the values obtained could be
misleading due to fluid overload.

An edematous patient

may increase or maintain body weight despite severe
protein depletion.

Patients who may have edema are

congestive heart failure, liver disease, or renal failure
patients (166.

Another potential problem with fluid

overload is that the increased extra-cellular fluid
volume during starvation may help to maintain weight
despite severe deficits in fat and protein stores (166.
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Elderly patients (comprising 11% of the
population

~f

the United States) are difficult to assess

for nutrition depletion.

Apparently, there are no

standards of "normal" for elderly patients.

Thus, using

the height-weight measurements in such an assessment
would not provide accurate information (176).

Anthropometric Measurements:

Triceps Skin Fold (TSF),

Mid-Arm Circumference (MAC), and Mid-Arm Muscle
Circumference (MAMC)

These measurements, derived directly from the
patient's body, are called anthropometric measurements
and provide another screening device for the detection of
protein-calorie malnutrition.

The triceps skinfold

thickness is a measure of the patient's subcutaneous fat
stores and can be considered an index of the body's
energy stores.

The mid-arm circumference reflects

skeletal muscle mass and is an indicator of the body's
protein reserves (91, 93, 114, 166).

MAMC was considered

by Blackburn and associates (30) to be the best indicator
of PCM since, unlike serum albumin, it is not primarily
affected by renal, hepatic, or gastrointestinal disease,
and can, therefore. only mean protein depletion.

The MAC
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is used to measure the MAMC.

It is a measurement which

combines muscle mass, bone size, and subcutaneous fat
stores (91).

The TSF and the MAC are measured at the site
located at the mid-point between the acromion and the
olecranon of the nondominant arm.

The TSF is measured

with calipers by pinching a fold of skin away from the
underlying triceps muscle at the mid-point of the arm
(91, 114, 166).

This measurement must be repeated three

times, with the average value being recorded.

The MAMC is calculated from the MAC (determined
by a tape measure) and the TSF as shown in the following
formula:

MAMC (em)

=

AC (em) - [0.314 X TSF (mm)]

(166)

The MAMC is also compared to standards and a percent
deficit is calculated.

The MAMC value then becomes part

of the nutritional assessment profile (114).

Standards

As the height-weight index for "normal" had
problems with -defining "normal" and thus having accurate
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·standards, the values derived for MAMC have similar
problems (166).

The standards used in calculating the

MAMC and TSF are:

(a) Jelliffe's standards and

(b) Standards From the Ten State Nutrition Survey.
developed by Frisancho.

Values are reported as

percentages of standard.

Blackburn and associates (32)

used Jelliffe's standards and have defined nutrition
depletion as follows:

Normal = 90-110% of standard
Moderate depletion = 60-90% of standard
Severe depletion
Obesity

=

=

< 60% of standard

> 120% of standard (TSF only)

The standards developed by Jelliffe have
acknowledged certain limitations (18, 89, 94, 110, 139,
. 166).

Jelliffe's standards were not intended for use in

measuring urban Americans; rather, they were intended for
use in nonindustrialized society (94, 109, 166).
Although these standards have been shown, by Jelliffe, to
correlate with PCM in children from nonindustrialized
societies, there are still several limitations:

(a) the

right-arm measurements were from a reference of military
personnel from the Mediterranean and from women
volunteers; (b) the data were collected over a long
period of time, the techniques used for measuring were
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not standardized, and some cases went unreported; and
(c) there were no standards for age groups, but for each
sex a single standard was developed (18, 109, 139, 166).

Another way to utilize these anthropometric
measurements is to compare them with age and sex-specific
percentiles presented in the report of the National
Health Survey rather than percentages of standards.

This

method of using percentiles for comparison, suggested by
Gray and Gray (93), is more accurate in detecting
malnutrition since the problem of overestimation of
malnutrition is eliminated.

These investigators contend

that, if percentages of standards are used, over half of
the young women in the United States would be classified
as moderately depleted as measured by MAr-1C.
would measure depleted, based on TSF.

Young men

Thus, if

percentiles are used, this problem is avoided.

Gray and

. Gray (93) stated that marginal depletion is indicated by
measurements between the 5th and 15th percentiles;
anthropometric values falling below the 5th percentile is
indicative of severe depletion (18).

Burgest and

Anderson (34) suggested using the MAMC percentiles
presented in the United States Ten-State Nutrition Survey
since the National Health Survey did not report
population percentiles for MAMC.
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Additional studies have been conducted
addressing the limitations of anthropometric measurements
since there are no well-defined standards for normal.
Anthropometric measurements were used to assess protein
malnutrition in surgical patients and were evaluated by
Collins and associates (52).

These investigators studied 10 normal persons
and 82 surgical patients and found that anthropometric
measurements were very weak indicators of protein
depletion when studied for a period of 2 weeks or
less (52).

Mullen and associates (134) studied 64

consecutive elective surgical patients and prospectively
evaluated their nutritional status.

They found that the

anthropometric data did not correlate with postoperative
morbidity or mortality.

The anthropometric data,

although abnormal in the majority of patients, did not
identify the patients that were high risk.

Bistrian,

et al. (18), believed that, for clinical purposes, they
are reluctant to use the TSF to diagnose PCM.

In a

recent study by Bistrian (18), TSF measurements were not
found to correlate with subsequent hospital morbidity or.
mortality rates.

In another study, Mullen (134)

suggested that there is a role for TSF measurements in
predicting the outcome in surgical patients.

Mullen

found that patients who died or sustained postoperative

Q
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complications had TSF values which were significantly
lower than patients who survived without complications.

Bistrian, et al., believed that the primary
value of TSF measurements was in the calculation of the
MAMC which does correlate with serum albumin and with
percentage weight loss, plasma prealbumin, and hemoglobin
(18, 21).

In addition, these investigators believed that

MAMC was of value in patients with fluid retention from
cardiac, renal. or hepatic disease where height-weight
indices underestimate PCM (even though height-weight is
the primary anthropometric index of PCM) (18).

Potential Problems With Interpretation of Values

Although arm anthropometric measurements are
used·and are considered to be relatively reliable in
screening PCM. there are still debates over theiruse.
The limitations of anthropometry, as discussed by Gray
and Gray. and other investigators. are:

1.

There must be adequate instruments to
measure pati.ents and patients must be
measured carefully in a standardized way;
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2.

The TSF measurement appears more subject to
measurement error than other measurements;

3.

It is very important that proper calipers be
used since plastic calipers are not
generally adequate;

4.

Variation due to measurement error can be
reduced by averaging three measurements;

5.

The method for determining MAMC assumes that
the cross section of the mid arm is circular
and that the bone is relatively constant in
size; whereas the mid-upper arm is more
elliptical and the bone•s diameter can vary
considerably among population groups
although it remains constant within an
individual;

6.

There are individual differences in the
distribution of body fat and muscle so that
there

can~

be uneven fat distribution in some

patients (e.g., those who have had a recent
weight loss, the elderly, or athletic).
There are differences in compressability of
the fat pad among individuals.

In addition,
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the inability to account for other than
subdermal fat, leading to error in
estimation of total body fat. is a problem;

7.

The difficulty in obtaining reproducible
results which occurs

bec~use

of improper

training, poorly maintained equipment or bad
equipment, and failure to consistently use
correct techniques (32, 93, 95, 132. 186).

Thus, anthropometric measurements do assess a patient's
protein and caloric reserves.

However, with the present

standards and methods of interpretation, patients ·will
often be misclassified (93).

Blackburn, among others,

believed that these measurements can still be used in
spite of their limitations to identify patients with PCM
and those that are at risk of developing PCM if
nutritional support is not implemented.

Biochemical Measurements

Creatinine-Height Index

Creatinine, a major excretory product in the
urine, produced from the constant breakdown of creatine,
is directly related to the skeletal muscle mass (provided
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·there is no rapid loss of skeletal muscle, as in severe
sepsis or trauma) (34, 91, 114, 166).

The creatinine

excretion index is a biochemical measurement of lean body
mass based on the urinary excretion of creatinine, which
is relatively constant in any individual.

The

creatinine-height index combines a biochemical with an
anthropometric measurement and indicates the status of
muscle stores.

The rationale is that in long-term

protein malnutrition. height will remain constant while
muscle protein stores gradually become depleted (171).
This index is, according to Blackburn (28), a more
sensitive and more accurate indicator of the level of
somatic protein than are anthropometric measurements.
The creatinine-height index (CHI) is defined as the
24-hour urinary creatinine excretion by a given patient
divided by the expected 24-hour urinary creatinine
excretion of a normal person of the same sex and height
with an uideal" body weight (IBW) (28).

CHI is measured

with the following formula:

CHI

=

Measured urinary creatinine - 24 hour
Ideal urinary creatinine - 24 hour X 100

CHI is expressed as a percentage and calculated as
milligrams creatinine excreted per 24 hours.

The

production of creatinine and the CHI decrease during
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malnourished states in proportion to skeletal muscle
depletion.

If renal function is normal, men should

excrete 23 mg creatinine per kilogram IBW per day, and
women should excrete 18 mg creatinine per kilogram IBW
per day (24).

It is very important, if the CHI is to be

of value, that accurate urine collections are made
(132, 166).

Blackburn and associates (29) stated that CHI values of
60-80% represent moderate skeletal muscle depletion,
whereas values of 40-50% signify severe depletion.

Relation of CHI to Malnutrition

Several studies have been conducted testing the
CHI as an indicator of PCM.

Of the 16 nutrition

assessment parameters recorded by Mullen, et al. (132),
CHI was found to be the most abnormal nutritional
measurement (65% of the 64 patients studied) in the 64
surgical patients studied.

Over 50% of the patients

studied had substantial weight loss.

Only 3% of the

patients demonstrated completely normal nutritional and
immunological profiles.

These investigators believed

that, even though up to 65% of the patients had abnormal
CHI, these measurements possess clinical drawbacks which
make them less than optimal studies.

For example, the
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CHI requires an accurate collection of an entire urinary
output for 24 hours, or, more ideally, for 48 or 72
hours.

Mullen, et al. (132), concluded that CHI was not

significantly correlated with morbidity and mortality.

Bistrian and Blackburn (24) studied 30 normal
adult males and 11 malnourished male surgical patients to
determine the most accurate indicators of PCM.

As

previously mentioned, these investigators believed that
the CHI was a more sensitive and more accurate indicator
of somatic protein levels than anthropometric
measurements, nitrogen balance, or serum albumin levels.
The results of their study were favorable to the use of
CHI.

They found that the CHI indicated a major deficit

in skeletal muscle while serum albumin levels were normal
or greater than normal.

Forse and Shizgal (87) studied seven nutrition
assessment parameters to evaluate the validity of their
use in the clinical setting.

These parameters were

measured on 216 patients in whom body composition was
simultaneously determined.

These investig-ators found

that the best correlation was between height-weight and
body cell mass and the poorest correlation was between
CHI and body cell mass.

All correlations were

statistically significant, even though the nutrition

" '

53

parameters did not consistently reflect. significant
changes in body composition.

They concluded by stating

that the seven parameters studied, including CHI, are
valid measures of the nutritional state for epidemiologic
surveys, but due to their low sensitivity and
specificity, they are of little value in assessing an
individual patient•s nutritional state.

Standards

A standard table was developed to measure CHI
based on the determined creatinine coefficients (23 mg/kg
of IBW for men, and 18 mg/kg for women) and the
assumption that renal function is normal (Table 1)
(24, 114).

The ideal urinary creatinine excretion value

has been calculated as the product of the mean creatinine
excretion for males fed a creatinine and creatinine-free
diet.

The ideal height-weight used in the CHI is

according to the Metropolitan Life Insurance standards
(24, 110).

Potential Problems With Interpretation of Values

Normal tables for predicted urinary creatinine
excretion were established for a population of young,
healthy adults.

Normal values have not been determined

\
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Table l
Ideal Weight and Urinary Creatinine for Height

Ideal Weight and Urinary Creatinine for Height

FOR WOMEN
Medium Fnmt
Heighr

,·to··
4'1 , ••
s· o··
s· 1''
5' T"
s· 3··
s· .s..
s· s··
s· s··
s· 7"
s· S"
s· s··

J.!7.3Cm
149.9
152.~

154.9
157.5
J60
. 62.5
165.1
167.6
110.2
172.7
175.3
5'10'' 177.8
5'11" 180.3
s· o·· 182.9

ldnl Weight
101.5L!:Is .:S.IKg

47.3
48.6

104
107

so

110

51.~

113
116

52.7
54 3
55.9.

119.~

123
127.5
131.5
135.5
139.5
143.5
147.5
151.5

Total Mg
Creatinine/

Cm Body Height/

24 Houn

24 Hours

830
851
875
900
925
949
977
1006

5.63
5.68
5.74
5.81
5.87
5.93
6.01
6.09
6.23
6.32
6.42
6.51
6.60
6.59
6.78
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104~

59.3
61.5

1076

63.4

1141

65.2
57
58.9

1206

Mg Creatinine/

1109

1174

1240

FOR MEN
Mg Creatinine/

ToniMg

Medium FrtJme

Cre1tinine/

ldnl Weight

67.o
69.4

24 Hours
. 1288
1325
1359
1386
1426
1467
1513
1555
159&

71.~

1642

73.5
75.6

1691
1739
1785
1831
1891

Height

s· 2"
s· 3"
5' 4s· S"
s· 6''
s· 7"
s· a··
s· s..
5'10"
5'11'"

s- o··
6' , ••
6'

t 57.5Cm
160
162.5
165.1
167.5
110.2
112.7
175.3
171.8
130.3
182.9
185.4

2" 188

6' 3"
6" 4"

190.5
193

124lbs
127
130
133
137
141
145
149
153

158
162
167
171
176
181

56 Kg
57.6
59.1
60.3
52
63.3

ss.a

17.S
79.6
82.2

Cm Body Heiqnti
24 Hours
8.17
8.28
8.36
8.40
8.51
8.52
8.76
8.86
8.98
9.11
9.24
9.38
9.49
9.61
9.80

SOMATIC PROTEINS% DEFICIT
SEVERE

:>30

MODERATE

>15- 30

MILD

>5- 15

(113)
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for the elderly, and it is known that creatinine
excretion decreases with age.

Therefore, use of CHI to

measure nutritional status in the elderly may be invalid
(91:16).

According to Grant (91), CHI should not be used

in evaluating traumatized and critically ill or septic
patients since its usefulness in this area has not been
established.

Silberman and Eisenberg (166) believed that
since the calculation of CHI is, in part, dependent upon
IBW, CHI is subject to the same errors of interpretation
as is IBW.

Grant (91:16) was also concerned with this

possible error of interpretation and stated that the CHI
may misrepresent the degree of malnutrition in normally
muscular or ectomorphic patients.

Thus, clinical

judgment is important in the interpretation of CHI.

Additional questions regarding the use of CHI
have to do with the sample size used to establish the
standards.

The sample size was small and a large range

of age and disease categories was needed (85).

CHI is

based on the assumption that renal function is normal.
Therefore, it cannot be validly used in some patients
with renal disease (110).
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Biochemical Measurements:

Plasma Proteins

In addition to CHI, plasma protein levels are
biochemical parameters which reflect nutritional status.
The CHI is a measure of the somatic protein compartment,
whereas the plasma proteins measure the visceral protein
compartment, which is vital for maintaining tissue
function, oncotic pressure, enzymatic processes, and
immune function (166).

Levels of albumin, transferrin,

thyroxine-binding prealbumin, and retinol-binding protein
are affected during PCM and are sensitive to nutrition
repletion.

Plasma protein levels are used in evaluating

nutritional status (34, 114, 166).

In diagnosing the type PCM, plasma protein
concentrations are valuable.

Depletion of visceral

protein mass is a characteristic finding in patients with
kwashiorkor; i.e., protein malnutrition.

Somatic protein

. mass is usually preserved, and patients who may be
overweight make it difficult to recognize this form of
malnutrition.

Depletion of both somatic and visceral

protein compartments is indicative of
PCM-kwashiorkor-marasmus mix (34, 91).

To measure

visceral protein status, serum concentrations of proteins
synthesized by the liver are used.

There is, however, an

assumption that a decrease in the concentration of these
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proteins is primarily a direct consequence of decreased
liver biosynthesis, which is due to the limited substrate
supply associated with malnutrition (91).

All plasma proteins become depressed as a result
of long-term protein deprivation.

This is not the case,

however, with short-term changes in nutrition.

Albumin

levels, for example, are depressed during stress,
infection and trauma, cancer, burns, and hypothyroidism.
However, serum albumin levels fall and recover slowly
with changes in nutrition.

Therefore, albumin

concentrations, due to their long serum half-life
(20 days), are not sensitive indicators of early protein
malnutrition.

Plasma proteins other than serum albumin;

e.g., transferrin, thyroxine-binding prealbumin, and
retinol-binding protein provide more sensitive indicators
of nutritional status (81, 171).

These plasma proteins

respond more quickly to changes in dietary protein
because, unlike albumin, they have shorter half-lifes and
smaller metabolic pools (81, 171).

All four serum

proteins are used as part of the nutrition metabolic
profile.
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· Albumin

Albumin, a major plasma protein of hepatic
origin, serves as a carrier for several molecules that
require protein binding.

Albumin is also the principle

contributor to oncotic pressure.

An albumin level above

2.8 g/dl is required to maintain relative tissue dryness
(assuming the hydrostatic pressure within a blood vessel
is normal) (91, 114).

Plasma albumin was shown to be a low sensitivity
indicator in a study comparing children who had severe
PCM, while transferrin had intermediate sensitivity, and
a complex of thyroxine-binding prealbumin with
retinol-binding protein had the highest sensitivity to
deprivation and refeeding (171).

As previously mentioned, albumin levels are
typically depressed during several disease states.

When

a low level persists (less than 3.0 gm/dl) for more than
7 days, it is indicative of an actual nutritional
deficiency (86, 91).

When circumstances are such that

the release of amino acids by the muscle is insufficient
to maintain plasma albumin levels, it could mean several
things:

(a) that there is depletion of muscle protein;

(b) that there is an increased insulin secretion and a
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blocked amino acid release from a high calorie, low
protein diet; (c) that there is inadequate corticosteroid
secretion; or (d) that there is the presence of
proteinase inhibitors in response to infection (93).

Relation of Albumin to Malnutrition

According to several investigators, serum
albumin levels are of value in assessing the severity of
malnutrition (86, 166).

Mullen and Buzby (132, 133)

found that depressed visceral protein levels were
predictive of postoperative morbidity and mortality in a
series of elective surgical patients.

They also found

that albumin concentrations of less than 3 gm/dl and
transferrin levels of less than 220 mg/dl were associated
with a 2.5-fold increase and a 5-fold increase in
complications, respectively.

In another study, Bistrian

and Blackburn (21) found that a patient with an albumin
level of less that 3.0 gm/dl had a 50% chance of becoming
anergic, developing sepsis, and ultimately dying.

Serum albumin is positively correlated with many
nutrition assessment parameters including transferrin,
thyroxine-binding prealbumin, mid-arm muscle
circumference, body cell mass, and cell-mediated immunity
(23, 34, 86, 186).

Abnormal levels of albumin have been

,, '

60

associated with abnormal responses to several nutrition
parameters such as a lower total lymphocyte count. a
depression of antibody stimulation. a poor response to
delayed hypersensitivity skin testing (cell-mediated
immunity), or a depression of lymphocyte transformation
to mitogens (23, 34, 81, 93, 95).

Studies by Eisenberg and Silberman (166) have
not proved to be consistent with other investigators.
They found that significant deficits in the serum albumin
and transferrin concentrations in acutely ill injured
postoperative patients were not predictive of outcome.
They stated that the influence of nonnutritional factors
in this set of patients was reflected.

Such

nonnutritional factors are expansion of the extracellular
fluid compartment which results in a reduction in albumin
concentration and concentration measurements not
reflecting turnover.

Their theory was that in

acutely-ill patients (e.g., a septic patient), albumin
production may actually be elevated, but because the
albumin compartment is expanded and the rate of breakdown
is increased, the concentration is reduced.

Seltzer, et al. (163), have conducted several studies
whose findings were supportive of albumin levels as a
parameter of nutritional status.

These investigators did

" '
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an instant nutritional assessment of 130 critically-ill
patients using serum albumin level and total lymphocyte
count as the only nutrition assessment parameters.

They

found that when an intensive care unit population was
compared to the general hospital population, there was a
6-fold increase in albumin level depressions and a 2-fold
increase in lymphocyte count depressions.

In addition,

they found that with these surgical intensive care unit
(SICU) patients with depressed albumin levels and total
lymphocyte counts. they had twice the complication rate
and 4.5 times the mortality rate of those SICU patients
with normal levels.

Thus, they concluded that serum
'

albumin levels and total lymphocyte counts are valuable
tools for an instant nutritional assessment of the
critically-ill patient.

In another study Seltzer. et al. (164), found
that in 500 consecutively admitted patients with varying
diagnoses, there was a 4-fold increase in complications
and a 6-fold increase in deaths when there was an
abnormal albumin level.
significant.

Both findings were statistically

In addition, when both serum albumin and

total lymphocyte count were abnormal, an almost 4-fold
increase in complications and a 20-fold increase in
deaths were noted.
significant.

These values were also statistically

These investigators concluded that their
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results were striking and that abnormal values for
albumin or lymphocyte count should alert the physician to
potential complications and the need for nutritional
support.

