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Survival of preterm infants has markedly improved
during the last years. Early nutritional support of pre-
term infants has a major impact on long-term health
outcome. Current nutritional policies are based on the
needs of healthy preterm infants and aim to sustain a
postnatal growth (i.e.nutrient retention) similar to the
intrauterine growth of an healthy fetus. The needs of
protein ad minerals are still discussed. In the few first
weeks of life a protein deficit develops, so additional
protein intake is necessary for early catch-up growth.
Protein intake and the protein: energy ratio seem to be
the major determinants of weight gain. An increase of
the protein-energy ratio will improve the lean body
mass accretion and limit fat deposition. Some studies
suggest that protein intake should be adapted for post-
conceptional age (PCA) instead of gestational age
(GA) or birth weight.

The proteins have effects beyond the simple provision
of substrate for protein synthesis. During the process
of protein digestion biologically active peptides are
released, which have regulatory effects on metabo-
lism, gut function, and protein synthesis.

After birth, there are important physiological changes
in bone metabolism resulting mainly from reduction in
mineral supply and changes in hormonal environment.
The remodeling process leads to an increase in bone
resorption and a decrease in bone density. Mineral
intake must allow an adequate mineralization, lowe-
ring the risk of fractures and clinical symptoms of
osteopenia.

Fetal programming is the phenomenon whereby alte-
rations in fetal growth and development in response to
the prenatal milieu have long term or permanent
effects. Evidence for fetal programming of body com-
position and musculoskeletal development rises from
epidemiological studies and research dealing with the
role of early undernutrition. Low birth weight and pre-
natal undernutrition are associated with changes in
body composition (altered fat distribution, reduced
muscle mass and strength, and low bone mineral con-
tent). The underlying mechanisms include a direct
effect on cell number, altered stem cell function and
new regulations of hormonal axes.

The factors that restrict fetal growth or cause low birth
weight can also alter lung development and may lead
to long term effects on lung function and respiratory
health. Experimental studies show that the environ-
mental insults may alter lung structure and function,
increasing the risk of respiratory illness. Furthermore,
early nutrition may influence (program) cardiovascular

health. Accumulated evidence shows the long-term
effects of overfeeding in animals, and in human new-
borns is now well-recognized the beneficial effect of
breast-feeding on the major components of the meta-
bolic syndrome (obesity, blood pressure, cholesterol
metabolism, and insulin resistance).

The study of changes in body composition may help to
understand the nutritional needs for the infants, as well
as the outcome of nutritional management in terms of
neonatal programming of the adult morbidity.

Growth monitoring is necessary to adapt the nutritional
options to the needs of Infants and to prevent under-
or overfeeding.

Infant formulae are alternatives to breast milk for
infants unable to continue breastfeeding through the
first year of life. Ideally, the formulae should be desi-
gned to allow infants to achieve a growth and develop-
ment close to breastfed infants. Recently, bioactive
(functional) nutrients have been added to formulae:
long-chain polyunsaturated fatty acids, probiotics and
prebiotics, and nucleotides. Long-term follow-up data
are needed in infants fed the newer formulae, to
understand the role of functional nutrients. Oral insulin
supplementation may have beneficial effects on inte-
stinal maturation. Insulin is present in human milk and
links to specific receptor on enterocytes. Oral insulin
enhances the epithelial proliferation in the intestinal
mucosa, the maturation of enzymatic system, and has
some systemic effect.

Until recently, nutritional research focused on nutrient
deficiencies and impairment of health nutritional geno-
mics is considered one of the next frontiers in nutritio-
nal field. "Nutrigenomics" acts as a junction between
health, diet, and genomics, and investigates the inter-
face between the nutritional environment and cellular/
genetic processes. It aims, through the introduction of
certain nutrients, to reverse or modify the alterations of
gene expression thay may alter a normal, healthy phe-
notype.
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NUTRITION OF VLBW INFANTS
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Intrauterine growth is still the current reference stan-
dard for the growth of the preterm infant (1). Anyway,
most of the very low birth weight (VLBW) infants, and
especially the extremely low birth weight (ELBW)
infants, accrue a significant growth failure during
hospital stay. The consequences of this poor growth
are still controversial, but it seems reasonable that pre-
venting an excessive growth failure in the early post-
natal period reduces the need of an intense and not-
physiologic catch-up growth after discharge.

