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ARTICLE

Nutrition for Ill Neonates
Danna M. Premer, MD* and Michael K. Georgieff, MD*

OBJECTIVES
After completing this article, readers should be able to:

1.
2.

List the factors on which the nutritional needs of the neonate depend.
Describe the factors that illnesses alter, thereby changing nutrient
requirements.

3. Describe the levels of amino acids that can be initiated without caus-
ing intolerance or toxicity in most ill infants.
4. Delineate the adverse effects of protein malnutrition following an

acute or prolonged illness or insult

Introduction lism require alterations in substrate

From early in this century, investi- delivery (ie, nutrition). As with
gators have attempted to determine adults, itis likely that each illness
the optimal nutrient delivery for induces characteristic changes in
term infants to promote normal metabolism. The task for the practi-
growth and development. In the pasttioner is to customize nutritional
25 years, nutritional investigators ~ delivery to fit the specific infant's
have concentrated on the needs of needs.
the ideal, healthy preterm infantto ~ We will review current knowl-
try to mimic intrauterine growth and edge about the metabolic changes
body composition. induced by common neonatal ill-
Although great progress has beennesses by comparing the nutritional
made in characterizing the needs of needs of ill infants with the well-
healthy preterm and term infants, theestablished standards for healthy
needs of ill, physiologically unstable newborns. Nutritional needs induced
infants largely have been neglected. by some diseases have been chara
The primary reasons for this lack of terized better than others. For exam
investigation are the assumption thatple, there is an extensive literature
the needs of ill infants are similar to on the energy (but not the protein)
those of healthy infants and the dif- needs of infants who have BPD. Th
ficulty of studying metabolic needs protein and energy needs of infants
in ill infants. The persistent efforts  undergoing surgery have received
of several groups of investigators  substantial attention recently. Other
and the development of new tech- aspects of neonatal nutrition, partic-
niques to study metabolism now ularly micronutrient requirements,
have begun to delineate the specific have not been studied specifically in
nutritional needs of this particular  ill compared with healthy infants.
patient population. Where possible, we have attempted
Drawing on models generated in to make specific recommendations
the adult surgical intensive care lit- for nutrient delivery when such
erature of the 1980s makes it possi- values are available.
ble to try to elucidate the effect of
common illnesses and conditions
(eg, acute pulmonary disease, bron- .
chopulmonary dysplasia [BPD], con- Normal Requirements
genital heart disease [CHD], sepsis, Understanding the nutritional
and surgery) on neonatal metabolismiequirements of healthy term and
and, therefore, nutritional require-  preterm infants forms a basis for
ments. The assumption is that assessing the effects of disease pro-
changes from the norm in metabo- cesses on nutrient needs. A complet
list of normal neonatal nutritional
requirements is beyond the scope of
this article; rather, we focus primar-
ily on nutrients that potentially are
affected by disease states (Table).

*Department of Pediatrics, Division of
Neonatology, University of Minnesota,
Minneapolis, MN.
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Acute Pulmonary Disease

Acute pulmonary disease not only is
the most common admission diagno-
sis in the neonatal intensive care
unit (NICU), but it is the most com-
mon severe illness of the neonate. It
encompasses respiratory distress
syndrome (hyaline membrane dis-
ease), pneumonia, meconium aspira-
tion syndrome, and other disease
states, such as congenital diaphrag-
matic hernia and acute respiratory
distress syndrome due to sepsis.
Several studies in adults, children,
and infants have demonstrated that
acute pulmonary disease increases
oxygen consumption, thus increasing
energy requirements. Infants who
have respiratory distress syndrome
have a range of estimated resting
energy expenditure of 40 to

60 kcal/kg per day, with caloric
needs directly proportional to the
severity of the illness.

