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Abstract

Aim. The aim of this study is to investigate the effect of constant amount of lipid during
total parenteral nutrition (TPN), by the evaluation of serum levels of: total cholesterol,
triglycerides, free fatty acids, billirubin, AST, ALT, acid base status in the group of
sick preterm infants.

Material and methods. The tolerance for intravenously administered lipid (IL), with
a maximal daily dose of 2.5 gr/kg, in 20 sick preterm infants during total parenteral
nutrition was analyzed by controlling  the total serum lipid level;  the total cholesterol;
the serum triglycerides concentration;  the free fatty acids levels;  the lipoprotein
electrophoresis; the bilirubin level (total, conjugated and unconjugated); ALT and
AST; the blood hemoglobin;  erythrocyte,  leukocyte and reticulocyte count;  hematocrit;
and the acid base status in capillary, venous and arterial blood.

Results. A serum triglyceride concentration <1.5 mmol/l was found in 15 (75%) out
of 20 triglyceride determinations, levels between 1.5-2.0 mmol/l were found in 3
(15%), and >2.0 mmol/l in 2 (10%). Hypertriglyceridemia >1.5 mmol/l was found in
4 patients with perinatal asphyxia and one with septicemia. There is a highly
significant inverse correlation (p<0.001) between birth weight, gestational age and
serum triglyceride level. The other analysis made for control of lipid tolerance were
normal except the lower oxygen saturation levels such as pO2 and increased pCO2,
derived from patients with RDSy. An important increase in body weight was signed:
24.948 gr/gr infused protein/24h, 45.528gr/418 KJ energy/24h, 22.078gr/kg body
weight/24h.

Conclusion. Our study showed that the intake of 2.5 g/kg/day proteins and 2.5 g/kg/
day IL can be tolerated without metabolic or respiratory complications, and can also
prevent the development of negative nitrogen balance seen in the conventional
management of delivering glucose alone.

OPEN ACCESS

Introduction
Very-low-birth-weight (VLBW) infants are born

at a time of otherwise rapid intrauterine brain and body
growth. These infants have limited endogenous energy
stores, and the rapid establishment of postnatal nutri-

tion is essential to provide continuous administration of
nutrition (1-3).

VLBW infants receiving only glucose experi-
ence protein loss of 0.5 to 1 g/kilo-day. Deficient
protein or amino-acid (AA) administration over an
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extended period may cause significant growth delay or
morbidity in VLBW  infants (4-6). Parenteral feeding
with AA from birth may be a solution if early negative
nitrogen balance is to be avoided.

Lipids play a fundamental role in providing the
dietary energy density necessary to achieve positive
energy balance, permitting optimal utilization of di-
etary protein for tissue growth, and supplying the
essential n-6 and n-3 fatty acids. The effect of early
malnutrition on infant growth and development, includ-
ing long-term consequences to the central nervous
system (CNS), is well recognized. Failure to provide an
adequate lipid intake is likely to result in suboptimal
energy intakes, which can significantly contribute to
calorie under nutrition and proteolysis (14-18).

The level of heparin-activated endothelium lipo-
protein lipase (LPL) activity or hepatic triglyceride
lipase activity is the rate-limiting factor in the metabo-
lism and clearance of fat emulsions from the circula-
tion. In general the ability for lipid emulsions utilization
is associated with gestation maturity. It seems that
gestation immaturity, VLBW and perinatal asphyxia
are the main factors with negative effect on LPL activity
and lead to lipid intolerance (19-21).

The aim of this study is to investigate the effect
of constant amount of lipid during TPN, by the evalua-
tion of serum levels of: total cholesterol, triglycerides,
free fatty acids, billirubin, AST, ALT, acid base status
in the group of sick preterm infants.

Material and methods
There have been analyzed 20 premature

newborns, having mean birth weight of 1485 ± 453 g,
and mean gestational ages of 28 ± 2.8 weeks. They
required mechanical ventilation admitted at the Neonatal
Intensive Care Unit at the University Pediatric Clinic in
Skopje, R. Macedonia.  We enrolled 20 infants whose
clinical conditions seemed to preclude oral feeding for
a period of at least 5 to 7 days after written parental
consent was obtained. This study was approved by the
Macedonian Pediatric Association Ethical Commit-
tee.

