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In extremely preterm or critically-iII infants, the parenteral route for maintaining nutritional
integrity has to be relied upon before successful transition to the enteral route of feeding ís
achieved. Parenteral nutrition is new a fundamental part of neonatal intensive care. Fluid intake
volumes vary from 60-150 ml kg d, depending on maturity of the infant and environmental
conditions influencing insensible water loss from the skin. Parenteral nitrogen requirements are
30-35 mmol/kg/d, equivalent te 3.0-3.5 mglkgld of amino acids. Hyperglycaemia during parenteral
nutrition can be minimised by starting glucose infusion at a rate of 6-8 gIk~d with progressive
increase to 18-20 glkgld by 2-3 weeks afier birth. Parenterai fat is introduced at l g/kgld, gradually
increasing te 3 g/kgld, given as a continuous inflision. An energy intake of 50 kcal/kgld is adequate
te match ongoing expenditure but an additional energy intake of 70 kcai/kg/d is required te achieve
optimal growth. Minerais and trace elements delivered with parenteral nutrition are calculated te
meet in-utero accretion rales. Muitivitamins available for parenteral use should also be included.
lmproved techniques for the preparation, administration and monitoring of parenterai nutrition have
helped minimise catheter-related and metabolic complications. In neonatai intensive care units
where appropriate medical, nursing, pharmacy and laboratory expertise are available, the potential
benefits of parenteral nutrition outweigh its hazards. Nevertheless, early initiation of enteral
feeding in small subnutritienal quantities te supplement parenteral nutrition is ef major importance
to enhance the growth and develepment of the gastrointestinai tract.

Princípios e Prática de Nutrição Parenterai no Período Neonatai

Nos grandes pretermos e em recém-nascidos gravemente doentes, a nutrição parentérica é
necessária para manter a integridade nutricional, até se conseguir a transição pan a via entérica. A
nutrição parentérica é hoje fundamental nos cuidados intensivos, O aporte hidrico varia entre 60 a 150
mllkg/dia, de acordo com a maturidade e as condições ambientais que influenciam a perda insensível
de água pela pele. Quanto ao nitrogénio, são necessários 30-35 mmoilkg/d, equivalentes a 3.0-3.5
mg/kgld de aminoácidos. A hiperglicemia pode ser minimizada iniciando perfusão de glucose num
ritmo de 6-8 g/kg/d com aumento progressivo até 18-20 mg/kg/d pelas 2-3 semanas após o nascimento.
Os lípidos são introduzidos a 1 mg/kgld, com aumento gradual até 3 g/kg/d, em perfusão contínua. O
aporte calórico de 50 kcallkgld é adequado pan obviar o catabolismo proteico mas deve ser superior a
70 kcal/kg/d pan o crescimento. As necessidades em minerais baseiam-se nos índices verificados pan
o crescimento fetal intra-uterino. Também devem ser incluídas as multivitaminas existentes pan uso
parentérico. As técnicas desenvolvidas para a preparação, administração e controlo da nutrição
parentérica têm ajudado a minimizar as complicações de ordem metabólica. Os beneficios potenciais
da nutrição parentérica são maiores que os riscos em unidades de cuidados intensivos neonatais com o
devido profissionalismo médico, de enfermagem, farmacêutico e laboratorial. No entanto, o início
precoce da nutrição entérica em pequenas quantidades subnutricionais é de grande importáncia pan
acentuar o crescimento e desenvolvimento do tracto gastrointestinal.
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INTRODUCTION

The fetus is nourished parenteraily during pregnancy
through the reguiatory function of the placenta but after
birth, extrauterine adaptation depends on successfui tran
sition to the enterai route of nutrition. lt is a major cha
ilenge to provide optimai nutrition for infants compro
mised by major ciinical problems or developmental
immaturity after birth. The parenteral route for
maintaining nutritional integrity postnataiiy has been
developed for infants whose gastrointestinal function is
compromised and for whom adequate nutrition cannot be
provided enterally. Parenteral nutrition has now evoived
to become a fundamental part of the intensive care
support for criticaily-ilI or preterm infants. A 1983
survey of 269 American neonatal intensive care units
showed that 80% of units used parenteral nutrition in the
first week for extremeiy low birthweight (E1~BW,
<i000g) infantsi It is the purpose of this review to
describe the principies and practice of parenteral
nutrition in these high-risk infants.