ENERGY NEEDS
The nutritional goal with any ill

infant is to attempt to achieve a pos-
itive energy balance. We generally
use a two-tiered approach. The ini-
tial objective is to meet resting
energy expenditure during acute ill-
ness without superimposing an
increased metabolic demand by pro-
viding excess calories. Acutely ill
neonates are likely to be insulin-
resistant and have elevated levels of
counterregulatory hormones

(eg, cortisol, epinephrine, and nor-
epinephrine) that promote tissue
catabolism to provide amino acids
for substrate for gluconeogenesis.
Energy delivered in excess of the
amount needed to fuel the basal
metabolic rate is likely to be “wast-
ed” at best and to increase total
energy demand at worst. It is only
after the infant has become more

ABBREVIATIONS
BPD:

[¢)

bronchopulmonary dysplasia

CHD: congenital heart disease
IM: intramuscular

NICU: neonatal intensive care unit
RQ: respiratory quotient
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eral, lipid emulsion can be started at

TABLE 1. Daily Requirements of Selected Nutrients in 1 g/kg per day and advanced in
Healthy Term and Preterm Infants increments of 0.5 to 1 g/kg per day,
NORMAL REQUIREMENTS depending on serum triglyceride
" clearance. The addition of carnitine
RCIRIEN LAY HRsUEALA to parenteral nutrition in the preterm
Energy infant has been shown to promote
Total (kcal/kg) 100 120 fatty acid oxidation and prevent the
Carbohydrate (g/kg) 10 12 to 14 rare occurrence of carnitine defi-
Fat (g/kg) 3.3t06 4t07 ciency. Although further investiga-
Protein (g/kg) 15t0 2.2 3.0t0 4.0 tion is needed, medium-chain

triglycerides may be an alternative

Minerals and Trace Elements fat source because they are calori-

Sodium (mEg/kg) 1t03 2to 4 i
Potassium (mEg/kg) l1to2 2to 4 gg%n;o:gtgﬂment and reduce fat
Calcium (mg/kg) 45 to 60 120 to 230 g i : :
Energy expenditure increases
Orthophosphate (mg/kg) 25 to 40 60 to 140 with worsenin ¢ Imonar
Magnesium (mg/kg) 61to08 7.9to 15 : orsening acute purmonary
Iron (mg/kg) 1t 2 10 4t disease. A balanced delivery of
g/kg energy from carbohydrates and lip-
Vitamins ids (rather than exclusively one or
A (IU/kg) 333 700 to 1,500 the other) is indicated. The initial
E (V) 3to 25 5to 25 goal is to meet resting energy
*Based on infants fed human milk. exg)endlture éGIO kcal/kdg.p?r I(ljay) éo
TIron supplementation starts at 2 weeks postnatal age. reduce catabolism and is followe

by advancing energy intake to a
level that supports weight gain.

physiologically stable that we breathing or exposure to barotrauma
attempt to achieve the second tier ofin infants who are receiving

" i . ) . PROTEIN
nutrition support—supplying suffi- mechanical ventilation. ] ) )
cient calories beyond the resting Lipids are an excellent source of Negative nitrogen balance occurs in
energy expenditure to achieve opti- energy because they are calorically both adults and older children who
mal growth. dense. They have a lower RQ have severe respiratory distress.

The energy sources available to (0.7) and, therefore, create less car- Respiratory muscle strength and
the neonate are carbohydrates and bon dioxide when metabolized. This function in adults can be compro-

fat, which provide 4 kcal/g and may confer an advantage to a neo- mised significantly by undernutri-
9 kcallg, respectively. Protein, whichnate who is receiving mechanical  tion, but improvement in both fol-
can provide approximately 4 kcal/g, ventilation. However, lipid emul- lows improvement in nutritional

is not typically used unless total sions have been shown to have a status. Poor or undernutrition not

energy expenditure exceeds total  direct effect on pulmonary function only alters the lung’s response to
energy intake. Because carbohy- by impairing gas exchange. This hasbarotrauma, hyperoxia, and infec-
drates are a ready source of energy,been attributed to the production of tion, but it exacerbates pulmonary
and neonates are particularly depen-vasoactive metabolites, which structure and biochemical immatu-
dent on glucose as an energy sourcejncouples hypoxic vasoconstriction rity and can lead to reduced alveolar
the rate of glucose infusion gener- and increases ventilation/perfusion formation. Finally, poor protein sta-
ally is raised by increasing either themismatching. Infusing the lipid solu- tus leads to low oncotic pressure,
rate of fluid administration or the tion over at least 16 hours during a which can result in or exacerbate
dextrose concentration in the crystal24-hour period may decrease this pulmonary edema.

