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Abstract

Parenteral  nutrition (PN) has become a mainstay in
the treatment of critically ill children, and in the mana-
gement of extremely premature newborns. We analyse
the changes in the profile of pediatric PN in our institu-
tion during the last decade.

Method: The clinical record of all patients under 16
who received PN in 1994 and 2002 were reviewed. Epi-
demiological data as well as composition of the solutions
were recorded. Student t test and Chi-square were used
for comparisons as appropriate. p value < 0.05 was con-
sidered as statistically significant.

Results: 194 patients received PN in 1994 (123 neona-
tes and 71 children); 186 in 2002 (112 neonates and 74
children). The percentage of inpatients who received
PN was 10.7% in 1994 vs 3.7% in 2002 in neonates; 1%
in 1994 vs 1.3% in 2002, in infants and children. Gas-
trointestinal surgery in infants and children and extre-
me prematurity in newborns were the most frequent in-
dication. All neonates received tailored PN solutions
while it was standardised in almost 60% of children.
Internal jugular vein in children and peripherally in-
serted central venous catheters in neonates were the
most usual vascular access. Length of PN was 10 ± 8.7
days in 1994 vs 9.2 ± 8.2 in 2002 in neonates; 15.2 ± 14.8
days in 1994 vs 11.0 ± 14.9 in 2002 in infants and chil-
dren. 21% of the children presented at least one com-
plication due to PN.

Conclusions: There have been very few changes in the
use as well as in the profile of the PN practise during the
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Resumen

La nutrición parenteral (NP) constituye un elemento
fundamental en el tratamiento de los niños gravemente en-
fermos, así como en el cuidado de recién nacidos de muy
bajo peso. Presentamos los resultados del uso de la NP en
un hospital pediátrico terciario y su variación respecto a la
práctica ocho años antes.

Métodos: Revisamos las historias clínicas de todos los
pacientes menores de 16 años que recibieron NP en el
año 2002 y en el año 1994. Se recogieron datos epidemio-
lógicos de cada paciente, así como la composición de las
soluciones empleadas. Se utilizó la t de Student y el test
de la Chi-cuadrado para las comparaciones oportunas.
Un valor de p < 0,05 fue considerado significativo.

Resultados: 186 pacientes recibieron NP en 2002
(112 neonatos y 74 niños) frente a 194 pacientes en
1994 (123 neonatos y 71 niños). El porcentaje de pa-
cientes ingresados que recibieron NP fue del 3,7% de
los neonatos en 2002 vs 10,7% en 1994; para los niños
y adolescentes, 1,3% en 2002 vs 1,0% en 1994. Las in-
tervenciones quirúrgicas sobre el aparato digestivo
fueron la indicación más frecuente en niños, mientras
que en recién nacidos lo fue la gran prematuridad. To-
dos los neonatos recibieron NP individualizadas mien-
tras que la NP en niños fue estandarizada en casi el
60% de los casos. La vena yugular interna en los niños
y los catéteres venosos centrales insertados por vía pe-
riférica en neonatos fueron los accesos venosos más
empleados. La duración de la NP disminuyó ligera-
mente en 2002 frente a 1994 en los dos grupos de edad
(9,2 ± 8,2 vs 10,0 ± 8,7 en neonatos y 11,0 ± 14,9 vs 15,2
± 14,8 días en el resto de edades). Se presentaron com-
plicaciones asociadas a la NP en el 21% de los niños
fuera del periodo neonatal.

Conclusiones: La cirugía del aparato digestivo y la
prematuridad son las indicaciones más frecuentes para
el uso de NP en nuestra población. Hemos observado po-



The development of the technique of parenteral nu-
trition (PN) was closely related to its use in children, to
the point that the initial report was referred to an infant1.
Since then, PN has become a mainstay in the treatment
of critically ill or surgical pediatric patients, as well as
in the management of extremely premature newborns2.

Since the early 1990s a large number of published
articles emphasized the potential danger of PN and ad-
vocated the use of enteral nutrition (EN)3, 4. Based on
these references it would seem that the use of PN
would be decreasing and, obviously, increasing EN
use. In patients with a functioning gastrointestinal sys-
tem, nutritional support should preferably be based on
enteral feeds, either alone or in combination with PN.
Furthermore, despite recent advances in PN solutions
and technique, there is still significant morbidity asso-
ciated with PN therapy in childhood.

