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Nutrition Support
Judy Verger
Greg Schears

The risk of malnutrition for critically ill children is increased by their higher metabolic needs and by other associated conditions common to the pediatric intensive care
population. Congenital heart disease, bronchopulmonary
dysplasia, gastrointestinal reflux, and other chronic conditions commonly lead to feeding difficulties and can predispose critically ill children to undernutrition and growth failure. 5 Compared with adults, children have proportionately
larger obligate energy needs. The major metabolic organs
make up a larger proportion of body weight. These higher
energy requirements combined with lower macronutrient
stores result in children being less able to withstand nutritional deprivation.
Protein-calorie malnutrition is a deficiency of both
protein and energy and has a detrimental effect on a number
of major body systems. Malnutrition causes mobilization of
muscle protein stores and negative nitrogen balance. Malnutrition may be a cofactor in morbidity and death in
patients with hypermetabolism and organ dysfunction. 6 .7
Protein and calorie depletion dramatically compromises
immunocompetence, resulting in an increased risk of
infection with a reduction in the number of T lymphocytes,
a decrease in B-cell function, changing cytokine activity,
diminished interleukin-2 response, and impaired wound
healing.8-10 Protein, carbohydrates, fats, and various vitamins and minerals are responsible for synthesis and collagen
strength and therefore wound integrity.
The heart and lung muscles, like other muscles in the
body, require sufficient protein and calories to perform their
physiologic activities. II Without adequate protein and energy support, the patient can experience a decrease in
ventilatory drive and respiratory efficiency; decrease in
surfactant, resulting in a change in pulmonary compliance;
decrease in diaphragm mass and muscle atrophy; decrease
in vital capacity; and decrease in clearance of bacteria by the
lungs. 12 . 13 Weaning from mechanical ventilation may be
inhibited. Hypomagnesemia and hypophosphatemia may
specifically contribute to respiratory muscle depletion. 14 . 15
Structural and functional effects on the cardiac muscle have
been demonstrated as a response to malnutrition. 16 Vitamin
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N

utrition is an essential component of caring for critically ill children. Nutritional interventions can improve
patient recovery and survival. I Both an acquired and a
preexisting tendency toward protein-energy malnutrition
(PEM) has been documented in hospitalized children.2.3 In
the 1980s, Pollack and associates 2 .3 found that 16% to 19%
of pediatric intensive care unit (PICU) patients were malnourished. Those children at risk for serious nutritional deficiencies were younger than 2 years of age and had medical
problems rather than surgical problems. Acute PEM has
been linked to higher mortality and increased physiologic
instability.4 The value of nutrition in health and disease is
now being established. In today's healthcare environment,
early nutritional assessment is considered best practice. Nutrition support started within 24 to 48 hours of admission
to the critical care unit is the current standard of care.
Designer formulas with specific additives that are thought to
enhance immune function show promise. A variety of
delivery methods, including postpyloric enteral tube placement, supports the value and safety of early nutrition.
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Part III

Phenomena of Concern

and trace element deficiencies may affect cardiac performance. Other physiologic conditions associated with malnutrition include the gastrointestinal changes of gut
mucosal atrophy, decreased intestinal motility, bacterial
translocation, malabsorption, and decreased pancreatic
function. 17.18

~

12·1 Metabolic Response of Stress
Versus Starvation ,"
'.

TABLE

PATIENT RESPONSE TO STARVATION
AND CRITICAL ILLNESS
An understanding of the dramatic differences of the body's
response to starvation and the catabolic effects of stress is
important for safe and effective nutritional support of
critically ill children (Table 12-1). Unlike critical illness,
which results in rapid PEM, starvation produces malnutrition in days to weeks. The process of starvation results from
a decrease of nutrient intake with normal nutrient use. This
phenomenon essentially represents no stress to the body.
Carbohydrate stores are usually consumed within 24 hours.
The breakdown of amino acids from protein (gluconeogenesis) is initiated to supply glucose. If starvation continues
for several weeks, the body adapts to lack of glucose.
Protein use is reduced, nutrients are conserved, and body fat
becomes the major energy source. Starvation causes a
decrease in the child's metabolic rate and total energy
expenditure. Little or no activation of metabolic mediators
occurs, and no increase in insulin resistance exists.
The metabolic response of critical illness is very different
from that of simple starvation. 19•zo Hypermetabolism is
characterized by hyperglycemia, and normal use of nutrients
is altered. This response is coordinated by catecholamines,
cortisol, glucagon, and growth hormone and characterized
by use of nutrients from all sources 21 Interleukin-6 is an
integral mediator for the physiologic response to injury.2 z
Interleukin-I and tumor necrosis factor also participate as
mediators for the stress response.
Catecholamines released in response to the stress of
injury or illness create a diabetic-like response by increasing
the mobilization of glucose and resistance to insulin. Epinephrine suppresses insulin, leaving additional glucose
available for energy needs. Glucagon antagonizes the anabolic effect of insulin, leading to more hyperglycemia and
protein breakdown. Glucocorticoids trigger gluconeogenesis, converting amino acids to glucose. Endogenous protein
breakdown is accelerated to provide glucose to meet energy
needs. Much of protein degradation comes from the wasting
of skeletal muscle and results in an increased loss of nitrogen through the urine. Amino acids may supply up to 25% of
the energy in the stressed patient, resulting in a higher respiratory quotient (RQ) than with starvation.2 3 Fat mobilization, use, and depletion are also increased. Cortisol acts to
enhance the catecholamine effect by breaking down fat into
free fatty acids.
The metabolic response to critical illness is not preventable; however, nutrition support can minimize protein
loss.21.24 The catabolic effect of breaking down cellular
materials, which occurs during critical illness, precludes
growth and organ development. When catabolism exceeds
anabolism, the synthesis of cellular materials, body tissues
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~' diatric nUlritioll, ed 2, New York, 1993, Raven Press, p 209; Cerra F:
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'~evnik A et al. eds: Textbook of critical care, ed 2, Philadelphia, 1989.
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are lost and weight decreases. Catabolism and anabolism
cannot occur simultaneously. The degree of increase in
energy expenditure and protein catabolism is proportionate
to the severity of illness and previous nutritional status of
the child.2 s For example, a child with a minor infection does
not have as much energy expenditure and protein breakdown as a child with sepsis. This increase in energy
expenditure plays a major role in the development of PEM
in the intensive care unit (ICU).

NUTRITION ASSESSMENT
The nutritional assessment of a critically ill child requires
various methods and tests. No single clinical, biochemical,
or growth measurement gives a complete picture of a child's
nutrition status. The process of nutritional assessment is
dynamic and must allow selection of varying assessment
methods throughout the child's ICU stay.
The purpose of the nutritional assessment is to identify
the presence or absence of malnutrition, determine the
child's nutritional requirements and preferred alimentation
method, and assess the effects of any nutrition intervention.
A systematic review of the child's history and physical
examination combined with accurate anthropometric and
laboratory measurements are required.

Patient History
A reliable and complete history is the first step in accomplishing a nutritional assessment (Box 12-1). These data aid
in providing a basis for subsequent assessment parameters.
Valuable information can be gathered from watching the
parent feed the child. Review of the child's medications
is also helpful because of the possible effect of these
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Box 12·1

Patient and Family History

Birth data and prenatal history
Gestational age
Birth weight, length, head circumference
Maternal nutrition
Chronic illnesses
Congenital or chromosomal abnormalities
Relevant trauma, illness, surgery
Level of gastrointestinal function
Oral feedings
Tube feedings
Parenteral nutrition
Feeding history
Ability to suck
Frequency and amount of intake
Vomiting or spitting up
General appetite
Food preparation
Who feeds child
Bowel pattern (diarrhea, constipation)
Weight loss or gain
Medications
Family or lifestyle factors
Socioeconomic status
Travel
Hygiene practice
Stress within family
Data from Hobenbrink K: The pediatric patient. In Lang C, ed: Nutritional
support in critical illness. GaitherSburg, Md. 1987, Aspen Publication,
pp 33-59.

medications on the gastrointestinal tract and their potential
for causing nutritional disturbances.

Dietary History
The child's dietary history and an analysis of the child's
current diet to determine nutritional composition and
quantity are important. Knowledge of the child's preadmission intake may be particularly helpful for the chronically ill
child in the ICU. To collect information regarding the child's
preadmission diet, parents can be asked to recall the child's
intake in the past 24 to 48 hours. Calorie count is the best
method to document a child's current diet. The child's
enteral and intravenous intake for a 24-hour period can be
recorded and analyzed.

Physical Assessment
A careful physical examination is performed with a specific
interest in uncovering subtle signs of deficiencies in
macronutrients (protein, energy) and micronutrients (vitamins, minerals, and trace elements) (Table 12-2). The goal
of the physical examination is to corroborate and add to
findings of the history. Among the clinical signs that may
provide evidence suggesting nutritional deficiencies are the
child's general appearance; subcutaneous fat and muscle
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wasting; neuromuscular irritability; and skeletal structure,
including signs of bone disease and bone tenderness. A
decrease in muscle strength precedes a reduction in nitrogen
and protein levels in malnutrition?6 The condition of the
gums, teeth, hair, skin, and eyes are assessed for signs of
nutritional depletion. The child may also have diarrhea,
constipation, or vomiting. Because the origin of these signs
may not be nutritional, further testing is necessary to
determine the cause.

Anthropometric Measurements
Assessment of growth is a vital component in the care of
critically ill children. Anthropometric measurements including weight, length, height, head circumference, triceps skin
fold, and midarm circumference are noninvasive and easily
taken. Weight, length, height, and head circumference are
traditionally considered convenient clinical measurements
and can serve as minimum standards for the average ICU
patient.
Plotting weight, stature, head circumference, and body
mass index (BMI) on growth charts is essential to identifying growth patterns that are indicative of acute or chronic
malnutrition. Weight for age, height for age, head circumference, weight for stature, and BMI can be plotted using
National Center for Health Statistics (NCHS) charts.2 7
Standard growth charts can be found in Appendix II. Special
growth charts are also available for children with special
health problems such as trisomy 21 and prematurity.
Weight is used as a gross indicator of body fat and protein
stores. For the typical pediatric patient in the ICU, weight is
measured on a calibrated pan or sling scale. The scale is
accurately calibrated with whatever gown, sheet, diaper, or
equipment is needed for the child. Arm boards, casts, and
other heavy items are estimated and then subtracted from the
total weight. Ideally the child is weighed with the same scale
and at the same time each day.
The child is weighed on admission as a baseline and daily
a~ the child's acuity permits and until the child's growth
pattern has stabilized. Weekly weight trends are more relevant than daily fluctuations in assessing a critically ill child's
growth. An unexplained weight loss of greater than 10% of
the child's admission weight places the child nutritionally at
risk.2 8 The frequent changes in body water content from the
occurrence of capillary leak syndrome with edema reduce
the effecti veness of weight as an indicator of changes in
body mass and therefore nutritional status.
Obtaining the child's length and height assists in
estimating ideal body weight and monitoring length and
height variations over time. After I to 2 years of age, a
healthy infant's height and weight normally proceed along
the same percentile. Length and height are affected when
undernutrition occurs chronically. Recumbent length measurement is typically obtained on children from birth to
2 years of age. Standing height is obtained on ambulatory children who are 2 to 18 years of age. Because most
critically ill children cannot stand, limited options are available. Direct measurement of a child with a tape measure will
sacrifice accuracy. For children up to 36 months of age, a
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TABLE

12-2 Selected Clinical Findings Assoc:iated With Nutritional DefiCiencies/Excesses

trointestinal

~~dapted

Phenomena of Concern

Finding

Nutritional Deficiency/Excesses to Consider

Underweight, short stature
Overweight
Edematous, decreased activity level

Calories
Excess calories
Protein

Decreased fat fold
Increased fat fold
Edema

Calories
Excess calories
Protein, thiamine

Moon face, diffuse depigmentation

Protein

Pale

Anemia

Lack of curl, dull altered texture, depigmented,
easily plucked, thin
Hair loss
Coiled, corkscrew-like

Protein
Zinc, biotin, essential fatty acids
Vitamin A, ascorbic acid

Angular stomatitis

Riboflavin

Swollen, bleeding

Ascorbic acid

Caries
MoUled, pitted enamel

Fluoride
Excess fluoride

Smooth, pale, atrophic
Red, painful, denuded, edema

Anemia, B complex
Niacin, riboflavin, vitamin B 12

Spoon-shaped, koilonychia

Iron

Decreased muscle mass (wasting)

Protein, calories

Ataxia, sensory loss, motor weakness
Psychomotor change, confusion, irritable
Loss of vibratory sense, deep tendon reflexes
Sensory loss, motor weakness
Peripheral neuropathy

Vitamin B ,2 , vitamin E, chromium
Protein, chromium
Thiamine, vitamin B '2
Thiamine
Pyridoxine

Generalized dermatitis
Symmetric dermatitis of skin exposed to
sunlight, thickened pressure points, trauma
Petechiae, purpura, ecchymosis
Scrotal, vulval dermatitis

Zinc, biotin, essential fatty acids, tryptophan
Niacin

Dry (xerosis) conjunctiva
Photophobia
Conjunctival pallor

Vitamin A
Zinc
Anemia

Costochondral beading, pigeon chest
Harrison's groove, knock-kneed or bowed legs,
craniotabes, frontal and parietal bossing, open
anterior fontanelle
Epiphyseal enlargement
Bone tenderness, hemorrhages

Vitamin D

Vitamin D, ascorbic acid
Ascorbic acid, copper

Hepatomegaly (fauy infiltration)

Protein

Tachycardia, cardiomegaly, congestive heart failure
Cardiomyopathy

Thiamine
Selenium

Hypothyroidism, goiter
Glucose intolerance

Iodine
Chromium

AItered taste
Delayed wound healing
Parotid enlargement

Zinc
Zinc, ascorbic acid, protein
Protein

from Figueroa-Colon R: Clinical and laboratory assessmenl of the malnourished child. In Suskind R, Lewinter-Suskind L, eds: Textbook of