loid solution. Unfortunately, high effect. Despite being associated with In healthy very low-birthweight
rates of carbohydrate delivery problems such as hypoxia and pul- infants, both stable isotope and
(>12.5 mg/kg per minute) increase monary hypertension (which gener- nitrogen balance studies have shown
carbon dioxide production because ally occur at substantially higher that most plasma amino acid con-
this nutrient had a high respiratory rates of infusion than currently rec- centrations decline significantly after
quotient (RQ) (1.0) when completelyommended), early initiation of lipids birth if the infant has no protein
oxidized that is even highet<(1.0)  seems prudent because significant intake. The degree of protein loss is
when excess glucose is used for fat growth failure is associated with approximately 1.2 to 1.4 g/kg per

production. The general risk associ- severe lung disease. day and can be ameliorated by pro-
ated with an increased rate of car- The initial objectives in begin- viding that amount of protein. How-
bon dioxide production in the infant ning lipid infusions is to prevent ever, because the daily in utero pro-
who has respiratory disease is to  essential fatty acid deficiency, tein accretion is 2.1 g/kg per day, a
raise minute ventilation needs, resume growth, and facilitate the  total of at least 3.5 (142.1) g/kg
thereby increasing the work of transition to enteral feedings. In gen-per day is needed to keep the pre-
NeoReviews e57
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term infant on track with expected
in utero accretion rates.

calcium, phosphorus, magnesium,
and alkaline phosphatase levels is

provide more than 60% of the total
calories.

Preterm infants who have varyingimportant in assessing nutrient deliv-
degrees of respiratory distress syn- ery, remembering that calcium levelsproTEIN

drome and are receiving 1 g/kg per always will be maintained at the
day of amino acids are in negative expense of bone.

nitrogen balance. Recent studies Although it may be important to
from Thureen et al (see Suggested maintain normal hemoglobin con-
Reading) demonstrate no evidence centrations in infants who have

of protein intolerance in ventilated
neonates during the first week of
life who are receiving amino acid
intakes of up to 2.9 g/kg per day.
Thus, sufficient protein delivery to  maintain them through the period of
achieve positive nitrogen balance acute disease, and rapid decreases
can be attained by providing at leasthemoglobin (due to blood drawing)
1.5 g/kg per day and increasing the are treated best by transfusion, not
intake by 0.5 to 1.0 g/kg per day to by infusion of parenteral iron.

a total of 3.0 to 4.0 g/kg per day of
amino acids parenterally. In addi-
tion, studies suggest that it may not
be necessary to increase protein
administration incrementally; infants
can be started at or close to the

maximal protein dose. There appears- ;
i PP igh risk for BPD and have low

to be no need to increase protein A '
vitamin A levels may benefit from

delivery simply on the basis of St | ion durin th
degree of respiratory illness because’/2Min supplementation during the

the degree of nitrogen loss is not ~ ime of acute pumonary disease.
related to the severity of respiratory

oxygen delivery, iron rarely is the
limiting factor. Most infants are
born with sufficient iron stores to

VITAMINS
It is unclear whether acute pulmo-

ies suggest that infants who are at

least 2,000 U intramuscularly (IM)

distress. |
every other day. The goal is to
achieve a serum retinol level of

MINERALS greater than 20 mcg/dL.