Within this scenario, our rationale was to analyse
the changes in the profile of pediatric PN in a tertiary
level hospital (200 pediatric/neonatal beds) during the
last decade. Although we understand that the period
between the two analysed years is not so long, we
consider the results may help to better understand the
prescription and use of PN in order to establish a plan
to improve the quality of inpatient pediatric nutritional
support. Our conclusions may not be representative of
the general practise of PN in Spain, mainly if we reali-
zed, as reported, the great variability in prescription
and elaboration of PN in different Spanish hospitals5.

Methods

The clinical records of all patients under 16 who re-
ceived PN in the hospital in 1994 and 2002 were re-

viewed. Hospital 12 de Octubre is a tertiary level hos-
pital with 200 pediatric beds, including 14 Pediatric
Intensive Care Unit beds and 50 Neonatal Care Unit
beds. The Nutrition Support team was establish in
1992 and directly supervises all the non-neonatal PN
orders. Table I shows the number of patients who re-
ceived PN as well as the number of bags elaborated.

Definitions

A patient was considered newborn if, at the time of
the beginning of PN, his/her age was under 28 days.

There are three possibilities of prescription in our ins-
titution: tailored solutions, standardized solutions, and
partially standardized (tailored energy and protein needs
plus standard electrolytes, vitamins and minerals)6.

The definitions of catheter related infection closely
follow those of the Centres for Disease Control Gui-
delines7.

We consider PN-related liver disease when conju-
gated bilirubin was > 2.0 g/dL and/or GGT, GOT
(AST) or GPT (ALT) were higher x2 normal values in
our laboratory in two consecutive samples in the ab-
sence of previous liver disease.

Epidemiological data as well as the composition of
the solutions were recorded. Student t test and Chi-
square were used for comparisons as appropriate. P va-
lue < 0.05 was considered as statistically significant.

Results

The frequency of use did not change during the pe-
riod of study, neither in the total number nor if related
to the percentage of hospital admissions (table II). The
apparent decrease in relative use in neonates is explai-
ned by an administrative change: while in 1994 only
the admissions in the Neonatal Intensive Care Unit
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last decade. Gastrointestinal surgery and prematurity
were the most frequent indications. 

(Nutr Hosp 2005, 20:46-51)

Key words: Parenteral nutrition, children, neonates, nu-
trition support, liver dysfunction, catheter.

ca variación en la práctica clínica sobre su uso en los dos
años estudiados.

(Nutr Hosp 2005, 20:46-51)

Palabras clave: Nutrición parenteral, niños, neonatos, so-
porte nutricional, catéter, complicaciones.

Table I
Use of parenteral nutrition in 1994 and 2002

1994 2002

Total number of patients 194 196 ns
Newborns 123 112 ns
Infants and children 71 74 ns

– < 2 years 27 34 ns
– 2-7 years 20 15 ns
– > 7 years 24 25 ns

Total number of PN bags 1922 1856 ns
– newborns 836 1036 .001
– infants and children 1086 820 .001

ns: not statistically significant

Table II
Incidence of Parenteral Nutrition related

to hospital admissions

1994 2002

Percentage of neonate admissions 10.7% 3.7% ns

Percentage of infant and children
1.0% 1.3% nsadmissions

ns: not statistically significant



(NICU) were registered, in 2002 all neonates admitted
to the Neonatal Unit were taken into account. Most of
the patients, both neonates and children, were located
in the NICU and the Pediatric Intensive Care Unit
(PICU) when the PN was first started.

In 2002 the number of pediatric patients who recei-
ved PN because of a non-surgical gastrointestinal disea-
se (e.g. Crohn’s disease) decreased. In neonates prema-
turity as the main indication of PN increased from 1994
to 2002 (fig. 1). Mean length decreased in 2002, alt-
hough with no significant difference (children: 11 days,
SD 14.9 in 2002 vs 15.2 (SD 14.8) in 1994; neonates,
9.2 (SD 8.2) in 2002 vs 10 (SD 8.7) days in 1994).