Standards

Normal plasma albumin is 3.5-5.5 gm/dl (94).
Levels of albumin are considered severely depleted if
they are less than 2.1 gm/dl (19, 129, 166).

Potential Problems With Interpretation of Values

All investigators have not agreed with the use
of albumin as an indicator of malnutrition.

As mentioned

earlier, Eisenberg and associates (166) found that serum
albumin concentrations occurring in acutely injured
postoperative patients were not predictive of outcome due
to the influence of the nonnutritional factors
mentioned.

Gray and Gray (93) believed the major

limitation on the use of albumin concentrations is that·
changes are not specific and that levels are altered by
liver disease, renal disease, congestive heart failure,
and inflammation.

Forse and Shizgal (86, 87) stated that

use of albumin levels are valid for epidemiologic studies
but, as for all 7 parameters studied, it is not good for
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use in individual assessments due to low specificity and
sensitivity.

Albumin was found to be decreased in some

malnourished patients in a study by Young, et al. (186),
but there was a low correlation with other variables
tested, such as other plasma proteins, total lymphocytes,
hemoglobin, and two anthropometric measurements.

Albumin synthesis can be impaired due to various
situations and, therefore, its use as an indicator may be
invalid.

In addition to those situations already

mentioned, albumin synthesis is impaired by stress-trauma
and hormonal effects.

Hormones such as insulin, growth
'

hormone, and testosterone increase the rate of albumin
synthesis, while removal of the pituitary, adrenal, or
thyroid glands decrease synthesis (87, 110).

In assessing elderly patients, use of albumin
levels as a parameter may be invalid.
naturally lower in geriatric patients.

Albumin levels are
Young,

et al. (187), studied a small sample of elderly patients
and found that the increase in albumin synthesis of
protein repleted patients was less than the rate of
synthesis.

Thus, using albumin values alone to assess

and monitor the visceral protein compartment, according
to Silberman, "may lead to delays in recognizing and
'' .......
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treating deficits, since albumin levels can be maintained
for long pariods despite severe protein depletion (166)."

Transferrin

Transferrin, the plasma protein of hepatic
origin that carries iron, is smaller and more specific
than albumin (166).

According to many investigators,

serum transferrin levels more accurately reflect rapidly
changing nutritional status and protein malnutritrion due
to its shorter half-life and smaller body pool--as
opposed to albumin (29, 91, 114. 166).

In other words,

transferrin has an advantage over albumin as a
measurement tool because it is more sensitive to
immediate changes in visceral protein synthesis (93).

It

is synthesized in the liver and has a serum half-life of
approximately 8 days (29. 91, 166}.

Actual serum transferrin level measurements are
not easily obtained since they are most accurately
determined using direct assay by radial immunodiffusion
(91, 166}.

This direct measurement of transferrin is not

usually necessary because a close estimate can be
obtained from the total iron-binding capacity (TIBC)
using the following formula:
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Serum transferrin = (0.8 X TIBC} - 43
(29, 91, 114, 166}

It is important that transferrin values calculated from
TIBC not be compared with values determined by
radioimmunoassay when doing an individual assessment
since transferrin calculated from TIBC is indirect and
subject to error.

In studying transferrin values as a

measurement parameter, Miller, et al. (166}, found that
values obtained from the TIBC formula were substantially
lower than those derived directly by radioimmunoassay.

Relation of Transferrin to Malnutrition

Depression of serum transferrin levels during
malnutrition was well documented (30, 91, 114, 133,
166).

It was also well recognized that nutrition

repletion with TPN will restore serum transferrin levels
(133, 184).

Young (186) agreed that transferrin should

be a nutrition assessment parameter.

He found levels of

less than 200 mg/dl were correlated with low levels of
thyroxine-binding prealbumin, albumin, hemoglobin,
retinol-binding protein, and weight loss.

Abnormal

transferrin levels are also correlated with depressed
cellular immunity and decreased total lymphocyte count
(20, 23).

In addition, Blackburn, et al., found that low
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transferrin was associated with mortality and sepsis.
Transferrin concentrations of less than 170 mg/100 ml had
a sepsis rate of 40% and mortality of 29% in contrast to
a sepsis rate of 25% and mortality of 16% in patients
with transferrin greater than 170 mg/100 ml.

In those

patients who had nutritional support (TPN), a significant
increase in serum transferrin was observed after 3 or
more weeks (184}.

In developing the prognostic nutritional index
(PNI), Mullen and Buzby (133) found that transferrin was
one of the most important indicators in predicting
postoperative morbidity and mortality.

These

investigators believed that the transferrin level was of
such value that they used a positive transferrin response
(PTR), which corresponds to an increase greater than 10%
above baseline values.

They use this PTR to determine

when preoperative nutrition support should end.

A PTR

has been found to occur within 4-7 days of TPN, and, if
there was no PTR after this time period, a 5-fold
increase in mortality was predicted.

If a PTR has not

been achieved, it could have been due to one of three
events:

(a) inadequate TPN (not enough protein or

calories), (b) inadequate time period of TPN, or
(c) nutrition repletion was prevented due to another
complicating disorder (38).

il
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Kaminski, et al. (112), studied cellular
immunity in relation to transferrin levels.

Of the

55 patients studied, it was found that when transferrin
levels were less than 170 mg/dl, only 29% were immune
competent and there was a 32% mortality rate.
Conversely, when transferrin levels were greater than 170
mg/dl, 67% of the patients were immune competent and
there was a 13% mortality rate.

These investigators

concluded that if transferrin concentrations are less
than 170 mg/dl, intense nutritional support is needed.

Standards

Using the TIBC values. normal serum
concentrations range from 250-300 mg/dl.

Values between

200 and 150 mg/dl represent mild visceral protein
depletion; between 150 and 100 mg/dl represent moderate
depletion; and less than 100 mg/dl represent severe
depletion (29, 79, 91, 110).

Potential Problems With Interpretation of Values

There are several problems with using
transferrin as a nutrition assessment parameter.

One

must be careful in interpreting these values, as markedly
elevated levels are seen in patients with severe iron

v '
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deficiency anemia, hypoxia, and chronic blood loss.
Thus, the transferrin level may reflect the measured
level of a combination of protein depletion and iron
deficiency (91, 110, 134, 166).

Transferrin levels should not be used as an
indicator in pregnant women since levels are elevated
during the last two trimesters of pregnancy.

Levels can

also be increased by use of estrogen or oral
contraceptives.

Transferrin levels return to normal when

pregnancy is over or the use of medication stops (110,
139).

Low transferrin levels are also seen in elderly

women because their tissue iron stores are much lower
than in young women (187).

Transferrin levels, like albumin levels, are
affected by liver and kidney disease due to reduced
synthesis, congestive heart failure, and inflammation
(91, 93).

Low levels may also occur due to starvation,

chronic infection, gastrointestinal disease, or thermal
injury.

In addition, depressed transferrin levels may be

seen in patients on certain medications which inhibit
protein synthesis such as testosterone, cortisone, or
L-asparagine (1, 93, 110).
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Thyroxine-Binding Prealbumin

Thyroxine~binding

prealbumin is another

liver-dependent protein useful in determining visceral
protein status.

Thyroxine-binding prealbumin and

retinol-binding protein are two assessment parameters
which have only recently been used.

Researchers wanted

to measure visceral proteins with shorter half-lifes so
that nutritional status could be determined sooner than
with albumin or transferrin levels.

Thyroxine-binding

prealbumin (TBPA) has a half-life of 2 days and,
therefore, changes in protein nutritional status are
rapidly reflected.
retinol~binding

It is a carrier protein for

protein and it plays a major role in the

transport of thyroxine.

Normal serum concentrations

range from 15.7 to 29.6 mg/100 ml with a mean of
22.4 mg/100 ml.

The standard used (indicating protein

malnutrition) is a concentation of less than 10 mg/dl.
Measurement of serum TBPA is done by radial
immunodiffusion (91, 104, 105, 166).

Relation of TBPA to Malnutrition

Ingenbleek, et al.· (104), found that TBPA was
the first visceral protein to decrease in children who
were-healthy but consuming marginal amounts of protein.

Shetty and associates stated that TBPA is a sensitive
indicator of protein depletion and responds well to
nutrition repletion.

They also maintained that TBPA and

retinol-binding protein can be used to detect subclinical
malnutrition. as well as to monitor the effectiveness of
treatment (165).

The sensitivity of TBPA, according to

Ingenbleek and associates (105:106), is due to:

(a)

the

rapid turnover rate; (b) the synthesis of TBPA by the
liver, which reacts promptly to protein deficiency; and
(c) the richness of TBPA in tryptophan.

In evaluating surgical patients, Young.
et al. (106}. found that TBPA most clearly correlated
with 10 nutrition assessment parameters.

Plasma levels

of TBPA respond rapidly to nutrition repletion.

It has

been shown that within 2 days of enteral or parenteral
nutritional support, plasma levels have increased (165}.
Ingenbleek (104) found that TBPA levels in malnourished
patients who had been nutritionally supported for
2 weeks. doubled and tripled, respectively.

Potential Problems With Interpretation of Values

During trauma or stress. TBPA levels become
depressed rapidly and, therefore, low levels during
stress or any sudden demand for protein synthesis should
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be interpreted conservatively (91).

Low levels are also

seen in patients with hyperthyroidism, liver disease, and
cystic fibrosis (110).

TBPA and retinol-binding protein are very
similar in their actions.

Shetty, et al. (165), when

studying both these proteins, found that if caloric
intake is sufficient, insufficient protein intake does
not have an immediate effect on TBPA.

However, these

investigators found that retinol-binding protein was
affected rapidly when caloric intake or protein intake
was insufficient.

Retinol-Binding Protein

The serum half-life of retinol-binding protein
(RBP) is only 10 hours and thus reflects acute changes in
protein synthesis.

Thyroxine-binding prealbumin,

. however, is preferred as a measurement parameter since
the serum concentration is 4-5 times higher than
retinol-binding protein (81}.

RBP is the specific carrier protein for
vitamin A alcohol and is linked with prealbumin in a
constant molar ratio (91).

Interpretation of RBP levels

in kidney disease may be difficult since this protein is
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filtered by the glomeroli and metabolized by the kidney
and, therefore, levels could be elevated despite visceral
protein deficiencies (91, 166).

Low levels of RBP are

seen when low levels of TBPA exist since RBP is bound to
TBPA (104, 110).

The standard for normal is a serum concentration
between 2.6-7.6 mg/dl with a mean of 5.1 mg/dl.

Serum

RBP concentrations of less than 3 mg/dl indicate protein
malnutrition (91, 110).

Hemoglobin

According to Young (186), hemoglobin levels in
combination with other nutrition assessment parameters
may be useful in the assessment of nutritional status.

Immunologic Functions - Immunocompetency

Evaluation of immunologic functions is an
important part of nutritional assessment.

Protein

malnutrition is associated with depression of the immune
system, especially cellular immune functions (20, 91}.
There is an extremely high incidence of infection in
severely malnourished patients.

Thus, many investigators
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have examined the interplay between the immune system and
the nutritional status of the patient (40, 48, 106, 148).

Several studies have confirmed the association
of malnutrition with alteration in immune function.

In

addition, several of these studies reported significant
reversal of immune deficits with intense nutritional
support (20, 25, 122, 123).

Thus, because infection

related to malnutrition is common, a total lymphocyte
count and a test of cell-mediated immunity are included
as parameters of most nutritional assessments (25, 28,
91, 114' 163' 164' 166).

The immune system has a very specific goal of
preserving body integrity against antigens; that is,
against molecules which are recognized as foreign by the
host.

The immune system or the cellular network which

makes up the immune system is responsible for recognizing
and then removing, neutralizing, or decomposing the
antigen (40).

Acquired immunodeficiency is most commonly
caused by protein-calorie malnutrition.

To the

malnourished patient, a relatively harmless organism
could prove to be fatal, while to the well-nourished

,, .
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·patient, this organism would remain harmless (47, 68,
122).

As previously mentioned, many investigators have

linked malnutrition to immunodeficiency since their
research has shown:

(a) when there is a decrease in

cell-mediated immunity, as in malnutrition, there is an
associated atrophy of lymphoid tissue and thymus;
(b) when protein stores are depleted, there is an
impairment of white blood cell formation; (c) when
patients have deficiencies in their diet, there is an
increased incidence of infection and complications;
(d) when there are protein deficits, there is a decrease
in antibody production; (e) when cellular immunity is
depressed, there is an associated increase in morbidity
and mortality from infectious disease; and (f) that
moderate to severe forms of marasmus, kwashiorkor, or
some combination are often associated with depression of
the immune system (20, 25, 32, 91, 123).

iTotal Lymphocyte Count

Total lymphocyte count (TLC) correlates with
cellular immune status, with a low count reflecting the
degree of visceral protein depletion.

TLC is, therefore,

considered to be an indicator of the immune response as
it is associated with nutritional status.

Depressed TLC

has been correlated with impaired cellular immunity and

75

increased morbidity and mortality (20, 23, 25, 166).
When using TLC as a nutritional parameter, the influence
of nonnutritional factors must be excluded since there
are several that can cause depressed TLC levels.

As an

example, lymphocytopenia has been observed in
well-nourished patients following anesthesia and
operation, with normal counts returning within
48 hours (166).

Several investigators believed that a

depressed TLC was associated with protein malnutrition
since it was correlated with low levels of transferrin
and albumin (20, 23, 24, 125, 166).

Upon admission to the hospital, a white blood
cell count (WBC) is usually a routine test.

The TLC is,

therefore, easily done because the physician will already
have the necessary information (164).

TLC is equal to

the percentage of lymphocytes multiplied by the WBC, as
indicated by the following formula:

TLC = % lymphocytes X WBC
100

(29)

Relation of TLC to Malnutrition

TLC and delayed hypersensitivity testing are
performed as measures of the functional status of host
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·defense mechanisms (40).

According to Young,

et al. (186), there is a weak correlation between
hypoproteinemia and lymphopenia, but there is a
relationship to immune system function.

Keush,

et al. (115), have shown a modest decrease in TLC in
pediatric kwashiorkor and adult hypoalbuminemic
malnutrition, but normal TLC's were seen in both marasmic
children and adults.

Seltzer, et al. (164), used TLC in

combination with serum albumin levels to complete an
instant nutritional assessment.

These investigators used

TLC and albumin as the sole parameters in predicting
patient outcome.

Their study of 500 consecutively

admitted patients showed that: (a) 30% had a TLC of less
than 1500/mm3 ; (b) there was a 1.8 fold increase in
complications if TLC was depressed (which was not
statistically significant); (c) there was a 4-fold
increase in death if TLC was depressed; and (d) there was
a 4-fold increase in complications and a 20-fold increase
in deaths if both TLC and albumin levels were depressed
(both (c) and (d) were statistically significant).
Seltzer, et al., also studied 130 surgical intensive care
(SICU) patients and found that when these patients had
depressed albumin levels and TLC's, there was twice the
complication rate and 4.5 times the death rate of those
SICU with normal albumin levels and TLC's.

These

investigators concluded that these parameters are
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valuable tools for an instant nutritional assessment of
the critically-ill patient and the noncritically-ill
patient (163, 164).

Mullen and associates (132. 134)

found no significant relationship between preoperative
TLC and outcome among elective surgical patients.

Standards

According to Blackburn, et al. (32), TLC levels
between 1,200 to 2,000 indicate mild depletion, 800 to
1,200 indicate moderate depletion, and less than 800
indicate severe depletion.

Those that use TLC as an

indicator of nutritional status recommend that it 'be
monitored every 7 to 14 days during TPN (27, 114, 164).

Potential Problems With Interpretation of Values

Decreased TLC levels can be caused by several
other factors such as stress, surgery, chemotherapy, and
radiotherapy.

Thus, TLC can be used as a nutrition

assessment parameter, but it must be understood that
nonnutritional factors could be the cause of a depressed
TLC (32).

Nonnutritional factors could also be the cause

of an elevated TLC due to leukocytosis, and malnutrition
could go undetected.

During a viral infection, increased

TLC levels can be seen (40, 110).

According to
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·Kaminski (114), TLC levels cannot fully assess lymphocyte
function because of possible undetected monocyte
dysfunction which may alter immune response.
is helpful in detecting malnutrition.

Thus, TLC

It should not be

used as an absolute corollary to nutritional
deficits (40).

Cell-Mediated Immunity - Skin Antigen Testing

Overall cellular immunity can also be evaluated
by observing a patient's reaction to a series of delayed
hypersensitivity recall antigens.

This test, called the

delayed cutaneous hypersensitivity test (DCH). is the
most frequently used and most readily available test for
assessing cellular immunity (40, 47, 110, 129. 166,
168).

While some investigators feel that the DCH is an

excellent test for evaluating the immune system, others
feel this does not thoroughly test the immune system and
that additional tests are needed (40, 45, 68, 149, 150).
DCH testing is a measure of in-vivo function and it is
easy to administer and interpret.

Various intradermal

antigens are injected and the area is examined at 24, 48,
and 72 hours for evidence of induration.

The skin test

antigens chosen are those which normal persons in a given
geographical area commonly would have had prior exposure
and, therefore, be expected to develop an immunologic
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response upon re-exposure (25, 40).

After antigens are

injected, and if there is induration, it is a result of
cell-to-cell reactivity as well as mediator release from
activated cells (40).
parts.

The DCH response operates in three

The first is Sensitization (afferent) limb;

T lymphocytes are sensitized against a macrophage
processed antigen.

The second is Recognition (efferent)

limb; sensitized T lymphocytes recognize and have
cell-to-cell interaction with the antigen injected into
the skin, releasing lymphokines.

The third part of the

DCH response is Inflammation which is probably induced by
lymphokines released at the skin site and read as a
positive skin test.

The DCH response is a means by which

to evaluate the ability of the patient to respond to an
individual antigen or battery of antigens (40, 76, 166).

In DCH testing, the antigens most commonly used
in the United States are Candida, mumps, Trichophyton.
streptokinase-streptodornase (SK/SD), and purified
protein derivative (PPD).

Patients receive an

intradermal injection of 0.1 cc of the recall antigens.
Tests are read at 24, 48, and 72 hour intervals.
Hypersensitivity to a given antigen is shown by erythema
and induration around the intradermal injection site.

A

"positive" response is usually defined as 5 mm or more of
cutaneous induration at 24-48 hours, but 15 mm of
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·erythema without induration is considered a positive
response to mumps antigens (25, 32, 40, 132, 164, 174).
The battery of antigens are administered in 0.1 ml
volumes.

The dosages and dilutions of each of the agents

are as follows:

Antigen

Dosage

Candida albicans
mumps skin test
purified protein derivative
SK/SD
Trichophyton

10 PNV
undiluted
5 TV
10 U (SK)/2.5 U (SD)
1/500 dilution (40)

Researchers have found, in studies conducted to
determine which antigen should be used, that 99% of
people with good nutritional status reacted to at least
one of these antigens (25).

Mullen, et al. (132), found

that only 12% of malnourished patients reacted to Candida
and mumps.

After measuring the DCH response, the patient's
reactivity is then classified as normal (two or more
positive responses), relatively anergic (one positive
response), or anergic (no positive response) (129).
Another way to classify the responses, according to Bates
and associates, is to grade the responses as follows:

il

'

81

-- 1 +

.Induration, 1 to 5 mm; or erythema,
10 mm or more without induration.

2 +

Induration, 7 to 10 mm

3 +

Induration, 11 to 20 mm

4 +

Induration, more than 20 mm (17)

Relation of Cellular Immunity - Skin Antigen
Testing - to Malnutrition

Several researchers have investigated the
relationship between the alteration of DCH responses and
malnutrition.

Bistrian, et al. (25), reported that PCM

results in a failure of the DCH.

That PCM results in

anergy was well-documented in the literature.

There is a

significant correlation between other nutrition
parameters such as albumin, total protein, anthropometric
measurements, and diminished cellular immunity.

This

lends support to the interaction of malnutrition and
immune dysfunction.

Further strength to this

relationship is added since there is documentation of a
higher incidence of infection in malnourished patients
and there is an association of anergy with increased
sepsis and mortality (20, 40, 112, 122. 129, 149).
Kaminski and associates (40) stated that the degree of
impaired immune function also correlates with the
severity of PCM.
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Bistrian and Blackburn, as well as other
researchers, have observed a loss of cellular immunity in
hospitalized patients (20, 23, 95).

Poor DCH responses

in children suffering from PCM was well-documented (25,
46, 76, 178).

Edelman and associates (76) stated that,

due to an impaired cellular immunity. it may be difficult
to adequately immunize severely malnourished children
against certain diseases, such as smallpox and measles
and other diseases where cell-mediated immunity plays an
important role.

Several investigators have conducted studies of
surgical patients and impaired skin test reactions.
Meakins, et al. (129), Pietsch, et al. (149). and
Johnson, et al. (111), reported a striking relationship
between impaired skin test reactivity and the subsequent
incidence of morbidity and mortality.

A 3-fold greater

risk of postoperative complications and an 8-fold greater
risk of mortality was found by Johnson and
associates (111).

Meakins, et al.
- (129), studied
sequential skin tests and found that among the
135 surgical patients who remained normal or improved
their skin test reactivity, the sepsis rate was 21% and
mortality rate 2.1%.
support.