Preterm infants cannot be grouped in a single cate-
gory, as they have very different nutritional needs in
relation to their birth weight. As calculated by factorial
and empirical approaches ELBWi require a protein
intake of 4 g/kg/day at least and an energy intake ran-
ging from 105 to 120 Kcal/kg/day (2,3). These high
nutritional needs are often not satisfied because of
concurrent illnesses (necessity of fluid restriction,
metabolic instability, drug therapy, surgical procedu-
res), feeding intolerance or, merely, because of lack
of information on this peculiar aspect of neonatal care.
As a consequence, nutritional practices vary dramati-
cally among different intensive care units. For instan-
ce, many clinicians are still reluctant to provide a suffi-
ciently high parenteral amino acid supply from the first
few days of life, although it is well known that even an
intake of 3g/kg/day form the first day of life is well tole-
rated and allows a positive protein balance without a
metabolic stress (4). Things become more complica-
ted when enteral nutrition is established. NEC is still a
matter of concern and is responsible of delayed and
repeatedly withheld enteral feeds. Human milk, and
specifically own mother’s milk, provides several extra-
nutritional advantages (immune protection, bifidogeni-
city etc.) but does not fit the huge nutritional needs of
the ELBW infants. Even after fortification donor milk
does not allow the growth rate of the reference foetus.
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Another matter of serious concern pertains to the com-
position of current preterm formulas, which is not ade-
guate to satisfy the high protein requirements of these
growing infants. In fact, only in the last few years a pre-
term formula, specifically designed for the nutritional
needs of the ELBW infants, has become available in
Italy. This formula is characterized by a protein content
of 2.64 g/100 ml and a protein/energy ratio of 3.2
g/100 kcal. The protein requirement of 4 g/kg/day can
be satisfactorily supplied with a volume intake of 151
ml/kg/day and a caloric intake of 124 Kcal/kg/day (5).
On the contrary, using “old” preterm formulas with a
lower protein/energy ratio (for instance 2.6-2.8 g/100
kcal) it would be necessary, in order to provide an inta-
ke of 4 g/kg/day of proteins, to feed greater milk volu-
mes (up to 180 ml/kg/day) with a disproportionately
high energy supply (150 kcal/kg/day). Recent data
show that a better weight gain without evidence of
metabolic stress can be obtained with an experimental
preterm formula with a protein content of 3.6 g/100
kcal (6). The usefulness of hydrolyzed preterm formu-
las both in improving early feeding tolerance and pre-
venting allergic disorders is still unclear (7).
Controversial data still exist on the possible benefits of
LcPUFASs on visual acuity and neurocognitive develop-
ment of these infants (8,9); even though no precise
institutional recommendation on the necessity to sup-
plement preterm formulas with long chain polyunsatu-
rated fatty acids is available, all the current preterm
formulas are supplemented with LcPUFAs.

At discharge from NICU most of the VLBW and ELBW
infants are growth restricted. Therefore post-hospital
nutrition is crucial to sustain the catch-up growth and
to improve the nutritional deficits acquired during
hospital stay. Several dietary attempts have been pro-
posed to achieve this goal, using either preterm or
specific post-discharge formulas for a variable period
after term (10). Beneficial effects have been obtained
on growth, especially in male and SGA infants, with
different results on weight, length and head circumfe-
rence (10). Little or no effect has been obtained on
bone mineralization and neurocognitive development
and no data exist on long term effects (growth, meta-
bolic and cardiovascular health) (11).
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PROGNOSIS OF SMALL FOR GESTATIONAL
AGE CHILDREN (SGA) AND THEIR GH
TREATMENT

L. Tato, F. Baesso

Department of Pediatrics, University of Verona

The international literature has been enriched in these
late years with many studies about intrauterine growth
retardation (IUGR), often improperly assimilated to
small for gestational age children. For several reasons
it isn’t always possible to identify a cause for an intrau-
terine growth retardaton, as it would be expected from
a correct IUGR definition; in fact, in the group of IUGR
children are included subjects where the phenotype is
due to genetic disorders or different ethnical or envi-
ronmental background (altitude for example), placental
suffering, maternal deprivations, maternal pathologies,
maternal habits (smoke abuse, alcohol), fetal patholo-
gies, drugs...

