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The perioperative nutritional care 
of neonates and infants 

By Staffan Meurling 

ABSTRACT 
The perioperative care of neonates and infants presents problems that differ greatly from those 
seen in older children and adults and has resulted, during the last few decades, in dramatically 
decreased morbidity and mortality rates in neonates and infants affected by congenital 
gastrointestinal malformations. Surgery-associated mortality in the neonate has declined from 
greater than 50% to less than 10%. Refined respiratory care, antibiotics and improved nutrition 
with a greater knowledge of the needs of the surgical patient have together improved the survival 
chances for surgical neonates and infants. This article reviews some important aspects of the 
perioperative care of the neonate and infant. 
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Introduction 
Advances in the perioperative care have 
dramatically decreased the morbidity and 
mortality rate in paediatric patients and 
especially among neonates affected by con- 
genital gastrointestinal malformations (1). 

Refined respiratory care, antibiotics and 
improved nutrition with a greater know- 
ledge of the needs of the surgical patients 
have together ameliorated the chances for 
surgical neonates and infants (2). The 
nutritional requirements of adolescents 
and adults do not differ very much, so this 
review article will discuss the important 
factors for neonates and infants only in the 
perioperative period. 

Energy reserves 
Neonates have a high metabolic require- 
ment and a small, limited nutritional 
reserve, particularly in the low birth 
weight (LBW) infant (3). 

The total body water (TBW) declines 
from 85-90% in gestational weeks 25-28 
to 70-75% at term (4). In the first week of 
postnatal life TBW decreases by another 
5% which is mainly noted by weight loss. 
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The fat content of the foetus of 1000 g 
increases from only 1 % to 15-17% at 
term, corresponding to an energy reserve 
of approximately 5000 Kcal. Carbo- 
hydrates are stored in the last weeks of 
gestation as glycogen to a very limited 
extent. This reserve, less than 5% of the 
body weight, is rapidly depleted, explain- 
ing why an infant is very prone to develop 
hypoglycaemia during fasting. The pro- 
tein accretion rate is relatively constant 
throughout gestation in contrast to fat 
accretion. Using Widdowson 's data one 
can assume that the foetus at 24 weeks of 
gestation has a protein content of 25 g and 
at term 250 g (5). All these data are 
somewhat unreliable and correspond only 
to appropriate for gestational age (AGA) 
infants. However, without doubt the 
energy reserves are very limited in neo- 
nates. Heird et al. have estimated that a 
neonate of 1000 g has only four days of 
nutritional reserve as compared to 28 days 
in a term infant (6). Starvation will par- 
ticularly affect certain some organs, i.e. 
the brain, liver, heart and the intestine. The 
degree of malnutrition in surgical paediat- 
ric patients has not been fully documen- 
ted. Paediatric patients at particular risk of 
malnutrition are LBW infants and those 
with sepsis and burns. After an operation it 
is common practice to prescribe only 10% 
glucose for a couple of'days up to more 
than a week. The energy needs are 
therefore not met (often less than 50%) 
and it is obvious that the surgeon/ 
paediatrician using such a regimen is the 
cause of malnutrition in the infant. 

Renal physiology 
Total body water (TBW) slowly decreases 
to adult levels of 60% by one year of age. 
Extracellular water falls in parallel with 
TB W from 45 % to 20-25 % by one year of 

age and is handled by the kidney. 
Glomerular filtration rate (GFR) of the 
term infant is approximately 20-25 mll 
mid1 .73m2 corresponding to approxi- 
mately 114 of adult values. The GFR in- 
creases rapidly during the first postnatal 
week and is similar to adult values at two 
years of age. However, infants can handle 
a high water load despite a low GFR due to 
the effect of low concentrating capacity. 
Dehydrated newborns have less capacity 
to concentrate urine. It is important before 
an operation to evaluate any disturbances 
in body fluid and to compensate for any 
deficit which has occurred. This may be 
estimated from a patient's history, con- 
dition and blood chemistry. Patients with 
hypertonic dehydration (serum osmo- 
larity >3 10 and serum Na >150) must be 
identified before the operation due to the 
risk of CNS complications. Isotonic and 
hypotonic dehydration must also be com- 
pensated before the operation with 
isotonic fluid. Fluid therapy should also 
cover normal and abnormal fluid electro- 
lyte losses, e.g. by an ileostomy which 
sometimes may be difficult to estimate. 