Disorders of calcium, phosphorus,

and magnesium metabolism are

common in acute pulmonary diseaseBronchopulmonary

Maintaining homeostasis and normalDysplasia

serum concentrations of these miner-

als is important because hypocalce- ENERGY NEEDS

mia, hypophosphatemia, and hypo- Infants who have BPD have 25%
magnesemia each can affect optimahigher resting energy expenditures,
respiratory and cardiac function. which results in a 10% to 15%
Transient neonatal hypocalcemia  increase in total caloric need com-
often is exacerbated by acute respi- pared with infants who do not have
ratory disease and, when severe, caBPD. Much of this is related to their
cause tetany and cardiac arrhyth-  pulmonary status and increased
mias. Typically, we add 600 mg of work of breathing, with a correlation
calcium gluconate per 100 mL of  between degree of respiratory com-
intravenous fluids on day 1 in promise and oxygen consumption.
infants who have acute pulmonary Energy requirements for growth
disease to provide prophylaxis generally are in the range of 130 to
against hypocalcemia. Similarly, 150 kcal/kg per day. Options to
hypophosphatemia and hypomag- meet this increased metabolic

acute pulmonary disease to optimize

There are few specific studies of
protein status among infants who
have established BPD except to note
that they typically have lower
somatic muscle stores. This finding,
combined with their high fat mass,
suggests that these infants are chron-
ically receiving less-than-optimal
amounts of protein for the amount

Iof energy intake. Stable isotope
Wudies of protein needs in infants
who have BPD have been performed
primarily within the context of
studying the effect of glucocortico-
steroids on protein status. Using sta-
ble isotopic techniques, van
Goudoever et al (see Suggested

nary disease has any specific effectdReading) demonstrated that high-
on vitamin metabolism. Recent stud-

dose dexamethasone (0.5 mg/kg per
day) reduced linear growth and
weight gain by markedly increasing
protein breakdown, albeit without
affecting rates of protein synthesis.
Whether this effect can be tempered

The current recommended dose is aby administering higher amounts of

protein during treatment with ste-
roids currently is under
investigation.

Because these infants already
frequently are receiving high-solute,
high-nitrogen diets, we do not rou-
tinely increase protein delivery dur-
ing steroid treatment. Rather, we try
to limit the duration and magnitude
of exposure of young preterm
infants to this drug. Overall, enter-
ally fed infants who have BPD and
are receiving more than 120 kcal/kg
per day require protein intakes of at
least 3.5 g/kg per day. Any increase
in the caloric intake through supple-
mentation of fat or carbohydrate
should be accompanied by increased
protein delivery.

MINERALS

Infants who have BPD often are
receiving diuretic therapy. Unfortu-
nately, the diuretics commonly used

nesemia can cause muscle weaknesgemand are aimed at decreasing the(eg, furosemide and bumetanide)

lethargy, and poor respiratory effort. work of breathing, increasing the
Hypermagnesemia can lead to
apnea, which is seen commonly nutritional adjuvant for infants who
among infants whose mothers have have compromised lung function,
been treated with magnesium sulfatesuch as those who have BPD,

for preterm labor or pregnancy-
induced hypertension. Monitoring  sity and its low RQ. Fat should not

e58
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cause increased urinary sodium,

caloric intake, or both. Fat is a good potassium, chloride, and calcium

losses. Whereas the baseline sodium
requirement for a healthy preterm
infant is 3 to 4 mEq/kg per day,
diuretic usage may increase this
need to as high as 12 mEq/kg per
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day. Similarly, the potassium
requirement, which normally aver-
ages 2 to 4 mEqg/kg per day in the
healthy infant, will rise to 7 to
10 mEqg/kg per day under diuretic

seems to be that persistent low
serum retinol concentrations

(<20 mcg/dL) are associated with a
higher risk of BPD. Vitamin A defi-
ciency also affects T-cell prolifera-
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been shown to improve both energy
balance and growth.

The effects of cardiac surgery
have been studied extensively in
adults, less in children, and even

pressure. Because the primary deficition and phagocytic immunomodula- less in neonates. In the immediate
is of chloride, sodium and potassiumtory activity of polymorphonuclear
must be repleted as sodium chlorideleukocytes. Prevention of vitamin

and potassium chloride. Infants who

A deficiency or treatment of infants

have persistent hyponatremia exhibitat risk for BPD who have vitamin

poor growth, and severe hypochlor-
emia has been associated with sud-
den infant death in those who have
BPD. The infant receiving diuretics
and electrolyte supplements may
demonstrate wide swings in serum
potassium levels.