INDICATIONS

Parenteral nutrition is indicated in the infani for whoin
feeding via the enteral route is impossible, inadequate or
hazardous, because of maiformation, disease or immatu
rity, and in whom this state is Iikely to be prolonged and
pose a serious threat to life and heaith. lt is used in
infants with major anomalies such as intestinal atresia or
omphaloceie, necrotising enterocolitis (NEC) or protrac
ted diarrhoea from a variety of causes. They may have
had extensive intestinal resection or require niultiple
surgical procedures. In some, resting the gastrointestinal
tract for a prolonged period is curative. in others, mainte
nance of adequate nutrition will permit corrective
surgery to be carried out. Parenteral nutrition is aiso used
in extremely preteri infants, especiaiiy those with
respiratory distress, prior to enteral feeding or to
supplement milk feeds which can then be increased
slowly to avoid overtaxing the immature gastrointestinal
tract while continuing to satisfy nutritional requirements.
In any clinical situation however, parenterai nutrition is
onlyjustifled if the benefits outweigh the hazards. As the
safety of the technique depends on available resources
and expertise, indications for parenterai nutrition
necessarily vary between centres. lf facilities for
intensive medical and nursing care and frequent
biochemical monitoring using microtechniques are
unavailable, it seems wiser to transfer the infant to an
appropriate centre for parenteral nutrition.

FLUID INTAKE

The extraceilular fluid (ECF) volume is high in preterm
infants compared to term infants and there is a normal
reduction in ECF after birth which accounts for their
postnatal weight Ioss.2 A randomised controlled trial
(RCT) was carried out in infants with a birthweight of
750-1500g to compare two parenteral fluid regimens:

one which ailowed 1-2% loss of birthweight per day to a
maximum ioss of 8-10% versus one which allowed 3-5%
loss per day to a maximum of I3-15%.~ No difference in
neonatal mortality and morbidity was found between the
two groups, suggesting that the gradual loss of 15% of
birthweight in the first week after birth is safe. it has
been shown that although the mean postnatal weight Ioss
in infants bom at 26-29 weeks gestation was 12-15% of
birthweight, although those bom at 25 weeks or less had
a mean loss of about 20%.~ This can be explained by an
increased and uncompensated transepidermal water loss
secondary to an underdeveloped stratum corneum before
comification occurs.5 Both gestational age and postnatal
age have a profound effect on transepidermal water Ioss.6

Insensible water loss (IWL) in preterm infants ranges
from 50 ml/kg d to over 150 ml/kg d depending on
environmental factors. A 40-60% increase in IWL has
been reported with the use of radiant warmers and/or
phototherapy,7 an increase of 1-2°C in ambient tempera
ture,8 nursing under conditions of forced convection,9
and parenteral nutrition.10 IWL can be doubled in the
most extreme situation. Measures which are effective in
reducing IWL by 30-60% in infants nursed in incubators
or under radiant warmers include the use of perspex heat
shields,’’’2 plastic blankets’2”3 and a high ambient
humidity.’4 lf preterm infants are nursed in maximally
humidifíed incubators, their fluid requirement is similar
to that of larger infants: 60-80 ml/kg d increasing to 100-
120 ml/kg/d over the first week.3 When the ambient
humidity is approximately 50%, the recommendation is
to start at 100 mI/kg/d increasing to 150 ml/kg/d.’5 lf
measures to reduce IWL are not taken, fluid require
ments for some ELBW infants will increase to 200
mifkgld. Serial assessment of hydration status is manda
tory, using clinical and laboratory parameters.

ENERGY

The initial goal of parenterai nutrition is to infuse
adequate energy and nitrogen to prevent catabolism and
achieve positive nitrogen balance. Preterm infants have
low energy reserves due to diminished glycogen stores in
the liver and reduced fat deposits. Fortunately, they also
have a near-fetal basal metabolic rate as low as 30
kcal/kgld if nursed in a thermoneutrai environment with
mininial activity. However, cold stress which reduces
abdominal skin temperature by 1°C will produce a 10
15% increase in energy expenditure.’6 Furthermore, the
energy cost of physical activity is about 4 kcal/kgld even
with minimal handling.’7 A parenteral input of about 50
kcal/kg/d is sufflcient to match ongoing expenditure but
it does not meet additional requirements of growth.’8 lt
has been shown that with this energy intake, postnatal
weight loss remained <5% of birthweight and, aithough
contraction of the extracellular compartment did occur,
an expansion of the intracellular compartment was
demonstrated which might be related to the onset of
growth.2

The energy cost of growth is about 5 kcai g of tissue
increment.17 It includes the extra energy expended for the
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actual synthesis of tissue, which is thought to represent
the specific dynamic action of food. This value for
parenteral nutrilion approximates 13% of basal metabolic
rate or 10% of the energy infused.’9 Theoretically, to
achieve the equivalent of third trimester intrauterine
weight gain of 14 g/kgld, an additional energy intake of
about 70 kcai/kg/d is required. However, studies have
shown that growth rates and nitrogen accretion similar to
in utero values can be sustained by parenterai nutrition
with an intake of 80 kcal/kg/d when an appropriate
amount of nitrogen is infused.20’2’ Parenteraliy fed
infants, compared to those enterally fed, begin to grow at
a Iower energy intake because of smaller faecal energy
losses and reduced energy expenditure. Nevertheless, the
goal energy intake for a rapidly growing preterm infant is
theoretically about 120 kcal/kgld. This value wiII even be
higher in long-term ventilated infants with chronic lung
disease (CLD) whose energy requiremenis are increased
by 25~30%.22