These patients had nutritional

Of the 43 patients who were abnormal and did

not improve (with nutrition support), the sepsis rate was
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65% and mortafity 74%.

These investigators stated that

sequential testing is of considerable prognostic value.
Meakins, et al. (129), suggested that testing should be
repeated at weekly intervals so that it would remain a
sensitive guide to the adequacy of management and
prognosis.

When sequential testing was performed by

Harvey, et al. (95), they found the mortality rate to be
greater in patients when repeated skin tests remained
abnormal (despite adequate nutritional support), than in
those patients whose skin test response remained normal
or improved.

These investigators suggested that

sequential skin testing be performed every 2-3 weeks.

These studies suggested, but did not prove, that
abnormal skin test responses, due exclusively to
malnutrition, would have the same prognostic
significance.

In their studies, these investigators

attributed the nonnutritional. as well as nutritional
factors present, to the impaired DCH response that they
observed.

These studies did, however, support the use of

skin testing since impaired responses, regardless of
cause, are associated with a poor prognosis in surgical
patients.

Thus, DCH testing is an effective assessment

parameter in those patients whose nutritional status is
questionable (111, 129, 149).
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Eisenberg and associates (77) have not found the
above findings to be consistent with their study of
critically-ill, postoperative patients who had sustained
acute traumatic injuries.

However, anergy was frequently

present.

Mullen and Buzby and associates (133) used serum
albumin concentration, serum transferrin level, TSF, and
DCH as nutrition assessment parameters since these
variables were identified as the most predictive in
elective surgical patients.

They combined these

variables into a prognostic nutritional index (which will
be discussed in the next section).

Several investigators believed that restoration
of immune competence is an appropriate goal of therapy in
critically-ill patients, but that it should be taken in
the context of the repair of all other nutritional
deficits (40).

It has been shown that nutrition

repletion will reverse a poor DCH response in relatively
short time (20, 36, 122, 123).

Law, et al. (123), have

reported improved DCH responses in children with PCM
after 3 weeks of nutritional support.

Edelman,

et al. (76), have also found that with nutrition therapy
for 1 to 2 months, there was a positive skin test
response·in children with PCM.

Bistrian, Blackburn, and
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Chandra (25, 47) believed that nutritional therapy could
reverse a poor DCH test before protein reserves are
repleted, as would be indicated by other assessment
parameters.

Bistrian and Blackburn (25) have shown that

with nutrition repletion for 17-35 days, a positive skin
test response has occurred.

Potential Problems With Interpretation of Values

There are several conditions, in addition to
malnutrition, which can affect the immune response (19,
40, 166).

Nonnutritional factors which can depress the

cellular tmmune response include anesthesia, burns,
certain drugs (e.g., corticosteroids), gastrointestinal
hemorrhage, infections, liver disease, cancer, myocardial
infarction, renal failure, sarcoidosis, shock, surgical
operations, and trauma (40, 166).

In addition, vitamin

and mineral deficiencies can be the cause of an altered
immune response.

False negative tests can result from

iron deficiency states.

It has been shown that iron

deficiency can cause a diminished inflammatory response
(40, 110).

Zinc may also alter the immune response.

has been shown that when zinc paste was applied to the
injection site, there was an interaction of zinc with
local skin reactivity showing a positive skin test
reaction (40).

It
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Alde~

(8), in studying the nutritional status of

the elderlf, has shown that with increasing age, skin
test reactivity changes.

He demonstrated that skin

reactivity decreases which, is possibly due to skin
changes as one ages.

Other tests that are indicative of an impaired
immune response, and that correlate with malnutrition
include resetting T cells, terminal deoxynucleotidyl
transferase (TDT), complement components, opsonic
function, secretary immunoglobulins, and bacterial
capacity (9, 40, 45, 47, 122, 123).

In conclusion, most researchers favored the use
of DCH testing as a parameter to identify those patients
with increased risk of morbidity and mortality.
Realizing the limitations of DCH testing, Kaminski, as
well as several other investigators, believed that the
use of DCH testing as an absolute criterion of
nutritional deprivation of immune dysfunction should be
avoided.

However, it should only be one of a battery of

tests which comprise a nutritional assessment (40).
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Nitrogen Balance

Determination of 24-hour nitrogen balance is the
most useful clinical study to assess the success of
nutritional therapy.

Nitrogen balance assesses whether

the anabolic state has been achieved in response to
nutritional support.

However, this parameter does not

measure lean body mass (29, 32, 87, 166).

Nitrogen

balance is a useful assessment parameter because it is
sensitive to daily changes (166).

Nitrogen balance

correlates with other nutrition assessment parameters.
including transferrin, thyroxine-binding prealbumin, and
retinol-binding protein (169, 185).

It has also been

found to relate to the body's response to trauma or
stress.

Nitrogen balance is determined by calculating
the difference between the amount of nitrogen consumed
and the amount of nitrogen excreted.

Eighty to ninety

percent of the body's daily nitrogen loss is excreted in
the urine as urea.

Therefore, nitrogen balance is

estimated using a 24-hour urinary urea nitrogen (UUN)
excretion, using the following formula:

Nitrogen Balance = Nitrogen In (24 hour) Nitrogen Out (24 hour)
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·To account for' nonurinary losses, 3 gms constant non-UUN
loss is added to the UUN.

Thus, the formula is as

follows:

N Balance = N intake - (UUN + 3)

(113, 126, 166)

Nitrogen intake is equal to the grams of protein
intake divided by 6.25.

The nitrogen intake is

determined from a 24-hour history of protein intake.
gram of nitrogen is equal to 6.25 grams of protein

One
In

calculating a nitrogen balance, a 24-hour urine sample is
sent to the laboratory and a UUN is determined.

Once

this value has been obtained, the following formula will
calculate the estimated nitrogen balance:

Nitrogen out:
UUN gm/L
X liters urine out
= gm UUN
+

3 qm constant non-UUN loss

= total nitrogen out

(stool, skin, and
other
nitrogen losses)
(113)

Standards

A positive nitrogen balance is a goal of
therapy (113).

Positive nitrogen balance means that

i'

'
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protein intake' was greater than protein (nitrogen)
excreted, which indicates protein anabolism.

Repair of

significant protein deficits can occur only if the
nitrogen balance is significantly positive.

If severe

deficits exist (as indicated by visceral and somatic
protein status), the goal of therapy is the achievement
of a nitrogen balance of +4 to +6 (103, 113, 114).

This

means the estimated nitrogen loss should be 4-6 grams
less than the estimated intake.

A near neutral or

slightly positive nitrogen balance usually indicates that
no change in the patient's nutritional status is likely
to occur.

A large negative nitrogen balance indicates

there is a continuing and increasing deficit in the
protein compartments.

If this is the case, the current

form or level of nutritional support is inadequate (32,
103, 110).

Relation of Nitrogen Balance to Nutrition

Many investigators believed that an estimation
of nitrogen balance should be made prior to nutritional
therapy so that the correct approach to therapy is
initiated, since nitrogen balance reflects the degree of
hypermetabolism (103).

Nitrogen balance should be

monitored with the other assessment parameters since it
serves as an important tool indicating progress towards
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·the patient•s

~herapeutic

goals.

Should the patient

continue to maintain a negative nitrogen balance, this
indicates that inappropriate therapy was selected and
that it should be changed.

If the patient, however, has

achieved a significantly positive nitrogen balance,
restoration of impaired protein compartments will
occur (103}.

Potential Problems With Interpretation of Values

The accuracy of a nitrogen balance depends on
several factors.

Dietary intake, parenteral or enteral

nutritional support. and nitrogen excretion are most
accurately calculated in order to have a meaningful
estimation of nitrogen balance.

Nitrogen balance is

subject to error if the 24-hour urine collection is not
accurate.

Forse. et al. (87}, believed that this is a

problem because nitrogen intake is usually overestimated
and output is usually underestimated.

It is difficult to calculate nitrogen balance in
patients with renal disease since urine excretion or
collection is impaired.

In addition, there is difficulty

in calculating nitrogen balances in patients with
diarrhea, vomiting, burns, fistula drainage, or other
abnormal nitrogen losses (110).
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Otner Nutritional Assessment Indexes

Several investigators have developed their own
nutrition assessment index to provide a method of
prospectively identifying the high-risk patients who need
nutritional repletion and are likely to respond
favorably.

Different assessment parameters are

considered significant with each index.

In developing

each index, investigators took into consideration the
many limitations of all nutrition parameters and
developed an index that would most accurately_assess the
patient's nutritional status.

These investigators

believed that it is inappropriate to use one variable in
diagnosing protein-calorie malnutrition.

Thus, different

indexes were developed.

Prognostic Nutritional Index (PNI}

Mullen and Buzby and associates (37, 133) have
developed a multiparameter index which predicts
postoperative morbidity and mortality based on an
individual's baseline nutritional status.

The PNI

determines the risk a patient has of developing
complications postoperatively from a compromised
nutritional status.

This index was developed by

identifying the most important predictive variables.
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This was done 'by comparing the values of various
nutrition assessment variables of patients who developed
complications with patients who did not.

A discriminate

analysis and a computer-based stepwise regression
procedure were used to identify serum albumin
concentrations, serum transferrin level, triceps
skinfold, and delayed hypersensitivity skin test
reactivity as the most important predictive variables.
An equation was developed by assigning coefficients to
each variable which appropriately weighted their impact
on clinical outcome.

The PNI equation is as follows:

PNI (%} = 158-16.6(ALB)-0.78(TSF)-0.20(TFN}-5.8(DH)
ALB =
TSF .=
TFN =
DH =

Serum Albumin concentration g/dl
Triceps Skin Fold thickness (mm)
Serum Transferrin Level (mg/dl)
Delay Hypersensitivity skin test reactivity
to any one of three recall antigens (mumps,
Gandida, streptokinase-streptodonase)
graded 0 (nonreactive), 1 (< 5 mm
induration}, or 2 (>=5 mm induration)
PNI > 50% - High Risk
PNI = 40-49% - Intermediate Risk
PNI = < 40%- Low Risk
(37, 133)

Anergic Metabolic Profile

(AM~

The AMP, developed by Kaminski (79, 113, 114).
was designed to give the physician a way to diagnose the
type and degree of malnutrition (Table 2).

Kaminski
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Table 2
Anergic Metabolic Profile

PATIENT

ROOM

DATE

DEFICIT

v....

'~''"'""'

s....,.

Mo4

..~.

!A4~u•l•

SOMATIC PROTEINS
WEIGHT/HEIGHT
en

:;,

c:::

mm
ARM MUSCLE CIRCUMFERENCE em

2

CREATININE/HEIGHT INDEX

::!:
en
~

<

c:::

c

~

TRICEPS SKIN FOLD

VISCERAL PROTEINS

c:::

ALBUMIN

:c

en

TRANSFERRIN

~

TOTAL LYMPHOCYTE COUNT

-

0

<
;:::

CELL MEDIATED IMMUNITY
NITROGEN IN gm/day
NITROGEN OUT gm/day
NITROGEN BALANCE gm/day

-CJ
-

NUTRITIONAL STATUS
0ADEOUATE
0MARASMUS
0KWASHIORKOR
0MAAASMUsKWASHIORKOR MIX

Standuds
SOMATIC PROTEINS
-%DEFICIT
ALBUMIN (gm%)
TRANSFERRIN (mg%)
lYMPHOCYTE COUNT
CELL MEDIATED IMMUNITY·
-mm

DEGREE
0NONE
OMILD
0MODERATE

Osevene
Seven

Moderate

Mild

< 2.5
< 160
< 900

>15-30%
<3.0-2.5
<180-160
f<1500-900

> 5-15%
< 3.5-3.0
< 200·180

<5-0

<10-5

< 15-10

> 3001;

.

< 1800-1500

(113)
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calls this the "Diagnostic Assessment.n

The "Dynamic

Assessment" is weekly repetition of the same profile,
which provides an "objective evaluation of progress
toward the goals of nutritional support.n

The AMP

evaluates nutritional status based on somatic and
visceral protein compartments, cell-mediated immunity.
and nitrogen balance.

Kaminski completes the AMP if.

upon initial screening, there has been a recent weight
loss of 7-10% of body weight, recent surgery or
chemotherapy, a recent illness lasting more than 3 weeks,
serum albumin less than 3.5 g/dl, or a total lymphocyte
3
count of less than 1800/mm .

Kaminski (121, 123) suggested that the AMP
should be completed weekly on patients showing a poor
nutritional status, or for patients that are at high risk
of becoming malnourished as reflected by the "diagnostic
assessment.-"

-Kami-ns-ki a-l-so

sugge_s_t:~<l_

that all patients

be assessed by the AMP on a weekly basis even if
nutritional status appears normal.

He believed that the

AMP will detect any decline in nutritional status and
alert the physician to provide treatment.

To use the AMP, Kaminski (123) has set up a
table so that treatment can be selected based on the type

0

'
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of malnutrition.

He stated, "every patient is different,

and no single therapy can be used in all circumstances."

Instant Nutritional Assessment {INA)

The INA, developed by Seltzer, et al. (163,
164), is a simple and expeditious method of nutritional

assessment using data obtained from routine hospital
laboratory admission tests.

Serum albumin and total

lymphocyte count are the two assessment parameters used.
These investigators found that abnormalities of these
parameters are associated with markedly increased
morbidity and mortality in the 500 consecutively admitted
patients they studied.

Seltzer, et al. (133, 134),

believed that many physicians are unable to recognize
malnutrition or that they have a lack of the technical
knowledge needed to administer nutritional support.
- Tnus·;--they-deve-loped t.he-instan-t-nutri tionaL_as5gJ3§_ID.~I1_!:.
The INA is not meant to be a sophisticated index or to
negate the value of a more sophisticated index.

It does,

however. serve as an early warning system for an increase
in potential complications and deaths.

These

investigators strongly believed that the INA should also
be completed in critically-ill patients.

That they had

such dramatic results in their general hospital
population led them to apply the same INA criteria to a
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surgical intensive care population.

The purpose of this

was to be able to rapidly identify those critically-ill
patients in need of nutritional support and to correlate
abnormalities in nutritional status with morbidity and
mortality.

Hydration Status

Several investigators believed that hydration
status is an important factor that should be considered
when interpreting results of a nutritional assessment.
Various conditions will change or have an effect on the
body's hydration.

Some of the conditions that affect

fluid retention are trauma, surgery, certain medications,
and an acute illness.

Loss of water or dehydration due

to vomiting, diarrhea, burns. or extensive tissue damage
can also incorrectly reflect nutritional status.

In

interpreting certain parameters and considering hydration
status, body weight or protein stores may be evaluated
incorrectly due to changes in fluid balance (138).

In

addition, biochemical parameters, including delayed
hypersensitivity skin testing, albumin, transferrin, and
hemoglobin, are also affected by fluid balance (1,
86, 114).

97

Clinical Evaluation

In diagnosing malnutrition, clinical observation
and evaluation is an important factor, as is laboratory
value data.

However, clinical signs of malnutrition

should be confirmed with biochemical and dietary
data (181).

Laboratory data is more sensitive to changes

in nutritional status than clinical observations.
Collins (51) believed that laboratory data is needed for
making decisions regarding nutritional support where
there is uncertainty, but that they should not be used
unnecessarily or relied upon exclusively.

Jeejeebhoy and Baker (15) believed, and strongly
supported, that clinical observation alone is sufficient
in diagnosing malnutrition.

These investigators found

that visual observations were significantly correlated
with various objective nutritional parameters and
morbidity.

In conclusion, nutritional assessment of the
hospitalized patient, regardless of the type of
assessment, is important in determining which patients
require specialized nutritional support and for what
period of time.

Nutritional assessment is also very
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· important i.n m'oni to ring the patient's response to
therapy, especially in critically-ill patients.

Benefits of Total Parenteral Nutrition (TPN)

The basic philosophy of physicians involved with
nutritional support is:

"if the gut works, use it!"

Most physicians believe that if a patient's gut is
functional, enteral nutrition should be the appropriate
nutritional therapy.

Enteral alimentation, however, is

not always successful in achieving positive nitrogen
balance (172).

Several problems exist with current

enteral nutrition methods which may preclude adequate
nutritional support.

The problems frequently seen in

tube-feeding patients include diarrhea, bloating,
abdominal distension, regurgitation, tube-feeding
intolerance, and food allergies.

In addition, several

studies suggested that forced enteral alimentation proves
relatively inefficient due to the inability of severely
malnourished patients to absorb nutrients normally (7).
Total parenteral nutrition or intravenous
hyperalimentation provides rapid nutritional restoration
and may be a necessary alternative in certain patients.
Several studies have demonstrated that TPN can decrease
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morbidity and

~ortality

by providing adequate nutrients

to either maintain or rebuild the patient's nutritional
state.

Role of Parenteral Nutrition in the Oncology Patient

The nutritionally debilitating effects of cancer
have been recognized within the last 20 years with
increasing awareness as more research implicates
malnutrition and its dramatic effects on the oncology
patient.

Adverse nutritional consequences in the cancer

patient are in large part due to therapeutic treatment
modalities, including chemotherapy, radiation therapy,
surgery, or any combination thereof (66).

Malnutrition and Cancer.

Most cancer patients have several symptoms in
common, including anorexia, immunosuppression, nausea,
vomiting, diarrhea, and mucosal ulcerations, due to the
neoplasm itself, the malnutrition which develops, and the
treatment modalities (63, 166, 180).

Malignancies

extract nutrients from the host which can result in host
catabolism, especially if the patient does not ingest
nutrients in quantities sufficient to supply the demands
of the host and the neoplasm (10, 180).

This is one
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.mechanism of weight loss in the cancer patient.

This

muscle catabolism is related to the metabolic processes
in tumor cells which differ from normal cells.

Tumor

cells derive most of their energy from metabolism of
glucose to lactate (Cori cycle) rather than metabolism to
glucose and water (Krebs cycle) (10).

In certain

cancers, tumors may obstruct portions of the alimentary
tract, and the mere presence of a malignancy can reduce
nutrient ingestion (63).

The treatment modalities for cancer include
chemotherapy, radiation therapy, and surgery.

Using

these treatments is necessary but they do have several
nutritionally depleting side effects; e.g., anorexia,
taste abnormalities, disruption of ingestion and
absorption of nutrients through the gastrointestinal
tract, early satiety, stomatitis, enteritis, nausea,
vomiting, and diarrhea (10, 63, 66, 145, 166, 180).

All

of these symptoms can induce malnutrition and adversely
affect the hospital course by creating morbidity and
mortality.

Other consequences of malnutrition of the cancer
patient include poor wound healing, wound dehiscence,
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prolonged ileuB, metabolic and hormonal abnormalities,
extended hospitalization, and a generally poorer
prognosis (63, 166).

Nutritional Assessment of the Cancer Patient
and Indications for Nutritional Therapy

The clinical and laboratory tests to assess the
nutritional status of the cancer patient are the same as
for other hospitalized patients.

Nutritional assessment

of the cancer patient is an important step in evaluating
the patient•s nutritional status. in selecting the
appropriate nutritional therapy, and in monitoring the
patient•s response to therapy (63).

Several investigators have correlated weight
loss or gain with treatment response.

Copeland,

et al. (59), reported a correlation between weight gain
and increased tumor regression among chemotherapy
patients.

DeWys, et al. (67), found that median survival

was substantially shorter for patients who had lost
weight than those who had not.

These investigators also

reported a correlation between weight loss and reduced
performance status for patients with most tumor types.
Research has shown that the degree of weight loss was a

~1

'
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. more accurate .predictor of death in lung cancer patients
than were performance status, tumor histology, and type
of chemotherapy (101).

In addition to using weight as an index, several
investigators have used anthropometric and biochemical
values in assessing nutritional status.

A survey of

hospitalized cancer patients was conducted by Nixon and
associates which related anthropometric and biochemical
abnormalities to survival.

Their results indicated the

real necessity for nutritional assessment.

They found

that a majority of the patients who died within the first
10 days of treatment had creatinine-height indexes and
triceps skinfold thickness values that were less than 60%
of standard, and serum albumin concentrations of 3.5 g/dl
or less (63)o

Perioperative Parenteral Nutrition

There were conflicting opinions in the
literature regarding nutritional support of the cancer
patient in general.

As research has continued, more and

more investigators are believing in TPN for oncology
patients.

Preoperative TPN in cancer patients, however,

is another area where all investigators did not agree.
Mullen, et al. (135, 170), suggested that a week or more
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of preoperative TPN can significantly reduce
postoperative morbidity and mortality in severely
malnourished cancer patients, as detected by the
prognostic nutritional index.

Several investigators did

agree with reduction of operative morbidity due to
preoperative TPN in cancer patients.

However. Holter and

Fischer (101) were unable to demonstrate any benefit from
72 hours of preoperative TPN.

Heatley and

associates (96) studied patients who had cancer of the
stomach and esophagus and found a reduction in the
incidence of postoperative wound infection after 7-10
days of preoperative TPN.

This was the only significant

benefit they found.

Thompson and associates (179) studied patients
with cancer of the gastrointestinal tract who were
nutritionally supported preoperatively and
postoperatively.

Their results were nonsupportive of

preoperative TPN since those patients that received TPN
were significantly better able to maintain body weight
than patients in control groups.

However, the rate of

major postoperative complications and mortality was not
changed by nutritional support.