It is clear that when the pathology has a genetic cause
or a fetal beginning, the subject’s destiny will depend
on the disease and its therapeutic possibilities. It is dif-
ficult to formulate an aetiological diagnosis for many
subjects, since we only can certify a low weight or
length or both. It is essential to have reference para-

meters and a cut off below which there is this condition
and upon which we can find normal children. This is for
some aspects arbitrary and it is between the 3th and
the 5th percentile for some authors (1), - 2 SDS for
others (2,3), and below the 10th percentile for most of
them (2,4). Since it isn't always possible to compare
the weight of children different for ethnic features and
geographical conditions, the reference parameters are
often considered with criticism. It is suitable to use
national standards to better compare the values, as we
luckly do in Italy (6).

As concerns term newborns, in a recent study the
Sweden Goteborg group evaluated the small for
gestational age total rate about 5,4 % of living new-
borns, and these children according low weight and
lenght were so classified: 1,5 % was both low weight
and length, 1,6 % was only low weight and 2,4 % was
only low length (7). We evaluated the incidence of
these children using last 10 years data (about 600000
newborns) we get from Hospitals of Veneto, Friuli
Venezia Giulia and independent Trento and Bolzano
provinces, which follow common neonatal screening
programs. The incidence was between 5,88 % and 7,1
% and for the most part they were term children, so our
SGA number was higher than the Swedish one (5,5 vs
3,1). Actually our data are only about weight and we
have to examine length data. Moreover Swedish data
refer about 20 years ago when treatments were very
different. These data are interesting and have to be
carefully examined, because of the pool’s consistency
and numerousness, though the survey is made by dif-
ferent operators. There are also many post-term new-
borns whose weight is between appropriate and inap-
propriate, and this data must be examined with grea-
ter attention to verify if it is due to a wrong gestational
age or to pathological conditions not identified during
pregnancy. Many authors report a higher rate of pre-
term SGA than term SGA (8) and a greater mortality
and morbidity (9) of those children that are both low
weight and low gestational age. An effective preven-
tion is hard because intrauterine echographic diagno-
sis is difficult and echography’s accuracy is about 50
% (10), thought recently Doppler echography and the
functional haemodynamic valutation of fetal-placent
unit allowed many diagnostic improvements (2).
Most investigations are been carried out by 3rd level
centres and also in our experience there is a contrast
between values obtained from total population and
those from our newborns, though data about mortality
have to be completely reviewed. During pregnancy,
prevention of respiratory diseases by cortisone, of
infections by antibiotics administered to running risk
women, and above all therapeutic possibilities from
surfactant’s use for hyaline membrane disease redu-
ced to less than one sixth total mortality of both appro-
priate and inappropriate for gestational age weight
preterms.