Urinary calcium loss with diuret-
ics exacerbates an already tenuous
balance and increases the risk of
osteopenia of prematurity and
nephrocalcinosis. Whereas the in
utero rate of calcium accretion in
the third trimester is 150 to
180 mg/kg per day, the calcium
requirements of the preterm infant
who has BPD and is receiving furo-
semide is nearly 200 to 225 mg/kg
per day. The addition of glucocorti-

levels less than 20 mcg/dL with at
least 2,000 IU administered IM
every other day appears to be an
effective strategy for reducing BPD
risk.

Vitamin E is a biologic antioxi-
dant that protects the polyunsatu-
rated fatty acids of cell membranes
from peroxidation. Deficiency of
this vitamin compromises cellular
and humoral immunity and antimi-
crobial phagocytic action. It can
cause a severe hemolytic anemia,
which will be made worse with iron
therapy. On the other hand, it has
been difficult to link vitamin E sta-
tus with other diseases due to oxi-
dant stress, such as BPD, retinop-
athy of prematurity, and intra-

costeroids will increase bone remod-ventricular hemorrhage. Results of

eling and calcium needs further.

studies examining the role of vita-

postoperative period, meeting the
nutritional/energy needs of the neo-
nate always is a challenge based on
their delicate fluid balance, type of
repair (curative versus palliative),
respiratory compromise, and degree
of renal failure. Additionally, cate-
cholamine medications that increase
oxygen consumption (eg, epineph-
rine, dopamine, and dobutamine)
typically are required for cardiac
support until the myocardium has
recovered. As with the management
of acute respiratory disease, the ini-
tial goal is to reduce catabolism by
trying to meet the infant’s resting
energy requirements (60 kcal/kg per
day). As the infant recovers, the
energy delivery is increased to pro-
mote adequate growth (130 to

150 kcal/kg per day).

Common problems seen in these
infants include delayed gastric emp-
tying, fatigability with feeds, vomit-
ing, and malabsorption. Infants who

Infants who have BPD are faced min E supplementation in preventinghave congenital heart disease, partic-
with the classic dilemma of the risks or treating these conditions have notularly when it is complicated by

and benefits of iron. Iron is neces-

been convincing. As with most othercongestive heart failure, cyanosis, or

sary for normal organ function, but nutrients, it appears prudent to mainboth, generally require a diet that is

it is potentially toxic because it can tain sufficient vitamin E status with- not only high in calories but also

create strong oxidant stress. The

out running the risks of oversupple-

calorically dense. They may need as

infant who has BPD may well bene- mentation. We currently supplement much as 150 kcal/kg per day to

fit from a higher circulating hemo-
globin concentration, which can be
induced with consistent enteral iron
therapy. However, iron delivered in
excess of serum iron binding capac-
ity may place the infant at greater
oxidant risk. It appears that current
recommendations for healthy pre-

preterm infants who have low vita-
min E levels with 50 to 75 1U/d,
and levels are monitored weekly.

Congenital Heart Disease

ENERGY NEEDS

achieve optimal growth, which can
be difficult to achieve in infants
who have poor oral intake. Studies
have shown that continuous enteral
feedings are more beneficial than
intermittent bolus feedings.

term infants also are appropriate for Infants who have CHD, particularly PROTEIN

those who have chronic lung
disease.

VITAMINS

Vitamin A is a biologic antioxidant.
Antioxidants are important in pro-
tecting cell membranes from oxygen
free radical damage. Vitamin A
influences epithelial growth, differ-
entiation, and repair. Vitamin A
deficiency and its possible associa-
tion with the development of BPD
has been the subject of several

with an element of congestive heart
failure, have higher resting and total
energy expenditures. Infants who
have heart disease and are under-
nourished or malnourished tend to
have a body composition that is
higher in lean body mass and lower
in fat content. Lean body mass is
more metabolically active. The
administration of optimal energy to