'-'ediatric nutrition, ed 2, New York, t993, Raven Press, p 195.
.Ii'

Ascorbic acid, vitamin K
Riboflavin
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length board can be used. The recumbent measurement may
result in approximately I to 2 cm greater length than an
upright height measurement. The length of a nonambulatory
child of age 3 to 18 years can be estimated by measuring
lower leg or upper arm length and comparing the measurement to a standard. 29 This technique is an estimate of linear
growth in children when height and length cannot be reliably assessed using traditional means. Upper arm length is
measured from the acromion to the head of the radius.
Lower leg length is measured from the superior medial border of the tibia to the inferior border of the medial malleolus
with the child sitting and one leg crossed over the other
horizontally.
BMI for age is calculated in children greater than 2 years
of age from the child's weight and height measurements.
BMI assists the clinician in making a judgment of whether
the child's weight is appropriate for his or her age. In older
children and adolescents, 8MI closely relates to body fat. A
child with a measurement of less than the 5th percentile may
have growth failure, and further nutritional assessment is
warranted. A measurement of greater than the 95th percentile may be considered ovemourished.
Head circumference measurement also contributes to a
complete nutritional assessment. Head circumference
changes with chronic malnutrition. The brain is often
preferentially spared for growth during malnutrition and
only slows its growth with long-term chronic malnutrition.
Reductions in weight and height precede a nutrition-related
change in head circumference. Serious malnourishment
during critical stages of brain development may cause
diminished brain and head growth and impaired developmental and intellectual potentials. Measurements are obtained in children of up to 36 months of age using a flexible,
nonstretchable tape measure. The head is measured at the
greatest circumference around the frontal bones, superior to
the supraorbital ridge and over the occipital prominence.
The recommendation is that infants age I week to 15 months
have a head circumference measurement each week and
children age 15 months to 3 years have their head
circumference measured every 3 to 4 weeks.
Triceps skinfold (TSF) and midarm circumference
(MAC) assist in the assessment of muscle mass and
subcutaneous fat content, respectively. These measurements
require the use of constant tension calipers such as Lange or
Holtain skinfold calipers and a nonstretchable tape measure.
Because approximately 50% of the body's adipose tissue is
located in the subcutaneous tissue, TSF provides an estimate
of body fat stores. Skinfold calipers pinch the skin and its
underlying subcutaneous tissue over the triceps midway
between the shoulder (acromion) and the elbow (olecranon).
To ensure accuracy, this process is repeated three times
using established techniques. Midarm circumference is used
in combination with TSF to estimate skeletal muscle mass
and somatic protein reserves. To measure MAC the diameter
of the arm is determined by using a tape measure over the
same area of the arm used when measuring TSF. These
measurements are then compared with age- and sex-specific
standards.
The child's measurements are compared with standards
established by the Ten State Nutrition StudyJO Excessive fat
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stores and muscle mass are indicated by a greater than 95th
percentile, and depletion in fat stores and muscle mass is
indicated by less than the 5th percentile. The accuracy
of both TSF and MAC may be affected by fluid shifts
and edema.

Biochemical Indices
Laboratory data can be used to evaluate biologic functions
dependent on nutrition. Of equal importance to assessing
protein and calorie deficits is assessment of micronutrients.
Serum and urine assays provide objective information to
support dietary assessments, physical findings, and anthropometric measurements. Cholesterol levels below normal
are seen in malnourished patients and correlate with mortality.31 Biochemical measurements serve to identify nutritional deficiencies that are not found clinically (Table 12-3).
Plasma Proteins. As a means of quantifying a child's
body protein stores, certain proteins that circulate in the
body can be measured. 28 .32 Protein measurements, however,
reflect body stores with varying degrees of precision. Many
physiologic and pathologic factors seen in critically ill children, such as liver disease, renal failure, trauma, infection,
and inflammation, also affect body protein and make the
interpretation of these measurements difficult.
Prealbumin is sensitive to acute visceral protein changes
and may be the most helpful protein measuremem in the
critically ill patient. 33 Prealbumin closely correlates to
nitrogen balance. Prealbumin levels are significantly decreased in the flow phase of injury.34.35 Prealbumin has a
relatively short half-life (2 days) and smaller body pool than
albumin. Prealbumin decreases rapidly with lower than
normal protein or energy intake and produces a significant
rise with adequate protein and calorie replacement. Prealbumin is partially catabolized by the kidneys and increases
with renal insufficiency.3 5 Prealbumin aids in the transport
of thyroxin and is also affected by infection and trauma.
Serum albumin, the major protein synthesized by the
liver, was one of the first biochemical markers identified for
malnutrition. A low level of serum albumin has been associated with a decrease in dietary protein intake and an increase
in morbidity and mortality.36 Once released into the plasma,
albumin has a half-life of 20 days and reacts very slowly to
changes in protein intake. Albumin levels are affected by
hepatic disease, as well as infection, injury. hydration of the
child, renal failure, intestinal disease, ongoing protein losses
from drainage tubes or wounds, and exogenous infusion of
albumin. Short-term reductions in intake may decrease albumin synthesis but have little effect on albumin levels because of the low turnover rate and large pool size of albumin
within the body. In children older than age I year, serum
albumin levels of 2.8 to 3.5 gldl may indicate mild protein
depletion, whereas severe depletion may be indicated by
serum albumin levels less than 2.1 g/d!. The nonsensitivity
and nonspecificity of albumin make it a poor indicator of
acute malnutrition in a critically ill child. Its major role is in
the assessment of the severity of chronic malnutrition.
Transferrin is also used to reflect protein status in the
hospitalized child. This plasma protein is synthesized by the
liver. Transferrin is used to transport the majority of the iron
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Bii>chemicallndkes
Age
Neonate
Birth-1 rno
tein
Blood
Serum albumin (g/dl)
Retinol binding protein (mg/dl)
Blood urea nitrogen (mg/dl)
Prealbumin (mg/dl)
Transferrin (mg/dl)
Fibronectin (mg/dl)
Urine
Creatininelheight index

Infant
1·12 rno

Child
1-4 yr

Child
5-B yr

Child
9·18 yr

~2.5

~3

~3.5

~3.5

~3.5

2-3
7-22
20-50
170-250
30-40

2-3
7-22
20-50
170-250
30-40

2-3
7-22
20-50
170-250
30-40

2-3
7-22
20-50
170-250
30-40

3-6
7-22
20-50/60
170-250
30-40

>0.9

>0.9

>0.9

>0.9

>0.9

~30

~30

~30

~30

~30

~20

~20

~20

~20

~20

<20

<20

<20

<20

<20

lacin
Serum folate (ng/ml)
Red blood cell folate (ng/dl)

>6
>160

>6
>160

>6
>160

>6
>160

>6
>160

amin K
rothrombin time (seconds)

11-15

11-15

11-15

11-15

11-15

$10

$10

$10

$10

$10

>0.2

>0.2

>0.2

>0.2

>0.2

<15

<15

<15

<15

<15

tamin A
Plasma retinol (g/d\)
ltamin D
25-0H-D, (ng/ml)
iboflavin
. Red cell glutathione reductase
stimulation effect (%)

min E
ed blood cell hemolysis test (%)
in C
Plasma (mg/dl)

iarnine
Red blood cell transketolase
stimulation effect (%)
. tamin B'2
Serum vitamin B 12 (pg/ml)

~2OO

~2oo

~2oo

~2oo

~2oo

n
Hematocrit (%)
Hemoglobin (g/d\)
Serum ferritin (ng/ml)
Serum iron (g/dl)
Serum total iron-binding capacity (g/d\)

31
12
>10
>30
350-400

33
12
>10
>40
350-400

36
13
>10
>50
350-400

39
14
>10
>60
350-400

36
13
>10
>60
350-400

nc
Serum zinc (g/dl)

80-120

80-120

80-120

80-120

80-120

~.

..-dapled from Klish W: Nutritional assessment. In Wyllie R. Hyams J, eds: Pediatric gastroimestinal disease, Philadelphia. 1993, WB Saunders, p 1108.

in Ihe plasma. Transferrin has a half-life of approximately
8 days and therefore is more sensitive than albumin to
protein deficiency. A transferrin level of 100 to 170 mgfdl
may reflect moderate malnutrition, and a level of less
than 100 mgfdl may indicate severe malnutrition. Transferrin is known to rise rapidly during iron deficiency and
may be affected by other nonnutritional factors, including
nephrotic syndrome, neoplastic disease, and liver disorders.
Retinol-binding protein levels also vary with proteinenergy status. Relative to the other visceral proteins,
retinol-binding protein has a very short half-life (10 to

12 hours). However, retinol-binding protein is not used
often for diagnosis of malnutrition because it is present only
in very small concentrations. Serum levels may rise in liver
disease and renal insufficiency and be lowered in vitamin A
deficiency.
Urine Screening for Somatic Proteins. Although
urine is sometimes difficult to collect, urine screening for
creatinine and urea nitrogen can be valuable in assessing the
nutrition status of the critically ill child. Creatinine height
index (CHI) reflects muscle mass, assuming that renal function is normal. Creatinine, the metabolic product of creatine,

Chapter 12

is stored in muscle and excreted by the kidney at a relati vely
constant rate. Creatinine excretion is measured in a 24-hour
urine collection. The 24-hour creatinine excretion of the
patient is divided by a 24-hour creatinine excretion of the
same-height child and multiplied by 100 to obtain an index:
24-Hour urine creatinine excretion (mg)
x 100
24-Hour urine creatinine excretion of
same-height child (mg)
In the well-nourished child the CHI is 90% to 100%.
Severe protein-calorie malnutrition is indicated by a CHI
under 40%, moderate depletion is indicated by a CHI of
40% to 60%. and mild depletion is indicated by a CHI of
60% to 80%.32 Creatinine excretion can be affected by
hydration state and catabolic states. Patients taking diuretics
and those with renal disease are likely to have low
excretions of creatinine?B
Urea nitrogen excretion also requires 24-hour urine
collection and can be used to estimate nitrogen balance and
assess catabolic state. Nitrogen balance determines the state
of metabolic balance or protein turnover by subtracting
nitrogen excretion from nitrogen intake. Nitrogen balance is
calculated as follows:
(Protein intake [g124 hours]/6.25) (Urine urea nitrogen [g/24 hours] + 4)
Protein intake is divided by 6.25 to determine the intake
of nitrogen. This factor is the average nitrogen intake in I g
of dietary protein. A constant of 4 is added to urine urea
nitrogen to account for the other body nitrogen losses (stool,
skin, etc.). If the answer to this equation is above zero. the
patient is adding lean body mass and is in an anabolic state.
This result indicates growth or recovery from an illness. If
the number is negative or below zero, the child is catabolic
and losing protein or lean body mass. This state suggests the
need to add protein alone or a combination of protein and
calories to the diet. In addition to malnutrition, a negative
nitrogen balance may also be caused by hypoperfusion,
fever, sepsis, shock, and steroid therapy.

Other Methods of Assessment
Body Composition. Measurement of body composition is currently being used in some settings for nutritional
analysis and involves the estimation of body components.
Different methods exist with varying accuracy, technique,
and applicability to the child in the ICU. For the majority of
these tests, their relationship to patient outcome has not yet
been demonstrated. 28.32
Two methods of measuring body composition include dual-energy x-ray analysis (DEXA) and total body
water (TBW). Bone mineral content (BMC), fat free mass
(FFM), and percentage of body fat (%BF) can be
determined by x-ray examination. This noninvasive method
is especially helpful in detecting bone loss in children.
TBW uses isotopes to measure FFB and %BF. Small
amounts of isotopes are administered to the patient. The
concentration of the isotopes is then measured in the urine
to estimate TBW.
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Indirect Calorimetry. Calorimetry is the process of
measuring energy expenditure and is based on the premise
that energy is produced by thermal reactions. Energy
expenditure was initially measured in a laboratory setting by
directly quantifying heat dissipating from a subject. With the
advent of indirect calorimetry, measuring energy expenditure can now be done at a patient's bedside. 37 Indirect
calorimetry is now the reference standard for energy
expenditure. Indirect calorimeters assist in evaluating caloric needs and measuring the use of various nutrients in
critically ill children 38-4o
Metabolic carts brought to the bedside measure the rate
of pulmonary gas exchange. Using a sophisticated analyzer,
carbon dioxide and oxygen levels in inspired and expired air
are measured and compared to determine energy expendi4142 0 xygen consumptIOn
. an d carbon d"d
ture.·
lOX) e prod uction represent valid measurements of intracellular metabolism. The amount of oxygen absorbed across the lung is
assumed to be equal to the amount of oxygen consumed for
metabolic processes.
Metabolic carts are capable of calculating a child's respiratory quotient (RQ) or ratio of carbon dioxide molecules
produced to molecules of oxygen consumed. 43 The determination of RQ assists in evaluating overfeeding and substrate
use. The RQ varies from 0.7 to 1.2 depending on the metabolite. 44 An RQ of I reflects pure carbohydrate metabolism;
whereas an RQ of 0.82 suggests protein metabolism, and an
RQ of 0.71 suggests fat use. 45 The administration of large
glucose concentrations has been associated with increased
carbon dioxide production, which may lead to an increased
RQ.42 Edes, Walk, and Austin 44 suggest when RQ is greater
than I, total calories may be decreased. When RQ is less
than 1 but greater than 0.85, carbohydrates are being converted to fat. 7 Fat calories can be substituted for carbohydrate calories when further reduction of the RQ is seen as
beneficial to the child. Simply adding fat calories, however,
may not benefit the child if total calories are in excess of his
or her needs. Edes, Walk, and Austin 44 also suggest that
those patients receiving long-term ventilatory support or
patients who will not undergo weaning for several days may
not benefit from a reduction in RQ or a change in the diet to
high-fat feedings. The goal is to keep the child, once fed, at
an RQ of equal to or slightly lower than 0.85 to 0.9. 7 •35
Although indirect calorimetry predicts energy expenditure with much higher confidence than the traditional
formulas, this method has some limitations. 42 Measurements are affected by oxygen concentrations of greater than
40% to 60%. Higher oxygen concentrations broaden the
margin for error. The reproducibility of the measurements
is also affected by loss of exhaled volume from a leak
in the system. The expense of the necessary equipment,
the importance of an experienced technician, and the
continued need to standardize equipment in the pediatric
population have limited the use of indirect calorimetry in
many PICUs.

