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Parenteral Nutrition (PN) allows usto meet a
neonate’ srequirement for growth and devel opment
whentheir sizeor condition precludesenteral feeding.
Although feeding throughthegastrointestinal tractis
thepreferredroutefor nutritional management, there
are specific conditionswhere PN asan adjunctiveor
soletherapy isnecessary. Invery low birth weight
premature infants, due to the immaturity of the
gastrointestinal systems, enteral feeding cannot be
establishedinthefirst fewdaysoflife. Incriticallyill
neonates, neonates with protracted diarrhea and
neonates who have had major Gl surgery, PN can
successfully meet thenutritional demands. Parenteral
Nutrition solutions, although still evolving, have
improved considerably since the early days and
complicationsarenow|esscommonwhenaminoacids
and lipids are given in a dose of 1-3 g / kg / day.
Meticulousattentiontoasepsis, good nursing careand
closebiochemical monitoring areabsol utely essential
for successful PNtherapy.

K ey wor ds: Neonate, Parenteral nutrition.

Total Parenteral Nutrition (TPN) may be
defined asprovision of nutritionfor metabolic
requirements and growth through the
parenteral route. The concept of parenteral
nutrition existed way back in 1660 when oils
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andwinesweregivenintravenously(1). The
importance of protein administration for
nitrogen bal ance, weight gainand general well
being was demonstrated as early as 1852 by
Bidder and Schimdt(2). 1n 1966, Dudrick made
amajor discovery by implanting acatheterin
thesuperior venacavaof beaglepuppies(3) and
subsequently in an infant with short bowel
syndromeand gaveparenteral nutrition(4). He
summed up the indications for TPN very
simply, by saying that it should be givenin
babies “who cannot eat, should not eat and
cannot eat enough.”

Parenteral  nutrition has become
increasingly complex. Careless use due to
inadequate understanding or poor supervision,
can result in devastating complications like
septicemia and metabolic imbalances. To
maximize benefits and minimize complica-
tions, many medical centershavedevelopeda
team approach to parenteral nutrition.
However, inthelndiansituation, thephysician
has to take over all the roles of the entire
team.

Total Parenteral Nutrition istechnically
demanding, expensive and has several side
effects. Hence, itsuseisonly justified when
enteral feeding is impossible. Its duration
shouldbeasshort aspossibleand at |east partial
enteral feeding should be started as early as
possible. TPN should only be used in units
where (i) thereisfull timemedical coverage,
(it) trained nursing staff whocanberelied upon
for proper care of 1V lines, (iii) facilitiesto
preparesolutionscorrectly under laminar flow
hood (iv) appropriatelaboratory backup and
(v) appropriate equipment includinginfusion
pumps. In1986, weinvestigated thefeasibility
of using TPN in neonates and childrenin a
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developing country likeours, thecostinvol ved,
the problems encountered and the means to
circumvent these problems(5).

Useof TPNin neonates

Thenutritional requirementsof extremely
low birthweightinfants(ELBW) arerarely met
withandthey loseal ot of weightinthefirst two
weeksof postnatal life. Early useof parenteral
nutrition may minimize these losses and
improvegrowth outcomes. Parenteral nutrition
solutions have improved markedly from
the early days of use in the 1980’s and
complicationsarenow lesscommon.

In general, five or more days without
adequatenutritioninfull term neonatesor three
or more days without nutrition in VLBW
infants places them at nutritional risks and
wouldbeanindicationfor prophylactic TPN.
TPN isindicatedwhenneonatescannottolerate
enteral feedings or when there is a need to
supplement enteral intake.

The indications for TPN are given in
Tablel.

Componentsof TPN solutions

Theinfusateshould containthefollowing:-

TABLE I-Indicationsfor TPN

1. Gestation <30 weeksand/ or birth weight <1000g

2. Gestation >30 weeks, but unlikely to achieve full
feeds, due to respiratory distress syndrome,
bronchopulmonary dysplasia.

3. Severeintrauterine growth retardation.
4. Necrotising enterocolitis.

5. Gastro-intestinal tract problems like short bowel
syndrome, intractable diarrhea.

6. After surgical correction of gastrointestinal
malformations like tracheo-esophageal fistula,
intestinal obstruction, malrotation with volvulus
omphal ocoel e, gastroschisis.
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(1) Proteinascrystallineaminoacids.
(2) Fatsas lipids.
(3) Carbohydrateasglucose.