Parenteral Nutrition Protocol
TPN Protocol was given according to the NICU

protocol over 24 hours. ELBW infants are routinely
started on parenteral nutrition as soon as electrolyte
and fluid balance status have stabilized, usually within
36-48 hours after birth. The indications for more pro-
longed TPN (>7 days) in our study group were ELBW

premature infants that could not be maintained entirely
on feedings due to several aspects of prematurity,
including slow advancement of enteral feedings,  sep-
sis and/or severe respiratory distress syndrome.  Sug-
gested assessment before ordering PN was done (24)
(Table 1).

Table 1: Suggested assessment before ordering PN for
infants and children* depending on clinical status (LOE
4)
____________________________________________

• complete diet history
• anthropometry (weight, height/length, head

circumference)
• full blood count (including platelets and differential

white count)
• electrolytes
• urea/creatinine
• glucose
• calcium/phosphate
• albumin (or pre-albumin)
• liver function tests
• cholesterol/triglycerides
• urinary glucose and ketones

____________________________________________
*These parameters are examined 2–3 per week initially, and the frequency is ‘‘tapered’’ based
on the patients’ clinical status and long term goals. When PN extends beyond three months,
trace elements, ferritin, folate, vitamin B12, thyroid function, clotting, and fat soluble vitamins
are often measured.

Intravenous lipids
Intravenous lipids (IL) (10% Intralipid, Kabi-

Vitrum, Sweden) were given following the NICU guide-
line for infants <2000 g. The IV administered lipid was
started on the second day of life. The starting dose was
0.5 gr/kg/day up to the maximal dose of 2.5 gr/kg/day.
Lipid infusion was commenced simultaneously with
0.5 g/kg/day, and has been gradually increased up to
2.5 g/kg/day on the fifth day (19-23). In all infants
receiving intralipids, we monitored triglycerides levels
prior to the advanced dose daily, and then weekly. The
goal was to maintain triglycerides levels <1.5 mmol/l.

Protein
Infants were started at 0.5 g/kg/day (Vaminolact,

Kabi-Vitrum, Sweden) and the dose was increased by
0.5 g/kg/day increments every day to a maximum dose
of 2.5 g/kg/day in order to avoid negative nitrogen
balance, which over the past years has proven to affect
the outcome in VLBW.

Intake of water, glucose, and electrolytes were
ordered by the attending physician and were not
dictated by the experimental protocol. Glucose intake
was typically adjusted according to chemical esti-
mates. Sufficient glucose to provide adequate calorie
intake was also provided. The percent dextrose was
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adjusted daily, according to the baby’s tolerance, not
exceeding 20 mg/kg/minute.

Vitamins (Soluvit-N, Vitalipid, Kabi-Vitrum,
Sweden), and minerals (Ped-el, Addiphos, Kabi-Vitrum,
Sweden) were added too.

All stated quantities were maximal. TPN was
organized by “all in one” system, considering the
advantages that these application offers. In accord-
ance with this system, the components are mixed in
special I.V. bag produced from high quality ethylene
vinyl acetate co-polymer (EVAM). The benefits of “all
in one system” are: long-term stability mixture, spe-
cially lipid and amino-acids solutions up to 4 weeks;
Ca-ions stability; extremely low O2-penetration in the
mixture; decrease of the oxidation of cystein to cystin;
long-term stability of vitamin C up to 6 days; decrease
need for equipment; cost-savings of up to 30% when
the standard system is changed to the “All in one”
system; decrease the bacterial contamination possi-
bility; decrease the mixture osmolarity, with safety
using in peripheral vein, specially important at newborn
and preterm infants (22, 23).

Nude body weight was determined daily on an
electronic scale. Fluid intake and urine volume was
measured and recorded daily. Serum blood sodium,
potassium, carbon dioxide, chloride, urea nitrogen,
creatinine, glucose, calcium, and bilirubin were meas-
ured daily. These analyses were performed in the
hospital clinical chemistry laboratory using standard
methods.

The lipid tolerance evaluation was accomplished
by control of: 1.The total cholesterol level enzymatic
ally with Merck-Kit (Merck Diagnostic, Germany);
2.The triglyceride (TG) level enzymatically with
Boehringer-kit (Boehringer, Mannheim, Germany);
3.The free fatty acids (FFA) levels enzymatic ally with
Boehringer-kit (Boehringer, Mannheim, Germany). The
whole group of laboratory findings were done daily up
to the advanced dose, and then once a week. Assess-
ment was made by the protocol done by ESPEN and
EPSGAN (19) (Table 1).