In a more recent study, Muller and associates
(137) reported findings supportive of preoperative TPN.
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These investigators examined (in a controlled study) the
influence of 10 days of preoperative TPN on the
postoperative complication rate in patients with
different gastrointestinal tract cancers.

The results

were a significant reduction in the rate of postoperative
mortality and major complications in the TPN group.

Nutritional Status and Response to Chemotherapy
and Radiotherapy

Copeland, et al. (57), were the first group to
demonstrate a correlation between a patient's nutritional
status and response to chemotherapy when using TPN as an
adjunct to therapy.

In their first study of 58

nutritionally depleted patients, TPN was administered
prior to and during chemotherapy.

A better tumor

response was found in the patients who sustained an
average 8% weight gain than in patients whose weight gain
was less than 2%.

These investigators concluded that TPN

enabled them to administer chemotherapeutic agents to a
group of patients who would otherwise have been denied
adequate antitumor therapy because of fear of
complications from malnutrition and inanition.

Rickard and associates (155) studied the
effectiveness of nutritional support in 28 children with
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Stage III and .IV solid tumors.

Eighteen of the patients

received TPN for an average of 24 days.

The results of

this study were ultimately supportive of TPN but they
found that with short-term TPN (9-14 days), weight was
not satisfactorily repleted and albumin levels were not
restored.

Transferrin levels were increased

significantly, however, and an improvement in the general
well-being of the patients was reported.

In contrast.

TPN administered for a longer period of time (28 days)
supported weight gain and was associated with increased
serum albumin and transferrin to normal levels.

In another study supportive of TPN as an.adjunct
to chemotherapy, Samuels and associates (161) found that
patients receiving TPN during therapy experienced
significantly less weight loss than the control patient
who received a regular hospital diet and supplemental
glucose and saline infusions during the same therapy.
These investigators found that the administration of TPN
was not associated with an improved complete tumor
response rate.

In addition, in those patients that

received TPN, an increased number of life-threatening
infections was observed.

In some patients not receiving

TPN (because they were in the control group). the general
health status was so poor that starting chemotherapy was
unadvisable.

These investigators found that by
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administering nutritional support in these patients,
aggressive chemotherapy was made possible.

Thus, these

researchers concluded that TPN should be administered to
patients with testicular cancer (all patients in the
study had testicular cancer) and receiving certain
medications (the ones studied), only if they had
experienced significant weight loss or failed to regain
lost weight during rest periods between courses of
chemotherapy.

Radiation therapy as a treatment of malignancy
has several problems associated with nutritional status.
Patients with an already compromised nutritional state
undergoing radiation therapy can become further
nutritionally compromised with this treatment.

As

already mentioned, radiation therapy may be associated
with loss of taste, anorexia, dysphagia or nausea,
vomiting, and diarrhea secondary to radiation
enteritis (69).

Nutritional support of these patients

undergoing radiation therapy may greatly enhance their
ability to withstand therapy.

Symptoms may be relieved

by avoiding food or other oral supplements.

Copeland,

et al. (58, 60), studied 39 malnourished cancer patients
who were nutritionally supported with parenteral
nutrition and who were receiving radiation therapy to the
gastrointestinal tract.

These investigators found that
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responding patients gained significantly more weight than
those patients who did not respond to radiation therapy.
They also suggested that pretreatment TPN may be
advisable in those patients who are so severely
malnourished that radiation therapy may be unsafe.

Several investigators have found that
malnutrition limits the response to chemotherapy and that
there is the potential that nutritional repletion will
enhance the effectiveness of antitumor therapy (166).

Moertel (131) studied patients with advanced
carcinoma of the colon and rectum that were being ·treated
with a combination of 5-fluorouracil and a nitro-sourea
preparation.

The findings of this study were very

supportive of nutritional status and therapeutic
results.

An impressive and statistically significant

relationship was found between nutritional status and
,therapeutic outcome.

Response rates and therapy for

those patients who had pretreatment nutritional symptoms
or who had 10% or more "less than ideal" body weights
were one-half of those recorded for patients in better
nutritional condition.

In another study by the Easter Cooperative
Oncology Group (67), a relationship between pretreatment
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·Weight loss and a lower frequency of tumor regression
after chemotherapy was reported.

This group studied

patients with breast cancer, leukemia, colon cancer, and
non-small cell lung cancer.

The results were

statistically significant only in the breast cancer
patients.

Lanzotti and associates (121) retrospectively
studied patients with non-oat cell bronchogenic carcinoma
and found that in those patients having lost 6.5% body
weight, only the patients receiving TPN responded to
chemotherapy.

Chemotherapy medications were cyclic

bleomycin, cyclophosphamide, vincristine, methotrexate,
and 5-fluorouracil.

While there were no responders to

chemotherapy in the group receiving no TPN, 5 of the 10
patients receiving TPN had a clinical response.

There are several other studies documenting the
benefits of TPN before and during chemotherapy (10, 107,
145, 170, 180).

There are also studies, however, whose

findings do not agree with the above findings.

No

survival benefit was found to be associated with the
administration of TPN in a study by Popp and
associates (151).

These investigators studied patients

with advanced diffuse lymphoma who were being treated
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with multidrug· cyclic chemotherapy.

Other investigators

have concluded that TPN during therapy does not affect
tumor response rate (161).

The study most often cited when discussing the
benefits of TPN in cancer patients is that of Copeland,
et al. (56).

This was a large-scale retrospective study

whose findings were extremely supportive of TPN for
various types of cancer patients being treated with
either chemotherapy, radiation therapy, surgery,
supportive care. or intestinal fistula care.

Of the 406

patients these investigators studied, 175 patients
received TPP and chemotherapy.

TPN was utilized for an

average period of 22.8 days and resulted in an average
weight gairi of 5.6 pounds.

Symptoms such as diarrhea,

vomiting, and nausea were reduced, or better tolerated,
if TPN was used as an adjunct to chemotherapy.

These

investigators found a 50% or greater reduction in
measurable tumor mass in 27.8' of the patients.
Responding patients survived an average of 8.2 months,
whereas nonresponding patients survived an average of 1.9
months.

Copeland, et al. (56), admitted that not all of

the patients who received TPN became nutritionally
repleted (as documented by nutritional assessment), but
stated that the reason may have been that more time for
nutritional therapy was needed. These investigators
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.believed the importance of nutritional repletion cannot
be overestimated, but must be integrated into the overall
management of the cancer patient.

Nutritional Support Regimens

If the gastrointestinal tract is functional,
enteral alimentation is an option either as a nasogastric
tube-feeding or needle-catheter jejunostomy.

Frequently,

however, enteral alimentation causes problems such that
total parenteral nutrition, either via peripheral or
central vein, is the better alternative for nutritional
repletion.

If nutrients are administered peripherally,

called peripheral parenteral nutrition (PPN), up to 2,500
Kcal/day can be administered.

Typically, a PPN regimen

includes fat (IU fat emulsion), a 10% dextrose and 5%
amino acid solution, and the necessary quantities of
vitamins, trace minerals, and electrolytes.

Oncology

patients, especially if severely malnourished, usually
need the central route of administration.

One reason for

this is venous damage secondary to repeated venipunctures
for blood sampling or administration of
chemotherapy (101).

A central vein TPN regimen can

provide up to 4,700 calories, if necessary, using
specified amounts of fat, dextrose, and amino acids.

An

intravenous fat emulsion is used to provide calories and
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to prevent essential fatty acid deficiency.

When used in

the PPN regimen, it also has the advantage of lowering
the overall osmolarity of the solutions, thereby reducing
the potential for phlebitis (101, 108, 152, 166).

In

addition, Jeejeebhoy, et al. (108), recommended the use
of up to 50% of the nonprotein calories as fat because
this closely approximates the composition of a normal
diet (16).

Complications Associated With TPN in Cancer Patients

The complications associated with TPN in cancer
patients differ slightly from those seen in noncancer
patients.

One potential problem is that if a patient's

platelet levels become too depressed (below
20,000/mm 3 ), there is great risk of hemorrhage
following percutaneous subclavian vein catheterization.
In addition, there are high incidences of subclavian vein
and superior vena caval thrombosis observed in cancer
patients receiving TPN, possibly due to alterations in
the intrinsic clotting mechanism.

The rate of

catheter-related sepsis in cancer patients is found to be
similar to that of other patients on central vein
TPN (101).

Proponents of TPN therapy in cancer patients

strongly recommended frequent monitoring of assessment
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parameters to ensure that complications will be detected
and nutritional requirements met (63, 101).

Benefits of TPN:

The Surgical Patient

The Role of Parenteral Nutrition in the Surgical Patient

The major concern with surgical patients is
their inability to eat postoperatively, with the
potential for an extended period of time without
nutrition.

Should this be the case, somatic and visceral

protein compartments will become depleted, which can
impair wound healing, reduce resistance to infection, and
interfere with enzyme synthesis (98, 134).

It was the

opinion of several investigators that malnourished
patients (diagnosed by nutritional assessment) be
nutritionally repleted prior to major surgery due to the
potential for postoperative malnutrition (36, 98, 132,
134, 166).

In addition, physicians should be concerned

with postoperative nutritional support since there is the
potential for the same problems with malnutrition, even
in those patients who were initially well-nourished.
After major surgery, depending on the procedure,
nutritional intake may be restricted or reduced for a
prolonged period of time (36).

Buzby (36) gave the

example of a colon cancer patient needing surgery but who
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will have extensive work done before surgery, requiring
that there be no oral intake.

This patient is a

candidate for preoperative TPN.

In some cases. surgery will be postponed for a
long period of time for corrective nutritional support,
assuming the benefits of TPN outweigh the risks.
Buzby (36) suggested that the patients held back from
surgery undergo a three-step procedure:

(a) nutritional

assessment, (b) risk assessment, and (c) risk/benefit
assessment.

This procedure should be carried out by the

nutritional support team.

Mullen and associates (132) use their prognostic
nutritional index (PNI) to identify those patients who
are at risk of postoperative complications.

These

investigators found that patients prospectively
identified to be at risk for postoperative complications
(PNI > 50%) actually experienced a 6-fold increase in
complications, a 9-fold increase in major sepsis, and an
11-fold increase in mortality when compared to those
patients thought to be at low risk (PNI < 40%).

Several

other investigators supported preoperative TPN, but there
are those that disagreed as well.

The studies mentioned

earlier by Holter and Fischer and Thompson and associates
did not support preoperative TPN.

They did, however,
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indicate that nutritional assessment parameters can be
maintained or improved by intensive TPN (101, 135}.

Malnutrition and the Surgical Patient

Protein catabolism occurs following surgery,
injury, burns, or when infection is present.

When

dietary intake is inadequate, the body must depend on its
own tissues as a source of protein and calories for the
repair of injured tissue and survival of all essential
organs during the repair process (11, 166).

Bistrian and Blackburn (22) reported that "in a
survey of the protein nutrition status of all patients on
the surgical wards of an urban municipal hospital,
accepted standards indicated moderate to severe PCM in
one-half of these patients as judged by triceps skinfold
and arm muscle clrcumference measurements".

This survey

showed the inadequacy of the nutritional intake of these
patients.

In addition, these investigators pointed out

that the adequacy of nutritional intake, digestion, and
absorption during the catabolic phase has an important
influence on the duration and severity of the catabolic
state following surgery.

D ,

115

A dietary intake high in protein and nonprotein
calories is an important factor for early recovery and
for replacement of the proteins which were metabolized
from other tissues, following the catabolic phase.

It is

very important that nitrogen losses during catabolism be
replaced (11).

Several investigators believed that

although a high-protein, high-calorie diet is unable to
prevent nitrogen loss at the peak of catabolic reponse,
it can significantly reduce the negative nitrogen balance
and atrophy of the skeletal muscles (11, 103, 114,
134, 166).

During the anabolic phase of surgery,
nutritional intake is extremely important.

Muscular

strength will return when body proteins are restored.
However, without adequate dietary intake of protein
andcalories, the anabolic phase cannot occur and a
lengthy state of post-traumatic starvation results.

If

the anabolic phase is delayed, this could lead to a
decreased respiration and failure to cough, with
bronchopneumonia as the final result.

The anabolic phase

must be initiated in order for recovery from injury or
trauma (11).
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Nutritional Support for the Surgical Patient

Traditionally, glucose solutions or dextrose and
water have been administered postoperatively.

The early

studies of Gamble (90) (discussed in the Historical
Aspects section) demonstrated that glucose infusions had
a short-term protein-sparing effect.

Gamble, as well as

other investigators, have shown the protein-sparing
effects of 5% dextrose in water (D W) and the benefit
5
derived by the hospitalized patient who is unable to eat
(26, 90. 113).

Studies by Blackburn, et al. (22, 26),
demonstrated the problems, however, that are inherent in
using n

w postoperatively

5

for more than 4 days.

The

goal of any nutritional support is to create a positive
nitrogen balance so wound healing will be accelerated,
along with an increased resistance to infection, with no
interference of enzyme and plasma protein synthesis.

w is used as the sole means of nutritional
5
support, studies have shown a persistently negative

When n

w infusions with
5
nitrogen losses ranging from 8-12 gm/day. These
nitrogen balance during 7.5 days of n

investigators used a 3.5% amino acid solution instead of

n w and showed that nitrogen losses were significantly
5
reduced (26).
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The major problem surgical patients have, if
they are unable to eat postoperatively, is that of simple
starvation.

Even when n

w infusions

5

are administered,

patients can only get up to approximately 600 calories
per day.

As already discussed, the metabolic response to

the catabolic phase demands more energy than in normal
circumstances.

The reference male of 70 kilograms has a

minimum metabolic requirement of 2,000 calories per day.
If only 600 calories per day are being provided, the
deficit will be made up for, or, as Kaminski says, "the
energy bill will be paid," by utilizing the protein
compartments of the body for energy (98, 113, 114).

As a

result of this set of circumstances, wound healing will
be impaired and the ability to resist infection will be
compromised, possibly leading to postoperative
complications and prolonged convalescence {22, 26, 98,
99, 132).

This is referred to as iatrogenic malnutrition

(98, 103, 114).

Nutritional Support Regimens

To circumvent these potential malnutrition
problems, nutritional support, either peripheral
protein-sparing or TPN (if starvation is prolonged for
more than 7-10 days), is necessary (26, 98).

Peripheral

protein-sparing therapy is indicated for well-nourished
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·patients who wlll be unable to eat for 3-10 days.
Isotonic amino acids (3.5%) are used and 5% glucose may
be given concomitantly (98, 117).

The protein

requirement is 1.0-1.5 gm/kg ideal body weight per day
plus electrolytes, vitamins, and minerals.
Protein-sparing is not recommended in septic, renal
failure, or hepatic failure patients.

TPN is used, (if

enteral feeding is not feasible), in those patients who
were initially malnourished and need lean body mass
restored.

TPN will provide the required calories for

maintenance or anabolism, as well as the required
nitrogen.

A final concentration of 3.5-5.0% amino acids

is used with 20-30% dextrose plus the required
electrolytes, vitamins, and minerals.

TPN in renal or

hepatic failure patients will be special formulations
specific to the disease (98).

Benefits of TPN:

The Renal Patient

Role of Parenteral Nutrition in the Renal Patient

Renal patients require special attention because
their nutritional status is frequently compromised and
their ability to eat or take oral supplements is often
impaired.

Acute renal failure frequently develops during

severe illness or injury where the patient becomes
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hypercatabolic· and has increased nutrient requirements at
the same time as having protein and fluid intolerance.
Chronic renal failure patients may also have an inability
to take oral supplements or eat when a serious
intercurrent illness develops.

Thus, nutrition

requirements are not being met (166).

Because there are many metabolic disorders in
kidney disease, those patients requiring enteral or
parenteral nutritional support need specially formulated
solutions that are modified to take into account the
metabolic changes associated with impaired renal
function.

In addition. these solutions must be specially

formulated to meet the nutritional demands imposed by
renal failure peritoneal dialysis or hemodialysis
(117, 166).

Nutritional Status of the Renal Patient

Renal failure causes a syndrome referred to as
the uremic syndrome or uremia.

This syndrome is a

complex disorder where patients experience a variety of
metabolic changes, as well as nutritional symptoms,
including loss of appetite, nausea, vomiting. diarrhea,
and fatigue (118).

Many toxic metabolic products

accumulate in renal failure that are normally excreted by
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the kidney; particularly those that are derived from
amino acids and protein.

Most toxic metabolites

accumulate as the result of decreased excretion although
enhanced synthesis or impaired degradation by the
diseased kidney or other organs may play a role (119).

The most important metabolite of nitrogen
metabolism is urea because the net quantity of urea
produced each day by a stable uremic patient contains an
amount of nitrogen equal to about 85-90% of the daily
nitrogen intake (117, 119).

There are other important

end products of nitrogen metabolism, but. for the
purposes of this project, it is not necessary that they
be discussed.

Another metabolic change is impaired

carbohydrate metabolism.

Changes in gastrointestinal

function are also frequently seen in renal disease.

Nutritional support is very important in the
renal patient, especially when there is treatment with
hemodialysis or peritoneal dialysis.

Decreases of uremic

toxins in the blood can occur with dialysis alone.
However, diet therapy is frequently needed, whether it be
enteral or parenteral, to help ameliorate the many
clinical and metabolic disorders that may occur during
kidney disease (117).
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Nutritional

As~essment

of the Renal Patient

It is important to conduct frequent nutritional
assessments in renal patients.

A poor dietary intake can

contribute to wasting of the kidney failure patient.
Many factors contribute, in addition to diet, to the
patient's general wasting as is evidenced by impaired
anthropometric and biochemical values derived from
nutritional assessment.

Dietary deficiencies are

exacerbated by the dialysis process.

During dialysis,

free amino acids, peptides, and bound amino acids are
removed, as well as glucose, water soluble vitamins, and
other bioactive compounds (117, 184).

Thus, it ii

important that the nutritional requirements during renal
failure and dialysis be met.

Nutritional assessment

should indicate what type of nutritional support is
necessary.

According to Koppel (117), nutritional
assessment of the renal patient should include those
parameters of Blackburn's Nutritional Metabolic Index, as
well as the following parameters:

(a) net protein

breakdown; (b) creatinine and urea clearance; (c) serum
sodium, potassium, chloride, and bicarbonate levels;
(d) serum calcium, phosphorus, and magnesium levels;
(e) fasting blood glucose, serum triglycerides,
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·cholesterol, and high-density lipoprotein;
(f) radiographic skeletal survey; and (g) dietary
intake (117).

Nutritional Requirements of the Renal Failure Patient

Nutrition therapy for renal patients must be
individualized since the nutritional needs will vary
depending on the severity of disease and malnutrition and
the use of dialysis (117, 118).

The renal patient

requires specific amounts of protein, usually higher
quantities of carbohydrates and fats so that positive
nitrogen balance can be obtained, specified amounts of
sodium and water, and the necessary vitamins and minerals.

With the build-up of toxic nitrogen end
products, the quantity and quality of protein ingested is
extremely important; it must maximize protein utilization
and minimize urea production.

Renal failure patients

need the majority of protein provided to be high
biological value protein, as indicated in the
Giordano-Giovanetti diet.

This diet consists of low

protein but contains a high percentage of essential amino
acids, along with adequate calories (98, 117, 118, 166,
184).

Several investigators have used this diet as a

basis for providing parenteral nutritional support.
. i
I
I
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Parenteral solutions of essential amino acids plus small
quantities of arginine and histidine are available for
use in hospitalized renal failure patients.

Wilmore and Dudrick (184) were the first
investigators to use the principles of the
Giordano-Giovanetti diet with parenteral nutrition in
studying acute renal failure patients.

They found that

patients gained weight, wounds healed, and positive
nitrogen balance was obtained, while blood urea nitrogen
levels remained stable.

These investigators used this

renal failure formula again to study 10 patients with
acute and chronic renal failure.

They found a greater

than 50% reduction of blood urea nitrogen in all
10 patients, which was enough so the need for dialysis
was either decreased or eliminated (73).

Nutritional Support for the Renal Patient

The goal of nutritional therapy in patients with
renal failure is to ensure that morbidity and mortality
are not increased by attending to nutritional
requirements and to help correct the metabolic disorders
which are a result of kidney disease (117).
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There' were several studies supportive of
parenteral nutrition therapy with essential amino acids
and hypertonic glucose (50-70% concentration) in acute
renal failure patients {4, 5, 73, 184).

Feinstein and

associates (73) studied 30 patients with acute renal
failure and evaluated the clinical and metabolic effects
of parenteral nutrition with three different isocaloric
regimens:

glucose alone; glucose and 21.0 or 21.2 grams

of essential amino acids; and 20.9 grams of nonessential
amino acids.

Their findings suggested that renal failure

patients who are unable to have an adequate dietary
intake are frequently hypercatabolic and have a high
mortality.

They found that patients who had improved

survival had higher energy intakes.

Despite these higher

energy intakes, many patients were still in negative
nitrogen balance.

Feinstein, et al. (73), concluded that

larger quantities of calories and nitrogen in the form of
essential and nonessential amino acids are needed to
counterbalance or reduce the catabolic effects of renal
disease and/or enhance protein synthesis.

Blumenkrantz and Kopple (33) agreed with the
findings of Feinstein in that they prefer to use
parenteral solutions of equal amounts of essential and
nonessential amino acids providing about 40-42.5 gm/day
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of protein in
imbalance.