NUTRITION MANAGEMENT
Nutrition management of the child in the ICU involves
providing protein and calories sufficient to address the
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child's stress-related needs while enhancing protein and calories for growth and supplementing vitamins and
minerals.Preventing malnutrition is easier than recovering
from the effects of undernutrition. Specialized nutrition support is initiated with specific therapeutic goals. Various organ systems and disease entities may benefit from tailored
interventions. 46 During the beginning phase of critical illness, the goal of therapy is to stabilize lean body mass. After
the initial hypermetabolic period, nutritional goals broaden
to include improvement of visceral protein, replenishment
of muscle glycogen and mineral stores, and provision of
positive anabolic growth. The correction of the organ system
dysfunction associated with malnutrition may take days to
weeks. The ultimate plan for nutritional support depends on
the basal metabolic needs, the nutritional condition of the
child, the metabolic response and nutrient requirements of
critical illness, the child's age, and the ability to provide
parenteral and enteral therapy. Although brief nutritional
inadequacies may have limited consequences if adequate
oral intake is not expected, children admitted to ICUs should
receive nutrition support within 24 to 48 hours after their
admission. Those children with injury or sepsis or those who
are admitted to the PICU in a malnourished state are particularly vulnerable and require the highest priority.

Determining Energy Needs
Estimation of the child's energy needs is essential for
providing nutrition support. The energy requirements of a
critically ill child are highly individualized and may vary
widely. Some researchers have found a trend of increasing
energy needs during the first week after injury or sepsis with
a peak during the second week of admission. 47 Others have
reported total energy expenditure close to resting energy
expenditure for trauma patients who are deeply sedated48
and no significant difference between preoperative and
postoperative needs 49 ,5o Ventilated patients with little work
of breathing may only minimally increase their energy
expenditure.
Because metabolism affects energy needs, whatever
changes metabolic response affects caloric and nutrient
needs of the child. More than 60% of the child's energy
needs are necessary for daily function of the heart, kidneys,
and brain. These body organs make up 16% to 17% of the
body weight of a child, compared with 5% to 6% of the body
weight for adults. Basal metabolic rate (BMR) is the energy
required to maintain functional cellular activities at complete rest in a fasting state. Infants have a higher metabolic
demand per kilogram, requiring a larger percentage of
calories for growth. During infancy, BMR is approximately
50 kcaUkg/day; by adolescence the caloric needs of the
child have decreased by 50% to 20 kcal/kg/day5 BMR is at
its highest level per kilogram up to the age of 24 months.
BMR is affected by a variety of factors other than age, In
both starvation and obesity, BMR decreases. For every 10
increase in temperature, there is a 10% to 14% increase in
metabolic rate. Drugs such as caffeine, ~-blockers, and
catecholamines increase BMR. Pathologic states, such as
respiratory failure, increase BMR.
Establishing caloric needs of critically ill children is

TABLE

12-4

Stress Factors

;::epresentative Stress State

Stress Factor

~'
li!<,-'

~imple

0.9

~-$epsis

1.3
1.5-1.6
1.3
1.5

starvation
(moderate)
I[&psis (severe)
!lJl1'rauma: central nervous system (sedated)
Ii'rrauma: moderate to severe
!!IBums
(proportionate to bum size)
it"
'~atch up growth

Up to 2
1.5-2.0

·.'ollack M: Nutritional support of children in the intensive care unit. In
,. uskind R, Lewinler-Suskind L, eds: Textbook of pediatric nutrition.
~. 2, New York, 1993, Raven Press, p 214; Jew R: The Children's
~ asp/tal of Philadelphia pharmacy handbook and formulary, Ohio,
'c998. Lexi-Comp.
i~

challenging. Although the recommended daily allowance
(RDA) guidelines are standard for estimating the energy
needs of healthy children, these recommendations exceed
basic energy expenditure by approximately 20% to 50% and
are not reliable estimates of for critically ill children. 5I More
accurately, caloric needs for critically ill children are
approximated by calculating resting energy expenditure
(REE) and multiplying by activity and injury stress factor
(Table 12-4), Although REE and BMR are often used
interchangeably, REE is approximately 10% higher than
BMR, reflecting a measurement time closer to the consumption of food. The World Health Organization (WHO) REE
recommendations have been proven relatively accurate for
children older than I year of age.2 9.52 Activity and stress
factors are used to adjust for increases in energy expenditure
as they relate to illness and activity. For obese children
(those greater 120% of ideal body weight), the Schofield
height/weight equations may be more useful. 53 -55 Indirect
calorimetry, as previously discussed, may also be used to
estimate caloric needs, especially in cases when multiple
processes are occurring simultaneously.
Once determined, REE is multiplied by a stress and
activity factor. Cerra56-58 initially quantified the metabolic
effect of various types of activities and degrees of stress.
Routine activities common to the ICU were found to affect
oxygen consumption and energy expenditure 59 (see Chapter 8). A decrease in energy expenditure may occur with
paralysis (58%) and with sedation and pain relief (5% to
10%).60.61 In the late 1990s, many authors contested the
initial stress factor guidelines suggested by Cerra. 38 .62
Studies done using indirect calorimetry to measure REE
found energy expenditure to be lower than previous research
using other methods to estimate increased caloric needs.
Results from pediatric studies examining measured
energy expenditure in the critically ill child have confirmed
energy expenditure above REE.49.50.63 In practice, for the
majority of critically ill children with moderate stress from
trauma, sepsis, or surgery, REE can be multiplied by a factor
of 1.5 to 1.6 or a 50% to 60% increase above REE. 35
Otherwise, the well-nourished child on bed rest with
moderate stress, for example, skeletal trauma, may require
REE times 1.2 to 1.3 or 20% to 30% above REE. Long-term
growth failure may require an increase of 50% to 100%
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L""
~eterm

l!Infant«12months)
~oddler (1-2 years)
~irreschool (3-5 years)
~JiSchool (7-12 years)
!~;AdOlescent (13-18 years)

Total Calories
(kcal/kg/day)

Protein
(g/kg/day)

Carbohydrates (%)

Fat (%)

100-120
80-110
85-95
80-90
70-80
40-65

2.5-3.5
2.0-3.0
1.5-2.0
1.2-2.0
1.0
1.0

34-39
35-65
50-55
55-60
55-60
55-60

39-43
30-55
30
30
30
30

~daPted from Huddleston K. Ferraro-McDuffie A, Wolff-Small T: Nutritional suppon of the critically ill child. Crit Care Nurs Clill North Am 5:68. 1993;

~ta from Hobenbrink K. Oddlesitson : Pediatric nutrition suppon. In Shronts E. ed: NutritiOIl support dietetics. Gaithetsburg. Md. 1989. Aspen
!P'ublications. p 231; Pereira G, Barbosa N: Controversies in neonatal nutrition, Pediatr Clill North Am 33: I, 1986; Jew R: The Children's Huspital of
~'fhiladelphia pharmacy halldbook alld formulary, Ohio, 1998, Lexi-comp. p 375.
W.J;

above REE. Stress factors of over 2 are commonly reserved
for children with bums.
Although adequate nutrition is essential for the critically
ill child, overnutrition cannot be overlooked as a potential
complication. 37M Overfeeding with excessive calories may
cause hyperglycemia, added nosocomial infections, hepatic
dysfunction, and congestive heart failure; may worsen respiratory insufficiency; and may increase metabolic rate.13.65-67
Altered body weight changes energy expenditure. 64 The
work of breathing may be affected by an increase in adipose
tissue throughout the abdomen and chest. Increases in oxygen consumption and hypercapnia, which may result from
overfeeding, can interfere with weaning. 68 Storage of fuels
such as glycogen and adipose are associated with significant
increases in energy expenditure. 69 Elevations in the RQ can
be attributed to the metabolism of an increased carbohydrate
load. Some have even recommended permissive underfeeding in the adult population, providing a hypocaloric, hypoprotein diet in the first days after injury or sepsis. 7o.7t
Despite the reported overestimation of energy expenditure, formulas continue to be standard for determining
caloric needs of critically ill children. 72 Some speculate that
because of improvements in the treatments and procedures,
these equations are no longer predictive. 73 In practice,
clinical response to feeding is the best indicator of caloric
adequacy.

Nutrient Distribution
Once a child's total caloric needs are estimated, macronutrient distribution of kilocalories is determined. Appropriate
amounts of vitamins, minerals, and trace elements are also
added. Providing a mixed fuel source for patients is
recommended 74 (Table 12-5).
Macronutrient Needs. Protein provides amino acids
for continuous tissue synthesis and repair, transport of nutrients, and maintenance of immune function. Protein requirements change, as does metabolic rate. 75 .76 Dietary protein is
an important determinant of postinjury nitrogen balance. As
a child gets older and metabolic needs decrease, so will the
need for protein. The RDA provides guidelines for protein
intake. These recommendations are based on minimum protein intake necessary to maintain nitrogen balance. 5 I One
gram of protein equals 4 calories. Infants require 10% to

20% protein, and children older than 2 years require 10% to
15% protein in the diet. 29 Nitrogen balance is possible at
levels of nitrogen intake exceeding the rate of protein catabolism. In patients with head injury, however, protein catabolism was not reduced despite an intake of twice the calculated requirements. 77 Early feeding of ICU patients with
small peptide-based protein has improved nitrogen balance
and returned prealbumin to normallevels. 78
Nonprotein calories are provided to the body by carbohydrates and fat. Carbohydrates ingested primarily as
disaccharides, starches, and polysaccharides are the major
source of energy for the body. Depending on the source, I g
of carbohydrate equals approximately 4 calories. A high
glucose load may also cause hyperglycemia and hepatic steatosis. 66 Carbohydrates often supply approximately
35% to 65% of the infant diet and 55% to 60% of the diet
for children older than 2 years of age.2 9 Fat is essential to
cell integrity and provides a high caloric content. Fat has the
highest caloric density of any nutrient, with I g of fat equal
to approximately 9 calories. In general, to avoid essential
fatty acid deficiency, 4% to 8% of the total calories ingested
should be from a lipid source. 18 The recommendation is for
approximately 30% to 55% of the full-term infant's diet and
30% of the diet for children older than 2 years of age be
provided by fat?9 Infant metabolism requires a greater
dependence on fat for energy. 5
To ensure maximum use of protein, calculating the ratio
of nonprotein calories to nitrogen may be useful. The
amount of nitrogen reflects protein in the diet. One gram of
nitrogen is equal to 6.25 g of protein. In the typical
American diet, the ratio of nonprotein calories, those from
carbohydrates and fat, to grams of nitrogen is approximately
200 to 300 calories to I g of nitrogen. The inefficient use of
amino acids, along with an increase in excretion of urinary
urea nitrogen by the critically ill, suggests the need for
higher protein intake. 34 Providing nonprotein-to-nitrogen
ratios of approximately 80: I to 100: I for highly stressed
patients may maximize nutritional support. Lowering the
ratio of nonprotein calories to nitrogen may benefit children with high protein needs caused by burns, continuing
losses through chest tube drainage, nasogastric suctioning,
intractable diarrhea, and substantial blood IOSS7 For critically ill patients, increasing the fat portion of the nonprotein
energy requirement by shifting away from the carbohydrate
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TABLE 12·6 Vitamins, Minerals, and Trace Elements
Fat-Soluble Vitamins
Vit.A
(/1g)

!

j;1i'

'~_emales

I~

Vito D
(/1g)

0.0-0.5
0.5-1
1-3
4-6
7-10

375
375
400
500
700

11-14
15-18
19-24

1000
1000

10
10
10

11-14
15-18
19-24

800
800
800

10
10
10

1000

Vito K
(/1g)

Vito C
(mg)

Thamine
(mg)

Riboflavin
(mg)

3
4
6
7
7

5
10
15
20
30

30
35
40
45
45

0.3
0.4
0.7
0.9
1.0

0.4
0.5
0.8

10
10
10

45
65
70

50

1.3
1.5
1.5

1.5
1.8

8
8
8

45
55
60

50
60

1.1

1.3

1.1

1.3

60

l.l

1.3

Vito E
(mg)

7.5
10
10
10
10

Water-Soluble Vitamins

60

60

1.1

1.2

1.7

Niacin
(mg NE)

Vit.8 6
(mg)

Folate
(/1g)

Vit.8 12
(mg)

0.3
0.5
0.7
1.0
1.4

5
6
9
12
13

0.3
0.6
1.0
1.4

25
35
50
75
100

17
20
19

1.7
2.0
2.0

150
200
200

2.0
2.0
2.0

15
15
15

1.4
1.5
1.6

150
180
180

2.0
2.0
2.0

1.1

;]i~,

_:~dapted with permission from Recommended dietary allowances: 10th edition. Copyright 1989 by the National Academy of Sciences. Courtesy of the

.. ational Academy Press. Washington, D.C.
"~ormal height and weight for age.