GLUCOSE

With few exceptions, ELBW infants require parenteral
glucose for maintenance of euglycaemia during the first
few days after birth. Data from brainstem auditory and
somatosensory evoked potential testing23 and neuro
developmental outcome24 suggest that the bIood glucose
concentration should be maintained above 2.6 mmol 1
irrespective of the presence or absence of abnormai
clinicai signs. The provision of parenteral glucose during
the first 2 days after birth has been shown to reduce
endogenous protein catabolism of preterm infants by
about 80%.25 Unfortunately, the risk for hyperglycaemia
and glucosuria increases with decreasing gestation and
birthweight2~” and in those under stress from hyaline
membrane disease.28 HypergIycaemia during glucose
infusion appears to be due to persistent endogenous
hepatic glucose production secondary to an insensitivity
ofhepatocytes to insulin.29’3°

In ELBW infants in whom parenteral fluids are com
menced at 60-80 ml/kg/d, 10% dextrose can be used
which provide a giucose infusion rate of 6-8 g/kgld (4-6
mglkglmin). lf a fluid intake of over 80 ml/kg/d is pres
cribed, it is advisable to use 5% dextrose in order not to
exceed the above giucose infusion rate in the flrst days
afier birth. Giucose tolerance improves with increasing
postnataI age.3’ Under carefui monitoring of blood
giucose during infusion, the giucose infusion rate can be
safeiy increased progressively to 18-20 glkg/d (12-14
mgfkglmin) in lhe second or third week. It is necessary to
Iimit the concentration of the dextrose solution infused
into peripheral veins to about 12% because of the risks of
subcutaneous tissue infiltration. Therefore, the higher
glucose infusion rates require central venous access.

Hyperglycaemia has been defined as a serum glucose
of over 8 mmol/127 at which levei giycosuria often
develops.26 The untoward effects of osmotic diuresis are
however uncommon in preterm infants with
glycosuria.2629 Nevertheless, it is prudent to maintain a
serum giucose below the levei mentioned above in view

ofthe fact that it is uncertain when the brain metabolism
is compromised and the risk of intracranial haemorrhage
is increased. The appropriate response to hyperglycaemia
is lo reduce the glucose infusion rate. insulin therapy has
been used successfully in those infants who remained
hypergiycaemic at a glucose infusion rale of 8 g/kgld (6
mglkg/min).32 A continuous insulin infusion, starting at
0.05 units/kg/hr, has been recommended.33 A RCT of
insulin therapy in ELBW infants with giucose
intolerance has been shown to improve glucose intake
and weight gain.34

NITROGEN

lt has been customary practice for parenteral amino
acids to be introduced when the energy intake from
glucose exceeds 50 kcal/kg/d, equivaient to a glucose
infusion rate of 12 g/kg/d (9 mg/kg mm). With lower
energy intakes, more of the infused amino acids are
oxidized to meet endogenous energy needs and less for
tissue synthesis. In a RCT among extremeiy preterm
infants, a negative nitrogen balance of about lO
mmol/kg/d equivaient to a daily loss of 3% of lhe bodys
protein has been found in the first 3 days after birth
before amino acids were commenced.3’ lnfants who
received 1.5-1.8 glkgld amino acids within the first day
of birth while receiving an energy intake of 45 kcal/kg d
had a nitrogen retenlion rate of 9 mmol/kg/d and
increased protein synthesis.35’36 This early introduction
of parenterai amino acids which permits positive
nitrogen balance is weil tolerated and does not elevate
plasma amino acid leveIs even in sick preterm infants.37

The intrauterine nitrogen accretion rale for a fetus is
constant at 24 mmoi/kg/d between 24 and 36 weeks of
gestation.38 The parenterai nitrogen required to achieve
relention equal to the fetal accretion rale depends on a
number of factors such as energy intake, the quality of
infiised amino acids, vitamin and mineral co-factors, and
the patients clinical status. Crystalline amino acids have
replaced protein hydrolysates as the nitrogen source in
parenteral nutrition as they have a higher bioavailability.
Furthermore, amino acids in the form of L-stereoisomers
are preferred due to the excessive urinary loss of metabo
lically inactive D-stereoisomers. Nitrogen retention ofover
70% of the amount infused was found for amino acid
formulations such as Vamin2’ and Trophamine.39 Using
such solutions, a parenteral nitrogen intake of 32
mmolfkgld can result in duplication of intrauterine nitrogen
accretion rales. This is equivalent to 3.3 g/kgld of amino
acids. It has been shown in two RCTs that a parenteral
intake of 4 g/kgfd compared to 2-3 g/kg/d resuited in
higher nitrogen retention, net protein synthesis and weight
gain.20~° As nitrogen retention has been shown to be
reduced by more than 50% during dexamethasone therapy
for CLD, it may be appropriate to provide additional amino
acid intake during lhe treatment period.4142