Results
Twenty (20) patients received TPN with 162

days duration (min 5 days, max 21 days). The mean
duration was 8.1. Minimal enteral (nasogatsric) feed-
ing (0.5 ml/hour) with human colostral milk was used.
Metabolic evaluation on the fifth day of TPN as sum-
mary is given in Table 2.

Table 2: Metabolic evaluation of tolerance in intrave-
nously administrated lipid (20 pre-term infants).

*The lower oxygen saturation levels as pO2 and increased pCO2 are derived from patients with
RDSy.

The serum TG monitoring was the most impor-
tant part of the tolerance in intravenously administrated
lipid. Intention was to maintain them at the level <1.5
mmol/l. Whenever TG was found to be over these limit,
the intravenous administration was stopped over 3-4
hours. Satisfying levels <1.5 mmol/l were found in 15
(75%), 1.5-2.0 mmol/l were found in 3 (15%) and >2.0
mmol/l in 2 (10%) from 20 made analysis. In 15
patients during whole TPN, TG-serum concentration
was <1.5 mmol/l, while levels hypertrygliceridemia
(>1.5 mmol/l) were found in 4 patients with gestational
age less then 30 weeks and perinatal asphyxia and
one with sepsis caused by Klebsiella aerogenes.

Gestational age and birth weight data of these
groups of children are presented in Table 3. Highly
significant (p<0.001) inverse correlation between TG-
level and birth weight is present. Serum TG-concentra-
tion <1.5 mmol/l was found at preterm infants with birth
weight of 1710 ± 369 gr, while >1.5 mmol/l at preterm
infants with birth weight 1280 ± 248 gr (Table 3).

A highly significant (p<0.001) inverse correla-
tion between TG-level and gestational age is also
present. Serum TG-concentration <1.5 mmol/l was
found at preterm infants with gestational age >28, while
>1.5 mmol/l at preterm infants with gestational age
less than 28 (Table 3).

Table 3: Serum-TG-concentrations during TPN versus
gestational and birth weight.
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The tendency of correlation between low birth
weight and high TG-levels was observed to be associ-
ated with the more frequent occurrence of certain
clinical problems such as perinatal asphyxia and very
short gestational age (Table 4).

greater than 33 weeks cleared fat at a rate of 0.3 grams/
kg/hour. A gradual introduction of the lipids does not
induce the enzymes. A graded advance of lipid infu-
sions would be prudent in preterm infants, SGA in-
fants, infected infants, or in others experiencing com-
plications that would impair triglyceride hydrolysis.
Stimulation of LPL activity with Heparin in “bolus”
injection is ineffectual , while slow continuous admin-
istration reduce the serum TG-concentration which is
useful in VLBW infants, but available evidence demon-
strated that 2gr/kg/day administrated fats are well
tolerated without use of Heparin (22, 23).

We did not use LPL activity stimulation with
Heparin, except in a patient with association of sepsis
(Klebsiella aerogens) and DIC, where only once the
serum TG-concentration was higher, but with satisfy-
ing lipid tolerance.

The rate of Intralipid and the dosage that we
used did not provoke the lipid overload. Satisfying
levels <1.5 mmol/l were found in 15 (75%) of the
patients. The triglyceride level > 1.5 mmol/l were found
in 5 (25%) of the patients out of whom 1.5-2.0 mmol/
l were found in 3 (15%) and >2.0 mmol/l in 2 (10%). In
these 5 patients, 4 were with gestational age less then
30 weeks and had perinatal asphyxia, and one was
with sepsis caused by Klebsiella aerogenes. We
found significant inverse correlation between birth weight
and gestational age with triglyceride levels.

The results in our study corresponds to the
preliminary published study (26). They evaluated the
tolerance for intravenously administered lipid in 262
premature and sick newborns during total parenteral
nutrition by determining serum concentrations of
triglycerides and of free fatty acids. They demon-
strated that serum triglyceride concentrations were
elevated 44.7% in patients once or more times whereas
serum free fatty acids concentrations were normal.
They found highly significant inverse correlation be-
tween birth weight and triglyceride levels.