portion may decrease hyperglycemia and prevent respiratory failure. 79
Micronutrient Needs. Micronutrients are an essential part of the critically ill child's diet. Children have
increased requirements of calcium and phosphorus. Guidelines established by the RDA for vitamins, minerals, and
trace elements are used as recommendations for providing
micronutrients (Table 12-6). For the critically ill child,
individually calculated amounts of vitamins and electrolytes
are often necessary. Replacement of these elements is
guided by monitoring appropriate serum levels. These
deficiencies may affect the metabolic processes that are
necessary for recovery. Deficiencies may have occurred
before the child's critical illness or from inadequate
replacement of current needs. If deficiencies exist, supplementation is necessary. Trace elements such as zinc, copper,
chromium, manganese, selenium, iodine, molybdenum, and
iron are important for growth and development. Small
infants also have a reduced capacity to store minerals. 5

Immune-Enhancing Additives
Amino acids such as glutamine, arginine and others;
nucleotides; OJ-3 fatty acids; recombinant growth hormone;
and antioxidant vitamins have a role in maintaining the
structure and function of the gut and in treating the stressed,
hyperrneLabolic patient. 23 ,80-82 Glutamine is important in
protein synthesis and may be the principal means of nitrogen
transfer from the muscle to visceral organs. 83 During
hypermetabolic states, glutamine is consumed at higher
concentrations by the gastrointestinal tract and may reflect
an increase in meLabolic need. The addition of glutamine to
enteral and parenteral nutrition may improve nitrogen
balance, enhance intestinal mucosal repair, minimize villous
atrophy, and reduce bacterial translocation 84.85 Arginine
may reduce protein breakdown, which may have a potent
effect on depressed immunity and also enhance the body's

wound healing ability.86,8? Although the evidence is inconclusive, adjusting the protein source to include branchedchain amino acids (valine, isoleucine, and leucine) has also
been identified by some to benefit patients during injury or
sepsis 88 Nucleotides have also been added to various
formulas to influence immunocompetence. 8o An increase in
ro-3 fatty acids potentiates the immunoregulalOry properties
of fat emulsion. 89 An OJ-6 to OJ-3 fatty acid ratio of 2: I may
benefit the critically ill child. By reducing triglyceride level
in the plasma and thereby decreasing the risk of coronary
heart disease, ro-3 fatty acids make a valuable addition to the
diet. The OJ-3 fatty acids may also have a positive effect on
atherosclerosis, hypertension, inflammatory disease, and
ventricular dysrthyIhias. 90 -92 Administration of growth hormone has been shown to decrease RQ and to contribute to
a positive nitrogen balance. 93 -95 However, in septic patients,
no improvement in protein status was noted. 96.97 Diets with
arginine, OJ-3 fatty acids, and ribonucleic acid may increase
muscle protein levels, improve nitrogen balance, reduce
weight loss, and improve immune function 98 However,
immune-enhancing formulas have not proven advantageous
to all patient populations. 99. tOO Vitamin C, vitamin A,
riboflavin, and pantothenic acid are indicated for wound
healing. 101 Zinc loss is directly related to severity of illness.
It is sequestered in the liver during stress and is used in
essential metabolic pathways]5

Collaborative Interventions
Delivery of nutrients to a critically ill child is often
challenging. If oral intake is inadequate or not feasible,
nourishment by another delivery method is necessary.
Enteral Feeding. When oral intake is insufficient in a
child with adequate digestive and absorptive capacity, enteral tube feedings are initiated. Increasing evidence confirms that enteral feeding is superior to parenteral nutrition
with regard to gut structure and function. 102,103 However,
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Minerals

Males

Females

Trace Elements

Calcium
(mg)

Phosphorus
(mg)

Magnesium
(mg)

Iron
(mg)

Zinc
(mg)

Iodine
(mg)

0.0-0.5
0.5-1
1-3
4-6
7-10

400
600
800
800
800

300
500
800
800
800

40
60
80
120
170

6
10
10
10

5
5
10

10

10

40
50
70
90
120

10
15
20
20
30

11-14
15-18
19-24

1200
1200
1200

1200
1200
1200

270
400
350

12
12
10

15
15
15

150
150
150

40
70
70

11-14
15-18
19-24

1200
1200
1200

1200
1200
1200

280
300
280

15
15
15

12
12
12

150
150
150

45
50
55

Age* (yr)
Infants
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controversy remains regarding whether parenteral nutrition
alone or overfeeding itself is the cause of the perceived
inferiority of parenteral nutrition. I04 The enteral mode of
therapy preserves the normal sequence of nutrient delivery.
In addition, this mode is safer and less costly. Enteral nutrition is associated with reduced morbidity and mortality,
decreased potential for bacterial translocation into mesenteric lymph nodes, improved host response, higher pancreatic enzymes and disaccharidase activities, and enhanced
nutrieill use, compared with parenteral therapy. lOS-lOB Enteral support may be essential for continued production
of immunoglobulin A (lgA).lol Reduced IgA may allow
introduction of foreign substances into the lymphatic system
via the gut. 109
Despite the common practice during the initial phase of
critical illness of withholding enteral nutrition to prevent
feeding intolerances and avoid gut malfunction, early
enteral feedings have significant benefits. 110-1 16 Seemingly
small amounts of nutrients administered enterally benefit the
integrity and function of the 01 tract. Therefore, when it is
not possible to provide full nutrition support with enteral
feedings, trophic feedings should be initiated to provide gut
protection (see Appendix VII). Although use of parenteral
nutrition for up to 2 weeks may not cause mucosal atrophy,
evidence does indicate that impairment of absorptive
capacity may occur when nutrients are not supplied directly
to the gastrointestinal tract. 1l7 - 119
Few contraindications to the exclusi ve use of enteral
feedings exist, the most significant of which include or
obstruction involving the entire small intestine, caloric
requirements beyond those which safe enteral feedings can
provide, and active upper 01 bleeding l20 (see Appendix
VII). Withholding enteral feedings is also considered for
patients who require endotracheal intubation or extubations
within 4 hours, hemodynamically unstable patients with
escalating therapy, and patients with significant graft versus
host disease. In addition, an infant at risk for developing

10

Selenium
(mg)

necrollzmg enterocolitis may need a delay in enteral
feedings for I to 2 weeks. Enteral feedings in the past have
been avoided in the initial phases of critical illness because
of the potential for gastric stasis. Although hemodynamic
instability is a contraindication for some, complications may
be avoided by placing the feeding tube in the child's
duodenum or jejunum.
Selection of Formulas. Human breast milk, along
with a variety of formulas, is available for the enteral
nutrition of infants (Table 12-7). The selection of these
enteral products is based on the child's age-related nutritional needs, underlying physiologic and pathophysiologic
conditions, clinical status, and 01 function.
Breast milk has long been recommended as the ideal
food for infants and is given strong consideration for the
critically ill infant. 121 Human milk provides essential
immunologic benefits, growth-stimulating properties, and
a balance of nutrients and digestive substances.I22-125
Human milk proteins provide amino acids for growth,
as well as for digestion, host defense, and possibly tis126
For infants at greater risk of infection,
sue maturation.
breast milk may be especially beneficial. The decreased
infection rate in breast-fed infants has been attributed by
some to IgA and other antimicrobial properties found
in human milk. The fat in human breast milk is thought
to be more absorbable because of the positioning of the
fatly acids. Iron, zinc, and other nutrients, except chloride,
tend to be more bioavailable in human milk. While the
infant is in the intensive care unit, breast-feeding mothers
require support. 127·129 Providing staff support to the mother
at regular intervals, as well as continued staff education, has
been found to improve the duration of breast-feeding. 130
Mothers offered a quiet place in a private room can use
manual or electric breast pumps to express milk for their
infant. Breast milk can then be stored in glass or plastic
containers in the refrigerator for 24 to 48 hours, in the
freezer compartment of refrigerators for 2 to 3 weeks, or in a
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Breast Milk and Selected Infant Fcmnulas
Kcal/ml

lleast Milk
,l:ow's Milk
,i:
jiferm Protein Formulas
i$imilac
'!Enfamil

Carbohydrate

Fat

Protein

(g/dl)

(g/dl)

(g/dl)

0.67

7.2

4

1.05

0.67
0.67

7.2
6.9

3.6
3.8

1.5

0.67

7.2

3.4

1.6

0.67

6.9

3.8

1.6

0.67

7.8

3.2

2.3

.67

6.9

3.8

1.5

0.67

6.8

3.6

2.0

0.67

6.9

3.6

2.0

0.81

8.6

4.4

2.2

0.81
0.75

8.9
7.7

4.1
4.1

2.4
1.9

7.9

3.0

2.1

0.67

8.8

2.6

2.2

0.67

9.1

2.7

1.9

0.67

6.8

3.7

1.8

1.4

1'"

:~arnation Good Start

Components

Lactose; soy, coconut oil; nonfat milk
Lactose; coconut oil, soy; nonfat milk, demineralized whey
Hydrolyzed whey, whey protein concentrate;
lactose maltodextrins; palm oil, safflower
oil, soy oil
Lactalbumin; coconut, com oi I; lactose;
reduced sodium

CT.Containing Formulas

term Infant Formulas
:inulac Special Care
I (24 cal/oz)

.'1:.

Com syrup solids, lactose; MCT oil and com
oil; sodium caseinate
Com syrup solids; milk protein isolate; palm,
soy, coconut, sunflower oil
Com syrup solids, sucrose; soy and coconut
oil; soy protein isolate, L-methionine
Com syrup solids, soy and coconut oil; soy
protein isolate, L-methionine
Com syrup solids, lactose; MCT oil, com
and coconut oil; nonfat milk, demineralized whey
Same as above
Nonfat milk with whey protein; sunflower,
soy, MCT and coconut oil; corn symp

Sucrose, modified tapioca starch; com oil;
casein hydrolysate
Com syrup solids, modified tapioca starch;
com oil and MCT oil; casein hydrolysate
with amino acids
Tapioca starch, sucrose; MCT oil, safflower
oil, soy oil, casein hydrolysate with amino
acids

tA.dapted from Abad-Sinden A, Sutphen 1: The practical use of infant formulas. In Wyllie R. Hyams J. eds: Pediatric gastrointestinal disease. Philadelphia.
)93. WB Saunders, p 1084; data from American Academy of Pediatrics. Committee on Nutrition: Pediatric lIU1ri'iOIl halldbook. ed 3, Elk Grove Village.
. " 1993, American Academy of Pediatrics; Jew R, ed: Pharmacy halldbook alld fonnulary. The Children's Hospital of Philadelphia, Ohio, 1998.
"'xi-Comp. p 375.
I:, CT, Medium-chain triglyceride.
,:'

deep freeze of -200 C for 3 to 6 months and given to the
infant as needed. 131 Frozen milk is thawed quickly under
running water. Once the milk is defrosted, it can be refrigerated for 24 hours.
If breast milk is not available, a variety of commercially
prepared formulas can be given. For most patients, resuming
their previously established diet is most appropriate. Otherwise, evaluation of the child's age and nutritional needs is

necessary to determine the most appropriate formula. Standard formulas for infants younger than 12 months of age
contain whole protein and require intact biliary, pancreatic,
and intestinal function. Although based on breast milk, formulas tend to have higher levels of polyunsaturated fat and
lower levels of monounsaturated fat. Formulas also lack the
range of complex carbohydrates found in breast milk. Infant
formulas tend to have higher concentrations of some nutri-
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Selection of Infant Formulas «1 Year of Age)

term infant

It

'~34 Weeks' gestation

Formula Description

Example of Formulas

60:40 whey/casein or casein formula

Enfamil
Similac
Carnation Good Stan

Whey hydrolyzed; hypoaJlergenic
Premature infant formula

~~~

I~

!ncomplicated lactose intolerance; casein

IW'·

Lactose·free soy protein
Isolate formula (sucrose and com-free also
available)

'~~rgan dysfunction (e.g., renal, cardiac)

Low renal solute load

,..,,,,'; ,.senSILJve
~~i'

~'"'

-~iarrhea management
~.evere

steatorrhea associated with bile acid
.--:i"deficiency, ileal resection, or lymphatic
Itanomalies; fat malabsorption

·~.1.\.l
•. . .• .• .• . I ergy to cow's milk (casein) and soy

1

·"'protem

"W:·

Soy protein containing fiber
Infant formula with MCT oil

Hypoallergenic casein hydrolysate; peptide
based

1\;:

.~bnormal nutrient absorption, digestion, and

-"of transport; generalized malabsorption;

'li' severe intractable diarrhea; protein calorie

Hydrolyzed casein with part of fat from
MCT oil (lactose-free); peptide based

Simi lac Special Care
Neosure
Enfamil Premature
Lacto·free
Prosobee
Isomil
Similac PM 60/40
Good Start
IsomilOF
Portagen
Pregestimil
Alimentum
Nutramigen
Pregestimil
Alimentum
Pregestimij
Alimentum

~>malnutrition

~

.. bnormal nutrient absorption and transport;
!!ill.- malabsorption of protein and fat; intract.~,:.able diarrhea; protein calorie malnutrition

Hydrolyzed casein with percentage of fat from
MCT oil (lactose·free and sucrose-free);
peptide based; 100% Amino acid based

Pregestimil
Neocate

,.;'c:

~~~apted from Wilson SE, Dietz WH Jr, Grand RJ et a1: An algorithm for pediatric enteral alimentation, Pediarr Ann 16:233, 1987; Hendricks K, Walker
Manual of pediatric nurritian. ed 2, St Louis, 1990, Mosby.

iiW:

j~CT,

Medium-chain triglyceride.

ents compared with breast milk because the bioavailability
of the nutrients contained in formula is lower. For children
younger than I year of age, standard formulas have the same
caloric densities, are of nearly identical osmolalities (250 to
320 mOsm), and provide similar calories (20 calories/ounce
[calloz] or 0.67 calorie/mi). The type of infant formula can
be selected based on the child's needs (Table 12-8) (see
Appendix VII). Cow's milk-based formulas for healthy full·
term infants (e.g., Similac, Enfamil with Fe) contain lactose
as the major carbohydrate. Soy and coconut oil blends provide fat for the majority of these formulas. Lactose-free
cow's milk-based formulas (e.g., Lacto-free) are also avail·
able for infants with suspected lactose intolerance. Soybased formulas (e.g., Isomil, Prosobee) may also be recommended for infants exhibiting a primary or secondary
lactose intolerance. Specialized formulas (Pregestimil, Alimentum, and Neosure) are available for infants who have
malabsorption problems or are intolerant of the carbohydrates, fats, or protein contained in standard infant formulas.
When fortified breast milk is not available, preterm infants
require nutrient dense formulas (e.g., Similac Special Care).
Formulas are prepared and refrigerated when opened for no
longer than 24 hours.
For children older than I year of age, various formula
options are available (Table 12-9) (see Appendix VII).