The preterm infant not only requires more amino acids
than term infants but also qualitativeiy different amino
acids. Cysteine, taurine, tyrosine and histidine have been
considered as conditionally essential amino acids in
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preterm infants.43 Conversion of methionine to cysteine
and taurine and conversion of phenyaianine to tyrosine
are affected by enzyme immaturity. The optimal compo
sition of an amino acid soiution for ELBW infants is
uncertain. The reference standard against which to assess
the plasma aminogram in such infants remains controver
sial. Comparison of amino acid solutions based on the
composition of egg protein~ and breast milk45 has shown
that the iatter results in a iower risk of high plasma
phenylaianine leveis but a higher risk of low tyrosine
leveis.46’47 However, no adverse neurodevelopmental
outcome had been observed after hyperphenylalaninaemia
induced by parenteral nutrition.48 Amino acid solutions
designed for paediatric patients have been shown to result
in a more favourable plasma aminogram, higher nitrogen
retention and better weight gain in preterm infants.49’5°
Cysteine5’ and taurine52 have been added to some amino
acid solutions, as they are considered to be essential in
preterm infants. Amino acid solutions have been designed
using the engineering technique ofoptimisation, in which
the composition is derived from calculations based on a
large body of plasma amino acid data from patients who
have received a variety of parenteral amino acid solu
tions. Studies have shown that preterm infants tolerate
weil these designe? amino acid solutions.53 The metabo
lic capacity of preterm infants for parenteraily delivered
amino acids is not as limited as commonly thought and in
general, their plasma aminograms are comparable to
those found in term infants fed on human milk.54’55

FAT

Parenterai fat is used in parenterai nutrition as a major
nonprotein energy source. Similar nitrogen sparing effects
have been documented for giucose and fat in parenterally
fed infants under steady-state conditions.56’57 Parenteral
fat also prevents essentiai fatty acid deficiency. Both
soybean (Intralipid) and safflower (Liposyn) emulsions
are weii tolerated. Essentiai fatty acid deficiency can be
prevented by as little as 0.5 glkg/d of lntralipid58 and 0.3
gfkg/d of Liposyn.59 The optimal ratio of linoleic and
linolenie acid is thought to lie between that in the two ou
emulsions.6° Parenteral fat preparations which contam
medium-chain triglycerides have been shown to be well
tolerated by infants6’ and resuit in a lower serum
cholesterol62 and greater nitrogen retention63 compared to
those which are composed of long-chain triglycerides of
soybean or safflower origin.

Parenteral fat tolerance is poor in preterm compared to
term infantsM especially in those who are ELBW.65 This
is probably due more to deficient celiular uptake and
utilisation of free fatty acids than low lipoprotein lipase
activity.66 Carnitine is essential for optimal fatty acid
oxidation because it facilitates their transport across the
mitochondrial membrane. Preterm infants develop low
blood and tissue carnitine leveis on parenteral nutrition
using camitine-free solutions because they are bom with
low carnitine depots and have limited capacity for
carnitine biosynthesis.6769 Although the effect of
camitine supplementation was inconsistent in previous

short term studies,7073 it has been shown to improve fat
utiiisation in infants on proionged parenterai nutrition.74
Carnitine supplementation is therefore recommended in
those who have been on total parenteral nutrition for
ionger than four weeks.75

Although it has been suggested that parenteral fat should
be withheid in the first week afier birth as eariy use of fat
infúsion might be associated with respiratory compromise,
RCTs have shown that it was weil tolerated even if
commenced on the day of birth with no increase in adverse
effects, including CLD.76-78 I-{owever, free radicais
generated when lntralipid undergoes peroxidation could be
potentially damaging to preterm infants.79 Phototherapy
induced formation of triglyceride hydroperoxides can be
prevented by covering the lntralipid with aluminium foii.8°
Parenterai fat shouid be commenced in a dose not
exceeding 1 g kg/d increasing within a week to 3
g/kg/d,81’82 although this should be reduced to 2 g/kg/d in
preterm infants during acute sepsis because of their
reduced fat oxidation rate.83 Compared to 10% intralipid,
20% Intraiipid has a lower phospholipid/triglyceride ratio
and liposomai content, and RCTs have shown that the
20% emulsion resulted in lower plasma triglyceride,
cholesterol and phospholipid concentrations.84’85 Two
RCTs have shown that a continuous fat infusion regimen
is better than an intermittent regimen, as reflected by less
fluctuation in serum leveis and a lower incidence of
clinicai and metabolic compiications.86’8 Plasma turbidity
assessed by visual inspection or nepheiometry does not
reliably predict serum concentration.88 When triglyceride
leveis exceed 1.7 mmol/i, it is necessary to reduce or
interrupt fat inflision until normal values are regained.89’9°

rabie i Recommendations for intravenous minerais and trace
elements mn preterni infants (amount per kg per day)