Nutritional assessment 
It is essential to try to evaluate the nutri- 
tional status before and after operation. 
The assessment can be divided into two 
parts: a subjective and objective part. The 
subjective valuations are based on the 
patient's history and physical examina- 
tion. 

The maturity, gestational age, potential 
oedema and level of dehydration must be 
determined. Anthropometric measure- 
ments, i.e. body weight in relation to 
gestational age, length and head circum- 
ference plotted on a growth curve are 
valuable indices of any disturbances. The 
weight for height index may be calculated, 
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which is an indicator of acute malnutrition 
(7,8). Length is a good indicator of 
skeletal growth. The triceps skinfold 
thickness, which correlates with total 
body fat store, can be measured by a 
caliper. Mid arm muscle circumference, 
which correlates to muscle mass, is a 
valuable indicator of the patient's nutri- 
tional status but seldom used by the 
physician (9). 

The biochemical measurements of 
nutritional status which can be used are 
albumin, pre-albumin, retinol binding 
protein, transferrin and collagen 1-c and 
somatomedin-C. Measurements of serum 
albumin levels can be useful, but the half- 
life is 20 days and the levels can be altered 
by disturbances of hepatic synthesis, re- 
distribution in the plasma space and 
hydration of the infant, thus not reflecting 
acute changes in the nutritional status. 
However, hypoalbuminaemia is asso- 
ciated with increased morbidity and 
mortality rates (10). Pre-albumin binding 
protein has a short half-life (2 days) and 
might be a better indicator than albumin of 
acute changes in nutritional status. 

Retinol binding protein has a very short 
half-life (12 hours) and is also marker of 
nutritional status. Transferrin, a transport 
glycoprotein, has a half-life of 8.8 days 
and the body pool of transferrin is smaller 
than albumin, which makes it valuable to 
monitor. Parameters of immune function 
are influenced by the nutritional status 
(1 1). The amount and function of lympho- 
cytes can be altered. The delayed hyper- 
sensivity skin tests and immune com- 
petence can be partly measured by the 
lymphocyte count and skin test reactivity 
in a chronically malnourished infant. 

The hepatic synthesis of acute phase 
proteins is increased during the post- 
operative days (18). This is mediated by 
cytokines, which will favour synthesis of 
acute phase proteins at the expense of 
synthesis of visceral proteins (19). C-re- 
active protein (CRP) reaches peak levels 
1-2 days after injury or operation. Serial 
measurements of CRP, pre-albumin and 
energy expenditure during the periopera- 
tive period in infants have shown signifi- 
cant differences between survivors and 
non-survivors, indicating that monitoring 
of these values can early give hints of 
postoperative complications (20). A simi- 
lar study in infants with postoperative 
infective complications showed that a rise 
in CRP and pre-albumin occurred earlier 
than a rise in body temperature or 
leukocyte count (21). 

Energy requirements 
Newborn infants have a higher metabolic 
rate and energy requirement per kg body 
weight than children and adults (12). 