Neonatal PN was always tailored as per protocol in
our institution, whilst near 2/3 of PN are partially or
totally standardized in children. Although we could
only record the data from 2002, it took 1.5 days (SD:
0.96) in children to achieve the estimated requeri-
ments against 3.75 (SD: 2.39) in neonates. The com-
position of the PN in the first day is shown in table III.

The type of intravenous access has changed over
the years. In infants and children the subclavian vein
was no longer used, while the femoral vein has beco-
me the 2nd venous access after the internal jugular
vein. The jugular vein is the preferable access used by
the anesthesiologists in the operating room; the femo-
ral vein by the intensive care unit pediatricians. In ne-
onates, peripheral venous cannulae have been increa-
singly used (fig. 2).

The main reason to stop PN was the change to the
oral/enteral route in both neonates (91% in 1994) and
children (79% in 1994; 86,8% in 2002, p < 0.05).

Because of the retrospective method of the study
we could only analyze the complications in the group
of infants and children. There is a trend to a lower fre-
quency of complications with no statistical difference
(table IV).

Discussion

Parenteral nutrition has a critical role in the treat-
ment of neonates and children with intestinal failure
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Fig. 1.—Clinical conditions that required parenteral nutrition in neonates and children.

Table III
Composition of the solution the first day of infusion.

Year 2002 (average and SD)

Neonates
Infants

and children

Energy (kcal/kg/day) 53.0 ± 18.6 69.7 ± 21.0

Volume (ml/kg/day) 96.7 ± 25.1 79.9 ± 30.8

Carbohydrates (gr/kg/day) 9.2 ± 2.7 9.8 ± 3.5

Proteins (gr/kg/day) 1.8 ± 0.5 2.1 ± 0.4

Lipids (gr/kg/day) 0.8 ± 0.7 2.2 ± 0.7
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as well as extreme prematurity, critical illness, acute
pancreatitis or malignancies8. Despite recent advan-
ces, there is still significant morbidity asociated with
PN in childhood; therefore patients receiving this the-
rapy need to be closely monitored for evidence of me-
tabolic disturbance, sepsis, catheter-related complica-
tions and micronutrient deficiencies or excesses9. The
implication of Nutrition Support Teams in the care of
PN patients has improved clinical and economical
outcomes by decreasing the incidence of complica-
tions, optimal selection of the feeding route, and by
reducing wastage of PN solutions and resources10. Ne-
vertheless periodic studies on the quality of PN need

to be done in each institution in order to analyse cau-
ses and factors related to detect defects and look for
solutions11, 12.

In this study we analysed the changes in PN support
for pediatric patients in our department. The results
showed that the number of patients, underlying disea-
ses, and indications did not significatively change
over the period of study. The percentage of neonates
increased because of the increase in the number of ex-
treme premature babies partly due to the development
of assisted reproductive technology13.

PN composition is thought to cover all the requeri-
ments of energy and nutrients. Over the years we have
estimated the Basal Metabolic Rate of the majority of
pediatric patients according to the Schofield equa-
tions14 multiplying by a factor of 1.2-1.515-17. The main-
tenance requeriments for water are determined by the
caloric expenditure. By means of the classic Holliday-
Segar formula it is possible to determine the water re-
queriments from weight alone18.

Maintenance requirements of sodium, chloride, and
potassium are 3.0, 2.0, and 2.0 mEq/100 kcal/day, re-
pectively. This allows us to elaborate a PN solution
with standardized electrolytes adjusted to volume.
Standardization of PN simplyfies elaboration and de-
creases the risk of mistakes during the process; on the
contrary, customized PN allows flexibility and indivi-
dualized solutions19. We have chosen a system that
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Fig. 2.—Venous access.

Table IV
Complications due to the parenteral nutrition

use in children

1994 2002

Liver dysfunction 8 5

Catheter related infection 4 3*

Metabolic disturbances 3 3

Total 15 (21.1%) 11 (14.8%)

* Another 8 patients presented fever with unknown origin;
blood cultures were negative
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makes possible to have both standard and tailored so-
lutions7. Almost 2/3 of our non-neonatal patients use
totally or partially standardized solutions.

The timing of PN progression is also under discus-
sion. In 2002 it took 1.5 days in infants and children
and 3.75 days in neonates to achieve the total estima-
ted requeriments. As a result of the aggressive enteral
support in neonates, the length of PN has shortenned20.