~ontrolling

uremic symptoms and fluid

Dialysis is frequent with these patients (33).

Nutritional Support Regimens

A typical parenteral nutrition regimen for acute
renal failure patients for whom dialysis is undesirable
would be a solution of 500 ml of 70% glucose and 250 or
300 ml of a 5.4% or 5.6% essential amino acid solution,
providing 1190 Kcal and 14-15.7 gm of protein.

The

volume of solution prescribed depends on the calorie and
protein requirements and fluid status of the patient (12,
166).

For the chronic renal failure patient receiving

dialysis, the typical regimen is 500 ml of 70% glucose
with 250 ml of 8.5% or 10% (depending on protein needs)
solution of essential and nonessential amino acids
providing 1190 Kcal and 22.8-25 grams of protein (12,
117, 166).

Benefits of TPN:

The Gastrointestinal Patient

Role of Parenteral Nutritional Support in the
Gastrointestinal Patient

The gastrointestinal patient (patients with
impaired gastrointestinal tracts) is probably the most
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common patient' type to have parenteral nutritional
support.

Many patient types, however, have impaired

gastrointestinal tracts due to the severity of a certain
illness.

When the gastrointestinal tract becomes

impaired and normal alimentation can no longer be
maintained, the patient is at risk for developing protein
and calorie malnutrition.

Symptoms of gastrointestinal

dysfunction are similar to those seen in cancer,
including nausea, vomiting, diarrhea, and abdominal
pain.

These symptoms will eventually lead to anorexia

and decreased food intake.

When the gastrointestinal

tract becomes impaired, it is likely that digestion and
absorption will also be impaired resulting in
malabsorption and increased nutrient loss from the
intestine (159).

The reasons for implementing parenteral
nutrition in the gastrointestinal patient are to allow
total bowel rest, to restore or maintain adequate
nutrient composition, and to provide nutritional support
for malnourished patients during diagnostic evaluation
and preparation for surgery.

Total bowel rest, or the

complete elimination of enteral alimentation, is often
required for the closure of gastrointestinal fistulas and
the resolution of Chron's disease and other inflammatory
conditions with the administration of parenteral
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nutritional solutions.

Irritation of inflamed tissue is

minimized since digestive and absorptive functions are
temporarily suspended and the nutrients necessary for
tissue healing and regeneration are still being provided
(75, 159).

Thus, symptoms will be relieved and the

healing process can be promoted.·

The same philosophy of "if the gut works, use
it" applies to gastrointestinal patients.

Enteral

feeding is sometimes appropriate and well tolerated.
However, in the majority of patients needing complete
bowel rest and whose nutritional status has been severely
compromised, intravenous nutritional support is necessary
to maintain or restore adequate nutritional status.

There are several examples of gastrointestinal
disorders that may require nutritional support, including
inflammatory bowel disease, particularly Chron's disease,
severe radiation enteritis, intestinal obstruction,
intractable sprue, acute hemorrhagic pancreatitis,
enterocutaneous fistulas, and short bowel syndrome (159).

Malnutrition and the Gastrointestinal Patient

There are several causes of malnutrition in the
gastrointestinal patient.

Usually there is decreased
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·oral intake caused by anorexia, nausea, vomiting,
obstruction, abdominal pain, diarrhea, and restrictive
diets.

There is gastrointestinal loss due to

protein-losing enteropathy, bleeding, and electrolytes,
minerals, and zinc lost.

In addition, there is

malabsorption due to pancreatic or intestinal dysfunction
and drug-induced malabsorption.

There is also an

increased nutritional requirement caused by fever,
infection, corticosteroid therapy, or the presence of
active inflammation (159).

There is severe impact on the gastrointestinal
tract once malnutrition has occurred.

The

gastrointestinal tract becomes markedly thinner and there
is loss of both muscular and mucosal components.

The

absorptive surface of the villi is significantly
decreased due to the shortening of the mucosal villi and
there is loss of activity of brush-border enzymes.

Also,

gastric motility becomes decreased with an increase in
small-bowel transit time.

Overall. the result is early

satiety with rapid transit and increased malabsorption.
If malnutrition is severe, malabsorptlon becomes much
worse due to a loss of hydrochloric acid secretion by the
stomach and the possibility of bacterial overgrowth in
the stomach and small bowel (92).

Therefore,

malnutrition induced by gastrointestinal disorders can

'
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and usually d6 lead to weight loss, anemia, protein
depletion, and vitamin and mineral deficiencies.

In

children, severe malnutrition can lead to growth
retardation (159).

Nutritional Assessment of the Gastrointestinal Patient

The nutritional assessment of the
gastrointestinal patient is similar to that of other
patient types.

Rosenberg (159) recommended that the

assessment include a thorough diet history with changes
from premorbid weight; a physical exam looking for signs
of weight loss, muscle wasting, and vitamin and mineral
deficiencies; anthropometric and biochemical
measurements; and laboratory measurements for estimation
of protein and micronutr.ient status.

Nutritional Support of Patients with
Gastrointestinal Fistulas

The goal of nutritional support in
gastrointestinal patients with fistulas is to prevent
mortality by controlling fluid and electrolyte
disturbances, sepsis, and malnutrition.

Several studies

were supportive of parenteral nutrition therapy due to
its significant value in management of these patients.
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In a series of· patients studied by Soeters and
associates (173), mortality rates ranged from 15-60% in
patients with no nutritional support versus 8-29% for
patients receiving TPN.

Several other investigators have

found that nutritional support is beneficial to
gastrointestinal fistula patients.

Mortality was

decreased by 2 to 4-fold and there was a 2-fold increase
in the overall rate of fistula closure in patients
receiving TPN (166).

Parenteral nutrition is of real value to this
type of patient because of the malabsorption problems
that exist with oral intake.

If oral intake or

tube-feedings are not absorbed properly, fistulous output
is increased causing further fluid and electrolyte
disturbances and impairing wound healing.

Thus, TPN is

prescribed to avoid malnutrition, stimulate wound
healing, improve immune competence, and increase
resistance to infection.

The goal of therapy is to allow

the inflammatory process within the abdomen to subside
and to promote spontaneous closure of the fistula (159,
166).

However, nutritional therapy should be instituted

in the patient who is still in need of surgical repair if
fistulas remain unclosed.

Reported mortality rates have

been up to 47% in those patients given no nutritional
support prior to surgery for fistula closure (100).

131

Silberman, et al. (167), studied 35 fistulas (where
patients received TPN) for a period of 4 years and found
a spontaneous closure rate of 51%; a successful operative
closure rate of 14.3%; an overall closure rate of 65.3%;
and a mortality rate of 29%.

In Chron's disease patients, the long-term
benefits of TPN and bowel rest have not been
substantially documented.

TPN therapy, however, has

proved to be effective for relief of symptoms,
nutritional repletion, and decreased fistula
drainage (159).

Nutritional Support of Patients With Short Bowel Syndrome

Short bowel syndrome patients have lost up to
70-75% of the small intestine due to several problems in
gastrointestinal function, including Chron's disease,
radiation enteritis, malignancy, or trauma.

Once

resection has occurred, the resultant diarrhea caused by
fluid and electrolyte imbalances, as well as
protein-calorie malnutrition, can be
life-threatening (166).

TPN has, in large part, changed the management
and prognosis of the severe short bowel syndrome
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·patient.

Adequate oral nutrition can usually not be

maintained because of extensive loss of bowel and/or
presence of continuing disease.

Thus, TPN is vital for

achieving and maintaining a normal nutritional status.
Once the patient has been stabilized and nutritional
status is favorable, TPN and enteral feedings can
continue at home.

Home TPN (available for several years)

allows the patient to continue to lead a normal life
while still being maintained with intravenous nutrition
therapy (159).

Nutritional Management of Patients With
Inflammatory Bowel Disease

There are several nutritional deficiencies seen
in patients with inflammatory bowel disease caused by
inadequate oral intake, malabsorption, protein-losing
enteropathy, and increased metabolic demands.

As a

result, patients experience significant weight loss,
anemia, vitamin and mineral deficiencies, and depressed
levels of visceral protein.

Therefore, when enteral

nutrition is inappropriate, TPN is advisable to maintain
or restore nutritional status (50, 166).

Several studies have shown that nutritional
status is improved in the majority of patients with
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inflammatory bowel disease receiving TPN (50, 136, 157).
The objective in treating these patients with TPN (in
addition to the nutritional benefits) is to reduce the
risk of subsequently required surgery (50, 166).

Rombeau

and associates (157) found that patients who received
preoperative TPN for at least 5 days had significantly
fewer postoperative complications than those patients who
did not receive such treatment.

As with other gastrointestinal disorders, bowel
rest is an objective of treatment.

TPN will allow

complete bowel rest while maintaining or restoring
nutritional status.

The benefits of this treatment have

been studied but have not been fully substantiated by
long-term controlled, prospective studies (166).

There

have been several retrospective studies with Chron's
disease patients and ulceractive colitis patients,
documenting the success of this treatment where there has
been prolonged clinical remission. and clinical
improvement which prolongs or makes surgery unnecessary
(70, 136, 166}.
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Parenteral Nutrition Regimen for Patients
With Gastrointestinal Disorders

A balanced parenteral nutrition regimen should
be provided, including carbohydrates, fat, protein,vitamins, minerals, and trace elements.

Calorie

requirements will be individual depending on whether
weight maintenance or weight gain is the goal.

Weight

maintenance regimens provide 30-35 Kcal/kg of IBW, while
weight gain regimens will provide 40-45 Kcal/kg IBW.
Calorie requirements may even be higher if other
conditions arise such as sepsis, excessive fistula
drainage, or other hypercatabolic states.

Up to

2.0 gm/kg of IBW of protein may be needed to promote
positive nitrpgen balance.

Usually 1.0-1.75 gm/kg of IBW

of amino acids plus enough nonprotein calories will
provide positive nitrogen balance.

Fat, as 35-60% of the

nonprotein calories, is provided to ensure a balanced
parenteral diet.

The necessary vitamins, minerals, and

trace elements are also provided in the required
amounts (159).
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Benefits of TPN:

Liver Disease Patients

Role of Parenteral Nutrition in the
Patient With Liver Disease

Liver disease patients present special problems
since the liver is the metabolic center of the body and
plays a crucial role in the regulation, processing, and
storage of carbohydrates, protein, fats, vitamins, and
minerals.

Liver disease can cause abnormalities in

nutrient digestion and absorption which, if untreated,
can lead to protein-calorie malnutrition.

Malnutrition

in liver disease is a result of poor or inadequate
dietary intake, abnormal nutrient absorption and
digestion, decreased nutrient storage, and abnormal
metabolism.

According to Spiro, poor dietary intake is

the greatest factor leading to malnutrition, yet is the
factor most amenable to therapy (175).

The major problem in nutritionally supporting
hepatic failure patients is there is usually protein
intolerance due to the accumulation of nitrogenous end
products which results in encephalopathy (144).

Patients

will usually tolerate and benefit from
specially-formulated enteral preparations.

If, however,

symptoms such as anorexia, nausea, and vomiting persist
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or the patient' is unable to utilize enteral feedings due
to other conditions, parenteral nutrition support is an
alternative to protect or restore nutritional status.

Parenteral Nutrition Management of Liver Disease

The primary goal in the nutrition treatment of
hepatic failure patients is to maximize liver
regeneration and to avoid potential complications.

When

encephalopathy is not a problem, or if it is only mild to
moderate, patients will tolerate the standard amino acid
preparations, provided that protein is limited to
50-60 grams of amino acids per day.

It is also necessary

that a hypertonic glucose solution (70% glucose) be used
to provide enough calories.

The regimen is similar to

that of renal failure patients.

Two units at 500 ml of a

70% glucose solution with 250 ml of a 10% amino acid
solution will provide nearly 2,400 nonprotein calories
and 50 grams of amino acids (166).

Another regimen has been proposed for those
patients with severe hepatic failure and encephalopathy.
Fischer and associates (82) have shown that a solution
consisting primarily of the branched-chain amino acids
(37%, 42%, or 50% of the total amino acid content)
supports improvement of encephalopathy.

According to
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Fischer and Bower, this high-branched formulation
improves encephalopathy by (a) "promoting protein
synthesis in muscle, (b) enhancing the uptake of aromatic
amino acids by muscle, (c) preventing the efflux of
aromatic amino acids from muscle, (d) reducing
intracerebral aromatic amino acid levels by competing
directly for transport across the blood-brain barrier,
and (e) increasing hepatic protein synthesis."

The

findings of Fischer's study did show benefit to
encephalopathic patients using this specific
formulation.

According to Spiro (175}, some

investigators believed that there were insufficient data
to support the widespread use of this treatment (175).

Nutritional assessment of the hepatic failure
patient is similar to that of other patient types.

Some

parameters may be difficult to assess, however, if the
patient has encephalopathy or is in a coma.

Benefits of TPN:

The Metabolically Stressed Patient

The Role of Parenteral Nutrition in Metabolic Stress

Stress categories include elective general
surgery, multiple skeletal trauma, blunt trauma, mild
infection, severe infection, and thermal injury.

The

138

different categories of stress according to Cerra, as
well as the specific metabolic changes during stress,
have been outlined previously in the section "Metabolic
Changes During Stress."

Thus, this section on the

metabolically stressed patient will be devoted to
nutritional management.

Nutritional Management of the Metabolically
Stressed Patient

As previously identified, the stress patient has
special nutritional needs due to many metabolic and
hormonal aberrations caused by stress.

The goals of

nutritional support for the stress patient are similar to
those of other patient types; the prevention and
restoration of nutritional deficits as a means of
improving overall prognosis (41, 42, 143).

Nutritional

regimens must provide adequate calories to satisfy energy
requirements, restore body tissues and their functions,
and maintain optimal levels of fatty acids, vitamins,
minerals, fluid, and electrolytes (42, 43).

According to Cerra (43), the nutritional
management of the trauma patient is a two-step process:
(a) the administration of a nutritional regimen designed
to meet the specific metabolic demands of the stress
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patient; and (b) after the stress response abates and
metabolism patterns resemble those of starvation, a
standard nutritional support regimen, derived from
starvation requirements, should be implemented.

The

stress patient's nutritional needs differ from the
nutritional needs of a patient suffering from
starvation.

Therefore, it is important that this

two-step process takes place.

Enteral nutrition support formulas usually
cannot provide adequate calories and nitrogen to satisfy
the metabolic demands of the stress patient.

Thus,

parenteral formulations are used so that requirements can
be met and so they can be adjusted to metabolic changes
(because they are prepared daily).

This is important

because as the degree of stress increases. so does the
intensity of associated metabolic responses (42).

The requirements of carbohydrate, fat, and
protein change as the degree of stress changes.
Requirements for fat and amino acids increase as the
level of stress increases, while the requirement for
glucose decreases.

In severe stress, however,

triglyceride intolerance will eventually develop (42, 43).
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Specifically, the goals of nutritional support
in patients under metabolic stress, according to
Cerra (42), are "(a) to promote the end-organ responses
of nitrogen retention, (b) to preserve lean body mass,
(c) to support hepatic protein synthesis and total body
protein synthesis, and (d) to foster immune competenceu.
It is very important that the right combination of
metabolic fuel be given as stress progesses, in order to
attain these goals and prevent potentially serious
complications.

Thus, the regimen for a nonstress

starving patient would be extremely inappropriate for the
septic stress patient.

If the inappropriate regimen is

administered, serious complications could result
including hepatic steatosis, cholestasis, pulmonary
failure, and problems in fluid and electrolyte balance
due to a hyperosmolar state.

If the appropriate

nutrients are supplied to the stressed patient, the
potential for complications is reduced and the goals of
nutritional support are usually reached (42).

One important nutritional difference between the
nonstressed patient and the stress patient is the
requirements for branched-chain amino acids (BCAAs).
Several studies have shown increased need for leucine,
isoleucine, and valine in high-level stress patients.
These investigators have shown that the level of BCAA
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concentrations· is low in the initial phase of stress, but
as the patient's condition advances toward death, there
is a gradual increase.

The increasing demand for BCAA,

as oxidative substrate, has been documented (31, 42, 43,
44, 88).

Thus, the significance of BCAAs during stress

is that they are a direct and indirect energy source.
They are direct because they act as an immediate energy
source for peripheral muscle, and indirect since they are
converted to glucose or to ketone bodies for systemic
ener.gy source (154).

Thus, muscle remains the primary

source of energy substrate throughout the stress
response (80).

The appropriate dosage of BCAAs and

nonprotein calories has a protein-sparing effect and
supports hepatic protein synthesis more effectively (42).

According to Cerra (42), recent studies
indicated "when supplied in correct amounts and in the
company of appropriate quantities of other nutrients.
BCAA-enriched solutions achieved effects that were
unattainable with standard amino acid formulas."
further suggested that:

Cerra

(a) uhigh doses of BCAAs should

be administered as part of a balanced formula of amino
acids since the distinction between essential and
nonessential amino acids during stress metabolism is not
clear and (b) adequate quantities of nonprotein calories,
supplied as glucose and fat, should be given
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. concurrently"..

Before specialized formulas are used, the

severity of stress must be estimated using nitrogen loss
as a primary indicator.

Patients whose urinary nitrogen

excretion rate exceeds 6-8 gm/day are candidates for
BCAA-enriched regimens (42, 43, 154).

Parenteral Nutrition Support Regimens for
the Metabolically Stressed Patient

Moderately stressed patients (usually at level 2
on Cerra's stress stratification chart) should receive a
total daily intake of:

BCAA-enriched formula

1,500 ml

Dextrose

40%

1,000 ml

Fat

10%

500 ml

This regimen provides:

Water

3,000 ml

Calories

2,330 Kcal

Nitrogen

16.5 g

Protein

105 g

'

1

•
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The caloric contribution is:

Amino Acids

18%

Carbohydrates

58%

Fat

24%

The severely stressed patient, usually at level 3 or 4 on
Cerra's chart. should receive a total daily intake of:

BCAA-enriched formula

2,000 ml

Dextrose

70%

500 ml

Fat

20%

500 ml

This regimen provides:

Water

3,000 ml

Calories

2,750 Kcal

Nitrogen

22 g

Protein

140 g

The caloric contribution is:

Amino Acids

20%

Carbohydrates

44%

Fat

36%
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·These values ace based on the requirements of a 70 kg
adult.

The appropriate quantities of electrolytes,

vitamins, and trace minerals should be added in accordance
with patient needs as determined by regular clinical and
laboratory monitoring (as indicated by nutritional
assessment).

This regimen is not applicable to patients in

late-level 3 septic stress when hypertriglyceridemice
contraindicates use of intravenous fat (154).
Benefits of TPN:

The Infant Patient

Role of Parenteral Nutrition in the Infant

Infants requiring nutritional support are
distinguised from their adult counterpart in that they pose
a separate and often much more complex therapeutic
problem.

Infants whose nutritional needs are not met can

rapidly develop protein-calorie malnutrition (PCM) due to
the substantial nutritional demands imposed by rapid growth
and development.

The preterm infant is especially at risk

of developing PCM if nutritional needs are not met since
their metabolic rate is very high (nearly three times that
of the adult) and caloric reserves are low (61, 124, 127).

The indications for parenteral nutrition support
of the infant are:

(a) 4 or 5 days without adequate oral

nutrition; (b) major anomalies of the gastrointestinal
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tract that usU'ally require surgical treatment; (c) chronic
intractable diarrhea of nonspecific origin; and (d) low
birth weight.

In those infants requiring surgery due to

anomalies of the gastrointestinal tract, parenteral
nutrition support will restore and maintain adequate
nutrition so that corrective surgery does not jeopardize
nutritional status (61).

Patients with chronic intractable diarrhea usually
do not respond to any type of enteral feeding.

Heird and

associates (97) recommended prolonged periods of "bowel
rest" because this appears to disrupt the cyclical
degenerative process that is usually associated with this
disorder.

Malnutrition in an infant with this disorder is

caused by the absence of essential nutrientsbeing
absorbed.

In addition, exacerbation of the disorder is

seen since there are resultant deficiencies of amino acids,
calories, vitamins, and minerals caused by malabsorption
which, in turn, causes adverse changes in the mucosa,
flora, and motility of the gastrointestinal tract (61, 124).

Enteral feedings are frequentli contraindicated in
low birth weight infants.

Although these infants usually

have an intact and functioning gastrointestinal tract,
regurgitation is a major problem when enteral feedings are
given.

Parenteral nutrition support is especially crucial
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· in this case since prolonged malnutrition during the
postnatal period could result in permanent deficits in
brain cell numbers and the total brain content of essential
lipids could be decreased (61, 84).

In addition to parenteral nutrition regimens,
there are also indications for combined parenteral and
enteral nutrition regimens when some nutrients can be
digested and absorbed by the gastrointestinal tract, but
additional nutrients provided by TPN are still needed for
normal growth and development.

In most cases, this

combination regimen is used when the patient is "weaned"
from TPN to complete enteral nutrition (61).

The combination regimen is used in certain
circumstances as the only form of therapy.

Apparently,

prbduction of specific intestinal enzymes is dependent upon
gastrointestinal absorption, thus. the necessity for some
nutrients provided enterally (if possible).