Infants receiving total parenteral nutrition 
(TPN) require less energy due to lower 
energy losses by the alimentary tract. 
Resting energy expenditure (REE) is 
increased in severely injured adults and 
during the first postoperative days (13). 
The hypermetabolic state is mediated by a 
neuroendocrine stress response, which 
stimulates gluconeogenesis, protein cata- 
bolism and fat oxidation. In newborn in- 
fants there seems to be no substantial 
increase in REE except for the first 6 
postoperative hours (14- 16). On the other 
hand, older neonates and infants had an 
apparent increase of REE. It is possible 
that postoperative infusion of opioids for 
pain relief may inhibit this increase. 
Postoperative increase in REE can also be 
caused by sepsis or other postoperative 
complications. It has also been shown that 
neonates after surgery have a decreased 
amount of gluconeogenesis. 

Energy expenditure for growth is also 
diminished. Studies have also shown that 
infants do not have any increase in whole 
body protein turnover after surgery, 
indicating a change of protein synthesis 
from growth to tissue repair (17). There is 
thus a limited risk of overfeeding neonates 
after an operation, which may lead to fluid 
retention and respiratory and cardiac 
complications. 

Preoperative care 
When a congenital abdominal malforma- 
tion is suspected it is mandatory that the 
neonate has a gastric tube and an intra- 
venous line inserted preoperatively. Ana- 
lysis of acid-base, haemoglobin, glucose, 
renal and liver function, electrolytes, 
thrombocytes, CRP, International Norma- 
lized Ratio (INR), triglycerides and pre- 
albumin should be estimated. Five to ten 
per cent dextrose should be given at a rate 
which will compensate for earlier losses, 
ongoing losses and the daily fluid re- 
quirement. Sodium but not potassium 
should be added. Any disturbances in acid- 
base must be corrected before operation. 

All investigations, i.e. X-ray, should be 
performed in a thermo-neutral environ- 
ment. There is no study on neonates which 
shows that preoperative compensation of 
nutritional losses reduces the post- 
operative complication rate, but one feels 
clinical experience suggests that this is the 
case. 

General anesthesia 
Newborn infants with a greater ratio of 
body surfacelbody weight have difficul- 
ties in maintaining their body temperature 
in a cold environment (22). They are 
unable to respond by shivering, but the 
brown fat can partly counteract by heat 
production. Hypothermia is associated 

with an increase in postoperative com- 
plications. It is of utmost importance that 
the operating theatre is warm (25-32°C) 
and the infant is covered, breathing gases 
and receiving infusion solutions are 
thermoneutral. 

However, during surgery newborn 
infants seem to decrease metabolic rate 
and maintain a stable body temperature as 
a sign of protective survival mechanism 
(23). 

Parenteral nutrition requirements 
Protein: The protein requirement is high 
during the first year of life. There are at 
least 8 amino acids which are essential, but 
more evidence shows that for neonates at 
least another 4 to 7 are semiessential due to 
immature amino acid synthetic pathways. 
These are histidin, cystein, taurine, tyro- 
sine, prolin and glutamine and arginine 
(24,25). Glutamine is the most abundant 
amino acid in the body and is an important 
precursor for nucleic acid biosynthesis, 
i.e. for cells which rapidly turnover such 
as the enterocytes in the intestinal mucosa 
(26). Only amino acids solutions designed 
for neonates and infants should be used. 
These solutions have an amino acid profile 
which, in studies, do not seem to change 
the plasma aminogram of the neonates as 
much as solutions designed for adults. 
Studies have also shown that higher 
nitrogen retention is seen in neonates in- 
fused with a lower amino acid amount 
(27). In neonates it is recommended to 
start with 0.5-lglkg of amino acids and in 
infants 1 .O-1.25 gkglday. 