The effect of CHD on protein needs,
either in the immediate postopera-
tive period or chronically, has not
been studied extensively. Because
investigators have demonstrated sub-
stantial protein needs following non-
cardiac surgery, it seems reasonable
to assume that infants are similarly
catabolic immediately after cardiac
surgery and have increased protein

these infants is a challenge becauserequirements. Based on these data, it

of the high metabolic demands of

the myocardium, the muscles of res-

piration, and the hematopoietic sys-

investigations. The overall consensusem. High-energy feedings have

NeoReviews
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seems prudent to provide at least
2.5 g/kg per day of protein in the
immediate postoperative period with
the intent to increase the delivery
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ultimately to 3.5 g/kg per day as important to screen infants who higher energy delivery during the
tolerated. have cyanotic CHD for iron defi- acute phase of their illness than sim-
The protein requirement of the  ciency using ferritin, red cell indi- ilarly ill nonseptic infants. A goal of

infant who has chronic congestive ces, and total iron-binding capacity at least 60 kcal/kg per day seems
heart failure frequently is underesti- saturation because the hemoglobin prudent to meet the energy require-
mated. Because these infants have may be within the normal range for ments during the acute phase of
high energy needs, a common strat-noncyanotic infants even though theillness.

egy is to supplement standard for- infant is deficient in iron. It appears

mulas with carbohydrates (glucose that a minimum dose of 2 mg/kg PROTEIN

polymers) or lipids (oils, fats). Pro- day of iron is prudent in these Sepsis alters protein requirements

viding mcreased energy WIthQUt infants. more acutely by its effect on

concurrently increasing protein ki diated | b

intake results in relative protein cytokine-mediated muscle catabo-
VITAMINS lism. In adults this condition causes

insufficiency and suboptimal growth.
Because total protein should consti-
tute 8% to 10% of the infant’s diet,
it is important to supplement formu-
las with protein as well. However,
delivery of too much protein adds to
the renal solute load in infants who
already receive limited free water,
which could lead to decreased nitro-
gen utilization. Maintaining a non-
protein energy-to-gram nitrogen
ratio of 150 to 200:1 appears to be
optimal.

Although no specific studies have a dramatic increase in muscle catab-
addressed the effect of CHD on olism, most likely to provide a ready
vitamin levels and requirements, it issource of amino acids to the liver
likely that congestive heart failure  for acute-phase reactant synthesis.
decreases intestinal absorption of ~ Sepsis causes the most profound
fats in general and fat-soluble vita- changes in negative nitrogen balance
mins in particular. In addition, if among all adult illnesses. A recent
cardiac surgery is complicated by ~ study suggests that the same cata-
traumatic chylothorax, fat-soluble  bolic effect occurs in septic neonates
vitamin status can be reduced signifin which the degree of negative
icantly. Water-soluble forms of vita- nitrogen balance is related directly
min A and vitamin E are available to the severity of physiologic insta-
and can be used as alternative form®ility. There are concomitant

of supplementation when there is a increases in cytokine and acute-
MINERALS question of fat malabsorption. phase reactant protein concentra-
As in the infant who has BPD, the tions. The mean nitrogen balance in

L these septic patients was
use of diuretics to treat CHD can .
compromise sodium, potassium, Sepsis -1412316 mg/kg per day, but it was

: : as great as -800 mg/kg in certain
chloride, calcium, and phosphorus ;
balances significantly. gotas[,)sium ENERGY NEEDS patients. The same study demon-

balance bears particular attention in The energy requirements during Sep_strated that some infants remained in

the infant who has cardiac disease irsis are well-characterized in adults. Ir:)?]gag\slelgltcrjc;ggnaftjtglratr;](:ees’fgrSailg
whom hypokalemia, but more partic-In this “hypermetabolic” state, there be gan The cgncern is that tFr)lis dura-
ularly hyperkalemia, can result in  is a marked catabolic response, Withtiog of.ne ative nitrooen balance
fatal arrhythmias. Close attention to profound changes in energy and Prog ould Ieag to lon —tegrm morbidit
calcium and phosphorus delivery  tein metabolism. The state is driven (predisposition togfurther e isodeys of
and serum levels of these nutrients by increased levels of cytokines s% sis)pand rowth dela pNo stud