Sodium 3-5 mmoi (70-120 mg)
Chioride 3-5 mmoi (110-180 mg)
Potassium 1-2 mmol (40-80 mg)
Caicium* 1.5-2.2 mmoi (60-90 mg)
Phosphorus* 1.5-2.2 mmoi (50-70 mg)
Magnesium 0.3-0.4 mmol (7-10 mg)
Zinc 6-8 umoi (400-500 ug)
Copper 0.3-0.6 umol (20-40 ug)
Selenium 13-25 nmol (1-2 ug)
Manganese i8-l8OnmoI (l-lOug)
lodine 8 nmoi (1 ug)
Chromium 4-8 nmoi (0.2-0.4 ug)
Molybdenum 2-lO nmoi (0.2-1 ug)

* Based on an 120-150 mI)lcgld fluid intake of a solution which contains
1.3-1.5 mmolldl of calcium and phosphoms (molar ratio 1:1) equivalent
to 50-60 mg/dI of calcium and 40-45 mg/dl of phosphorus (weight ratio
1.3:1)

MINERAIS AND TRACE ELEMENTS

In the first week after birth, hypematraemia in preteri
infants is due primariiy to their high IWL and hypona
traemia to inappropriate arginine vasopressin release
associated with periventricular haemorrhage, pneumo
thorax or hyaline membrane disease.91 The same study
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suggested that 1 mmol/kg/d of sodium is sufficent in the
first week before diuresis sets in. However, late hypona
traemia is due to limited tubular sodium reabsorption92
which results in some preterm infants requiring a sodium
intake of over 5 mmol/kg/d, especiaily those who are
receiving frusemide for CLD. Although a potassium
intake of 1-2 mmol/kg/d is required for the rapidly gro
wing preterm infant, potassium should be withheld in the
first three days after birth in ELBW infants who are at
risk of developing nonoliguric hyperkalaemia due to
immature distal tubular function.93’94 Hypochloraemic
alkalosis is prevented by a chloride intake of 2
mmollkg/d. However, a total chloride ioad in excess of 6
mmol/kg/d is inadvisable in preterm infants as it is
associated with an increased risk of hyperchloraemic
metabolic acidosis.95

Because of the normal decrease and spontaneous
increase of serum calcium in the first week after birth in
preterm infants, hypocalcaemia is defined as less than
1.7 mmol/l, a value lower than that used in term infants.
The parenteral administration of calcium at 1 mmol/kgld
from birth can prevent early neonatal hypocalcaemia in
preterm infants without depressing their parathyroid
activity.96 The relationship between ionised and total cal
cium may not be constant. The parenteral requirements
for calcium and other minerais, calculated to match
intrauterine accretion rates in a rapidly growing preterm
infant, are however higher than that used to maintain
short-term homeostasis. RCTs have shown that it is pos
sible to provide calcium and phosphorus intakes dose to
that of intrauterine accretion rates and that these higher
intakes benetit the infant’s homeostasis mechanisms with
greater retention of these minerais and greater bone min
eral content.97~ Table 1 summarises the recommenda
tions on parenteral minerais and trace eiements for
preterm infants based on guidelines published by the
American Society for Clinical Nutrition.’°° Parenteral
nutrition solutions should contam i 3-1.5 mmoi/dl calci
um and phosphorus (molar ratio of 1:1 ora ratio of 1.3:1
by weight) administered with a fluid intake of 120-150
ml/kgld. These recommendations are described per unit
volume to prevent administration of high concentrations
of calcium and phosphorus resulting in precipitation of
these mineraIs when fluid intake is restricted.

Except for zinc, no trace elements need to be added in
the first two weeks of total parenteral nutrition or when
parenteral nutrition is administered as a supplement to
enteral feeding.’°° The risk of zinc deficiency is
increased with excessive gastrointestinal fluid losses, as
is the risk of copper deficiency when there are losses of
copper-containing biliary secretion. Copper and man
ganese supplements should be withheld in the presence
of cholestasis, and selenium and chromium supplements
withheld when renal function is impaired. Since destruc
tion of erythrocytes postnatally provides the infant with
18 umollkgld of iron, iron supplementation is unneces
sary, especially if the infantis receiving repeated top-up
transfusions. Molybdenum and fluoride supplements
should be considered only with iong-term total parenteral
nutrition exceeding six months. The aluminium content

of parenteral nutrition infusates may be up to 1 gmol/dl
as a result of aluminium contamination of the compo
nents used, such as calcium gluconate, which can con
tribute to 80% of the total aluminium load. Aithough the
consequences of aluminium accumulation and bone
deposition in infants on parenteral nutrition are unclear,
it is advisabie to minimise aluminium contamination in
infüsates.’0’