(4) Electrolytes—Sodium, potassium, chloride,
calcium and magnesium.

(5) Metals/Trace elements-Zinc, copper,
manganese, chromium, selenium.

(6) Vitamins A, C, D, E, K, thiamine,
riboflavin, niacin, pantothenic acid,
pyridoxine, biotin, cholineandfolicacid.

Fluids

Fluidsareavery essential part of parenteral
nutrition. VVolumesshould beincreased over
the first 7 days depending on electrolytes,
hydration and clinical statuswith the aim of
delivering 150 mL/kg/day by the end of a
week.

Energy requirements

The most important goal of parenteral
nutrition isto provide sufficient energy and
nitrogento prevent catabolismandtoachievea
positivenitrogenbalance. Preterminfants have
very low energy reservesduetolow amounts
of fat aswell aslow glycogenreservesinthe
liver.

Theideal distribution of caloriesshould be
60% carbohydrate, 10-15% proteinsand 30%
fats(1). A 10% dextrosesolutionprovides0.34
kcal/mL. A 10% lipid solution provides 0.9
kcal/mL. Althoughproteinisapotential energy
substrate, it should beutilized only for tissue
growth. Glucose and lipids should provide
sufficient caloriestoavoid protein catabolism.
A preterm neonateneeds 100-150kcal/kg/day,
whereasatermneonateneeds 100-120kcal/kg/

day.
Carbohydraterequirements

Glucose is the most widely used
intravenouscarbohydratefor neonatesbecause

VOLUME 43—NoVEMBER 17, 2006



PERSONAL PRACTICE

itisreadily availabletothebrain. A preterm
infant, who may have hypothermia and
respiratory distress, has a higher glucose
demand and hence early administration of
glucoseisvital(6,7). Itisimportant to balance
non-protein cal ories between carbohydrates
andfats. Excessuseof glucosewouldresultin
lipogenesis, excess production of CO, and
hyperglycemia, which may produce osmotic
diuresis.

Proteinrequirements

The goal in giving proteins is to limit
catabolism and maintain endogenous protein
stores, and to provide sufficient energy and
proteinintaketo support growth. Inanarticle
entitled “ Aggressive nutrition of theVLBW
infant,” Ziegler, et al.(8) state that early
administration of PN today is safe and
efficacious and no longer fraught with
metabolic derangements that had at earlier
times made PN a dangerous proposition in
VLBW infants. The concept put forth by
American Academy of Pediatrics(9) that
“nutritionshould support postnatal growth that
approximatesthein utero growth of anormal
fetus’ should beaccepted.

Protein is delivered as a synthetic amino
acid solution, which gives 4 kcal/g. These
solutions contain 9 essential amino acids and
cysteine, tyrosine, taurine and arginine as the
semi-essential amino acids. In the absence of
an exogenous protein source, a preterm infant
will catabolise 1 g/kg/day of their own body
protein to meet its metabolic needs. Excess
protein administration will cause a rise in
blood urea, ammonia and high levels of
potentially toxic amino acids such as phenyl-
alanine. Paisley and Thureen(10) started
amino acids in a dose of 3 g/kg/day within
24 hoursin ELBW infants. They showed that
higher amino acid doses led to significantly
higher protein balance. The experience with
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this high dose of amino acids is limited and
somecautioniswarranted.

In our unit, we start amino acids on the
second day of life for ELBW infants with
1 g/kg/day and go upto 3 g/kg/day with daily
increments of 1 g/kg/day. Some units start
smaller dosesof amino acidsin septic or hemo-
dynamically unstablebabies. A maximum of
15% caloriesshould begivenasproteins.

Lipids

Lipids are amajor source of non-protein
energy and have anitrogen sparing effect. It
servesasasourceof essential fatty acidsaswell
aslong chain polyunsaturated fatty acids (L C-
PUFA). Theimportanceof LC-PUFA for the

development of the brain and retinais well
known.