Those patients

for whom this parenteral and enteral regimen is indicated
are:

(a) infants of low birth weight whose

gastrointestinal tracts can tolerate limited stimulation,
and (b) patients with short-gut syndrome.

In any case, as

tolerance level for enteral nutrition increases, there is a
proportionately decreased need for nutrients supplied
parenterally (61).
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Nutritional Requirements of the Infant

Many early studies in nutrition documented the
nutritional needs of infants and how these needs
substantially differ from children, adolescents, and
adults.

Infants' needs are drastically different because

of their metabolic rate and body composition.

The calorie

needs of a normal infant up to 1 year range from 90-120
Kcal/kg IBW.

The water requirements of a 3 kg infant are

220 gm/kg IBW versus 90 gm/kg IBW for a 70 kg adult.
Protein requirements range from 2.0-3.5 gm/kg IBW in
infancy.

In addition to the eight essential amino acids

for adults, histidine is required in the infant. as well as
tyrosine and cystine in the premature infant.

Vitamin and

mineral requirements also differ substantially from the
adult (61, 124).

Although metabolic response of the infant during
the stress period imposed by surgery is basically the same
as an adult's, there are two important differences:
(a) each postsurgical phase is usually shorter in the
infant, and (b) due to the negative phosphorus balance
associated with phase 1, the requirement for it is
substantially higher in the infant due to the demands of a
rapidly-growing skeleton (61).

As in the adult, an

increase in calories is necessary to maintain or restore
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·nutritional status in the infant.

The calorie to nitrogen

ratio, which is usually 150:1 in both the normal
nonstressed infant and adult, can be up to 285:1 in the
surgically stressed infant (61, 97).

Nutritional Assessment of the Infant Patient

The purpose of nutritional assessment in the
infant is to (a) detect protein-calorie

malnutritio~

in

hospitalized infants so that nutritional support can be
implemented and (b) to identify those known to be at risk
the development of malnutrition.

The major goal of

nutritional assessment is to prevent nutrition-related
morbidity and mortality.

According to Cooper and

Heird (55), biochemical indices of nutritional status,
especially those that measure concentrations of vitamins
and minerals, are likely to be affected earlier than
anthropometric indices.

These investigators believed that

because anthropometric measurements based upon weight,
height, and age were developed for the nutritional
screening of populations in developing countries, their use
in diagnosing malnutrition in an individual child is not
necessarily valid (especially since there have been no
studies to confirm validation by correlation with adverse
clinical outcome).

In addition, other anthropometric

measurements such as triceps skinfold thickness, mid-arm
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circumference; mid-arm circumference/head circumference
ratio, and arm-muscle circumference have not proved useful
in infants (55).

In the infant, biochemical indices of nutritional
status are better indicators of malnutrition in the
hospital setting.

However, no single test, including

anthropometric measurements, biochemical tests,
immunological tests, or a combination of tests, is ideal.
Cooper and Heird (55) believed that these tests and
analyses are of little use to the clinician unless their
relationship to the actual outcome of the patient is
known.

Clinical judgment apparently can provide this type

of analysis, and it has been found to be no less reliable
in predicting outcome than many of the commonly-used
objective tests.

Clinical judgment, however, may on

occasion be very misleading; thus, the need for more
sensitive~

specific indicators of protein-calorie

.malnutrition still exists in some cases.

Parenteral Nutrition Regimens for the Infant

Once it is noted that an infant will not tolerate
enteral nutrition, parenteral nutrition should be initiated
immediately due to the potential problems resulting from
malnutrition.

A positive nitrogen balance with weight

"

'
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· stabilization

~r

weight gain is the nutritionai goal for

infants by the 5th to 7th day postpartum.

Parenteral

nutrition, either peripherally administered or central
venously administered, can accomplish this goal.
Peripheral parenteral nutrition requires peripheral vein
access which may be limited in the 1,000 g or less neonate,
necessitating central vein parenteral nutrition (61, 147).

In the neonate, TPN can be divided into two
phases.

Phase I is the period of initial adjustment and

increasing tolerance to the administered solutions.

During

this period, the glucose and lipid load should be gradually
increased until sufficient energy is provided or until
other factors, such as volume of fluid tolerated, are at a
point where no further increases are needed.

The time

required for phase I varies depending on how immature or
how stressed (due to respiratory insufficiency) the neonate
is.

Neonates with prolonged stress due to respiratory

insufficiency or infection will require a longer period for
stabilization.

Phase II represents the period in which the

infant is receiving adequate calories for weight gain and
electrolyte balance has stabilized.

Infants during this

period should gain 15-25 grams per day for optimal
progress (147).
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Protein requirements for the immature infant
varied somewhat in the literature.

Jacobs and

Lazzara (147) stated that amino acid solutions should be
administered at 1.7-2.5 gm/kg/day, or a calorie to nitrogen
ratio of approximately 300:1.

Coran (61) recommended

quantities of amino acids ranging from 2.5-3.5 gm/kg/day.
In the older, rapidly growing infant, the recommended
intake of amino acids varies from 2.5-4.0 gm/kg/day.
Protein should not be provided in excess of requirements
since additional protein offers no apparent advantage.

In

fact, it may greatly increase the incidence of metabolic
abnormalities such as azotemia, hyperammonemia, metabolic
acidosis, and hyperamino-acidemia.

Protein administration

is usually monitored by serum levels of albumin, ammonia,
and urea nitrogen (61, 147).

Glucose Solutions

Glucose is an excellent energy source since
glucose solutions provide 3.4 kilocalories per gram.

The

amount of glucose included in the regimen is determined by
the concentration of the .dextrose solution and the rate at
which it is administered.

Glucose load (and not just

glucose concentration alone) is important in planning the
daily infusion of dextrose.

The glucose load can be

calculated from the following formula:
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Glucose load

grams glucose
per ml

x volume

per
unit time

This formula is particularly useful in adjusting fluid
volumes without changing the glucose load.

For example,

if a neonate were to develop congestive heart failure
and, as a result, would need to have fluid volume
restricted, a physician could do so without altering the
glucose load (198, 202).

The glucose concentration for a

peripheral regimen should not exceed 15%, and amino acids
should not exceed 20% because of the hyperosmolarity of
the solution which could cause venous thrombosis and
inflammation.

In central vein regimens, up to a 47%

dextrose concentration has been used, but concentrations
above 30% are usually not necessary (61, 147).

Since the diet of the newborn consists of 40-50%
of the calories from dietary fat (61. 147), fat cannot be
overlooked in parenteral nutrition regimens (55, 61, 62,
147, 153).

Fat emulsions provide a very concentrated

source of calories and their use allows for carbohydrates
to be provided at levels which are well tolerated by
peripheral veins.

Since the risk for complications of

central line catheterization in the neonate are higher
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than in adults, the administration of fat allows a
high-calorie isotonic solution to be peripherally
administered (61, 147).

The administration of fat emulsions should not
be too rapid since this could produce hyperlipedemia
associated with elevated triglyceride, free fatty acids,
and lipoprotein levels.

Lipids should be started at 1.0

gm/kg/day and increased at 0.5 gm/kg/day increments (as
tolerated), up to 3.5 gm/kg/day.

Lipids are sometimes

contraindicated or not tolerated in infants undergoing
clinical deterioration from apneic spells, patent ductus
arteriosus with heart failure, infection, and in the
"small for gestational age" infant.

In addition, lipids

should not be given to neonates with significant
hyperbililrubinemia because of displacement of bilirubin
from albumin-binding sites by free fatty acids (55,
61, 147).
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A typical peripheral parenteral nutrition regimen with
fat is:

Amino acids 5%

100 ml
50 ml

D-10

Sterile H 0

100 ml

2

250

plus Fat 10%

35 ml
285 ml

This provides:

.41 Kcal/ml
.02 g protein/ml
.0.1 g glucose/ml
35 Kcal/kg/day fat

This solution provides approximately 2 g protein/kg/day
when supplied at 100 m/kg/day.

A typical central

parenteral nutrition regimen is:

Amino acids 5%
D-20

Sterile water

80 ml
100 ml
70

250 ml
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This provides:.

.736 Kcal/ml
.016 g protein/ml
0.20 g glucose/ml
plus fat 10% 35 Kcal/kg/day

This solution provides 2 g protein/kg/day when supplied
at 130 ml/kg/day (147).

Monitoring the neonate given TPN is extremely
important.

Daily measurements of body weight, volume of

urine excreted, and volumes of other body-fluid losses
should be recorded.
made daily.

Clinical observations should also be

Most other measurements should be monitored

either three times a week or once a week (61).

Benefits of TPN:

The Pregnant Patient

The Role of Parenteral Nutrition During Pregnancy

The use of TPN as a therapeutic tool in
pregnancy for promotion of fetal growth and prevention of
growth retardation is a recent development.

When there

are complications or when certain disease states exist in
pregnancy, the mother and the fetus could be precluded

{.!
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· from adequate ·nutrition.

Thus, in certain cases,

including Chron•s Disease, Inflammatory Bowel Disease,
Anorexia Nervosa, Intrauterine Growth Retardation,
Embryonal Sarcoma, Juvenile-Onset Diabetes, and
Hypermesis Gravidarum, TPN can prevent protein-calorie
nutrition which, in turn, can prevent serious
complications (128).

Pregnant patients at risk of developing PCM. or
who have PCM, are at risk of interrupting blood flow and
nutrient supply to the fetus since placental growth is
not being adequately supported.

Enteral nutrition may be

provided in the majority of these cases with the
exception of those patients whose gastrointestinal tract
is dysfunctional.

If the gastrointestinal tract is

dysfunctional, TPN is indicated to avoid the risk of
endangering fetal growth (153).

If the normal nutritional requirements for
pregnancy are not being met and there is weight loss
instead of the appropriate weight gain, TPN should be an
alternative.

The goal of nutritional support for the

pregnant patient is to reverse weight loss and promote
weight gain.

The recommended dietary caloric need during

pregnancy is from 2,100-2,700 Kcal/day.

The

administration of TPN can provide the essential nutrients

,, '
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(carbohydrates., fat, and protein) needed in the specified
amounts allowing normal fetal growth (128).

Nutritional assessment of the pregnant patient
is the same as for other patient types.

Anthropometric

and laboratory values will determine the degree of
nutritional deficits and give the physician a guideline
indicating which type of nutritional support is needed
for nutritional repletion.

Careful monitoring of the

patient for fetal development is necessary, as well as
periodic nutritional assessment (128).

CHAPTER 3

METHODOLOGY

The method employed in this project was to
complete a comprehensive literature search which included
an overview of total parenteral nutrition, nutritional
assessment, and the benefits of parenteral nutrition for
different patient types.

The result of this undertaking

was to be the development of a guidelines pamphlet which
will enable trained individuals to know and understand
nutritional assessment and which parenteral nutrition
regimen to use.

Guidelines for Parenteral Nutrition

Before a parenteral nutrition regimen is begun,
it is important that a nutritional assessment be
completed so that the type of malnutrition is identified
and so proper treatment can be selected.

This guide was

to provide information regarding classification of
malnutrition, nutritional assessment, and nutritional
support regimens (Appendix A).
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· Evaluation

In order to evaluate this project, "Guidelines
for Parenteral Nutrition" pamphlet, a short questionnaire
was developed (Appendix B).

A questionnaire was designed

to determine whether the pamphlet would be useful for
dietetic students studying Diet Therapy, dietitians in
the hospital setting, or employees of health-care
companies who manufacture parenteral nutrition solutions.

The questionnaire was to be given to people who
could have a need for such a text.

All were

professionals, including a registered dietttian who was a
member of a nutritional support team in a hospital, a
registered dietitian who was also a member of a
nutritional support team but is now employed with Ross
Laboratories in a sales capacity, an employee of Abbott
Laboratories whose title is "Nutritional Specialist,u and
another employee of Abbott Laboratories who has a
Master•s degree in education (also employed in a sales
capacity).

CHAPTER 4

RESULTS AND DISCUSSION

The pamphlet, "Guidelines for Parenteral
Nutrition," was developed after a thorough review of the
literature.

The project was presented to four

professionals in the area of nutritional support to be
read and evaluated.

All four respond.ed and all questions

were answered.

The results and comments for each question are
included below.

A determination was then

~ade

by'this

author as to whether or not the original objectives were
met.

The Need for "Nutritional Support of
the Hospitalized Patient ..

Question #1 determined if there is a perceived
use for this project "Nutritional Support of the
Hospitalized Patient--Guidelines for Parenteral
Nutrition."

All four responded "yes" to this question;

they could all see a use and a need for this project.
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Utilization of Project

Question #2 determined where the guidelines
pamphlet could be used; e.g., in a hospital setting, a
teaching institution, place of employment, or all of the
above.

The two dietitians answered that they could see
it being used in all of the above areas, but especially
in the teaching institution and the hospital setting.
These two dietitians were members of a nutritional
support team in a hospital and believe that several
departments within the hospital could use this project.
Among those mentioned were (1) dietary, (2) pharmacy, and
(3) nursing.

They saw a definite use in the teaching

institution as well (these evaluators were educated in
dietetics and interned in dietetic programs).
Nutritional assessment and support are so much a part of
dietetics practice today, it would be valuable to learn
this area prior to getting that "first job."

The other two evaluators, one a nutritional
specialist for Abbott Laboratories, and the other a
professional products specialist for Abbott Laboratories
with sales responsibilities for nutritional products,
also believed this project could be used in the hospital
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setting.

They· stated that it would be especially

valuable for them to have this project to distribute to
customers for educational purposes.

One of the primary

responsibilities of their job is to educate physicians,
dietitians, nurses, and pharmacists in the area
pertaining to the marketed products.

In addition, these

individuals stated they could use this pamphlet in their
place of employment to further educate themselves in this
area, before educating others.

Additional Information Needed

This question addressed whether additional
information need be included in a revised copy.

All

evaluators responded that the project was very thorough,
but that more specific information regarding vitamins,
minerals, and trace metals could have been included.

In

addition, those involved with the hospital setting
commented that more information regarding TPN
administration and catheterization techniques could have
been included for nursing purposes.

Lastly, all

evaluators believed that home care or home TPN could be
further addressed.
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·Interest of Using Project in
Current Place of Employment

All evaluators were very interested in using
this pamphlet in their current employment situation.

The

representatives of the health-care company said they
could use it constantly as a reference for themselves and
for when asked questions by customers.

They also said

they could use it for educating physicians, nurses, and
pharmacists.

The dietitians also believed they could use

these guidelines as a reference for themselves and to
distribute to other health-care team members.

Overall Response

The overall response to the project is very
positive, as indicated by all four evaluators.

They

commented that project is very thorough and easy to
understand.

The two health-care representatives

especially believe that it is clear and easy to
understand, even for those without a nutrition background.

Project Rating

The pamphlet was rated in all categories, by
each evaluator, as being very good to excellent.
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All evaluators stated that the organization was
excellent; each section was appropriately entitled; and
each section was consistent in providing the same
information for different areas of nutritional assessment
and support.

All evaluators expressed that the depth of
research was extensive and, therefore, excellent.

All

sections presented are thorough in their content and
referencing.

The usefulness of the guidelines pamphlet was
also rated excellent by all four evaluators.

They said

that the project would be tremendously useful for them as
a reference and for their employment situations.

Two evaluators rated the uease of reading" as
excellent and two rated it as very good.

The two

dietitians gave the excellent rating, while the two
health-care representatives gave the very good rating.

Continuity also had an excellent rating.

All

commented that the entire project read with continuity.
as each section followed in logical sequence.
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The evaluators responded to "appropriate
information being provided for conducting a nutritional
assessment and selection of therapy" as being very good
to excellent.

Those involved with a hospital setting.

said that more information could be included regarding
vitamins. minerals, and trace elements once therapy has
been selected.

All evaluators stated that they could

conduct a nutritional assessment with confidence.

Based on the above results and discussion
regarding the evaluation of this

proj~ct,

this author

believes that the objectives in doing the research have
been met.

In addition, the project appears justified

since all evaluators said they are interested in using
"Nutritional Support of the Hospitalized
Patient--Guidelines for Parenteral Nutrition."

CHAPTER 5

SUMMARY

Nutritional support of the hospitalized patient.
including nutritional assessment. peripheral or central
vein total parenteral nutrition, and careful monitoring
of the patient appears to be an integral part of
treatment for most patient types.

Disease states,

including cancer, gastrointestinal tract disorders, renal
failure. hepatic failure, those conditions caused by
metabolic stress or sepsis, and the compromised neonate
or pregnant patient all appear to benefit from total
parenteral nutrition when indicated.

The literature documents the incidence of
malnutrition in hospitalized patients and, for the most
part, supports the use of nutritional assessment and TPN
in preventing increased morbidity and mortality by
improving nutritional status.

Nutritional status and its

effects on patient outcome has been heavily researched
with results usually favorable to nutritional support of
some type.

It is necessary for trained individuals (usually
members of a Nutrition Support Team) to assume
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responsibility for the nutritional support of
hospitalized patients by seeing that nutritional needs
are met and that nutritional status is optimal.

The

consequences of nonintervention of both nutritional
assessment and nutritional support is inconsistent with
providing good patient care.

A text of this sort, as well as the guidelines
pamphlet, was designed for dietetic students and
dietitians, and can be used by employees of health-care
companies who manufacture and distribute parenteral
nutrition products.

In addition, it may prove useful for

pharmacists and nurses.

These categories of

professionals will benefit from such a project.
Specifically, they will have a comprehensive review of
nutritional support of the hospitalized patient,
inclusive of the development of parenteral nutrition; an
examination of what parenteral nutrition is; nutritional
assessment; the benefits of nutritional support and
nutritional assessment; where each is used; and the
consequences of nonintervention.

The guidelines pamphlet was designed to meet the
needs of the practicing clinician, whether it be a
dietitian, pharmacist, nurse, or physician.

In

developing this pamphlet, this author conducted a
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thorough

resea~ch

of the literature to determine what

parenteral nutrition is; what its benefits are; where it
is used; what a nutritional assessment is; and to
determine the different regimens for either a standard
patient or a disease specific patient.

The pamphlet was

also designed to condense and summarize the salient
points of "Nutritional Support of the Hospitalized
Patient.n

A questionnaire was developed so that an
evaluation of the project could be made.

This

questionnaire was designed to determine whether the
content of the project would be useful for dietetic
students, dietitians in the hospital setting, and
employees of health-care companies who manufacture
parenteral nutrition solutions.

Four professionals involved with nutritional
support and parenteral nutrition evaluated the guidelines
parophlet.

All four responded to the questionnaire and

all indicated it would be very useful for the population
for which it was designed.

Thus. the results are

favorable.

The evaluators were asked for suggestions as to
what else need be included in the pamphlet.

All
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responded by stating that it was very thorough, but home
care could have been further addressed.

In addition,

techniques on TPN administration and catheterization
could also have been further explained.

The evaluators

said more information could have been included regarding
vitamins, minerals, and trace elements.

All evaluators

had a very positive response to the overall project.

It is the opinion of this author, based on the
results of the evaluation, that the original objectives
have been met.

In conclusion, the project, "Nutritional

Support of the Hospitalized Patient--Guidelines for
Parenteral Nutrition" (with a few additions), would be
very useful for students studying dietetics, dietitians
in the hospital setting, and employees of health-care
companies who are responsible for. selling parenteral
nutrition solutions.

" '
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GUIDELINES FOR PARENTERAL NUTRITION

These guidelines were prepared for persons trained in
nutritional support to provide information regarding
classification of malnutrition, nutritional assessment,
and nutritional support regimens.

'
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Overview

Research has shown that nutritional status is
important in the prevention of increased morbidity and
mortality in the hospitalized patient; that
hyperalimentation can, for the most part, eliminate
progressive malnutrition which results from disease and
trauma; and that, once stabilized via parenteral
nutrition, a patient can be returned to sound nutritional
status, thus minimizing the patient's clinical risk.

Nutrition assessment parameters offer objective
indices (in addition to clinical observation) so that the
type of malnutrition can be diagnosed.

Once a diagnosis

is made, the nutritional support team member in charge of
selecting therapy, or the primary physician, must choose
a nutrition support regimen which will best suit the
patient's needs for maintaining or restoring nutritional
status.

Malnutrition--Classification of Types

Protein-calorie malnutrition (PCM) has been
divided into three major classifications, based on
pathogenesis and clinical findings, with the following
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International .Classification of Diseases {ICDA) codes:
marasmus (268.0), kwashiorkor-like (267), and mixed or
other disorders (17).

Until recently, these classifications were only
used to diagnose malnutrition in children in developing
countries.

It was only recently discovered that

malnutrition existed in this country and, in fact, that
up to 50% of the adult hospitalized patients are
malnourished.

Marasmus:

Protein-Calorie Malnutrition (PCM)

Marasmus is a prolonged and gradual wasting of
muscle mass and subcutaneous fat due to inadequate intake
of both protein and calories.

Visceral proteins, such as

albumin, may remain at normal levels since these
substrates are transferred to the visceral protein
compartment.

Both muscle and fat stores are used to

provide energy.

Marasmus develops in patients whose

dietary intake is inadequate.

Anthropometric

measurements decrease in the marasmic patient since both
muscle and fat stores are used for energy (7, 17, 18, 31).
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Kwashiorkor:

~rotein

Malnutrition

Kwashiorkor is a protein deficiency without a
significant caloric deficiency, caused by a
protein-deficient diet such as one that is ample in
calories in the form of carbohydrates.