Pediatric formulas (e.g., Pediasure, Nutren Jr.) are specifically designed for children I to 10 years of age. These
formulas provide a higher caloric value with an increase in
grams of protein and carbohydrate and a decrease in fat
content, compared with infant formulas. Higher amounts of
calcium, phosphorus, and vitamin D with similar osmolarity
to infant formulas (325 mOsmlkg) are also characteristic of
pediatric formulas. Peptide-based formulas (e.g., Peptamin
Jr.) are available for children with malabsorption problems.
Elemental formulas such as Pediatric Vivonex may also be
necessary for some children with severe problems. Pediasure with Fiber and Nutren Jr. are also available with fiber
and are considered for children with diarrhea, constipation,
neuromuscular disease, and immobility.
Adult formulations are generally used in children older
than 10 years of age. These products range in caloric density
from 1 to 2 kcallml and in general have a higher osmolarity
(450 to 810 mOsmIL). Standard adult formulas require the
patient to have normal digestive capacity. These formulas
are isotonic, providing I cal/ml with a relatively high
carbohydrate-to-fat ratio and intact or almost intact protein.
Selection of these formulas is based on standards similar to
those of infant formulas (Table 12-10) (see Appendix VII).
Complete or standard lactose-free formulas (e.g., Isocal,
Ensure) are adequate for the majority of patients. Fiber-

TABLE

12·9 Selected Pediatric and Adult Formulas
Calories
(kcal/ml)

Protein
(giL)

Fat
(giL)

Carbohydrate
(giL)

21
30

42
50

127
110

30
30

50
38.5

110
137.5

6.7

20.9

30

1.06
1.5
1.06
1.06
2

54.9
34

37.2
53

44

44

70
70
57

36.8
80
37

145
200
133
151.7
250
145

1.5

57
56
62.5

57
28
93.7

161
132
105.5

1.96
1.8

19.4
38

46
3

366
206

J

40

1.5
1.78
1.5
1.5

94
44

39
68
36

63
82

68

2

79

1.06
1.35

1

127

135
169
106
142

92

i~dapted from Committee on Nutrition. American Academy of Pediatrics: Pediatric nl/trition handbook, ed 3. Elk Grove Village, Ill, 1993, pp 380-384;

~ata

from Jew R, ed: Pharmacy handbook andforml/lary, The Children's Hospital of Philadelphia, Ohio, 1998, Lexi-Comp, pp 425-438.
Medium-chain triglyceride.

'~CT,
i:~i'

TABLE

12·10 Selection of Older Child and Adolescent Formulas

Requiring Fiber
")'Abnormal 01 tract
'L~i:

Formula Description

Suggested Formulas

Nutritionally complete for age group

Pediasure
Nutren Jr.
Pediasure with Fiber
Peptamin Jr.
Neocate plus one
Vivonex Pediatric
Ensure
Osmolite
!socal
Ensure Plus
Magnacal
Oxcepa
Pulmocare
TraumaCaJ
Crucial
Peptamen
Vivonex TEN
Amin-Aid
Lipisorb

Nutritionally complete with fiber
Peptide based
MCT containing
Elemental
Nutritionally complete

1'-'.

~gher protein/calorie needs (e,g,. bums)

!it':

~ignificant

pulmonary compromise

ll>
[Significant trauma requiring very high
1[, protein needs
Abnormal Of tract functioning

(:

Nutritionally complete with high protein/calorie
formula
High-fat formulation
High-protein formulation
Peptide based

'Adapted from Hendricks K. Walker W: Manl/al of pediatric nl/lrition, ed 2, 5t Louis, 1990, Mosby, pp 91-92.
i¥CT, Medium-chain triglyceride; C/, gastrointestinal.
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Methods for Increasing Caloric Density of Infant Formulas
Advantages

Disadvantages

Recommendations

Simple, easy
Maintains standard ratio of
protein, fat, and
carbohydrate

Increases solute load
May prolong gastric emptying,
especially if >24 kcalJoz
May cause diarrhea
May precipitate dehydration in
patients at risk for excessive
losses

Monitor renal status
Monitor for symptoms of reflux,
abdominal distension
Monitor for symptoms of
dehydration

Relati vely easy

May increase solute load
High caloric density

See recommendation for other
additives

When used in excess, may
increase work of breathing
May cause osmotic diarrhea
Base formula may fall short of
RDA for protein
Overall vitamin and mineral
content may be below RDA

Monitor respiratory status
Monitor stool output; check stool
for reducing substances
Monitor total daily protein
Supplement vitamins and
minerals as required

enriched formulas (e.g., Ensure and Sustacal with Fiber)
may be useful for patients receiving tube feedings on a
long-term basis or for those patients with diarrhea or
constipation. Vivonex and Peptamen may be considered for
older children with impaired gut perfusion. These formulas
are usually isotonic to slightly hypertonic and provide
I kcallml. Fiber-containing formulas may be beneficial in
normalizing bowel pattern and maintaining a healthy gut
mucosa.
Predigested or elemental formulas are usually hyperosmolar solutions that contain oligopeptides or amino acids as
protein and oligosaccharides or disaccharides as carbohydrate. These formulas are appropriate for older children and
adolescents with malabsorption problems because they
require minimal digestion and are almost completely
absorbed. Predigested or elemental formulas typically provide I callml. Elemental formulas reduce bile acid excretion, which is one of the reasons that they are useful for
malabsorption problems.
Specialized formulas vary in amino acid and nutrition
distribution. Higher visceral protein levels have been

demonstrated in patients receiving peptide-based formulas
instead of those containing intact protein. 78 Formulas are
now available that have been designed specifically with the
needs of patients with adult respiratory distress syndrome
(e.g., Oxcepa) and stress-induced hypermetabolism (e.g.,
Crucial, Impact).80.114 Increased dietary component such as
glutamine, arginine and <0-3 fatty acids when supplied in
large quantities appear to have beneficial affects on bum
133
patients.
A diet supplemented with arginine, (J)-3 fatty
acids, and ribonucleic acid (Impact) has also shown a
positive immunologic effect. 98
Formula Enhancement. There are several methods
of providing increased caloric density of formula above
standard (Table 12-11). Calorically enhanced infant and
adult formulas are available. These formulas may be used
for patients who require fluid restriction or those who
require a higher caloric intake. Many infant formulas are
now commercially available in concentrations of 24 calloz
(0.8 callml) and 27 calloz (0.9 callml). Also, when
reconstituting infant formulas, calories can be increased
above the formula's standard caloric concentration by using

408

Part III

Phenomena of Concern

less free water. High-calorie adult formulas usually contain
1.5 to 2 cal/m!. When providing concentrated formulas to an
infant or child, being conscious of the increasing renal
solute load is important.
Single modular components can also be added to
standard formula in the form of protein, fats, or carbohydrates. Protein can be added to the diet to increase protein
density. Fat modules, such as medium-chain triglyceride
(MCT) oil (7.7 cal/mI) and microlipids (4.5 cal/ml), can be
added in small volumes to existing formulas to increase
caloric density. Smaller volumes avoid separation of fat in
the formula and reduce the chance of overwhelming the
absorptive capacity of the intestine, which may occur with
a large bolus of lipid. MCTs are more easily absorbed, better
utilized, and smaller and have greater water solubility.
Carbohydrate modules like Moducal (19 kcal/tbsp) and
Polycose (2 cal/ml) provide supplemental carbohydrates.
Protein modules such as Casec (4 g/tbsp) can also be added
to the diet. A human milk fortifier can also be used to
increase the caloric content of breast milk. Two packets per
50 ml provide 24 cal/oz. Protein, calcium, phosphorus, and
vitamin concentrations are also increased with human milk
fortifier. A higher risk of nutrient imbalances can occur
when modular units are added to the diet, and therefore extra
care must be taken to adhere to the recommended nutrient
distribution guidelines.
Implementing and Advancing Feedings. Establishing a goal of therapy improves the implementation
process of any feeding regimen. Feeding into the gut can
meet the child's nutritional needs or be instituted to
stimulate gut mucosal integrity and function. Using a
systemic approach to the initiation of feeding is helpful (see
Appendix VU).
Delivery Methods. Adequate delivery of enteral
feedings can be accomplished by several methods 134 (Table
12-12). The route chosen for enteral nutrition depends on
the level of GI function, the expected duration of tube
feeding, and the child's potential for aspiration. Feeding the
child into the stomach allows gastric acid and other
hormones to respond normally in the digestive process.
Typically, gastric feedings enable the child to tolerate a
larger osmotic load with a lower incidence of dumping
syndrome, allow more flexibility in feeding schedule, and
have greater mobility between feedings. Gastric feedings
also incur less administrative expense. 135 The gastric
feeding site is recommended when there is minimal risk of
aspiration. Enteral tubes may be inserted into the duodenum
or jejunum in children with the potential for difficulties in
tolerating feeding from inadequate gastric motility or with
an unacceptable risk of aspiration from a depressed gag
reflex and gastroesophageal reflux (GER). Placing the tube
past the pyloric sphincter reduces the risk of aspiration and
is recommended with increasing regularity as the method
of enteral feeding administration for critically ill children.1.I34.136 Montecalvo and associates 137 found that for
patients administered nasojejunal feedings, a higher prealbumin level and a higher percentage of their caloric goal
was met. When tubes are placed past the pylorus, a gastric
decompression tube may be necessary.

An orogastric, nasogastric (NG), or intestinal tube can be
placed for temporary enteral feedings (see AppendiX VII).
Orogastric tubes are appropriate for infants younger than 4
weeks of age. The oropharynx is used to avoid potential
airway obstruction in these obligate nose breathers. Nasoenteric tubes are commonly placed in older infants and
children. Tubes composed of soft, nonreactive materials,
such as silicone or polyurethane, are desirable. These tubes
are long-Ia~ting, pliable, and less likely to cause nose
irritation. 135 Decompression tubes are never used for
feeding children because of the risk of aspiration. With
feeding, aspiration becomes more likely because the side
holes of decompression tubes often lie proximal to the
stomach.
Although the method of placement for gastric tubes is a
standard nursing procedure, various methods for transpyloric placement of feeding tubes have been reported in the
literature. 138 - 143 At the bedside, Chellis and colleagues 138
placed postpyloric enteral tubes using nonweighted silicone
6 Fr and 8 Fr 36-inch tubes in critically ill children with a
93% success rate using air insufflation, a prokinetic agent
(e.g., metoclopramide [ReglanJ), and positioning. To use
this method of tube placement, the operator first marks the
tube at the gastroesophageal junction (measured from mouth
to ear to xiphoid process) and then the pylorus (measured by
continuing the tube to left or right costal margin) (Fig. 12-1,
A). Initially, the child is placed supine with the head of the
bed elevated 15 to 30 degrees. The stomach is decompressed, and the tube is inserted to the gastroesophageal
junction. If no signs of coiling or tracheal intubation are
evident, the patient is turned to the right lateral oblique
position, and the tube is advanced at 1- to 2-cm intervals
until air is auscultated over the right upper quadrant (RUQ).
Reglan 0.1 mg/kg is given intravenously, and while
instilling 5 to 10 ml of air and auscultating the abdomen, the
tube is advanced I cm at a time. Placement occurs when
sounds change from resonant low-pitched gurgles to highpitched propagating crackles near the RUQ and the operator
is unable to withdraw air (see Fig. 12-1, B). The tube is then
advanced 5 to 10 em to ensure placement in the distal
duodenum or jejunum. 138 The inability to aspirate insufflated air was 99% predictive of correct tube placement in
critically ill children using the technique documented by
Chellis and associates. 144 Another technique using feeding
tubes with a pH sensor predicted greater than a 95% success
rate when the pH was measured. 139.145 The use of ranitidine
(Zantac) may invalidate the use of pH as an indicator of tube
placement.
Checking tube placement is an essential component of
delivering enteral feedings. The traditional method of air
insufflation into the tube and auscultation of a "whooshing"
sound can no longer be recommended. This method may be
misleading and dangerous to the patient. 146-149 Metheny and
associates 150 demonstrated that sounds generated by air
insufflation through small-bore feeding tubes are unreliable
for indicating tube placement. In addition, these tubes often
migrate from the intended location. Also, aspiration can
contribute infomlation that may help identify tube location l51 ; however, fluid alone does not ensure that the tube is

TABLE

12-12

Enteral Feeding Sites and Routes

Route

Advantage

Orogastric

Allows for normal digestive processes and hormonal responses
Tolerance of larger osmotic loads
Decreased incidence of dumping
syndrome
Greater mobility between feedings
Greater flexibility in feeding schedule and formula choice
Does not obstruct nasal passage

Nasogastric

Easy intubation

Gastrostomy

Allows patient greater mobility
Feedings are generally well
tolerated
Larger-diameter feeding tube
lessens chances of tube
obstruction
Does not obstruct the airway

intestine

Feed enterally despite poor gastric
motility and persistent high
gastric residuals
Lessens the chances of gastric distension, gastroesophageal reflux,
pulmonary aspiration
Nasojejunall
nasoduodenal
Jejunostomy