The commercial 1V lipid emulsions are
agueous suspensions containing neutral
triglyceridesderived from soybean, safflower
oil, eggyolk toemulsify and glycerineto adjust
tonicity. Hydrolysisof triglyceridesby hepatic
andlipoproteinlipaseresultsinformation of
freefatty acids. Thefreefatty acidscircul ate
and can beused asan energy sourceor they can
enter adipose tissue, where they are re-
esterifiedtoformtriglycerides(11).

Early useand rapid advancement of lipid
emulsions in premature infants should be
done cautiously because of a variety of
potential complicationsandtoxicities. These
arelipidintolerance, increased freebilirubin
concentrations, impaired pulmonary function,
increased risk for developing chronic lung
disease and interference with immune and
platelet function. If freefatty acidsaccumul ate,
they candisplacebilirubinfromalbumin(12).
Therehasbeen concernthat intravenouslipids
inducethrombocytopenia. However, present
data does not support thisnotion(13). Early
investigatorssuggested that intravenouslipid
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emulsion impaired neutrophil function, but
morerecent studieshave demonstrated normal
immune function(14). Thereisatheoretical
riskinvolvedingivinglipidsinaneonatewith
severe respiratory distress due to fear of
pulmonary embolism and PGI, formation,
which may cause ventilation/perfusion
mismatch(15). However, lipidswhengivenas
aslow infusionover 24 hoursarenot associ ated
withwaorsening of respiratory distress.

Both 10% and 20% formulations are
available. When lipids are exposed to light,
they form potentially toxic lipid hydro-
peroxides. Hence lipid syringes and tubing
should be covered by wrapping it in foil or
carbon paper if foil is not available(16). It
shouldbegivenby aseparateline(Fig.1). Due
totheir isotonicity, they can begiventhrough
theperipheral line. Thetolerancefor lipidsin
extremely prematureinfantsisoften poor and
hencetriglyceridelevel sshould bemonitored
closely. The dose of lipids may be reduced
following acuteepisodesof sepsis, respiratory
distress, thrombocytopeniaand severehyper-
bilirubinemia.

In our unit, we usually start lipids on the
thirdday of lifeinELBW infantswhenthemost
acutephaseof respiratory distressor other life
threatening eventsiscontrolled. Westart with
1 g/kg/day and go upto 3 g/kg/ day with
incrementsof 1 g/kg/day. At present 20%lipid
emulsionispreferred over 10%, becausethe
higher phospholipid content of the 10%
solution impedes plasma triglyceride
clearance, resultingin higher triglycerideand
plasmachol esterol concentration. Advantages
of lipid emulsionsover concentrated glucose
solutionsincludetheir isotonicity and greater
energy density, the latter meaning that less
volume is required per calorie. This is
particularly truefor 20% lipid, becauseitleads
to amore normal pattern of plasmalipidsin
ELBW infants. We use 10% lipid solutions
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because20%lipidsolutionsareavailableonly
in250 mL bottlesand notin 100mL bottles. Not
only is the cost more, but there is a lot of
wastage of the lipid solution since ELBW
babies need such a small quantity. Thereis
really nocredibleevidenceof adverseeffects
when 1V lipidsemulsionsare used properly.
Proper use includes slow infusion rates
(<150 mg/kg/hr) and avoidanceof unduly high
dosesi.e., >3g/kg/day.

Minerals

Sodium, potassium, chloride, calcium,
magnesi um and phosphoruslevelsneedtobe
closely monitored and theinfusate needsto be
prescribed accordingly.

Traceelements

Trace elements like zinc, copper,
manganese, selenium, fluorineandiodineare
provided in some of the TPN solutions
available abroad. However, thelndian TPN

Amino acid
+
Dextrose
+
Electrolytes

Lipid
Emulsion

« [*= Infusion pump

Bacterial

Y Connection

To scalp vein set

Fig. 1. TPN infusion assembly.
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solutionsdo not contain thesetrace elements.
Neonatesonlongterm TPN may developtrace
element deficienciesand it isrecommended
that their levels should be checked(17). In
general weuseonly shortterm TPN and hence
donot addtraceelements.