is warranted. Infants who undergo (particularly tumor necrosis factor haz assesse%l whether yr.ovision 01}’
cardiac surgery also are at risk for [TNF] alpha, interleukin 6 [IL6], extra protein will reducepthis cata-
transient but significant hypocal- and IL1b) and increased activity of bolic r%s onse. but at this point it
cemia in the immediate pre- and  the sympathetic nervous system, seems Eudenf to brovide gt least
postoperative period because of the with increased catecholamine Ievels,2 5 /kp er da o? rotein to the
generous use of citrated blood prod-increased oxygen consumption, and sé t?c i?\fgnt yorp

ucts. Adequate phosphorous must be&egative nitrogen balance. P '

delivered to support generation of The metabolic response to and

adenosine triphosphate for optimal nutritional requirements of sepsis in MINERALS

myocardial function. the neonate are not well-defined.  Sepsis has no known specific effect
Infants who have cyanotic con- Several clinical studies in neonates on mineral homeostasis, but it is

genital heart disease have high iron who had sepsis and necrotizing important to recognize that signifi-

requirements because of their enterocolitis have demonstrated cant fluid shifts requiring the use of

expanded red cell mass. Persistent increased levels of both TNF alpha colloid for blood pressure and vol-

cyanosis increases production of  and IL6, cytokines known to be ume support can occur with sepsis

endogenous erythropoietin, resultinginvolved in the septic response and syndrome, which will alter fluid and

in secondary polycythemia, to multisystem organ failure syndrome electrolyte balance. Therefore, close

improve tissue oxygen delivery. The seen in adults. Energy requirements attention to serum electrolyte and
synthesis of each additional gram ofin these neonates were elevated in mineral levels is necessary.
hemoglobin requires an additional proportion to the degree of septic Infants who have sepsis do not
3.4 mg of elemental iron. It is illness. The septic neonates requiredneed treatment with iron and, in

e60 September 1999

Downloaded from http://pedsinreview.aappublications.org by on July 4, 20PReviews


http://pedsinreview.aappublications.org

NUTRITION
Neonatal Nutrition

theory, such treatment may exacer- dioxide, a balanced mixed-fuel the ill newborn. Neonatal ilinesses
bate the syndrome. Iron is an essen{carbohydrate and lipid) approach significantly alter energy, protein,
tial nutrient for bacterial prolifera-  should be used to provide nutritionaland mineral metabolism in disease-

tion, and the body appears to “hide” support to these infants. specific manners. Alterations in

iron during infection by decreasing metabolism during illness translate

serum concentrations. PROTEIN directly into changes in nutrient
Elective surgery in adults causes a réquirements from the healthy state.

VITAMINS small but significant reduction in Failure to provide appropriate nutri-

The roles of fat-soluble vitamins  hitrogen balance, but there is little ~ tional support during illness may

such as A and E have not been well€vidence for induction of a full delay recovery from or even exacer-

defined in neonatal sepsis. Vitamin hypercatabolic response. Similarly, bate common neonatal diseases.

E supplementation has not proven tostable neonates undergoing elective,

be beneficial in decreasing infection uncomplicated surgery do not have

or improving response to infection. markedly increased protein require- o\ coren pEnD o

Excess vitamin E may impair the ments. Anderson et al (See- Sug- damkin DH. Issues in the nutritional sup-

bactericidal capacity of white blood gested Readm.g).have S.IUdled infants’ port of the ventilated babyClin Perinatgl

cells and increase the infant's risk ofoperated on within the first 24 hours ;995557995

sepsis. of life for gastroschisis or congenital Adan D, LaGamma E, Browne L. Nutritional
Antibiotics used in the treatment diaphragmatic hernia. The mfant_s management and the multisystem organ

of sepsis syndrome significantly were started on parenteral nutrition  failure/systemic inflammatory response

reduce bacterial colonization of the With a fentanyl infusion (which gﬂdg;rpeec'“n?rfgggﬁ[fgit_e;glneonates'
gastrointestinal tract, which appears to suppress _the catabolic  pngerson MS, Thureen PJ, Bacon KA, Bass
decreases the inherent production off€Sponse to surgery in adults). KD, Melara DL, Hay WW Jr. Achieving
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