Fat: Fat has a high energy density of 9 
Kcallg and is required as a source for the 
essential fatty acids linoleic and linolenic 
acid. Linolenic acid is probably essential 
for the development of the brain of the 
neonate. However, too much linolenic 
acid inhibits the conversion of linolenic to 
aracidonic acids. Deficiency of the essen- 
tial fatty acids may occur rapidly in the 
newborn infant. Chemical signs are seen 
only 2 days after a nonlipid infusion (28). 
Two to four per cent of the total energy 
should come from these fatty acids. 
Essential fatty acid deficiency is con- 
sidered if the ratio of 5.8-11 eicosa- 
treienoic to aracidonic (triene to tetraene) 
is greater than 0.4. The contribution of fat 
should not exceed 50% of total non- 
nitrogen energy but rather 30-40%. LBW 
infants and especially those who are 
extremely preterm have a lesser capacity 
than term infants to clear fat from the 
bloodstream and therefore lipid infusion 
should not exceed 4 gkgl24 h for term 
infants and 2-3 gkgl24 h for LBW infants 
and preterm infants below 1000 g. Lipid 
infusions should be infused over 24 h. This 
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Table 1. Infusion of 20% intravenous fat emul- 
sion glkglday (mlkglday). 

Premterm Fullterm Infants 
and neonates 
SGA inf 

Initial dose 0.5 (2.5) 1 (5) 2 (10) 
Daily increase 0.5 (2.5) 1 (5) 1 (5) 
Maximum dose 3 (15) 4 (20) 4 (20) 

It is recommended to use 20% fat 
emulsion. Since this emulsion also has 
glycerol and phospholipids it will gene- 
rate 2 kcal per ml emulsion. It has a 
favourable phospholipid/triglyceride ratio 
of 0.06 compared to 0.12 for 10% fat 
emulsion. Phospholipid is believed to 
inhibit lipoprotein lipase, which is the 
most active enzyme for fat emulsion. 

vitamins are not fully established but 
using commercially available solutions 
will probably cover the requirement for a 
short period of time. When TPN is used for 
a longer period this may not be adequate. 

Route of administration 
Peripheral lines may be used for several 
days up to several weeks, but when it is 
likely that parenteral nutrition will be 

Postoperative care needed for more than a week (e.g. gastro- 
Most neonates and infants undergoing schisis, volvulus-intestinal resections) it 
major surgery do not tolerate enteral is advisable to insert a central line by the 

Table 2. Amino acid requirements. feeding in the first postoperative days. It is jugular vein with the tip of the line placed 

Age group Amino acids therefore recommended to start with a in the lower part of the superior caval vein 
complete programme of parenteral nutri- or in the right atrium. The position of the gkglday 
tion. It is not advisable to give only line should be confirmed by X-ray. 
dextrose for a couple of days as-the infant 

Preterm neonates 2.5 - 3.0 is deprived not only the energy needed but Monitoring Fullterm neonates, infants 2.0 - 2.5 also many essential nutrients. AS complete Laboratory monitoring is particularly 
as possible parenteral nutrition pro- mandatory in the first days of TPN. In 

Table 3. Basal requirements of some minerals 
after the 3d postnatal day. 

Sodium 2.0 - 3.0 
Potassium 2.5 - 3.5 
Chloride 2.0 - 3.0 
Acetate 1 .O - 4.0 
Magnesium 0.1 - 0.3 
Calcium (gluconate) 1.0 -2.0 (-4.0 Preterm) 
Phosphate 0.25 - 1.6 

is particulararly the case when fat is given 
to LBW infants. Cyclic infusion (12 h 
infusion) will exceed the highest recom- 
mended infusion 0.15 g/kg/h if enough 
lipids are to be given during the day. 

For a longer period of time ( more than 
a month) it is advisable to include 
carnitine, which is necessary for P-oxida- 
tion metabolism of the long-chain fatty 
acids. Infants on long-term parenteral 
nutrition not receiving carnitine have low 
plasma carnitine levels. Infants receiving 
carnitine (50 pmol/kg/day) seem to tole- 
rate the fat better. 

Fat emulsion containing a mixture bet- 
ween long-chain and medium-chain 
(MCT) fatty acids have been used to a 
limited extent on neonates and infants. 
MCT does not need carnitin for P-oxida- 
tion and is not stored in the liver or adipose 
tissue. 