Despite the development and commercial availabi-
lity of new solutions, the nutritional components have
remained almost identical during the period of study.
Glucose constitutes the main energy source, but avoi-
ding to exceed the maximum rate of glucose oxida-
tion21. We use intravenous fat emulsions daily not only
for the prevention of essential fatty acid deficiency but
also as an energy source. In 1994, we used traditional
soy bean-based solutions (Intralipid 20%®, Fresenius
Kabi) in neonates and MCT/LCT emulsions in infants
and children (Lipofundin®, Braun) but recently we ha-
ve switched to an olive oil-based lipid emulsion (Cli-
nOleic®, Baxter Healthcare corporation). No problems
in the tolerance to intravenous fat emulsions or in the
rate of complications have been observed with
the change of type of lipid emulsion. Carnitine is not
routinely added to our PN mixture.

Our policy is to use 3-in-1 admixture of nutrient so-
lution whenever possible. Nevertheless, in neonates
the use of “all-in-one” admixture has been exceptional
because the risk of destabilization. Several reports ha-
ve described the incompatibility of all-in-one PN ad-
mixtures and heparine22, 23 and in consequence our gui-
delines do not include heparine in the mixtures. If the
risk of catheter thrombosis outweight the advantages
of the “3-in-1” admixture, e.g. very low infusion rates,
where the use of heparine may be advisable, we choo-
se not to use “3-in-1” mixtures.

Amino acid requirements vary from ≥ 2.5 g·kg-1·d-1

for preterm infants to 0.75 g·kg-1·d-1 for adolescents24. It
has been stated in the literature that amino acid intakes
should be gradually increased over the first few days
of PN administration. We consider, in agreement with
Shulman and Phillips17, that there is no good scientific
support for this view. Our practice is to start with the
total requeriments in the first day of PN and we have
not observed any negative metabolic consequences.
Our practice in neonates has moved from the more
conservative approach to early amino acid introduc-
tion25, 26. The pediatric amino acid solutions used in our
instituon contain essential amino acids, including
branched chain amino acids, adapted to the special ne-
eds of the neonate (Trophamine®, McGraw Hill in
1994; Primene®, Baxter Healthcare corporation in
2002). These solutions are employed in patients up to
10 years old.

Vitamin and mineral supplementation follows the
guideline of the American Society for Clinical Nutri-
tion27, with some modifications for the prematures.
Adult parenteral vitamin and mineral solutions are
used for children older than 10 years. We slightly mo-

dify the supplementation in case of liver or renal dise-
ase, although there are no individual preparations for
intrevenous minerals in Spain except for zinc and
iron.

Regarding the intravenous access, the most signifi-
cant change along the period of study has been the de-
creased use of the subclavian vein in infants and chil-
dren. Its room has been occupied by the femoral vein.
Internal jugular vein continues being the most current
access. In our series the use of tunnelized devices for
the infusion has almost dissapeared. The explanation
is that for bone marrow infusion in bone marrow
transplant patients a tunnelized venous access was re-
quired in 1994, while in 2002 is a percutaneous one.
Home parenteral nutrition patients are not considered
in this review. Because of the use of an early aggressi-
ve enteral support in premature infants, peripheral ve-
nous cannulae have had a steadily increasing role as
intrevenous access for PN in neonates although perip-
heral percutaneous intravenous central catheters are
still the most common access.

Similarly to other reports12, the indications for PN
have not changed over time. Prematurity is the first in-
dication in neonates. In older children postoperative
care secondary to gastrointestinal diseases or congeni-
tal malformations was the most common indication.

We could only record the frequency of complica-
tions in the non-neonatal group. Liver disfunction was
the most common complication, although mild and
transient. It was not necessary to stop PN because of
this reason in any case. The existence of a Nutrition
Support Team and the practices to avoid complica-
tions of central venous cathetherization28 may explain
the low frequency of infectious complications.

PN is still a life-saving therapy as it has been for
over 40 years. Despite the increasing use of EN, the
frequency of use and indications has not shown signi-
ficant differences over time in our experience. Adop-
ting a more pro-enteral nutrition approach will enable
children to be fed optimally with fewer complications.
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