Disadvantage

May increase salivary flow and make
clearance more difficult
Nasal, esophageal, or tracheal irritation
Easily dislodged by an uncooperative
child
Easily dislodged by a forceful cough
May stimulate gag
Caretaker must be trained
Limited long-term compliance in the
home care setting
May require a surgical procedure for
placement
May result in increased
gastroesophageal reflux
Occasional leakage around the
insertion site
Skin irritation and infection
Risk of intraabdominal leak with
peritonitis
Less mixing of formula with
pancreatic enzymes
Limited choices of feeding schedule
and formula selection
Greater risk of bacterial overgrowth
Greater risk of bowel perforation
Changes small bowel intestinal flora
More complicated placement; tube
may be more easily displaced
during peristalsis
Technically difficult to place

Indications

Contraindications

Usually first consideration
for enteral nutrition

Delayed gastric emptying
Pulmonary aspiration
Gastroesophageal reflux
Intractable vomiting
Impaired or absent gag
reflex

Infants <4 weeks of age
Nasal passage obstruction
Basilar skull fracture
For short-term use

Older infant or child
with gag reflex

Prolonged enteral nutritional
support

Same as for the stomach

Congenital upper gastrointestinal (GI) anomalies
Inadequate gastric motility
Following upper GI surgery
Patients with increased risk of
aspiration

Nonfunctioning GI tract

Same as for the stomach
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For intermediate-term
nutritional support

;::;:

Jejunal feedings for >6 mo
For postoperative nutritional
management of abdominal
surgery while a paralytic
ileus exists

-0
-0
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Patients at operative risk
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i!\dapted from Hendricks R, Walker Wi Manual of pediatric nutrition, ed 2, 5t Louis, 1990, Mosby, pp 74-75.
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Costal margin

A

B
Fig. 12-1 After pyloric tube placement. A, Measure feeding tube: establish distance from nares to ear to
xiphoid, make first mark; continue tube to right or left lateral costal margin, make second mark. B, Insert
tube, auscultate over right upper quadrant, passing tube at 1- to 2-cm intervals. (From Chellis MJ, Sanders
SV, Dean JM et al: Bedside transpyloric tube placement in the pediatric intensive care unit, lPEN 1
Parenter Enteral Nutr 20:88-90, 1996.)

in the correct position.ls 2 Fluid may be inadvertently
aspirated from the pleural space or lung. The aspirate's pH
must be checked with pH paper to ensure correct placement. 153.154 An acidic pH of less than 4 indicates that the
tube is in the stomach when gastric acid inhibitors are not
used, and a highly alkaline pH of greater than 7 indicates
intestinal fluid. ls5 Because of questions regarding the
reliability of traditional methods for checking tube placement, an abdominal radiograph is the definitive method for
confirming correct tube placement. 134.154

For those children requiring a prolonged enteral delivery
system, a gastrostomy or jejunostomy is indicated.IS6.158
Traditionally, gastrostomy tubes have been placed surgically. For these children, GER becomes a common problem. Gastrostomy tubes can cause skin breakdown and
reduced gastric capacity. Traditional gastrostomies do not
provide stabilization of the tube at the stoma and therefore tend to migrate in and out of the abdominal cavity,
causing enlargement of the stoma and inadvertent removal
of the tube.

Chapter 12

With the advent of percutaneous endoscopic gastrostomy
(PEG) tubes, a safe nonsurgical option can now be offered
to children requiring this delivery method.159-161 Under
endoscopic guidance, a feeding tube is placed through a wall
puncture. 162 The placement of a PEG tube may be done at
the bedside or in the endoscopy suite with intravenous
sedation or, in the case of young uncooperative children, in
the operating room under general anesthesia. The PEG tube
is stabilized by crossbars internally and externally in a
subcutaneous fistula created between the gastric mucosa and
abdominal wall. When anesthesia is not used, the intraoperative and postoperative complications are avoided. Feedings can usually be introduced within 24 hours.
Skin level profile and nonreflux devices, such as the
Button, Gastroport, and Mic- Key, are an option for children
requiring long-term feeding tubes.163.165 The Button is a
type of ga~trostomy device that has a mushroom dome with
a one-way antireflux valve in the stomach. The Button sits
flush against the skin, reducing migration along the GI tract
and the risk of accidental removal. A well-developed
gastrostomy stoma is needed before placement of a BUllon.
The Mic-Key can be used for both feeding and decompression. 166 This device operates like a Foley catheter and is
held in place with a balloon.
A jejunostomy can also be placed in a child with longterm nutrition support needs. This route is employed in
those children who are at increased risk for gastric aspiration
or who have undergone extensive gastric or duodenal surgery.167 Endoscopic jejunostomy requires a similar placement method to a PEG, although it is technically more
difficult. 156
Intermittent and continuous feedings are two techniques
of administering enteral feeding. Intermillent tube feedings
mimic normal eating pallerns by allowing the gut to rest.
Intermittent bolus feedings are often preferred for older
children or those children with no history of or potential for
feeding intolerance. These feedings are typically administered via gastric tubes because the stomach is needed as a
reservoir for the large volumes of formula administered.
Gastrostomy tube feedings are commonly given by the
bolus method. Bolus feedings do not require a feeding pump
and therefore are typically less expensive and increase
patient mobility. A suggested feeding schedule for infants
I to 3 months of age is five to seven feedings per day,
decreasing the frequency to three to four feedings per day by
the time the child is 6 months old.
In the acute phase of critical illness, continuous feedings
may be better tolerated than bolus feedings. 168 Continuous
feedings typically decrease the risk of aspiration and are
indicated for children with a significant risk of respiratory
distress. Infants with smaller gastric capacity and those
children with the potential for GER especially benefit from
continuous feedings. Continuous feedings can be delivered
throughout the day or while the child is asleep. Transpyloric
and continuous feedings are preferred in head-injured
patients to prevent aspiration and achieve maximum caloric
intake. 143 Feedings via the duodenum or jejunum require
formula to be infused continuously to avoid distension of the
bowel, fluid and electrolyte shifts, and diarrhea. A potential
risk of formula contamination exists with continuous
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feedings because of the longer amount of time that fom1Ula
is at room temperature.
The common practice is to start with clear liquids if the
child has a questionable ability to protect the airway and to
dilute formulas to one-half strength at the onset of enteral
feedings. Fonnula dilution, however, is often unnecessary
unless the child is receiving hypertonic feeds, has been
given nothing by mouth for greater than 2 weeks, is at risk
for gut ischemia, or is malnourished before admission (see
Appendix VII). If graded feedings are preferred for nutritional support, it is reasonable to start with 50% of the
therapeutic goal of the appropriate formula and then
increase each feeding by 25% as tolerated. If the goal of
feeding is to provide trophic feedings to protect the gut,
advancement is slow. In this case, half-strength formula is
maintained at 0.5 ml/kg/hr for 2 to 3 days. Increasing the
infusion rate 2 ml/hr every 12 hours has been recommended. 169 Use of free water should be considered,
especially for patients who are receiving calorically dense
formula or if constipation is an issue.
Monitoring Enteral Therapy.
Monitoring enteral
feeding and evaluating tolerance are important aspects of
caring for the child with enteral feedings (Table 12-13).
When caring for critically ill children, evaluating complications, taking preventative steps, and intervening when
appropriate are important responsibilities for the healthcare
provider (Table 12-14).
GI complications, including diarrhea, constipation, nausea, and vomiting, with or without subsequent aspiration has
been reported in the enterally fed patients. 134 Smith and
colleagues l70 reported that 63% of critically ill mechanically ventilated patients who were tube fed had associated
diarrhea. Hypertonic formula, excessive volumes, and rapid
infusion rates are often blamed as the cause of diarrhea.
Edes, Walk, and Austin,44 however, concluded that formula
is often not responsible for diarrhea in tube-fed patients.
Hyperosmolar electrolyte replacement and medications, especially when infused undiluted into the intestinal tract, can
contribute to diarrhea. 171 Sorbitol, an ingredient in many
drug preparations. is often linked to diarrhea. 44
Treatment for diarrhea depends on its cause. Diarrhea is
significant when it affects growth. Reducing substances of
the stool are checked to evaluate the source of the diarrhea.
Eliminating or reducing problem nutrients, such as fat or
lactose, may manage diarrhea. Changing the delivery rate or
the administration method from intermillent to continuous
or adding dietary fiber to the feeding may also be useful. The
addition of some antidiarrheal agents to the formula has
been noted to decrease loose stool.
Constipation may occur as a result of a low-fiber diet or
inadequate fluid intake. Adding fiber or choosing a highfiber formula may eliminate constipation in the critically ill
child. Constipation may also be avoided by increasing
dietary free water.
Vomiting and nausea occur in patients who are tube fed.
Vomiting may have its origin in esophageal lUbe placement
or as a consequence of delayed gastric emptying. Lower
esophageal sphincter incompetence with gastric reflux and
pulmonary aspiration may occur. Large volumes, fast rates
of infusion, hyperosmolar formulas, and hypertonic medi-
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Enteral Feedings: Patient-Monitoring Guidelines
Intermittent
Feedings

Continuous
Feedings

Possible
Complications

Check each stool

Check each stool

Diarrhea
Constipation

Reduce the rate of feed,
change formula, or use
continuous feeds
Adequate hydration; use
tiber-containing formulas; use stool softeners,
if indicated

Daily until 48 hours if
negative results; prn
thereafter

Daily until 48 hours if
negative results; pm
thereafter

Gastrointestinal irritation

Evaluate cause

Daily during advanccment; pm thereafter

Daily during advancement;
prn thereafter

Carbohydrate intolerance

Dilute feed, change
formula

Daily until 48 hours;
thereafter pm if pH
greater than 60

Daily until 48 hours;
thereafter prn if pH
greater than 6.0

Carbohydrate intolerance,
bacterial overgrowth

Dilute feed, change
formula

As necessary

ql2h and pm

Feeding intolerance

Evaluate cause
Adjust feeds prn

q4-8h then daily

q4-8h then daily

Fluid imbalauce

Adjust fluid intake, adjust
concentration of formula

Daily during advancement; thereafter pm

Daily dUling advancement;
thereafter prn

Glucose intolerance

Reduce feeds, give insulin,
continuous feeds

R

Therapy

lMetabolic

'l'J'
.
\.' nne speci ti c gravity

Comments

Itserul11 electrolytes
\\~

~jii'.

I

~!i

}comPlete nutrition
. assessment

q24-48h during advancement; thereafter pm

q24-48h during advancement; thereafter pm

Weekly

Weekly

Every feed

q4-8h

Reinsert tube in contralateral nares with
changes
Use skin barrier
Avoid angulation when
taping

Every feed

q4-8h

Flush tube with warm
water
Flush after medications
If occlusion persists, Rush
with Viokase enzyme
solution

Every feed

q3-4h

Tube displacement

Reposition tube

Secure tube independent of
position

Every feed

q3h

Aspiration

Maintain upper body
position of 30 degrees
during feeds and for
30-45 min thereafter

Especially important for
children with gastroesophageal reflux and
altered gastric motility

Electrolyte imbalance

Readjust formula as needed

Electrolyte imbalances in
tube-fed patients are
usually associated with
underlying medical
conditions
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from Hendricks R. Walker WA: Manual of pediatric nutritioll, ed 2, 51 Louis, 1990. Mosby. pp 104-105.
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Common Complications of Enteral Feedings

astrointestinal
iarrheaJdumping syndrome

omiting, nausea, GER,
pulmonary
aspiration

Causes

Prevention/Intervention

Medications
Rapidly delivered formula
Hypertonic formula
Hypertonic medications
Substrate intolerance
Bacterial contamination of formula
Lack of fiber
Concomitant antibiotic therapy
Mucosal atrophy and malnutrition
Impactinn
Low fi ber intake
Inadequate fluid intake

Decrease delivery rate
Alter formula carbohydrate and electrolyte
content
Recognize or avoid if possible drugs that
result in diarrhea
Use parenteral nutrition or elemental formula
Recognize and eliminate the source of the
contamination
Avoid lactose-containing products

Fat intolerance
Bowel ileus
Swallowing excess air
Improper tube placement
Infusion rate too rapid
Large residuals
Hyperosmolar formula
Hypertonic medications
Gastroesophageal reflux
Gastric hypomotility
Failure to irrigate feeding tube regularly
Formula too viscous for diameter of feeding
tube
Administration of medications via feeding tube

I tract perforation

Improper tube placement

asal, pharyngeal, esophageal
irritation

Improper skin care
Extended use of polyvinyl tubes

etabolic Distnrbances
. uid and electrolyte imbalance

Cardiac andlor renal insufficiency
Hypertonic medications
Severe protein-calorie malnutrition
Malabsorption
Inadequate fluid intake
Insufficient insulin production or use
Trauma or sepsis
Excessive carbohydrate intake

High protein intake
Renal immaturity or dysfunction
Liver disease
Metabolic dysfunction (e.g.. inborn errors of
metabolism)
Inadequate mouth care
Improper formula-mixing technique
Use of contaminated equipment or supplies
Long hang time of formula
Negative oral experiences (e.g., traumatic tube
intubation)
o positive oral experiences (e.g.. thumb
sucking, nipple feeding)

Add fiber or choose a high-fiber formula
Increase free water intake
Add prune juice
Reevaluate tube placement
Consider continuous or transpyloric feedings
Metoclopramide may be given to enhance
motility
Reduce carbohydrate content of formula
Reduce rate andlor concentration as indicated
Aspirate air from feeding tube before feedings
Position patient on the right side

Flush tubing with water
Enzyme solution
Replace tubing
Follow manufacturer's recommendations for
tube size
Stop feedings, confirm placement by chest
x-ray film
Evaluate appropriateness of tube size
Periodically change naris used for feeding tube

Evaluate cause and treat
Increase fluid intake as indicated
Decrease formula concentration

Give insulin
Reduce flow rate
Reduce carbohydrate content of formula
Avoid abrupt cessation of feedings
Monitor glucose levels
Decrease protein content of the feeding