Vitamins

Thedaily requirementsfor bothwater and
fat-solublevitaminscan beprovidedin TPN.
Thedoseof Pediatric Multi vitaminInfusionis
1 mL/kg/day, with an absolute maximum of
5 mL/day. This should be added to the
dextrose-€electrolytesolution.

Other additions

Heparinmay beaddedtothe TPN solutions

in 0.5-1 unit per ml to decrease the risk of
thrombosis. Useof heparinisrecommendedin
neonateswheresmall lumen central linesare
used. Itsuseiscontraindicatedinneonateswith
evidenceof coagulopathy.

Tablell showsthecalculation of TPN step
by step.
[lustrativecase (For TPN cal culation)

A 5-day-old neonate, with gestational age
of 28 weeks and birth weight of 900 g with

respiratory distress on aventilator, on TPN
sinceday one.

Stepl: Total fluids150mL/kg=135mL

Stepll: Aminoacid (10%) 3 g/kg/day =
27mL

TABLE |I-Sepfor Calculation of TPN

Stepl:  Caculatetotal fluidintake
Stepll:  Aminoacids: 1-3g/kg/ day
Steplll: Lipids: 1-3g/kg/ day
Step1V: Supplementation

e Sodium: 3meq/ kg/ day

1 mL of concentrated Ringer lactate = 3 meq

* Potassium: 2meq/kg/day
1 mL of Potassium chloride=2meq
e Calcium: 2 meq/kg/day
1mL of Calcium gluconate=0.45meq
¢ Magnesium 0.3 meq/ kg/ day
1mL of 50% of Magsulph=4meq
e Multivitamininfusion —1mL / kg
Step V:
StepVI: Calculate CalorieNitrogen Ratio (CNR)

Calculatedextroseinfusion

Carbohydrate Calories+ Fat caloriesx 6.25 (constant )

Aminoacidsingm
Thisratio should be between 100-200cal / g
Step VIl Addheparin 1 unit/mL

Source: Protocol of KEM Hospital, Pune.
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Steplll: Lipids (10%) 3 g/kg/day = 27
mL
SteplV: Supplementation

(1) Sodium3meg/kg/day = 2.7meq
Conc. Ringer lactate = 09mL
(2) Potassum2meg/kg/day = 1.8 meq
Potassiumchloride = 09mL
(3) Calcium2meg/kg/day = 1.8meq
Calciumgluconate10% = 4mL
(4) Magnesium0.3meg/kg/d = 0.27 meq
50% Magnesiumsulphate = 0.07mL
(5) MVI1mL/kg/day
MV I solution = 09mL
StepV: Dextroselnfusion: 6mg/kg/min=7.8
g/24hours
Total fluids—Total additives
(Stepll, 11,1V)

135-60.77 =74.23mL
Thiscanbegivenas10% dextrose
70mL =7000mg
50% dextrose=1.6 mL =800mg
Distilledwater=2.63mL =0mg

StepVI: Calculationof Caloric Nitrogen
Ratio
Total carbohydrate calories + Total fat
caloriesx 6.25+Aminoacid(g)
(7.8x3.4)+(2.7x9) x 6.25
2.7
CNR=117.63cal/g

StepVI1: Addheparin 1unit/mL =135units

Note: If thebaby isunstable, cal culationsmay
havetobedoneevery 12 hoursinstead of every
24hours.

TPN preparation
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958

All the TPN bottlesarekeptinlaminar flow
hood and ultraviolet raysareswitched on. Two
hourslater, theultraviol et raysareswitched off.
Thedoctor or nursescrubsand putsonagown,
cap and mask and gloves and mixes the
solutionsasper calculationinsidethelaminar
flow hood. If ultraviolet raysarenot switched
off during mixing, the personnel may get
conjunctival irritation. They then connect the
bottles to the IV set under strict aseptic
precautions. The TPN assembly isshownin
Fig.1. The bottles along with the tubing are
changed every 24 hours.

Peripheral ver suscentral venousaccess

PNisdelivered by peripheral or central vein
access, depending on the concentration of
dextrose and consequent osmolarity of the
solution. The maximum concentration of
dextrosefor peripheral venousaccessis12.5%.
A dextrose concentration greater than 12.5%
has an acidic pH and can beirritating to the
peripheral veins. In addition to dextrose,
electrolytesand mineralsadded tothesolution
increasethe osmolarity of thesolution. Short
term TPN for lessthan 3dayscanbegivenvia
theperipheral line.