VITAMINS

Compared to term infants, those bom preterm have a
iower levei of adaptation to parenteral vitamins and an
increased potential for deticiency or toxicity. An appro
priate formuiation needs to be developed for preterm
infants. In the meantime, MVI-Paediatric in the dose of 2
mi/kgld up to a maximum of 5 mi/d, is considered to best
suit the preterm infants requirements, even though low
leveis of vitamin A and high leveis of most ofthe B vita
mins has been reported with its use.100 About 80% of
vitamin A and 30% of vitamins D and E are lost during
administration due to adherence to tubing and pho
todegradation, especially during phototherapy.’°Z~3 By
adding the vitamin preparation into the fat emulsion
instead of the amino acid-glucose mixture, vitamin A
ioss can be reduced to 10% and the risk of deficiency
minimisedi°4”°5

PRACTICAL, CONSIDERÁTIONS

Preparation. Computer programs are avaiiabie which
improve the efficiency of prescribing parenteral nutri
tion, reduce human error with automatic physiological
safety and precipitation checks, and increase the ease of
nutritionai data retrievai.’06~’’2 Ali preparations shouid
be carried out under strict aseptic conditions using a
laminar flow hood and terminal filtration with a 0.22 ~m
filter prior to deIivery to the neonatai unit. A RCT has
shown that a centraiised system of managing parenteral
nutrition with pharmacist monitoring resuited in higher
nutrient intake, better weight gain and fewer complica
tions.

Deiivery. An inflision pump is required to maintain a
constant rate of deiivering the parenteral nutrition solu
tion. A 0.22-j.tm bacteriai filter is commonly used if ter
minal filtration is not carried out in the pharmacy. Distal
to the fiiter, a second infusion pump delivers the fat
emulsion dose to the intravascular catheter. It is impor
tant to minimise mixing of the fat emuision with caicium
and heparin as this increases the risks of formation of
calcium-phosphorus crystals and floccuiation of
intralipid due to the destabilising effect of divalent
cations.113 Ifperipheral veins are used, studies in preterm
infants have shown that short catheters remam functional
significantly longer than steel needies with no increase in
compiications.’’4”’5 As the nutrient mixture infused into
a peripheral vem cannot be as concentrated as that
infused into a central vem, central venous catheterisation
is necessary if parenteral nutrition is required for a iong
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period of time. When central venous catheters are used,
the distal tip of the catheter is placed in the superior or
inferior vena cava near the right atrium. Favourable
experience has been reported on percutaneous central
venous catheterisation in ELBW infants,’’7”9 a tech
fique which is preferred to the surgical cutdown
approach)2° The Broviac catheter developed for long
temi parenteral nutrition has also been used successfully
in ELBW infants.’21’22 Recent advances in catheter tech
nology have enabled the use of prolonged parenteral
nutrition with relatively few technical complications. The
addition of heparin (1 unit/ml) to the infusate further
reduces significantly the incidence of phlebitis and
thrombosis of both peripheral’23 and central venous
catheters.’24’25 lnfusion of lipid emulsions can also pro
long survival times of peripheral venous lines.’26 Par
enteral nutrition has been administered routinely through
umbilical arterial catheters in infants who require arterial
access for blood gas monitoring in the flrst two weeks of
age)” This has been found to be comparable to central
venous catheters in efficacy and safety.’28 The umbilical
venous catheter has also been compared favourably with
the use ofperipheral veins in delivering parenteral nutri
tion. 129

Monitoring. Daily body weight and weekly body
length and head circumference measurements should be
carried out. In the initial period when parenteral nutrients
are being graded up or during any period of metabolic
instability, strict fluid balance, 6-12 hourly urine and
blood glucose, and daily plasma sodium, potassium, cai
cium, urea and acid-base determinations are required.
When the infantis on fulI parenteral nutrition and is in a
metabolic steady state, there investigations are carried
out once or twice weekly. In addition, measurements of
plasma magnesium, phosphorus, alkaline phosphatase,
albumin, transaminases and bilirubin are recommended
weekly. Plasma triglycerides, amino acids, trace ele
ments and ammonia are usually not routinely monitored.
Screening for infection or coagulation defects is carried
out as indicated. Investigations should be performed with
discretion and a compromise must be made between the
need for laboratory information and the risks and cost of
repeated tests. As many preterm or postoperative infants
requiring parenteral nutrition have metabolic problems
associated with their primary condition, it is no easier to
generalise on the frequency of laboratory monitoring
than it is on the frequency of clinical examinations.

BENEFITS

RCTs have shown that infants on total’27’3° and sup
plemental’3~’35 parenteral nutrition had less postnatal
weight loss, more rapid weight gain and an earlier age
when the birthweight was regained compared with those
fed conventionally. ~-j’~ This weight gain associated with
parenteral nutrition has been shown to result from tissue
accretion rather than water retention.’3~137 Weight gain
consistently above intrauterine growth rate can be achieved
after two weeks of age for those bom at 29 weeks ofgesta

tion, afier three weeks of age at 26-28 weeks and alter four
weeks of age at 24-25 weeks.4 The improved early growth
pattem was reported to be associated with a lower mci
dence of growth failure in late infancy)38 In addition to its
nutritional benefits, parenteral nutrition can potentially con
tribute to a reduction in morbidity and mortality from spe
cific diseases. Enteral feeding in preterm infants increases
the risk of aspiration pneumonia, cardiorespiratory distur
bances and NEC.’39~43 Parenteral nutrition allows the cau
tious and gradual introduction ofenteral feeding, thus mmi
mising these risks. A meta-analysis of the two RCTs of
total parenteral nutrition127’30 showed that the incidence of
NEC was significantly reduced with parenterai nutrition.’44
Sick, preterm infants on prolonged assisted ventilation
were found to tolerate their initial enteral feeds better and
have a shorter convalescent period when given parenteral
nutrition)45