There are some indications that long- 
term use of soybean-based fat emulsion, 
which has no eicosapentaenoic (EFA), or 
docosahexaenoic (DHA) and high levels 
of linolenic acid, does not support the 
development of the neonatal brain. It has 
also been shown that high levels of 
linolenic inhibit conversion to EPA and 
DHA. 

gramme should be given. Even if no bowel 
movements are noticed, a few ml of breast 
milk should be given to promote secretion 
of gut hormones, support the entero- 
hepatic circulation and initiate peristalsis 
of the bowel. 

Dextrose: If a peripheral line is used con- 
centrations higher than 10% dextrose 
should not be used, particicularly in LBW 
infants. When central lines are used, 10% 
dextrose should be used initially and then 
the concentration can be increased to 15% 
or 20% if the energy requirement is high. 
As the water requirement is to a great 
extent covered by the dextrose solution, 
care must be taken not to infuse excess 
water. Excessive fluid in the LBW infant 
may be associated with complications like 
a patent ductus arteriosus, necrotising 
enterocolitis and broncopulmonary dys- 
plasia. 

Fat: The lipid infusion is started the day 
after operation and gradually increased 
Table 1. 

Protein: The maximum infusion is shown 
in Table 2 with a start of 0.5- 1 g/kg/24h for 
neonates and 1.0-1.25 glkg124h for infants. 
Water requirement: Fluid is given accord- 
ing to the calculated need. 

Minerals and fat and water soluble 
vitamins: Minerals including trace ele- 
ments, fat and water-soluble vitamins 
should be put in the parenteral nutrition 
programme directly. A guideline for re- 
commendations for some minerals is 
shown in Table 3. Calcium and phosphate 
requirements for LBW infants sometimes 
exceed their solubility in PN solutions 
depending on the pH of the individual 
solution. The exact requirement of mine- 
rals, especially trace minerals and 

addition to laboratory monitoring daily 
weight and respiratory and cardiac fre- 
quencies should be monitored. When TPN 
is started, analyses of acid base, haemo- 
globin, glucose, electrolytes, thrombo- 
cytes, triglycerides should be performed 
at least once a day and renal function, liver 
function and INR at least once a week. 
When the patient is stable these values can 
be estimated less frequently. Urine output 
should be analysed for glucose, albumin 
and electrolytes. 

Complications 
Nowadays metabolic complications sel- 
dom appear when a balanced parenteral 
nutrition programme is used for up to 2-3 
weeks. After that period of time, use of 
parenteral nutrition without any enteral 
feeding is often associated with liver 
dysfunction (choleastasis), particularly in 
LBW infants. It is thus of the utmost 
importance to give a few ml of breast milk 
by the enteral route even if the bowel is not 
functioning. Electrolyte and glucose im- 
balances are often seen and must be 
corrected. Hypertriglyceridaemia is rarely 
seen when the lipid infusion does not 
exceed recommendations. 

Sepsis secondary to central lines is not 
uncommon. It may be caused by improper 
care of the catheter or translocation of 
bacterias from the intestine. The line can 
still be used in bacterial sepsis, but the line 
must be withdrawn when fungal sepsis 
occurs. 

Antibiotics 
It is mandatory to give prophylactic anti- 
biotics to neonates just before operation 
and normally continue them for at least 2- 
7 days. This will reduce the incidence of 
sepsis. The antibiotics frequently used are 
cephalosporins, aminoglycosides and 
imidazol. 
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Enteral feeding 
The enteral route should be used as soon as 
possible or rather before! A few ml of 
breast milk can be given before the bowel 
starts to function. Parenteral nutrition 
should gradually be decreased and the 
dextrose infusion can be reduced faster 
than the amino acid and the fat emulsion 
infusion. For neonates breast milk is 
preferred. Feeds can initially be com- 
menced in small bolus volumes (1 .O-5 ml) 
every 2-3 hours and increased gradually. 
Sometimes it is necessary to give the 
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