Hypertoni ¢ solutionsmust beadministered
via a central venous catheter to prevent
peripheral veininflammationandthrombosis.
There are no restraints on the osmol arity of
central PN because of its high flow rate,
infusion into a large vessel and the type of
catheter used for infusion. PN can be given
throughtheumbilical vein.

Routeof administration

TPN should be delivered whenever
possible through central lines. Usually, a
percutaneous central lineis placed with the
position of thetip of thecatheter confirmed by
X-ray. Theaminoacid solutionisattachedtoa
burette with asuitable bacterial filterinline
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withaY connectortowhichthelipidinfusionis
attached (Fig.1). A strictaseptictechniquein
preparation and administration of TPN is
mandatory. Breakage of the central line
throughwhich TPN isadministered should be
avoided. Drugs should be given through a
separatelV line.

Monitoringprotocol for parenteral
nutrition

M eticulous monitoring is necessary not
only to detect complications, but to document
clinical benefit(18). M ost septicand metabolic
complications can be prevented or detected
beforethey cause seriousconsequences, if the
monitoring protocol is followed rigidly.
Monitoring should be more frequent in the
initial stages. Onceasteady metabolic stagehas
been achieved, monitoring can bereducedto
onceaweek. Tablelll givesthe monitoring
protocol of neonateson PN inour hospital. Itis
essential to devel op micromethod systemsfor
biochemical monitoring of infants. In the
absence of these, blood sampling volumes
should becarefully recorded and repl enished.
Adjustment of daily el ectrolytes, nutrientsand
fluid orders are based on biochemical
monitoring.

Complications

Sepsis is the most common and serious
complication of TPN in India. In 1986, we
reported an incidence of 52% of sepsisin 36
patientsgiven TPN(5). But twenty yearslater,
our sepsis rate has gone down considerably
with the use of laminar flow hood for
preparation and training of nurses in strict
aseptictechniques. TablelVsummarizesTPN
related complications.

Dextroserelated complications

Hypo and hyperglycemia are more
common in neonatesthan older children and
hence blood glucose should be monitored
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closely. Dextrose infusion should be cut
downif hyperglycemiaoccurs. Treatment of
hyperglycemiaisinitiatedwithinsulinif blood
glucoseisabove 200 mg/dL despitereducing
the dextrose infusion below 5 mg/kg/min.
Insulincanbestartedinadoseof 0.05-0.1U/kg/
hr(19). Adjust insulin infusion rate by 0.05
U/kg/hr to keep glucose levels to 150-200
mg%. Discontinue when levels drop to <100
mg% and monitor glucoseevery 4 hoursonce
targetlevel isachieved. Beforestartinginsulin,
rule out other causes of hyperglycemialike

TABLE I[I1-TPN Monitoring Schedule

Parameter Frequency
Laboratory measurement

Serum electrolytes 3-4times/week initialy,
then weekly

Blood urea 3times/week initially, then
weekly

Calcium, magnesium, 3times/week initialy,

phosphorus then weekly

Glucose 2times/ day

Urineglucose Daily

Protein Weekly

Liverfunctiontests ~ Weekly

Hematocrit Weekly

4 hoursafter adoseincrease
initially, then weekly

Serumtriglycerides

Physical assessment
Weight
Intake/ output

Daily
Daily
Inspection of catheter Daily
insertion site

(for swelling, redness,
extravasation)

Anthropometric Weekly
measurements
Growth curves Weekly

Source: Protocol of KEM Hospital, Pune.
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TABLE | V—Complications of TPN

Sepsis -
Dextrose-related Hyperglycemia,
Hypoglycemia
Protein-related Azotemia, Metabolic
acidosis
Lipid-related Hyperlipidemia,
Hyperbilirubinemia
Cholestasis

Trace element deficiency
(long-term TPN use)

Catheter related
complications

Dislodgement, Infection.

Hematological Thrombocytopenia,
platelet dysfunction,

eosinophilia.

sepsis, intraventricular hemorrhage, steroids.
Proteinrelated complications

If BUN israised twice above the normal
value, fluids may have to be increased or
protein may haveto becut down(6).