Patients with

kwashiorkor are usually of normal weight or slightly
overweight.

Fat reserves and somatic muscle are

preserved as shown by anthropometric measurements.

Thus,

without nutritionally assessing the patient, kwashiorkor
can go completely undetected (7, 18, 20, 31).

Marasmus-Kwashiorkor Mix

Marasmus-kwashiorkor mix is the most advanced
stage of malnutrition and can be life-threatening as
well.

In this advanced stage of PCM, both fat reserves

and somatic mass become exhausted.

The body begins to

cannibalize itself by using visceral proteins to meet
energy demands (7, 18, 21, 31).

Biochemistry

Since protein cannot be made from either
carbohydrate or fat (due to the nitrogen component of
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protein), it is the most essential nutrient, especially
in patients who are stressed and critically ill.

For assessment purposes, the protein
compartments of the body are divided into two separate
compartments:
proteins).

somatic (muscle) and visceral (all other

Since there are nutritional demands on the

body if oral intake is inadequate, the "energy billn will
be paid somehow, usually utilizing protein from either
compartment.

Thus, if protein is used to pay the "energy

bill," the compartment it was taken from will suffer.
The visceral compartment is usually preserved at the
expense of the somatic compartment (1, 20).

Assessment of Somatic Protein Compartment
and Fat Compartment

Anthropometric Measurements

Anthropometric measurements measure skeletal
muscle protein and fat stores.

Arm-muscle circumference

can be calculated once the mid-upper arm circumference
(MAC) is measured.

The MAC is measured halfway between

the acromial process of the

~capula

and the olecranon

194

process of the ulna.

The measured MAC is then compared

to the normal range for adult males and females and the
percent standard is recorded (1, 20).

Standards

90%
Standard Standard

80%
Standard

70%
Standard

60%
Standard

29.3cm

26.3cm

23.4cm

20.5cm

17.6cm

Female 28.5cm

25.7cm

22.8cm

20.0cm

17.1cm

not
depleted

mildly
depleted

moderately
depleted

severely
depleted

Male

(1, 20)
Fat Stores

Fat stores are assessed by using the triceps
skinfold thickness (TSF) test as follows:

1.

Measurement is taken at midpoint of
non-dependent arm, posterior (back) side.

2.

Patient should stand with arm hanging
loosely by the side during measurement.

3.

Examiner should grasp a vertical pinch of
skin and subcutaneous fat between thumb and
forefinger, 1 centimeter above the midpoint.

4.

The skinfold thickness should be gently
pulled away from underlying muscle tissue.

5.

The Adipometer™ jaws should be placed
over the skinfold at the midpoint while
maintaining grasp of skinfold.
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6.

Exert torce with thumb and forefinger until
the lines on Adipometer are aligned.

7.

Reading is taken to the nearest 1.0
millimeter 2 to 3 seconds after aligning the
lines. Do not apply excessive pressure ~r
delay taking reading.

8.

Three readings should be taken and averaged.

9.

Measurement should be recorded accurately in
millimeters.

10.

Present measurement should be compared with
previous triceps skinfold measurement(s) to
determine possible change.

11.

Reference data should be used to assist
interpretation. (25)

Standards

Standard 90% Std.

80% Std.

70% Std.

60% Std.

12.5mm

11.3mm

lO.Omm

8.8mm

7.5mm

Female 16. 5mm

14.9mm

13. 2mm

11.6mm

9.9mm

not
depleted

mildly
depleted

Male

moderately
depleted

severely
depleted
(1)

Skeletal Muscle Mass

The mid-arm muscle circumference (MAMC) is used
to assess the skeletal muscle mass.

The MAMC is

calculated using the values obtained from the MAC and TSF
with the following formula:

MAMC =MAC (em) - [.314 X TSF (mm)]
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· Standards

Standard 90% Std.

80% Std.

70% Std.

60% Std.

25.3cm

22.8cm

20.2cm

17.7cm

15.2cm

Female 23.2cm

20.9cm

18.6cm

16.2cm

13.9cm

Male

(1)

Creatinine-Height Index (CHI)

The CHI is also a measurement of somatic
protein.

Creatinine, a major excretory product in the

urine produced from the constant breakdown of creatinine,
is directly related to the skeletal muscle mass (provided
there is no rapid loss of skeletal muscle, as in severe
sepsis or trauma) (9, 17, 21, 31).

The urinary excretion

of creatinine is relatively constant in any individual.
The CHI is defined as the 24-hour urinary creatinine
excretion by a given patient divided by the expected
24-hour urinary creatinine of a normal person of the same
sex and height with an ideal body weight (5).

CHI may be

calculated as follows:

CHI

=

Measured urinary creatinine
Ideal urinary creatinine

24 hours
24 hours

"

'
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CHI is expressed as a percentage and calculated as
milligrams creatinine excreted in 24 hours (1, 18,
20, 31).

Visceral Protein Compartment

The plasma proteins measure the visceral protein
compartment which is vital for maintaining tissue
function, oncotic pressure, enzymatic processes, and
immune function (31).

Levels of albumin, transferrin,

thyroxine-binding prealbumin, and retinol-binding protein
are affected during PCM and are sensitive to nutritional
repletion.

Plasma protein levels are used in evaluating

nutritional status (9, 21, 31).

For purposes of this

"Guidelines Pamphlet." only serum albumin and transferrin
values will be discussed.

In addition, a total

lymphocyte count (TLC) is done since it correlates with
cellular immune status, with a low count reflecting the
degree of visceral protein depletion (1, 2, 3, 20, 31).

Standards

serum albumin (gm%)
transferrin (mg%)
total lymphocyte count

Severe
<2.5
<160
<900

Deficit
Moderate
<3.0-2.5
<180-160
<1500-900

Mild
<3.5-3.0
<200-180
<1800-1500
(20)
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Table 1
Urinary Creatinine Height-Weight Standards

Ideal Weight and Urinary Creatinine for Height· .
FOR WOMEN
Height
4'10'' 147.3Cm
4'1 1" 149.9
5'
152.4

o··

5' 1" 15~.9
5' 2" 157.5
5' 3''

160

5· 4" 162.6

s·
s·
s·
s·
s·

5"

165.1

6"
7"
8"
9"
5'10"
5'11"

167.6
110.2

s· o"

112.1
175.3
177.8

180.3
t82.9

Medium Fr~me
Ideal Weight
101.5Lbs 46.1Kg
104
47.3
107
48.6
110
50
113
51.4 .
116
52.7
119.5
54.3
123
55.9
127.5
58
131.5
59.8
135.5
61.6
139.5
63.4
143.5
65.2
147.5
67
151.5
68.9

Total Mg
Creatinine/
24 Hou11

Mg Creatinine/
Cm Body Height/
24 Hours

830

5.63
5.68

851

5.74
5.81
5.87
5.93

875

900
925
949

6.01

977
1006
1044
1076
1109
1141

6.09
6.23

6.32
6.42
6.51
6.60
6.69
6.78

1174
1206
1240

FOR MEN

6' 0"
6' 1..

182.9
185.4

6' 2"
6' 3"
6' 4"

188
190.5

Medium Frame
Ideal Weight
124Lbs
56 Kg
127
57.6
130
59.1
133
60.3
137
62
141
63.8
145
65.8
149
67.6
153
69.4
158
1l.4
162
73.5
167
75.6
171
77.6
116
79.6
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Height
157.5Cm
3" 160
5' 4" 162.6
5' 5" 165.1
6" 167.6

5' 2''

s·
s·

5" r
110.2
5' a·· 112.1
5' 9" 175.3
5'10" 177.8
5'11" 180.3

82.2

Mg Creatinine/
Total Mg
Creatinine/ Cm Body Height/
24 Hours
24 Hours
1288
8.11
8.28
1325
8.36
1359
8.40
1386
1426
8.51
1467
8.62
8.76
1513
8.86
1555
8.98
1596

9.11
9.24
9.38
9.49

1642
1691
1739
1785

1831

9.61

1891

9.80

SOMATIC PROTEINS% DEFICIT
SEVERE

>30

MODERATE

>15- 30

MILD

>s -15

(20)
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Cell-Mediated ·Immunity

Overall cellular immunity can also be evaluated
by observing a patient's reaction to a series of delayed
hypersensitivity recall antigens.

This test, called the

delayed cutaneous hypersensitivity test (DCH), is the
most frequently used and most readily available test for
assessing cellular immunity.

This test correlates

significantly with morbidity and mortality (10, 11, 19,
20, 23, 31, 32).

In DCH testing, the antigens most commonly used
in this country are Candida, mumps, Trichophyton, ·
streptokinase-streptodornase (SK/SD), and purified
protein derivative (PPD).

Patients receive an

intradermal injection of 0.1 cc of the recall antigens.
Tests are read at 24, 48, and 72 hour intervals.
Hypersensitivity to a given antigen is shown by erythema
and induration around the intradermal injection site.

A

"positive" response is usually defined as 5 mm or more of
cutaneous induration at 24-48 hours, but 15 mm of
erythema without induration is considered a positive
response to mumps antigens (4, 9, 10, 20, 24, 30).

200

A patient is "anergic" if they exhibit from a
0-5 mm area of induration.

The dosage and dilutions of

each antigen are as follows:

SK

SKIN TEST ANTIGENS

DILUTION

INJECT

1. Candida albicans

1:100
10 PNU/ml

0.1 ml = 1 PNU

2. Mump Skin Test Antigen

undiluted

0.1 ml

3. PPD

STU

0.1 ml

4. Streptokinase/

1:10

0.1 ml

Streptodornase

=

100U

l,OOOU SK/ml

IMMUNE RESPONSE DEFICIT
SEVERE
<5 - Omm

MODERATE
<10 - 5mm

MILD
<15 - 10rnm
(20)

Nutritional Assessment Profile

Once all values have been obtained, they can be
arranged in a nutritional assessment profile of some
kind.

There are many examples of such profiles in the

literature, but the "Anergic Metabolic Profile,"
developed by Kaminski, appears to be the most organized
and easiest to follow.
as follows:

The Anergic Metabolic Profile is
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Table 2
Sample

Anergic Metabolic Profile Chart

ANERGIC METABOLIC PROFILE
·PATIENT

ROOM

DATE

DEFICIT
V~lue

hrametltf1

Severe

Mod

Mild

~drqu1t1

SOMATIC PROTEINS
WEIGHT/HEIGHT

"'
"'a:<
:;::,

~

<

::
a:

Cl

TRICEPS SKINFOLO

mm

ARM MUSCLE CIRCUMFERENCE an
CREATININE/HEIGHT INDEX
-

VISCERAL PROTEINS

:X::

a:

<
"'
3:

Cl
X

~

ALBUMIN
TRANSFERRIN
TOTAL LYMPHOCYTE COUNT
CELL MEDIATED IMMUNITY
NITROGEN IN gm/day
NITROGEN OUT gm/day
NITROGEN BALANCE gm/day

----

CJ

NUTRIJIONAL STATUS

DEGREE

0 ADEQUATE
0MARASMUS
0 KWASHIORKOR
0MARASMUSKWASHIORKOR MIX

0NONE
OMILO
0MOOERATE
0SEVERE

.

Standards

Severe

SOMATIC PROTEINS
> 3()0./c,
-%DEFICIT
< 2.5
ALBUMIN (gm%)
TRANSFERRIN (mg%)
< 160
< 900
lYMPHOCYTE COUNT
CELL MEDIATED IMMUNITY·
-mm

<5-0

Moderate

Mild

>15-30%
<3.0-2.5
<180-160
<1500·900

> 5-15%
< 3.5-3.0
< 200-180
< 1800-1500

<10-5

<15-10
(20)
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Once completed, this profile will enable the clinician to
diagnose the type and degree of malnutrition.
Kaminski (20) refers to this as the "Diagnostic
Assessment."

When repeated weekly, it provides an

objective evaluation of progress toward the goals of
nutritional support.
"Dynamic Assessment".

Kaminski refers to this as the
Once the "Dynamic Assessment" is

completed (usually 7 days later), therapeutic goals are
monitored.

The goal should be that therapy has either

"held the line," meaning the patient is stabilized, or
that there has been a "shift to the right," and the
patient is making progress.

Protein status and nitrogen

balance will usually improve during this 7-day
period (20).

Nitrogen Balance

Determination of 24-hour nitrogen balance is the
most useful clinical study to assess the success of
nutritional therapy.

Nitrogen balance assesses whether

the anabolic state has been achieved in response to
nutritional support.

However, this parameter does not

measure lean body mass (6, 8, 16, 31).
is a useful

p~rameter

Nitrogen balance

because it is sensitive to daily
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changes (31). ·Nitrogen balance is calculated from a
24-hour urine urea nitrogen (UUN) as follows:

Nitrogen Balance = Nitrogen IN - Nitrogen OUT

An example of how to calculate nitrogen balance (with
adding a 3 gms constant non-UUN loss) is as follows:

Nitrogen OUT:
UUN gm/L

X liters urine out
= gm UUN

500 mg%

= 5.00 gm/L

X 2L
= 10 gm UUN

+

constant non-UUN loss
= total nitrogen OUT

~

+ 3

13 gm OUT

Nitrogen IN:
Number of gm nitrogen in solution X liters of
solution given (20).

When the Anergic Metabolic Profile is complete,
the clinician will be able to select appropriate
nutritional therapy.

Because each patient's needs

differ. no single therapeutic regimen is suitable for
everyone.

Kaminski has developed a guide to show which

type of therapy should be selected in a particular
patient type.

The guide is as follows:
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THERAPEUTIC
GOALS

DIAGNOSIS
Diagnostic
AMP

Dynamic
AMP's

TREATMENT

N
Balance

1. Nutritionally OK Hold the
NOT Hyperline
metabolic

0
Protein(not >-2) Sparing

2. Nutritionally OK Hold the
Slightly Hyper- line
metabolic

0
Peripheral AA+
(not >-2) Dextrose 5 to
7.5% +Fat

3. Nutritionally OK Hold the

line

0
Hyper ali(not >-2) mentation

4. Nutritional

Shift to
the right

+ 4 to +6 Hyper alimentation

Hypermetabolic
deficit 267.0
268.0, 269.9

(20)

Once therapy has been selected and
hyperalimentation is suggested, the clinician has the
option of either peripheral vein nutrition or central
vein nutrition.

Protein-sparing regimens are run through

peripheral lines since the osmolarity of the solution is
sufficiently low, so as to prevent phlebitis.
Protein-sparing amino acid solutions, administered via a
peripheral vein. can result in an improved nitrogen
balance, with helping to maintain or restore visceral and
somatic protein (12).

For those patients whose peripheral veins are
intact and only require short-term TPN, the peripheral
route is preferable (Figure 1) (12. 28).

Peripheral vein
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TPN regimens are used when nutrient and energy demands
are beyond the limits of protein-sparing regimens, and
central vein therapy is unnecessary because sufficient
. calories can be provided peripherally.

A standard

peripheral regimen supplies from 1,200-2,000 Kca1/day
(Kca1 could go higher) in the form of amino acids,
glucose, and fat, with the appropriate vitamins,
minerals, and electrolytes.

A few examples of peripheral

vein regimens recommended by Silberman, et al. (26), and
Abbott Laboratories (12) are as follows:
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Table 3
Sample of Peripheral-vein Regimen

. FOR PATIENTS WITH MINIMAL NUTFHTIONAL DEFICITS
Pe, nit
1032 ml

P~n

sao rr.r

Aminosyn • 7%
Oa)ttrose 104&'

'w\~~er

SCOml
TFN Elt!etrotyres'»
20ml
Sodium Fhos~hate 3 mM P/m~
2ml
a.~ultiVIt<!mins.including A. 0, and E:
10mt

Ca!ories11
N•trOGen
Prolesn Eq~.:iva!ent
Sceium
Potassium
Chloride
Magr.esium
Ca!crum
Pnosphcrus
Ace rare
Osmolanry

310

~teal

5.5g

35 g
43 mE::;

22.7 r.:E~
35 mEq

5 mEQ
4.SmEq
mM

6

e2

741

mEq
rnCsrT'./l
anoroxl

~tal

Oaitv lnra!oc~

Volume

Ito~

r.:;::-csen

p;~

21aters

2000ml

~0

11.0 g

70.0g

Licosm• 20% t

25C0r.:l
2500ml
2500mJ

11i0

11.0 g
11.0 0
13.75 g

70.0g
700o
87.5g

~COOr.:l

1:325

1S.i5 9
1315 a

S7.5g
8i.5a

1r'Yith 5CO ml
liposyn • t C%

2.5 hters

witnSOO mt
li$::osyn• 1CN&
lioosvn • 20:!~

:moomr

1E20

775
1775

• Ftr.al ~e"::::sa c~ncer::razton may te •nc:e3!e.:: to 7 .s.;; r;, :0 10"~ II'\ se!~~.! :.ascs. rctaJ c.a:ooc: vah.;e ct

acr::•x:ur:! a.S inc:easeo to ~95 ar:d .!cO ~;:ar.,_ res::~"e-:)t
• A s;.""n&!.ar e!~:rci't~e ccrr:;lesttcn ;s octa•r.~ ty 1.1rh!lr.g :..-::rr.cs(fl ~ w-!h E~:Y.es w•ll14.5 ~2: 1S ml)
CaiCJu.'T1 G:~o~ce:;!3h! !t1jeocn. but ~e tirtal pcrass.~ ccrar::ra:>Cnll'letea.s<!S :o 33 mE~
• ;I.Cd 10 c:r:e tcrtle d.:!•~

• ~SI.lm.r.g ..1 ilcaV~ ol am•r.o ac-.d.

• Prc:e!n ~uiva~er.t

.tea•cre ::res.::•!:•,a t~os.n 2C%. r:u~ :-!"::~ir-er.:~:s S.'"C\...td !:!! assesse-:!.
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Table 4
Sample of Peripheral-vein Regimen

FOR PATIENTS WITH MILO-TO-MODERATE NUTRITIONAL DEFICITS
Basic

~mino

Acid A<!mixture

J Pro"'de5

Per Unit

Aminosyn • 3.5~ M
Cextrcsa 70~.a
Calcium G!~e::>ta:e 4.5 rr:Eq/5 rr.l
MultNitarr:in Additiv~

lOCO ml
70ml
5 ml

10mf

PerUnir

1085 ml
307 kcal

V'later
Caloriesc
N1trogen

5.5g

Pr:::::etn E::;uiva~enr

35 g

Sceium

47 rr.Eq

Pc~assium

C.'":IOrice
Magnesium
Calcn.sm
(as gluce;:ra=e)
Fhosphorus
Acetate
0s.'11olarity

-

13 m=..,....

40 m~='"'
......
3 rr.Eq
4.5 rr.Eq

3.5 m:V.

52
728

rr.E~

rr.Csm!L
2~oroxl

'Total Oai!llnfake
21iters
: with 500 ml
liposyn• 1~
Lioosvn • 2cr.--t~t
2.5tirers
with 500 ml

Voturr.e

2CCOml
25C0ml

25CO r:-:1
2500ml

Liposyn • 10%

3CCOml

Licosyn" 2C%

3000ml

loOC
6i4

Nitrcct?n

PE~

11.0 g

70.0g

116..:
,poo.,.

11.0 g
11.0 q
13.75 9

70.0g_

o ...

767
13t7
1767

70.0g

87.5g

13.i5 g
87.5g
13.75 0
87.5g
• FanaJ dextrcStt ~cncenrraricn ma)l t:e lllCt!~ to 7..5*1 in s.e~eeea cases. To cal ~::one valu4t ol acr.~i.sture
is 1nc:e~ to 395 kcaliL

• i\Cd to ette ~rt!l! ca.to,:

• Assumitlg 4
0

t

~cavg

o4 arruno aOd.

Protetn ecuivalent
eetOtoe ore-scrttltf'!9lioosYA 20C-ft. flUid r~.Jirem'?l't!5 shcu5c2 b!t as~

·
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Table 5
Sample of Peripheral-vein Regimen

FOR PATIENTS WITH MODERATE NUTRITIONAL DEFICITS
PerUnir
An~.nosyn • 8.5·'u
~'tros~ 10!~
TFN Er~crro~}·!~s
&..'1.1•um Pnos;.,hJt~

3 m~.: ?.'ml
P.,tul:'"'r.:!mms•.nc!uding A. D. ;:1r~d E'3

Pro,.;~es

Pel Unil

5COml

\\";Jr~r

5\."\l r.tl
20 rr:l

Car~riesc

1032 ml

N.trc~=n
Pre:~'" E:;ui~J!l:?nl

2ml

10m!

3J0 k=:;lf
6.7g
4~.5 gA.,

&"'\.1ium

Pcrass;um
Cl':ion<!e
MJ.;:;:-:es:um

ca:c,um

rr.::.q

22.7 rr.E~
S2.5mE=;

5 mE::

4.5~Eq

Pnos;:hcrus
Act?!.1:e
Os::~oli:lr':y

6 rr.M
7..!.5 r:;Eq
S16 r.:Cs."':'"Jl
(2t:O~~x}

Totll O.Jo!y

lnt~l.i!

Velum.!

2 hters
w•l~ 5CD rnl
l!ClCSyn • 20" ol t
2.5 htco~:;
w•:h=00 ml
l•~csyn • 20·' ~

3 i•te'fS
WI~

5('0 ml

liccs~ n • 2~ ~ tt

..