HAZARDS

infection and technicai complications. lnfants on
parenteral nutrition have an increased risk of bacterial
sepsis caused by staphylococcus epidermidis and aureus’46
and fungal sepsis.’47’48 The prevalence ofcatheter-related
sepsis ranges from 8% to 45%, with staff training pIaying
a key role in its prevention.’49 To minimise the risk ofsep
sis, the following precautions should be taken: (1) Prepara
tion of individual aIiquots of parenteral nutrition solutions
in the pharmacy as previously described is encouraged. (2)
Manipulations carried out in the ward increase the risk of
polymicrobial bacteraemia and should be avoided.’50”5’
(3) Silastic catheters rather than polyethylene or polyvinyi
catheters should be used and they must be placed under
strict aseptic conditions. (4) The skin exit site for the
catheter should be piaced in an area which can be meticu
lously cleansed. (5) Proper care of the site and ali the con
nectors and tubings is essential. (6) The addition ofheparin
(1 uJml) to the infusate reduces infection of peripheral and
central venous catheters as described previously.
Uncommon but serious complications of central venous
catheterisation include superior or inferior vena cava
obstruction, cardiac arrhythmia or tamponade, intracardiac
thrombi, pleural effusion or chylothorax, pulmonary
embolism, Budd-Chiari syndrome, and hydrocephalus
secondary to jugular vem thrombosis. Though these prob
lems can be avoided with peripheral vem infusion, fre
quent insertions of peripheral venous catheters results in
excessive handling of the infant. Extravasation of the
infusate can lead to serious tissue necrosis and subcuta
neous calcium deposition.

Metabolic complications. The risks of abnormal plas
ma aminograms, hyperammonaemia, hyperchloraemic
metabolic acidosis, and mineral and trace element defi
ciencies, are minimised with the careful choice of amino
acid solutions and appropriate additives to the infusate. lt
has been shown that an arginine intake of at least 0.5
mmol/kg/d is required to prevent hyperammonaemia.”2
As septic infants are at risk for hyperammonaemia
during parenteral nutrition»3 their amino acid intake
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should be temporarily reduced or ceased when sepsis is
flrst diagnosed.

RCTs which have established the safety of early intro
duction of parenteral fat in infants were referred to previ
ously. In addition, short-term studies have shown no
detrimentai effect on oxygenation or pulmonary haemo
dynamics in preterm infants with severe respiratory dis
tress syndrorne unless the infusion rate exceeded an
equivaient of 6-7 g/kg/d.~541S6 Accumulation of fat in
pulmonary vesseis found at necropsy in infants who died
after receiving parenteral fat was also seen in those who
died without receiving parenterai fat.’57’58 An increase
in circuiating free fatty acid leveis can theoretically com
pete with bilirubin for binding to albumin. li was reconi
mended that the free fatty acid to albumin ratio be kept
below 5j~~$9 and that infants should receive no more than
lg/kg/d of parenteral fat if their serum bilirubin levei is
greater than 170 umol/l and their serum albumin is 30
gil.’60 However, fat emulsion is also capable of binding
unconjugated bilirubin’6’ and infusions 2-4 g/kg/d have
been found to have no effect on total or unbound serum
biiirubin.’62’63 An association between parenteral fat
administration and coagulase-negative staphylococcal
bacteraemia in infants has been found’64 but there is no
evidence that it impairs immune function in infants’65’68
A transient increase in blood glucose occurs with
parenteral fat infusion and this was found to be due to
alterations in glucose utilisation rather than enhanced
glucose production.’69 Lipaemia does interfere with
biochemical tests, leading to spurious conjugated hyper
bilirubinaemia, hypercalcaemia and hyponatraemia.
Curently availabie parenteral fat emulsions do not con
tain long-chain polyunsaturated fatty acids of lhe n-6 and
n-3 family which are deposited in developing tissues
such as the brain. lnfants are incapable of synthesising
these fatty acids and prolonged parenteral nutrition may
result in a deficiency which is ofpotential importance.