Routi ne mouth care
Use clean technique when mixing formula
Change delivery setups every 24-48 hours
Hang formula for 4-8 hours only
Provide pacifier for non-nutritive sucking
Implement oral stimulation program

1:,Adapted from Hendricks K, Walker W: Mallual a!pediutric Ilutritioll, ed 2. St Louis, 1990, Mosby, pp 106-107.
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cations may contribute to the risk of nausea and vomiting.
Excessive air in the stomach from air spillage of positive
pressure ventilation and air flushing of feeding tubes also
may lead to vomiting. Checking abdominal girth every
12 hours may help to identify feeding intolerance in jejunal
feedings.
Pulmonary aspiration may be the most serious common
complication of enteral tube feeding. 13.167 A high incidence
of GER exists in patients with both orotracheal and NG
tubes. 172 To reduce vomiting and the risk of aspiration,
administering formula continuously rather than by the bolus
method, and placing the tube past the pylorus may be useful.
Also recommended to reduce (but not eliminate) GER is
elevating the head of the bed 30 to 40 degrees during
feeding and for a period after feeding. While advancing the
diet and when abdominal distension or vomiting occurs, a
routine of checking and refeeding residual gastric contents
before each feeding is recommended. 173 If half the feeding
or 2 hours of continuous feedings are aspirated, jejunal
feeding should be considered (see Appendix VII).
To detect silent aspiration, pulmonary secretions may be
checked for the presence of glucose with oxidant reagent
strips or by placing a small quantity of blue food coloring in
the formula. Respiratory distress may indicate aspiration or
stomach distension. For those children with cuffed endotracheal tubes, inflation of the cuff may reduce the likelihood
of aspiration. 174 A gastric emptying agent such as metoclopramide (Reglan) or erythromycin may be given to assist in
gastric motility and to improve gastric emptying. 175.176
Nasal and pharyngeal irritation and tube occlusions are
among the cornmon technical complications of feeding
tubes. Maintaining skin integrity is critical to preventing
nasopharyngeal erosion. Polyurethane and Silastic pediatric
tubes allow longer use of each tube and reduced rate of
tissue irritation and erosion. I Frequent assessment of the
naris is essential to identify skin breakdown, and routine
skin care of the area is recommended. Replacing feeding
tubes once per month will rotate pressure areas and may
help to reduce tube occlusions. When enteral tubes are
changed, using the contralateral naris is recommended.
Clogging of the feeding tube may occur, especially when
using tubes with small diameters. Thick formula remaining
in the tube and highly viscous medications increase the
likelihood of this type of complication. Aspiration of
residuals also has been identified as a contributing factor in
tube occlusion. 177 Checking tube placement only when
dislodgment is suspected may reduce this complication.
Continuous feedings are 3 times more likely to obstruct the
feeding tube. 178 To ensure enteral tube patency and prevent
tube occlusion, water or saline may be flushed through the
tube routinely before and after checking residuals. For bolus
feedings, the tube may be flushed after each feeding, and for
continuous feedings, the tube may be flushed every 8 hours.
To relieve an obstruction, warm water alternating with air
has been suggested. 134 Also, an enzymatic solution containing pancrelipase (Viokase) has been found to be helpful (see
Appendix VII). Preventing infection related to enteral
feeding is a necessary aspect of the care of a tube-fed child.
A child who is receiving enteral feedings and nothing by
mouth needs routine mouth care with saline or an antimi-
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crobial mouthwash. This important aspect of care provides
comfort and prevents infection in the oral cavity. Tube
feeding is an almost perfect medium for bacterial growth.
Contamination can occur while the feeding is mixed or
during administration of the formula. To reduce the risk of
infection and prevent formula contamination, feeding bags
and delivery sets are changed every 24 to 48 hours. A supply
of formula lasting no more than 4 to 8 hours is to be hung
at one time. Adding new formula to remaining formula is to
be avoided.
Metabolic monitoring to prevent electrolyte and other
nutrient imbalances is key for patients on nutritional support. Children receiving high-caloric formulas require frequent testing of urine specific gravity, sugar, and acetone.
Monitoring serum electrolytes, liver function tests, triglycerides, complete blood count, and serum proteins, such as
prealbumin, may be necessary. Use of high-caloric formulas
can lead to increased renal solute load and potential
dehydration.
Enterostomy tubes carry the additional potential complications of wound infection or dehiscence, skin irritation
from leakage of gastric contents around the tube site,
inadvertent traumatic removal of the tube, obstruction of the
pylorus, and small intestine adhesion. 134 The gastrostomy
site is inspected daily for redness, swelling, and drainage,
and the site is cleaned with soap and water. Bacitracin
ointment may be applied and the site dressed. 162 A stoma
adhesive or skin barrier can be used to protect the skin. For
the child with a gastric Button, the device is rotated in a full
circle during cleaning. 165
Enterally administered medications and d.l1lg-nutrient
interactions can cause difficulty for the enterally fed
critically ill child. I7I . 179 Food can have a significant effect
on drug absorption (Table 12-15). Administration of hypertonic medications may cause gastric distension, nausea,
vomiting, and diarrhea. 44 Tube placement can affect absorption and bioavailability of medications. Hypertonic preparations (e.g., potassium chloride elixir, hyperosmolar antibiotic suspension) must be administered in the stomach to
avoid GI intolerance. High-fat diets can alter the release of
theophylline and result in toxic serum concentrations of the
drug. 171 Absorption of phenytoin, phenobarbital, and aspirin
may be impaired when mixed with enteral productS.180.181
Apparently an interaction between phenytoin and the
sodium, calcium caseinates, and calcium chloride is found
in many formulas. A decrease in absorption of many
antibiotics in the presence of food has been demonstrated. I 71
Also, ingesting vitamin C may inhibit the therapeutic effect
of warfarin sodium (Coumadin).
General recommendations for administering medications
through a feeding tube include flushing the feeding tube
with a bolus of water before and after administering the
dJ1Jg, preventing the mixing of drugs before administration,
diluting hyperosmolar or irritant medications, giving liquid
medications when possible, and crushing tablets to a fine
powder before administration 182 (see Appendix VII).
Transitioning to Oral Feeding. A critical component in the care of any infant who is not fed by mouth is the
promotion of the suck-swallow reflex. Transitioning tube
feedings to oral feedings can be a challenge. Children who
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12·15 Effects of Nutrients on Absorption of SelectedOrugs

Decreased Drug Absorption
With Food in the Stomach

Delayed Drug Absorption
With Food in the Stomach

Enhanced Drug Absorption
With Food in the Stomach

Ampicillin
Aspirin
Captopril
Cephalexin suspension
Tetracycline
Erythromycin stearate
Hydrochlorothiazide
Nafcillin
Penicillins
Phenobarbital
Rifampin

Acetaminophen
Aspirin
Cephalexin
Sulfonamides
Cimetidine
Digoxin
Furosemide
Quinidine
Ciprofloxacin

Chlorothiazide
Diazepam
Erythromycin estolate
Erythromycin ethylsuccinate
Hydralazine
Propranolol
Spironolactone
Theophylline
Griseofulvin
Macrodantin

I~dapted from Miller M: Nutrient-drug interactions in children. In Suskind R, Lewinter-Soskind L, eds: Textbook ofpediatric nutrition, New York, 1993,

"'."~. aven Press, p 254.

!fttii·

have had few positive oral experiences often develop an oral
aversion, This problem is particularly common in the
medically fragile patients who are technology dependent.
Nonnutritive sucking appears to enhance physical growth
and assist the child in the transition from tube feedings to
oral feedings, Nonnutritive sucking is believed to increase
nutrient absorption from the gUt. 183 ,t84 Studies involving
premature infants demonstrated earlier weaning from gavage feeding when the infant was provided with opportunities for nonnutritive sucking, To encourage the transition
to oral feedings, these early pleasurable feeding experiences assist in reducing the risk of food aversions. t85 For the
child receiving chronic enteral feedings, an oromotor
stimulation program is an especially important adjunct to
tube feeding, Referral to an occupational therapist is
considered for infants not accepting nonnutritive sucking,
Although it may take months to years for some children to
achieve the transition, it is important to always keep in mind
the goal of weaning the child from tube feedings to oral
feedings,
Parenteral Nutrition. Parenteral nutrition (PN) is
composed of a hypertonic solution of water, glucose, amino
acids, vitamins, minerals, trace elements, and an isotonic
lipid emulsion, PN is a lifesaving technology for some
patients, When the critically ill child's 01 tract is unable to
absorb nutrients or when the enteral route cannot be used for
a prolonged period, PN can greatly benefit the child, PN is
also considered for patients with intractable vomiting from
acute pancreatitis and with severe diarrhea from disorders
such as inflammatory bowel disease, paralytic ileus, and
small bowel obstruction, 173, 186 In children, PN is delivered
over 24 hours and via continuous infusion pump.
Selection of Route. PN may be given via the
peripheral or central route. 187, t88 The hypertonic fluids of
PN require a large-diameter, high-flow vein, with a dedicated port, The choice between peripheral and central routes
is based on the child's nutritional needs, clinical condition,
and expected duration of illness. The peripheral route is
designed to supplement oral intake or to meet short-term
nutritional needs (less than 7 days) without high nutritional

requirements, The peripheral route is limited by the glucose
content of the fluid and is restricted to 10% to 12,5%
dextrose solutions,
The central route provides a larger, more stable vein that
can tolerate higher intravenous glucose concentrations, t89
To administer PN centrally for relatively short periods, a
catheter is typically placed in the distal superior vena cava,
via the internal or external jugular or subclavian vein with
the catheter tip just above the right atrium, The inferior vena
cava via the femoral vein may also be used. The femoral
vein is usually avoided because of the increased risk of
contamination,
Another alternative to percutaneous central line access is
a peripherally inserted central catheter (PICC).190-192 A
PICC is a long, flexible silicone catheter designed to be
inserted into the median basilic or cephalic vein via the
antecubital space, The catheter is threaded until it reaches
the inferior vena cava or the superior vena cava. This type
of catheter may also be placed in the large saphenous vein
and advanced to the inferior vena cava, particularly in
neonates.
For those patients who require long-term PN, catheters
can be placed surgically, The Broviac catheter was the first
long-term, small-lumen, flexible catheter. The Hickman
catheter was introduced shortl y thereafter, followed by the
development of various other single-lumen and multi lumen
long-term catheters,187,t93 Implantable ports are also considered for long-term access and may offer less risk of
infection, A subcutaneous pocket, usually on the chest, is
created to implant the device, All central catheters require
radiographic confirmation of catheter placement before
infusing PN,
Composition of Parenteral Nutrition. The PN
formula is tailored to meet the critically ill child's nutritional
and fluid requirements (Table 12-16), Children with special
nutritional needs resulting from renal disease, hepatic
disease, and other conditions may require modified formulations,194 Initiating PN is a step-by-step process,
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Formulating a Total Parenteral Nutrition Solution
Full-term Infant

Child

Begin

Advance

Maximum

Begin

Advance

Maximum

t~'-

4-6
5-9

2-3
3-4

10-12
14-17

4-6
5-9

2-4
3-6

10-12
14-17

I'at 20% concentration (g/kg/day)

1-2

I

3-3.5

1-2

1

3

~:arbohydrate (g/kg/day)

Iii·~

I~otein (g/kg/day)
~dapled

.

2-2.5

..

3 ..

.

1.0-2 .

2

from Huddleston K, Ferraro-McDuffie A, Wolff-Small T: NutntlOnal suppol1 of the cntlcally ill child, Cra Care Gill North Alii 5:72, 1993.

~: Monitor nutritional parameters and tolerance and advance as indicated.

!ilL

Parenteral protein is supplied in the fonn of synthetic
crystalline amino acids combining essential and nonessential amino acids. Protein provides 4 kcal/g. The type of
formulation chosen is based on the child's age and disease
state. The selection of the type of amino acid solution may
affect the protein use, patient tolerance, and ability to avoid
deficiencies. Generally I g of protein is equivalent to I g of
amino acid. Standard PN has inadequate amounts of
tyrosine, cystine, and glutamine for infants and children.
Trophamine has a similar amino acid pattern to breast milk
and is designed for children younger than 6 months of age.
Trophamine has higher amounts of tyrosine and histidine,
which are essential for infants. Novamine provides essential
and nonessential amino acids appropriate for children older
than 6 months of age. Special amino acid solutions for
children with special needs are also available. Aminosyn RF
has a higher ratio of essential to nonessential amino acids
and is available for patients with renal failure. Hepatasol is
a preparation enriched with branched-chain amino acids for
children with severe liver disease. Glutamine added to
parenteral formulations may decrease the degree of intestinal atrophy when enteral feedings are not administered. 195
The usual recommendation of parenteral amino acids is 2 to
3 g/kg/day of protein for infants, I to 2 g/kg daily of protein
for older children, and 1 to 1.5 g/kg daily of protein for
adolescents 5 Nitrogen retention is reduced when protein is
supplied parenterally. Therefore when administering protein
parenterally, amino acids are supplied in a higher concentration. Children who are well hydrated with normal renal
function can receive the full amount of protein recommended at the onset of therapy. When advancing amino acid
concentration is necessary, daily increases of 0.5 g/kg are
recommended for neonates, whereas I g/kg daily is recommended for older infants and children. 196 Care is taken not
to administer greater amounts of protein than recommended
because azotemia, hyperammonemia, and an increase in minute ventilation and oxygen consumption may occur.
Dextrose is the principal form of carbohydrate supplied
and the common energy source of most parenteral regimens.
Calories from carbohydrates may provide as much as 40%
to 60% of the diet. In parenteral solutions, unlike enteral
formulas, dextrose provides 3.4 callg, with 10% dextrose
providing 0.34 kcallml and 20% dextrose providing 0.68
callml. Dextrose is often started at a 10% concentration and
then gradually increased over 2 days or as tolerated. With