P::-

kca!C

2CC0rr.l

sco

13..! g

2500 rr:l
25COrr.l

1680
S50

13..: ~
16.75;

85 g
1C63g

3CC0ml

1850
1020

t6.i5 c;

SCC.IJ~I

20.1 g

tC5 3;
12i.5 9

3:co~:

2020

20.1 9

127.5 g

f,n~·-=~,::cs~ ~.:·once~raf!Qn
~m.,:utc! tS •n.::~.ls~

mc3'f !:e ·r..::r? JS~C ..., i.~· 0 01 ro
:o .:zs .3na 510 ~o..:a:. t..:es:~.we~

t o~t;

e::

g

'" S<'~eo:: :J:~. Tctal c.a:crll; •Ja!:.;~ cl

• kJ !o -'"!! :=c~e- da•"'
• ..\ssum;ng ~ 1-,:al/g ol a.rrnno acd..

• Pt ~tc?rn E.:u.;n;ali'nl
t ei'•cre prr?scr•b•n.J l•ccsyn 2C'J.a. l!u>C ~~~.t~.r.::s s~ld be ass~ssed.
tr Tn"' re.;1motn si":C'\Jkl :::1! u~ orl"f'" a :::a:'~ ~oU'I an ao::::~rcpt•a:l! eccy rr.~s.s.
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The peripheral administration of nutrients to a
patient typically looks like this:

Figure 1
Peripheral-vein Administration

(l)
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Indications for Peripheral Vein TPN (PV-TPN)

The peripheral vein regimens are alternatives to
central vein regimens where the high glucose load of a
central vein regimen might be hazardous; e.g., patients
whose respiratory function is compromised and cannot
handle the administration of high glucose loads.

If a

high glucose load is administered to such a patient, the

o consumption and co 2 production will be
2
substantially increased, which can cause added stress and
further compromise respiratory function.

Patients who

have diabetes mellitus should most likely go with this
regimen since a reduced glucose load simplifies the
metabolic management of the condition (12, 28).

Other instances for PV-TPN are:
(a) tracheostomy patients; (b) surgical patients whose
oral intake is eliminated for 5 or more days
postoperatively; (c) preoperatively after prolonged
illness; (d) gastrointestinal disorders; (e) during
chemotherapy and radiation therapy; and (f) following
polytrauma (12, 28).

The contraindicates for PV-TPN. as

stated by Silberman (28), are "inadequate or inaccessible
peripheral veins; gram-negative septicemia; and
abnormalities in lipid metabolism.u

0

'

211

Thirty to sixty percent of the total parenteral
intake can be given as fat so that a balanced nutritional
support regimen is administered.

Intravenous fat

emulsions have the advantage of being an excellent
high-calorie source, providing essential fatty acids, and
having low osmolarityw

The PV-TPN regimen can also be

called the "lipid system" since fat provides the majority
of the calories (28, 31).

The therapeutic goals of PV-TPN are to:

1.

maintain or improve nitrogen balance and
metabolic rate;

2.

meet nutrient requirements when enteral
nutrition is precluded;

3.

provide nutritional support as an adjunct to
therapy, diagnostic evaluation, and
preoperative treatment;

4.

ensure that body composition is either
restored or maintained; and

5.

prevent essential fatty acid deficiency (12,
28, 31).

A central venous regimen for nutritional support
is used when an aggressive procedure is necessary for
nutritional repletion and energy requirements exceed the
limits of PV-TPN.

When a central-vein TPN (CV-TPN)

regimen is used, it can provide from 2,400-5,000 Kcal/day
and nitrogen doses of 16-24 g/day.

Where CV/TPN is used,
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patients may receive all of their nonprotein calories as
glucose (intravenous hyperalimentation) or as a
combination of glucose and fat (TPN).

In any event, fat

is usually provided twice weekly for the prevention of
essential fatty acid deficiency.

Patients receiving

CV-TPN must be able to tolerate the fat, as do PV-TPN
patients (13).

Indications for CV-TPN

There are several indications for CV-TPN with
these patients primarily in three groups:

1.

severely malnourished patients;

2.

severely hypermetabolic patients; and

3.

gastrointestinal disorder patients who
require nutritional support for more than
5-7 days (13}.

A few examples of CV-TPN regimens recommended by
Abbott Laboratories (26) are as follows:
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Table 6
Sample of Central-vein Regimen
for Maintenance
P.:r l'nit
Amino:iyn i'!O"

~n11

~!\l:O:h~

j()Oml

30''o .
TP~ Etc..:uot,-t.=s!l
PoUiSium Ph"StJhJtc 3 m~l P/ml~
Multh;itamins in~!ur.li:~s ..·itamins .~.

20ml
4 nil tl::! m~t PJ

S·ml
tJ n1l

D.&nd E.:
Tr~~ ;\l.:r:sJ~
Prt»id~~.-s. P~r

t:nit

10-;:! m1
~-=-J•

W.&ter

mss,.

Cllori;:sJ
%-titro~o:n ..

lS ~

Prot:in Equh·alr.:nt
S"dium

35 mE-1
-10.3 r:tEq
35 mEq

PotJs~ium

C&loriJ::

SmE~

~b~n~:iium

4~5 mE~
12m~1
8~mEq

C:lfcium

P:tosph.orus
A~eut~

liSO mOsr:tll

O;molarit)·

(approx.)
•Amin~"lS\"0 IO"""o m:w ~ utiliud to sub\titurl! rh~ nitrOl!~n cono
c~nrr:ttio-n to 7.Sb g ·titer.
· •

lilA similar electrolyte composition is obtJin:d by utilizing
Aminosyn 'il!o -..·ith -il~crro{~·rn with 5 ml C.tlcl~m Gluc.:ptl~e

lnj..:ction (4 . .5 mEq calcium).
CAdd to one ~oule daily.
•Assumin!l-* ~~:tll:i amino acid.

\"oluna\!

k~IJ

~icru~"'"

2.0l

l'JSO

I U.'C)'

500 mt li~oiyn"" tQo•, 1.5l
2..5 lit~rs
2.5 l
2.5 li::eu wit!\

2530

· T••lal

O;.~il~ tnr:.tk~t

21it~rs

P.E.•
70.0 l&

llit.:rs wit!\

500 ::1! t:posyn

l~iS

u.7s,

lt.OO'

70.0,
3'7.5'

B.i$'

....s,

).Ol

J01S
2'Ji0

16.!0 J:

10~.0.

tO'·_,... 35l

ls:o

lt-.~

10~.0!:

It)'~

31it~rs

3 litc:~s wit!\
500 :r:l

L:~osyn

l.OL

•Prot-ei:~ E.;:.thaJ.e:"ll.
••this r.:.;!r::;:n shou!J b: us.::! only with

a~prof"!'t.tr.: ~o~y

m.u;.

41AH:.t::ni~~.: ~c:311~

of Jmir:o .1::J.

.1

i

r::t::.:nt !'l.s' in~ .Hl

214

Table 7
Sample of Central-vein Regimen for
the Hypermetabolic Patient
Typical formulation for lntra\·cnous Hyp~rati
mcntation (High Calori.: and Nitrogen lntakl:!).
r~r

B:a-.ic ;\dmhturc:

Aminosyn liJ'o
D.::ttrosc 70111 ~ith EJ..:..::mlyt.:s
C.tl.:iu n: glu\!.:pt.1t::
..
Muith·itamin:s indudin~ 'oit:1mins .-\.

0 ;~nd E.
Tr:u:t: ~kt:tl'i
Prn,id\!!h

P~:r

l'nit

$00ml

SCOml
$ ml

-

SmP
lJml

l"nir

W~t..:r

IO:!J ml

Calnri~s

1390 ;.;;;.~t"

7.S6 ~

l'it;og.:n
P:-ot~in Equivaknt

50~

Pot.t::tsiu~l

SOm(q
:S1. i mE~

Chl\lrid.:

90mE..:

SoJium

SmE~

M.1~r.c:si u m

Ctl.:ium (.ts

.:.5 mE!.~

~lu..:.:;H.:t::'

Phos~horus

li m~t

A..:::tat::

+:mE~
l')S~

Osmol.trity

:nOs:n/l
(appro~.)

"Add to on~ unit d..1ily.
•Assumin!l .J kc::llli of amino :~..:id.

Tut:.al

U:~il~ lnt:.~'-~

2 litO::':i
2 lit:::-s '~ ::!;
Sl~

or.! lirosyn ! .. 10'11

l..S ii::::"::t
2.5 Ii ::::s ~ it:t
SOO ml L:;!os~·n

1~"

3 lit;::-s
3 iit:::-s ~ i:~
SCO :;1! Lirosyn

to~o··

P.E.•

\"olum~

k~:JJ!'t

l.\) l

li~O

:."'titru·.:"n
15.""! ~

2.5 L
2.5 L

J310

u.·1,

100~

3475-

·~-~5 ~

115 ~

.fl)"~

.~.c-:;
1.~.~) ~

1.!5 ~

417'0
"'4~0

~~ ~5 f

1~0 ~

3.0L
3.0 1.:
).~

t

-~

lt..'t) ~

a::o ~

•P:-o~~::: E.;:.~i,.;~h::a.

shoull! ~1! us:::! ont: -.ith.! ;-.::::::: h;1":::1:
'body r.lJSi.
•Ass;;::1i:;;.! k~;~l/~ .tr:!ino .:.::J.

••T!':is

r:~:~.:n

~p~:-o;-:::1:.:

or

J:'l
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Insurin supplements are frequently included in
CV-TPN regimens since patients receiving a large glucose
load sometimes need insulin added to the amino acid
solution in order to maintain a normal serum glucose
concentration (13).

Heparin administration in CV-TPN regimens is
also frequently seen.

Heparin helps to prevent clotting

in the subclavian catheter and enhances fat
clearance (13).

When CV-TPN is to be discontinued, it is
important that there is a gradual weaning from the
solutions.

The CV-TPN solutions should be reduced by

approximately 1 liter per day.

When the solutions are

withdrawn abruptly. there are potential problems with
pancreatic secretion of insulin.

The pancreas has

adapted to the high glucose load, and rebound
hypoglycemia can occur if infusions are abruptly
withdrawn (13).

When CV-TPN is begun, it should be

gradual as well (31).

The major nutritional goal of CV-TPN is to
preserve and restore both somatic and visceral proteins
by providing the required nutrients which will enhance
nutritional status (18).
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The administration of CV-TPN or intravenous
hyperalimentation {Figure 2) is not without potential
complications.

Silberman (31) classifies the

complications as follows:

(a) complications occurring

during the attempt of subclavian catheterization;
(b) metabolic complications; and (c) sepsis related to
TPN.

The incidence of these complications varies.

The

incidence of TPN-related sepsis, however, has gone
progressively down as experience increases and techniques
improve.

When protocols are adhered to, and there is a

multidisciplinary team approach to nutritional support,
the incidence of TPN-related infection is significantly
decLeased (14, 31).

Whether peripheral or central venous regimens
are used, patients should be routinely monitored
throughout the period of nutritional support to verify
that sufficient nutrients are being provided and to
detect any metabolic complications.

The nutrition

assessment parameter best suited to monitor overall
response is nitrogen balance.

In patients with severe

protein deficits, a positive nitrogen balance of +4 to +6
is needed to adequately restore protein deficits.

This

balance would indicate that nitrogen IN is exceeding
nitrogen OUT by 4-6 gm (13).

,, .
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The central venous route of administration
typically looks like this:

Figure 2
Central-vein Administration

218

Disease Specific Nutritional Support Regimens

Several disease states are complicated by
metabolic alterations of the body's organs.

In certain

cases. a standard PV-TPN or CV-TPN regimen is
inappropriate.

Regimens for renal failure, hepatic

failure, and the metabolically stressed patients are
outlined below:

Renal Failure

A typical regimen for acute renal failure
patients for whom dialysis is undersirable is:

Essential Amino Acid Solution
70% Dextrose
Total Volume
Total Amino Acids
Total Nonprotein Calories
Ratio of Nonprotein Calories:
Nitrogen

300
500
800
15.68
1190

ml
ml
ml
g

Kcal

502.1
(22)

For the chronic renal failure patient receiving
dialysis, the typical regimen is:
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70% Gluco·se
Amino Acids 8.5% or 10%
Total Volume
Total Nonprotein Calories
Total Amino Acids

500
250
750
1190
22.8-25

ml
ml
ml
Kcal
g

(22, 31)

The amino acids provided in this solution are both
essential and nonessential.

Hepatic Failure

When encephalopathy is not a problem, or if it
is only mild to moderate, patients will tolerate the
standard amino acid preparations, provided that protein
is limited to 50-60 grams of amino acids per day.

It is

necessary that a hypertonic glucose solution be used to
provide enough calories.

The regimen is similar to that

of the renal patient:

70% Glucose
10% Amino Acids
Total Volume
Nonprotein Calories
Total Amino Acids

500
250
1500
2400
50

ml
ml
ml (2 units)
Kcal
g
(31)

For those patients with severe hepatic failure
and encephalopathy, a different regimen has been proposed.
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Fisctier and associates recommend a solution
consisting primarily of branched-chain amino acids (37%,
42%, or 50% of the total amino acid content).

The

regimen for these patients is the standard CV-TPN
regimen, but an 8% amino acid solution enriched with the
branched-chain amino acids is used (15}.

Metabolic Stress

Moderately stressed patients (usually at level 2
on Cerra 1 S stress stratification chart), should receive a
total daily intake of:

1500 ml
1000 m1
500 ml

BCAA-enriched formula
Dextrose 40%
Fat 10%

The regimen provides:

Water
Calories
Nitrogen
Protein

3000
2330
16.5
105

m1
Kcal
g
g
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The caloric contribution is:

Amino Acids
Carbohydrates
Fat

18%
24%
24%

The severely stressed patient (usually at level 3 or 4 on
Cerra's chart), should receive a total daily intake of:

BCAA-enriched formula
Dextrose 70%
Fat 20%

2000 ml
500 ml
500 ml

This regimen provides:

Water
Calories
Nitrogen
Protein

300 ml
2750 Kcal
22 g
140 g

The caloric contribution is:

Amino Acids
Carbohydrates
Fat

20%
44%

36%

These values are based on the requirements of a 70 kg
adult (29).

222

Neonates

A typical peripheral parenteral nutrition
regimen with fat is:

Amino Acids 5%
D-10
Sterile H20
plus Fat 10%

100 ml
so ml
100 ml
250 ml
35 ml
235 ml

This provides:

.14 Kcal/ml
.02 g protein/ml
0.1 glucose/ml
35 Kcal/kg/day fat

This solution provides approximately 2 g protein/kg/day
when supplied at 100/kg/day.

A typical central vein parenteral nutrition
regimen is:

Amino Acids 5%
D-20
Sterile H20

80 ml
100 ml
70 ml
250 ml
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This solution

~rovides

2 g protein/kg/day when supplied

at 130 ml/kg/day (27).

All regimens should include the appropriate
amounts of vitamins, minerals, electrolytes, and trace
elements.

224

REFERENCES

1.

A Manual of Nutritional and Metabolic Support:
Enteral and Parenteral Techniques. Chicago:
Northwestern Memorial Hospital, 1978.

2.

Bistrian, Bruce R. and G. L. Blackburn, et al.
"Cellular Immunity in Semistarved-states in
Hospitalized Adults.• Am. J. Clin. Nutr.,
28:1148-1155, 1975.

3.

Bistrian, Bruce R. and G. L. Blackburn.
"Role of
Nutrition in Cellular Immunity in
Hospitalized Patients." Fed. Proc., 33:691,
1974.

4.

Bistrian, B. R. and M. Sherman, et al.
"Cellular
Immunity in Adult MarasmuS":"""--xrch. Intern.
Med., 137:1408-1411, 1977.

5.

Blackburn, G.L. and B. R. Bistrian, et al. Manual
for Nutritional/Metabolic Assessment of the
Hospitalized Patient, 62nd Annual Clinical
Congress of the American College of
Surgeon~.
Chicago: American College of
Surgeons, 1976.

6.

Blackburn, G. L. and B. R. Bistrian, et al.
"Nutritional and Metabolic Assessment of the
Hospitalized Patient.• JPEN, 1(1):11-22,
1977.

7.

Blackburn, G. L. and B. R. Bistrian.
"Nutritional
Support Resources in Hospital Practice."
Manual for Nutritional/Metabolic Assessment
of the Hospitalized Patient, 62nd Annual
Clinical Congress of the American College of
Surgeons. Chicago: American College of
Surgeons, 1976.

8.

Blackburn, G. L. and P. A. Thornton.
"Nutritional
Assessment of the Hospitalized Patient."
Med. Clin. N. Am., 63(5}:1103-1113, 1979.

9.

Burgert, S. L. and C. F. Anderson.
"An Evaluation of
Upper Arm Measurements Used in Nutritional
Assessment.a Am. J. Clin. Nutr.,
32:2135-2142, 1979.

"

'

225

10.

Cell-Mediated Immunity and Nutrition.
Cu~ter Laboratories, 1978.

Berkeley:

11.

Chandra, Ranjit K. "Immunodeficiency in
Undernutritionand Overnutrition."
Reviews, 39(b): 225-230, 1981.

12.

Contemporary Parenteral Nutrition.
Abbott Labs. 1982.

13.

Dudrick, S. J. and R. L. Ruberg. "Principles and
Practice of Parenteral Nutrition."
Gastroenterology, 61:901-910, 1971.

14.

Establishing a Nutritional Support Service.
N. Chicago": Abbott Laboratories, 1980.

15.

Fischer, J. E. and R. H. Bower. aNutritional Support
in Liver Disease." Surg. Clin. N. Am.,
61:653-660, 1981.

16.

Forse, R. Armour and H. M. Shizgal. "The Assessment
of Malnutrition." Surgery, 88(1):17-24. 1980.

17.

Grant, J. P., Handbook of Total Parenteral Nutrition.
Philadelphia: W. B. Saunders Co., 19~0.

18.

Indications for Parenteral Nutrition.
Abbott Laboratories, 1978.

19.

Jensen, Terri G., et .~ "Interpretation of
Nutritional A~sessment Data." Nutrition
Support Services, 1{4):14-18, 1981.

20.

Kaminski, Mitchell V., Jr. and A. L. Winborn
Nutritional Assessment Guide. Chicago:
Abbott Laboratories, 1978.

21.

Kaminsi, Mi.tchell and R. Ruggiero. "Nutritional
Assessment and Support: Why, When, How?"
Resident and Staff Physician, March: 94-108,
1980.

22.

Kopp1e, Joel D. The Renal Patient.
Abbott Laboratories, 1981.

23.

Meakins, Johnathon L. and J. B. Pietsch, et al.
"Delayed Hypersensitivity: Indicator of
Acquired Failure of Host Defense in Sepsis
and Trauma." Ann. Surg., 186:241-250, 1977.

Nutrition

N. Chicago:

N. Chicago:

N. Chicago:

226

24.

Mullen, James L. and G. P. Buzby, et al.
"Implications of Malnutrition in the Surgical
Patient." Arch. Surq., 114:121-125, 1979.

25.

Nutritional Assessment Kit: Triceps Skinfold
Thickness Measurements. N. Chicago: Abbott
Laboratories, 1978.

26.

Parenteral Nutritional Guidelines.
Abbott Laboratories, 1982.

27.

Parenteral Nutrition in the Neonate.
Abbott Laboratories, 1980.

28.

Practical Aspects of Peripheral-Vein Total Parenteral
Nutrition. N. Chicago: Abbott Laboratories,
1983.

29.

Reverse the Domino Effect of Metabolic Stress.
N. Chicago: Abbott Laboratories, 1983.

30.
·

N. Chicago:
N. Chicago:

Seltzer, Murray and J. A. Bastida, et al.
"Instant
Nutritional Assessment." JPEN, 3(3):157-159,
1979.

31.

Silberman, Howard and D. Eisenberg, Parenteral and
Enteral Nutrition for the Hospitalized
Patient. Norwalk, Connecticut:
Appelton-Century-Crofts, 1982.

32.

Siminowitz, David, et al.
"Value of Nutritional
Support in Anergic Patients." Nutritional
Support Services, 1(3):21-23, 1981.

33.

Sakal, Joseph E.
-Measurement of Delayed Skin-Test
Responses." N. Eng. J. Med.,
293(10):501-502, 1975.

Appendix B

EVALUATIONS AND
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John Weiks, Jr.

229

QUESTIONNAIRE
. I

1.

Do you see a use for this project, "Nutritional
Support of the Hospitalized Patient--Guidelines for
Parenteral Nutritionw?
yes

2.

no

maybe

Where do you see this being utilized?
{a)
hospital setting
institution

(b)

---

teaching

(c)
health-care company who manufactures and
distributes national products
(d)
3.

all of the above

Do you believe that additional information should
have been included and, if so. what?
___ yes
information

no

additional

Comments:

4.

Would you use this project in your current employment
and. if not, why?
___ yes

no

Comments:

I
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5.

What is your overall reaction having read this
project?
_____ very positive

positive

very negative
6.

Please rate the project accordingly:
Excellent

organization
depth of research
usefulness
easy to read
continuity
provides appropriate
information
for conducting a
nutritional assessment and selection
of nutritional
therapy

Very
Good

Good

negative