Lipidrelated complications

Hyperlipidemia and hyperbilirubinemia
may occur in neonates. Lipidsmay haveto be
cut down or stopped completely(20). PaO,
may be lowered due to changes in pulmonary
microcirculation, especialy in neonates with
RDS. Lipids will have to be stopped if there
is severe sepsis. Severe sepsis is defined as
sepsiswith organ dysfunction associated with
hypotension and need for inotropes.

Hepaticeffects

Liver disease due to PN is a well-
recognized iatrogenic entity, also called
PN associated cholestasis. PN associated
cholestasis is defined as onset of hyper-
bilirubinemia within 2 weeks of starting
PN(21). Thureen, etal. havestipulated that a
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direct bilirubin >2 mg/dL may be called
cholestatic jaundice(22). There may be
hepatomegaly, mild el evation of conjugated
bilirubin, alkaline phosphatase and trans-
aminases. Liver functiongenerally normalizes
within 1-4 monthsof stopping PN; butinsome
cases, prolonged liver dysfunction and even
fibrosishasbeenreported(23).

Several overlapping mechanisms may
contribute to PN associated liver disease(24).
These include prolonged duration of PN
therapy, sepsis, |ow serumalbumin, excessive
caloric load, enteral fasting, nutritional
deficiencies of taurine, choline, carnitine,
phytosterol, manganese, oxidativestressand
hormonal factors like elevated insulin/
glucagonratio, gut hormonesandbiliary stasis.

Simpleinterventionssuch asminimizing
theduration of therapy, preventionand early
detectionandtreatment of sepsisand choosing
enteral over parenteral nutrition whenever
possible, will minimizeliverinjury.

Ursodeoxycholic acid (UDCA)isusedin
thetherapy of cholestasis. It hasbeen postu-
latedthat UDCA increasesthehydrophilic non-
hepatotoxic bileacid pool, decreases hepato-
cytedisplay of histocompatibility antigensand
gives direct cytoprotection(25). UDCA is
availableasTabUdiliv (300mg) andthedoseis
20-30mg/kg/day.

Electrolyteandtraceelement deficiencies

Careful monitoring of fluid losses is
essential to avoid electrolyte deficiencies.
Most of thetrace element deficienciesaredue
toimproper supplementati on and monitoring
in long term TPN(26). Adequate levels of
calcium may be hindered by incompatibility
withother el ectrolytes, especially phosphorus.
L-cysteine, whichispresentintheaminoacid
solution improves the solubility of both
calciumand phosphorus.
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Catheter related complications

Thesemay beeither technical or infectious
innature. Proper placement of thecatheter with
strict aseptic technique may reduce these
complications. Peripherally inserted central
catheters have a lower incidence of
infection(19).

Hematologiceffects

Thrombocytopenia, eosinophilia and
hemolysiscan occur following lipid adminis-
tration. Thrombocytopeniaand platel et dys-
functionarebelievedtobedoserelated (30).
Maximum | ipidadministration of 2-3g/kg/day
or temporary discontinuation of lipidswould
result in normal platelet count and
function(14).

Costof TPN

Onanaverage, thecost of the TPN infusate
withadditivesisaround Rs. 700-800/day inour
unit. Commercially available TPN solutions
withpricesaregiveninTableV.

Cost saving should not be done by
economizing on disposables, biochemical
monitoring andinfusion pumps. Laminar flow
hoodfor mixingsolutionsisamust. Cost canbe
reduced by sharing the bottles between two
patients, if two patientsarereceiving TPN at the
sametime.

Transitiontoenteral feedings

While parenteral nutrition provides the
neonate with nutrients to sustain life and
promote growth, its use can have negative
physiologic effects on the gastrointestinal
tract(22). Enteral starvation results in
decreased secretion of gastrointestinal
hormones, atrophy of gastric mucosa,
decreased Immunoglobulin A production,
adecline in gastrointestinal motility and an
increase in the incidence of intestinal
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ulceration. Theseeffectsresultinadeclinein
thedigestiveand absorptivecapabilitiesof the
Gl tract and a loss of protective effects,
increasing the risk for systemic bacterial
infections. Tominimizetheseeffects, enteral
feeding should bestartedassoonaspossible. In
our unit, westart small trophicfeedings(small
volume feeding given at the samerate for at
least 5days) asearly aspossible.