gradual increases in the dextrose concentration, the pancreas
is given time to increa~e its insulin response and avoid
hyperglycemia and glucosuria with a secondary osmotic
diuresis. 197
Fat is supplied in the fonn of a lipid solution produced
from either soybean oil alone or a mixture of safflower and
soybean oils with egg yolk phospholipid and glycerin as the
emulsifying agent. Fat emulsions concentrated at 20% have
200 gIL of fat and 2 callml. In general, higher fat emulsions
allow a decrease in carbohydrate administration and may
reduce the child's carbon dioxide production and RQ. These
lipids are stable for a moderate period at room temperature.
The use of intravenous fats provides a concentrated source
of energy while preventing essential fany acid deficiency. To
achieve this goal, at least 4% to 8% of the child's diet must
be from fat. To prevent essential fatty acid deficiency
(EFAD), 0.5 to I g/kg/day of Intralipids is recommended. 29
The percentage of fat in the diet, however, should not exceed
50% to 65% of the total calories, or 3 to 4 g/kg daily. Fat
intolerance, as indicated by elevated serum triglycerides,
may interfere with immune function and should be avoided.
When administering lipids, it is important to consider the
allergies to soy products and eggs.
Implementation and Advancement. A suggested
method of introducing and advancing PN is to begin on day
I with 2 g/kg of lipid emulsion and 10% dextrose and then
on day 2 to advance the lipids by 1 g/kg daily along with
advancing the dextrose 5% to 10%. The initiation phase can
take 3 to 5 days. A filter is placed on the dextrose and amino
acid solution to trap precipitate. Fat emulsions traditionally
have been administered separately to prevent clogging of
the intravenous catheter; however, modern lipids can be
mixed into triple-mixed total nutrient admixtures l98 Total
nutrient admixture (TNA) adds the lipid emulsion to the
amino acid and dextrose solution. When administering
lipids, an in-line filter is never used because the particles are
too large. This method of mixing is economical and
conserves nursing and pharmacy time. TNA is a less stable
emulsion that traditional PN. Discontinuation of PN is
recommended when the GI tract is able to absorb 70% of the
child's caloric needs.
Electrolytes, vitamins, and minerals must be added to
parenteral solutions to provide nutrients essential for metabolism and cellular function. Pediatric and adult multivitamin preparations are available. Not much definitive
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infonnation is available concerning the parenteral requirements for vitamins or minerals available for critically ill
children. Current guidelines reflect the needs of children
who are healthy and are fed orally. The pediatric multivitamin solution used for infants and children younger than II
years includes vitamin K, lower amounts of the B vitamins,
and larger amounts of vitamin D. The adult fornlUlation
MVI-12 is used for children older than II years. Calcium
and phosphorus are necessary for proper bone growth and
metabolic functions. Sodium, potassium, calcium, phosphorus, and magnesium are added separately to PN preparations. Depending on the underlying disease and condition,
sodium and potassium can be provided in salt fonns of
chloride, acetate, or phosphate. Zinc, copper, chromium, and
manganese are added as trace elements. Intravenous iron is
administered to children not receiving iron by enteral
means. In children with renal failure, calcium amounts are
decreased, and magnesium, phosphorus, and potassium are
eliminated.
The dextrose-amino acid component ofTPN is stable for
up to 30 days; however, with the addition of vitamins and
minerals, the solution becomes highly unstable. Refrigeration in a dark place is required, and the solution should be
used within 24 hours.
Water is also an essential part of PN. Typically, fluid
requirements are calculated by body weight and may be
adjusted according to the child's fluid needs. For example, a
child with high insensible water loss through a drainage
tube, diarrhea, respiratory failure, infection, or elevated
temperature may require increased fluids, whereas a child
under a radiant wanner or with cardiac disease may require
fl uid restriction.
Medications can also be mixed or added to TPN to
decrease cost, restrict fluids, decrease time, and reduce the
risk of potential contamination of the PN. 179 Drug compatibility varies (Table 12-17). PN solutions can inactivate or
reduce drug potency and cause precipitation of electrolytes
and medications. Drug compatibility is assessed for pharmacokinetics and physical stability.
The success of PN is ensured by effective administration;
evaluation of the child's response to therapy; and close,
frequent monitoring of complications (Table 12-18). All
parenteral nutrition is administered by maintaining a constant rate via an infusion. To establish a baseline of
comparison, initial monitoring of the patient on parenteral
nutrition includes complete laboratory assessment of fluid
and electrolytes, acid-base, renal, hepatic, and nutritional
status. During the initial stages of administration, parenteral
nutrition requires daily monitoring of many laboratory
values. As changes in parenteral solutions become unnecessary and as the disease acuity pennits, less frequent
monitoring is needed. Hourly accurate intake and output and
frequent assessment of fluid requirements are also indicated.
Parenteral nutrition is fraught with complications (Table
12-19). The major catheter-related complication is infection, and local and systemic infections can occur. The most
common infections result from Staphylococcus aureus and
Candida albicans. Fat emulsions provide an excellent medium for gram-positive, gram-negative, and fungal growth,

12.-17 Compatibility of Selected
Drugs With Parenteral Nutrition

TABLE

~
iii"
!fiE)

1::-

I

I;;'

Drugs

Compatibility

Amikacin*
Amphotericin B
Ampicillin
Cefazolin
Ceftriaxone

Incompatible
Incompatible
Incompatible
Incompatible
Compatible

~~~o;::~~~nnicol

~~~~:~::~

Corticosteroids

Ii g::~:m

Compatible

Gentamicin*
Imipenem-cilastatin

~f~' ~!o~~~:::id'

Compatible
Incompatible

~:;:::~'

;.;i;-.
....

I

t
~t

Phenytoin

'~~~~~i~i~:

I:;'

Vecuronium

~~~;:t~~I~le

Incompatible

~~~~::1~:~

Compatible

Ii-;Reprinted with permission of Miyagawa C: Drug-nulrient interactions
critically ill patients. Cri/ Care Nurse 13:69-90, 1993..

W

tt~~Incompatible WIth

parenteral nutntlon contamlng hepann.

~ilmi

whereas crystalline amino acid and dextrose solutions primarily support fungal infections.186.199 More susceptibility
to catheter infection has been observed with central versus
peripheral Jines, lower limb catheterization versus upper
limb, and catheters exiting the neck (internal jugular) versus
those exiting the upper chest (subclavian), and multilumen
catheters.2 oo Sepsis related to PN may result from contamination at the insertion site and migration of bacteria along
the catheter. 20 1Patients who recei ve mechanical ventilation
via artificial airways seem to be at increased risk for infection. The bacterial colonization associated with mechanical
ventilation may contri bute to thi s increased risk.202
Preventing catheter-related infection is one of the major
challenges in caring for the child receiving PN.2°3-205
Adherence to regular and meticulous care of the catheter and
site is essential. Strict aseptic technique, including use of an
antiseptic agent, is used to clean and maintain the site. 206 A
transparent, moisture vapor penneable dressing is then
placed over the insertion site and changed at least once a
week or when soiled. Daily monitoring of local and
systemic signs of infection is important, including observing
for redness, pain, swelling, and exudate at the site; fever;
and chills.197.207 Tunneling of the catheter through the
subcutaneous tissue before entering the vein may reduce the
risk of infection. 20 Unnecessary use of the catheter for blood
transfusions or blood sampling is discouraged. To ensure
sterility during infusion of PN, a 24-hour expiration period
is recommended from time of hanging the f1uid_ Tubing is
changed daily or with every new bottle or bag, using aseptic
technique.
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Monitoring Parameters for Parenteral Nutrition Support

"Variable

Admission

qh

q8h

Daily

Weekly

As Indkated

':'Growth
~iWeight
E[!i

x

~'Height
!b~
','Head circumference «3 yr)
t~Skinfold thickne"
~',Midarm circumference
~''FIuid balance (I & 0)
i"'remperature
{'Vital signs
~',Urine glucose/acetone
'ii: Catheter site/function

X
X
X
X
X
X
X
X

:iSodium
iI: Potassium
i;:Chloride

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

rCO z

~,Glucose
,}Blood urea nitrogen
,':,Creatinine

~Triglycerides

';:Cholesterol
i:Calcium
W0
:i' Magnesi urn
[Phosphorus
!Vitamin B 12
:'Folate
," ,
[:':Albumin
~1:AJanine aminotransferase (ALT)
i:Aspartate aminotransferase (AST)
!:',Alkaline phosphatase
~,Total and direct bilirubin
'.[[Lactate dehydrogenase
!i'Oamma,glutamyltransferase (GGT)
Ellron
~'Copper
!'Zinc
k!!
~,Selenium

"Ammonia
;:Complete blood (cell) count
i,~ Platelet count
Iii"

X
X
X

x
X

X
X

~',Biochemical Indices

;!\(-.,

X (l,3x1wk for chronically ill,
stable patients)
X (monthly)
X (monthly)

X

X
X
X
X
X
X
X

(xl
(xl
(xl
(xl
(xl
(xl
(xl

wk)
wk)
wk)
wk)
wk)
wk)
wk)

X
X
X
X

X
X
X
X

X (xl wk)
X (xl wk)
X (xl wk)

X
X
X
X
X (monthly)
X (monthly)
X
X
X
X
X
X
X

X (monthly)
X (monthly)
X
X
X

X

i;:Data from Heird W, Parenteral support of the hospitalized patient In Suskind R, Lewinter,Suskind L, cds, Textbook of pediarric nutrition, New York,
::,1993, Raven Press, pp 225,238, adapted from The TPN handbook, ed 5, Boston, 1993, Boston Nutrition Support Service, Children's Hospital.

Whenever catheter-related septicemia is suspected, obtaining blood culture samples is a reasonable recommendation. If the child develops a fever, blood cultures are drawn
from the central line and peripheral vein, and antibiotics are
started. Cultures are repeated if the initial blood culture
result is positive and continued until culture results are
negative.
The metabolic complications of PN usually are related to
the nutrient components of the parenteral solution. 2os
Hyperglycemia is the most common metabolic complica-

tion. 209 ,210 Avoiding hyperglycemia is a prime consideration
when increasing the amount of dextrose. Frequent monitoring of glucose metabolism by serum and urine glucose
levels is helpful in evaluating hyperglycemia. Hypoglycemia may be seen when dextrose is abruptly stopped.
Administering 10% dextrose solution is recommended if the
catheter becomes plugged or must be discontinued. Hypercholesterolemia, phospholipidemia, and hypertriglycemia
may occur, especially when increasing the amount of lipids
administered. Monitoring lipid clearance by routinely
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12·19 Complications of Parenteral Nutrition
Cause

Intervention

Contamination at insertion site
Contamination of infusate
Equipment contamination

Regular and meticulous site care
Use an in-line filter
24-Hour hang time for parenteral nutrition
solutions
Refrigerate solutions until used
Change tubing every 24 hours or with each
bottle
Treat with appropriate antibiotic

Excessi ve intake because of hyperosmolarity or
high infusion rate

Monitor infusion hourly
Monitor serum and urine glucose
Decrease infusion rates
If parenteral nutrition stopped suddenly, infuse
10% dextrose solution
Decrease amino acid content of parenteral
solution
Correct composition of parenteral solution

Abrupt cessation of infusion
Excessive amino acid intake
ectrolyte, vitamin disorders
ypercholesterolemiaJ }
l.!!.·. phospholipidemia

I~ypertnglycemla

il1watty ~cid deficiency
Iflepallc disorders

Excessive or inadequate intake
Character of or excessive use of lipid emulsion
Limited fat intake

Reduce lipid rate and monitor
Extend length of infusion
Provide 4%-8% linoleic acid
Avoid excessive calories as protein

~l,1'echnical

i!?eripheral-infiltrations,
~rphlebitis,

I . extravasation

i"

High osmolarity of infusate
Prolonged use of single vein
Break in system

lAir embolism

Frequent blood drawing
Prolonged use of single vein
Break in system

litneumothoraxlhemothorax

Technique complication

ientral thrombosis

!!!i'"

r

1'..:

~~atheter breakage
If!:'"

~X

Prolonged catheter use, defective, inadvertent
puncture

checking triglyceride levels becomes important Appropriate adjustments of nutrients in the infusion may prevent or
correct complications.
Other catheter-related complications include the technical complications associated with catheter insertion and use
of a venous access system. Catheter malposition, dislodgment, and thrombosis may also occur during use of a venous
access system. Clotting within the catheter may be related to
the frequency of blood drawing. Facial swelling, edema of
the neck and chest, difficulty with the infusion of fluid, and
neck pain are all signs of potential catheter thromboSiS211.212 The signs and symptoms of thrombosis may be
subtle and delayed until complete occlusion of the vein
occurs 213 Thrombolytic agents can be used to prolong
catheter life and reestablish catheter patency. Urokinase
dissolves clots by triggering the body's own fibrinolytic
system and was widely used for catheter clearance until a

Check site every 30 min to I h and move
peripheral IV as necessary
Clamp catheter
Rotate IV site
Check site every 30 min to I h
Change catheter sites routinely
Monitor sites hourly
Immediately clamp catheter
Place patient in Trendelenburg position
with right side up
Sedate during insertion
Radiologically confirm placement
Clamp catheter and repair

recent citing by the manufacturer. Agencies are now using
streptokinase to lyse systemic clots and tissue plasminogen
activator for catheter clearance.

SUMMARY
Children in rcus have demonstrated both an acquired and
preexisting tendency toward protein-energy malnutrition.
The changes in metabolic demands generated from injury
and sepsis make these children's nutritional needs very
complex. Nutritional support can positively affect the
recovery and survival of hospitalized patients. The nutrition
received in childhood may have significant consequences
as the child grows, making further work in the area
imperative. When caring for a critically iII child, understanding and advocating for the child's metabolic needs are
essential.
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