The other parameters used in control of lipid
tolerance (serum-FFA-concentration, total cholesterol,
total lipids and lipoprotein electrophoresis) were nor-
mal with reference to normal values  and to values at
VLBW infants on TPN. These findings are consistent
with those of Leeuw R et al. (26).

The fat emulsions was used cautiously in VLBW
infants because of possible pulmonary deposition
associated with decrease in pulmonary oxygen diffu-
sion and transiently lower pO2 levels. They were
identified on post mortal examination. On the contrary,
the production of CO2 is 40% lower per unit of energy

Table 4: Clinical data for analyzed preterm infants.

           FFA and the lipoprotein electrophoresis were
normal during TPN. An important increases of body
weight was signed: 24.948 gr/gr infused protein/24h,
45.528 gr/418 KJ energy/24h, 22.078  gr/kg body
weight/24h.

Discussion
Fats are the main dietary energy and essential

fatty acids (EFA) source, which are necessary for CNS
myelinisation, for preserving the cell membranes
(phospholipids), for the synthesis of prostaglandin’s
and leukotriens, for the intracellular transport proc-
esses, on which the high-energy phosphate connec-
tions synthesis depends (20).  Essential fatty acid
deficiency (EFAD) can develop rapidly in preterm
infants who have not received fatty acids during the first
week of life. Fat recommended dosage ranges from 0.5
to 3.0 grams/kg/day. The infusion rate should never
exceed 0.25 grams/kg/hour (1.25 ml/kg/hour) and is
best infused over a 24 hour period. The percentage of
total calories from IV fat should not exceed 60% and
ideally should comprise 30 to 40% of caloric intake.
Traditionally, lipid infusions have been increased by
0.5 gm/kg each day until a maximum infusion is
reached. The infusion should be over as long a period
as possible to minimize the incidence of
hypertriglyceridemia (19-22).

         The tolerance of lipid infusions is based on the
ability to hydrolyze the intravenous fat. This may be
improved with the simultaneous administration of heparin
which may increase heparin activated LPL resulting in
more rapid clearing of triglycerides. The activity of this
lipase increases with gestational age as well as with
postnatal age. Infants having less than 33 weeks
cleared fat at a rate of 0.16 grams/kg/hour while those
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during intravenous administration of fats, an important
consideration in cases of pulmonary insufficiency (27,
30, 31).

In our study the lower oxygen saturation levels
such as pO2 and increased pCO2 are derived from
patients with RDSy. The pCO2 level is normal in septic
patients in consideration of adequate relation of intra-
venous administered fats and glucose, the same as in
a recently published study (31).

It is known that sepsis causes a rise in the
output of urea and nitrogen. The nitrogen-sulfur and
nitrogen-potassium ratios in the urinary losses sug-
gest that the nitrogen loss is mainly from the muscle.
In sepsis, hormones that oppose the action of insulin
(glucagon, glucocorticoids and catecholamines) lead
to hyperglycemia and accelerate nitrogen loss. The
presence of circulating factor in the plasma of septic
subject that increase muscle proteolysis in vitro has
been shown. Nutritional support may therefore be
crucial to the survival of these patients. In accordance
with this the use of carbohydrates as unique energy
source is not rational, and the balanced proportion of
fats and carbohydrates is suggested (19, 21, 27, 30).

Minimal enteral feeding is recommended during
TPN for easier and faster adaptation as well as for the
increase of serum gut hormone levels (29), which we
have used in our patients. Enteral feeding is very
important, especially for morphological and functional
integrity of GI system.  Trophic and stimulation effect
of the nutrition is part of a normal “natural” mechanism
for the body homeostasis. In general, the indications
for nutritional support and therapy include both feeding
types, enteral and parenetral, so the decision comes
from the function of the GI system.

Our study showed that the intake of 2.5 g/kg/
day proteins and 2.5 g/kg/day IL can be tolerated
without metabolic or respiratory complications, and
can also prevent the development of negative nitrogen
balance seen in the conventional management of
delivering glucose alone. We further suggest that this
approach does not carry major biochemical risks as
judged by routine chemical monitoring. Neonatal
parenteral nutrition regimens should be further refined
to meet the specific needs of sick preterm infants, and
ensure that transfer from fetal to postnatal life is
achieved with minimum interruption to nutrient provi-
sion.
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