For many neonates, parenteral nutritionisa
lifesavingintervention, providing energy for
growth and tissue repair when the
gastrointestinal tract cannot beused. Thisis
especially truefor pretermand extremely low
birth weight neonates. Familiarity with the
nutritional requirements, complicationsand
methodsof monitoring parenteral nutritionwill
hel p minimizetheriskstothispopulation.

Newer Per spectives
Manganese

The recognition that manganese is an
essential trace element has led to its
incorporationinto parenteral solutions. A study
inchildrenonlongterm TPN showedincreased
signal intensity on T, weighted imagesof the
basal gangliaonMRI(27). Hence, manganese
supplementationinneonateswithlongterm PN
needsfurther appraisal (28).

Glutamine

Glutamine supplementation has been
recommended to prevent morbidity and
mortality inpreterminfants. Theavailabledata
fromgood quality randomized controlledtrials
suggest that glutamine supplementati on does
not confer clinically significant benefitsfor
preterminfants(29).

Carnitine

Carnitineisessential for the oxidation of
long chainfatty acids. Itisrequiredtotransport
thesefatty acidsacrosstheinner mitochondrial
membraneto their site of oxidation with the
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TABLE V-Commercially available TPN Solutionsin India

Name of solution Concentration Manufacturer Bottle Cost
Aminoven 6% F. Kabi 100 mL Rs. 220
(Amino acid)

Aminoven 10% F. Kabi 100 mL Rs. 280
(Amino acid)

Primene 10% Baxter 100 mL Rs. 288
(Amino acid)

Intralipid 10% F. Kabi 100 mL Rs. 255
(Lipid)

Intralipid 20% F. Kabi 250 mL Rs. 520
(Lipid)

Additives

Conc. Ringer lactate - T.Walker 20mL Rs. 20
Multi Vitamin Infusion - NBZ Pharma 10 mL Rs. 11
(Adult)

Calcium Gluconate 10% Biostan 10mL Rs. 12
Kesol (Pottassion Chloride) 15% Eisen Pharma 10mL Rs. 12
Mag. Sulph 50% Ravi Pharma 2mL Rs. 8
Heparin Gland Pharma 5mL Rs. 21

mitochondrial matrix. The preterm has low
plasmaand tissue concentrationsof carnitine
and decreased capacity to synthesizecarnitine,
hence carnitine supplementation may have
somerolein ELBW infantsonlongterm PN.
Carnitineisavailableasinjection Carnitor and
thedoseis10 mg/kg/day. However, thisissue
needsto beconfirmed by morestudies(30).

Lipidpreparations

Currently available lipid preparations
containtriglyceridesderived from soyabean
oil and safflower oil. European trials are
evaluating medium-chaintriglycerideintra-
venouslipid preparations(19). Thesemay have
animproved rate of oxidation, |esschances of
displacement of bilirubin from albumin and
morecarnitinecontent.

Earlyinitiation of enteral feeding
INDIAN PEDIATRICS

962

Thereisnoclear evidencetoshow that early
initiation of enteral feedinginaparenterally fed
ELBW infant is better than late initiation of
enteral feeding according to the Cochrane
database(31). Needless to say that there is
plenty of evidenceto show that enteral feeding
isalwayspreferred over parenteral nutrition,
whenever possible. Among infants given
trophicfeeding, therewasan overall reduction
indaystofull feeding and total hospital stay
compared to infants given no enteral
intake(32). Inour unit, westart small trophic
feedsasearly aspossible.

Useof standar dized ver susindividualized PN
solutionsm

Many centres abroad are now opting for
standard or stock preparations than going
through the laborious process of mixing the
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solutions. Y eung, et al. studied standardized
versus individualized PN solutions for
neonates<33weeksgestation. They found no
significant clinical and statistical differencesin
newborninfantsin boththegroups. However,
the cost of PN went down by 30% when
standardized solutionswere used(33). These
solutionsarepresently not availableinIndia.
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