Cholestatic jaundice occurs in 10-40% of infants on par
enteral nutrition. lt is very uncommon with short-tenn total
parenteral nutrition of less than two weeks but it has been
reported that 80% of those who required total parenteral
nutrition for more than two months developed cholesta
sis.170 Some of the possible mechanisms that have been
suggested include immaturity of the hepatobiliary sys
tem,’7’ prolonged fasting,’72 impaired bile secretion and
bile salt formation,’73 coexisting sepsis,’74 underlying med
ical conditions associated with hypoxia or gastrointestinal
conditions requiring surgery,’75 taurine deficiency,’76
excessive amino acid and glucose~ and defi
ciency ofantioxidants such as vitamin E.’79 The hypothesis
that parenteral fat is associated with cholestasis, cannot be
confirmed.’8° The administration of oral gentamicin’8’ and
parenteral metronidazole’82 in infants on prolonged par
enteral nutrition have been found to be protective against
cholestasis, suggesting possible involvement of intestinal
flora in the pathogenesis of this condition. With few excep
tions, cholestasis resolves when enteral feeding is com
menced but it is known to progress to biliar)’ cirrhosis’83
and liver failure.’~ Rapid recovery foilowing phenobarbi
tone therapy’85 and biliary irrigation’86 has been reported.

In view of the potential hazards, parenteral nutrition is
contraindicated in infants with fulminating sepsis prior to
adequate stabilisation with antibiotic and supportive ther
apy. lt shouid also be withheld in infants with severe cir
culatory instabiiity or acute renal failure.

TRANSITION TO ENTERÀL~ FEEDINO

ln spite of the adequacy ofparenteral nutrition in meet
ing nutritional requirements for postnatal growth after
birth, enteral feeding itself is vital for adaptation to
extrauterine nutrition through its trophic effects on the
gastrointestinal tract and its physiological effects on gas
trointestinal exocrine and endocrine secretion and motili
tyi87 Milk feeds result in surges of secretin, glucagon,
gastrin and motilin, ali of which have trophic effects and
mediate gastrointestinal secretion and motility. Parente-
rally fed young animais demonstrate not only a failure of
growth of the stomach, small intestine and pancreas com
pared with those enterally-fed, but also a decrease in dis
accharidase activity in the atrophic proximal small intes
tine mucosa.188 lt has been shown in human infants that
enteral feeding is necessary for normal gastric acid secre
tion.189 Enteral feeding is associated with increases in
blood gastrin and motilin leveis’90 and intestinal motor
activity.’9’ A higher whole body nitrogen turnover rate in
enterally fed infants compared with those on parenteral
nutrition is believed to reflect the rapid growth and
development of the gut during enteral feeding. 92

Glucagon, in addition to its role in gastrointestinal motil
ity, stimulates bile fl~~•~93 lnfants on total parenteral
nutrition with no enteral intake secrete extremely dilute
bile, thus explaining the cholestasis associated with pro
longed parenteral nutrition when it is associated with
complete fasting.’94 Those who are parenterally fed also
have significantly fewer immunoglobulin-containing
intestinal plasma celis than those who are enterally
fed. 195

lnstead of prolonged total parenteral nutrition, the ear
Iy introduction of small quantities of milk is therefore
beneficial for growth, development and maintenance of
normal structure and function in the gastrointestinal and
hepatobiliary systems.’96 Supplemental parenteral nutri
tion is becoming more widely accepted in neonatal prac
tice with the realisation that gastrointestinal function has
a continuous spectrum ranging from normal to virtually
nu, and that between these extremes there is an interme
diate group in whom an adequate nutritional intake can
be achieved using lhe enteral route to meet some nutri-
tive requirements and the parenteral route to supply the
remainder. Early introduction of enteral feeding is asso
ciated with a lower prevalence of severe feeding intole
rance1~ and nosocomial infectiont42 RCTs have com
pared the effects of early (2-7 days) versus late (9-18 days)
enteral feeding, both groups initially receiving the majori
ty of their energy intake by the parenteral route.’98’99
lnfants who received early low-volume enterai feeding
had improved feeding tolerance, reached fuli enteral
nutrition faster and had less indirect hyperbilirubinaemia,
cholestatic jaundice and osteopenia of prematurity.
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lnstead of prolonged total parenteral nutrition, the early
introduction wjthjn one week after birth of a sub-nutri
tional quantity ofmilk is therefore recommended. As tol
erance to enteral feeding improves over the ensuing days
or weeks, the milk volume can be increased gradually.
The risks ofenteral feeding are therefore minimised with
the slow grading up of feeds, during which time the par
enteral route is relied upon to supply the necessary nutri
ents for optimal growth and development.

CONCLUSIONS

Parenteral nutrition represents a major breakthrough in
the ability to provide adequate nutrition and to achieve
normal growth in many pretemi or sick infants who can
not tolerate or utilise enteral nutrients for long periods.20°
Because of the potential risks, it should only be used in
neonatal units where there are appropriate facilities and
staff who are obsessive with attention to detail. Many of
its potential contributions toward improving the patient’s
short- and Iong-term outcome compared with conven
tional feeding have not been definitely proven, Neverthe
less, it is life-saving in many instances of neonatal gas
trointestinal failure. Therefore, its use in carefully
selected infants who can be adequately cared for and
monitored is to be recommended.
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