It is a confirmed data that IUGR and also SGA children
have a short stature when adults, so that they repre-
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sent 20-25 % of all subjects with final short stature (7).
The future of most of them (87 %) is turning out well by
the first months of life or at the latest by the end of the
first year. Small for gestational age term newborns
have as temporal limit the first two years of life by
which they have good possibilities to catch up children
born at normal size. They have good probabilities to
have a - 0,7 SDS final stature if they were low birth
length babies and a - 0,5 SDS final stature if they were
low birth weight. A few of them don’t catch up the
others by the end of the first two years (13 %), and so
they probably could have a -1,8 SDS final stature if
they were low birth length babies and a -1,7 SDS if
they were low birth weight babies (11). The risk of
having a short final height seems to be 5 times higher
for children with a low birth weight and 7 times higher
for those with a low birth length in comparison with
children with a normal birth size (11). A recent French
study showed that statural lack could be quantified as
8 cm for males and 10 cm for females. A constant of
these children seems to be a shorter puberal spurt
(12). Not all newborns both preterm and low birth
weight catch up children born at normal size, and
when they do (between 72 and 80 %), this happens
later in time, usually by the end of the 4th year of life,
without sexual differences and with a similar trend for
low weight or low length children or both low
weight/low length children (13,14). According to some
authors, breastfeeding could give to these subjects a
better growth, particularly during the first year of life
(15). However it is difficult that this effect could spread
further in time and lead these children to a normal final
stature, so for term children that didn’t catch up growth
during the two first years of life and for preterms that
didn’t catch up growth during the first four years new
treatments had been evaluated and particularly the
possibility of GH treatment. There are evidences that
the levels of insulin-like growth factor (IGF1) and IGF1-
binding protein-3 (IGF-Bp3), both depending on GH
production, are reduced in these subjects during fetal
life compared with the reference values, and they don't
always increase later in life (2,16,17). Moreover, there
are evidences that subjects who don’t catch up growth
still maintain reduced IGF1 and IGF-Bp3 levels during
prepuberal time and that this condition can be modified
by GH treatment (18). Many treatment programs have
been carried out and all agree about the short-term
efficiency of GH teraphy for these subjects; there are
perhaps some doubts about therapeutic dose to
employ, if it would be better a medium low dose (3
Ul/m2) with a catch up growth during the first 4-6 years
of treatment or a high dose (33-67 ng/K die), alterna-
ting if necessary treatment's periods with periods
without treatment (19). Few studies can be found in
literature about final stature of GH treated SGA chil-
dren’s and these studies are all based on national (20)
or international (21) registers where neither doses nor
terapeutic practices have been, obviously, controlled.
Consequently, the results are contradictory: slightly
pessimistic (20) or enthusiastic (21), and particularly
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they don't elucidate the role of puberty that, as we
have remembered, could play an important role, and it
isn't clear if a possible lack in growth up at puberty
could be offset by a more rapid growth during prepu-
beral time. At this time, the prescription is allowed in
France only for patients with a growth less or equal to
-3 SDS, and the first results seem to be hopeful. We
have studied short-time results and they are optimistic
(some patients were studied for 5 years). In a short
time almost all major studies about final stature will
ending, and all main researchers agree with the
necessity to use higher doses of GH compared with
that used now for GHD treatment and with the neces-
sity to begin GH treatment as soon as possible, if
necessary before the 4th year of age.

However, the major interest is shifting, after Barker
studies and others, from difficulties to catch up a final
stature within normal range, to possible correlations
between low birth weight and pathologies with adult
onset. In 1986 Barker showed a significant correlation
between mortality for cardiovascular accidents and
infant mortality and this correlation was true for both
males and females and for the different geographic
areas examined. These observations were extended
to a further period of time and to social-economical
conditions of the considered population and it was
clear that the improved conditions of life and scientific
discoveries (as for example antibiotics) had reduced
mortality due to poverty, but highlighted that due to
ischaemic heart disease in the same areas (22). Later,
16000 men and women born between 1911 and 1930
were followed up from birth to 1995 and it was obser-
ved a drastic mortality reduction for ischaemic heart
diseases when birth weight shifted from 2500 g to
4310 g (23). The theories about possible effects due to
a subject’s adjustment to hard life conditions, during a
time when different organs and systems are program-
med and developing, don't seem very convincing.
These studies also evidenced that, consensually to
cardiovascular diseases, the frequency rate of non
insulin dependent diabetes mellitus and glycaemic
intolerance increased (24). The rate of subjects with
type 2 diabetes mellitus and glycaemic intolerance
was examined among 364 males of 64 years old living
in Hertfordshire (Britain). The 40 % of subjects who
had a birth weight less or equal to 2500 g, had the one
or the other pathology, and this percentage decreased
to 14 % in subjects with a birth weight about 4310 g or
more (24). The same trend was observed in low weight
subjects during the first year of life (24). The patient-
s’'age caused some interpretative problems because
of the lapse between the deprivation time and the time
when the pathology was manifested. Younger subjects
were studied and there was evidence that a wrong
insulin and glycaemic response was already present in
20-21 years old low birth weight subjects both males
and females (25,26). It was found that a higher birth
weight negatively related both with systolic and diasto-
lic blood pressure in 30, 50 and 64 years old males
and females and it was assumed that changes due to
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nutrients deprivation during fetal life could interfere
with vascular system maturation (27). The same sub-
jects seemed to have pathological changes in factor
Vllo, fibrinogen and cholesterol levels, as they had a
long-term epatic involvement due to adaptation
mechanisms established during fetal life to contrast
nutrients’ deprivation (28,29).

It seems that non insulin dependent diabetes mellitus
and hypertension often are present in the same sub-
jects and these subjects often have high insulin, high
triglycerid and reduced HDL circulating levels. They
are often frankly obese or overweight subjects with a
high BMI index. These symptoms are now assembled
toghether and they define a new pathology known as
the X-syndrome (30). These symptoms frequently
recur singularly or toghether in low birth weight sub-
jects; so, a group of 64 years old man was examined
to extabilish a relationship between low birth weight
and the X-syndrome and, as aspected, it was found
that it was present in 22 % of examined subjects and
it was found that the index risk was 10 times higher for
low birth weight subjects compared with normal birth
weight subjects (31). A reason behind these phenome-
nons could be fetal stress and, as consequence, an
adrenal gland hyperactivity. A constant adrenal gland
hyperactivity may have effects both on glucose meta-
bolism and on total glycaemic balance and as conse-
guence on insulin secretion. Recently an inverse cor-
relation has been showed in a 64 years old group of
subjects between low birth weight and basal cortisol
levels (32). Of course, as for the X-syndrome, the lon-
gitudinal observations will prove the consistency of
these data. Moreover, the basis for a proper preven-
tion will be set. Similarly, the same considerations
have to be made about the possible association bet-
ween low birth weight and SIDS incidence (33), or bet-
ween low birth weight and impaired development of
the male and female gonads (34,35). In addition, the
cause for low birth weight or reduced birth length is not
unique but multiple, and therefore there could be
among these subjects individuals with associated
various pathologies with adult onset.

Recently, a study on the adults survived during
Leningrad siege reported data in contrast to Barker's
hypothesis (36). However, the extreme conditions of
that hystorical time led to an increase of spontaneous
aborties for the risky gestations. Studies were also
published about long-term effects due to low birth
weight for maternal deprivations in Gambia. These
studies compared two adult groups, the one born
during the dry season, the other during the pluvious
one. The first had an early death, and a life expecta-
tion more reduced compared with the other (37).
Pregnancy conditions obviously influence subject’s life
and they could be more or less important according to
maternal diet, ethnic group and finally genotype both
of the mother and of the unborn baby.
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Introduction

Perinatal infections complicate 1-5 %o living newborns
and constitute one of the major factors associated with
perinatal mortality and morbidity (1). Among dramatic
complications that can occur due to perinatal infec-
tions bacterial meningitis (BM) is responsible for one
third of permanent neurological sequelae (2). Although
several clinical, laboratory and biochemical markers
have been studied for early prevention of post-natal
complications, to date no reliable tool has been found
(3). Therefore, the measurement of brain constituents
able to diagnose sub-clinical lesions at this stage could
be especially useful.

S100B is a dimeric calcium-binding protein (21 kD) pri-
marily present in nervous tissue; it is eliminated or
metabolized by kidney. Increased S100B in biological
fluids has been shown to be a marker of brain dama-
ge both in adults and during the perinatal period (4).
The aims of our study was to investigate whether
S100B protein is a sensitive marker to monitor the
occurrence of brain damage:

a) in a animal model;

b) in infants at risk of BM and encephalitis (BME).

Material and methods

Experimental Model

Twenty-one fetal sheep were chronically instrumented
at a mean gestational age of 107 ? 1 d as previously
described (5). The experiments were performed 3 d
after the surgical procedure. The study group was
treated either by 100 (n=9), 500 (n=5) or 2500 ng (n=1)
LPS iwv. from one batch (derived from E. Coli;
0127:B8, Sigma-Aldrich). Control group (n=6) recei-
ved 2 mL 0.9% saline i.v. Eight predetermined monito-
ring timepoints (-1h before, at 1, 3, 6, 12, 24, 48, and
72h from LPS administration) were chosen for labora-
tory assessment and S100B maternal and fetal mea-
surements.

Clinical Study

A case-control study was conducted in 44 patients with
BM matched for gestational age at sampling with 44
patients without BM. Causative bacteria were:
Streptococcus agalactiae (n=19), unidentified Gram-
positive cocci (n=12) and Gram-negative rods

(Haemophylus influenzae, Echerichia Coli: n=13).
Clinical and laboratory criteria (septicemia: 15/44 uni-
dentified Gram-positive cocci, 22/44 Staphylococcus
epidermidis, 7/44 Staphylococcus species). Controls
recruitment criteria were identical to BM group except
for CSF results, which w