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Abstract
The goal of neonatal nutrition is to improve postnatal growth 
and long-term neurodevelopmental outcomes. Providing 
optimal nutrition to this high-risk population has been a con-
stant challenge for neonatologists. The European Society 
for Paediatric Gastroenterology Hepatology and Nutrition 
(ESPGHAN) has advocated the daily nutritional requirements 
of preterm and term neonates. This review article discusses the 
challenges faced and offers some recommendations.
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Introduction
Recent advances in neonatal care have significantly 
decreased mortality rates among premature neonates. 
Although the survival rate of preterm neonates has 
increased, the extremely preterm population continues 
to have a higher risk of morbidity both in the early 
neonatal period and later in childhood, with an 
increased incidence of neurodevelopmental delay.1,2

The ultimate goals of neonatal nutrition are to support 
optimal postnatal growth and improve long-term 
outcomes. Many studies have demonstrated that inad-
equate nutrition in the early neonatal period has an 
adverse effect on long-term developmental outcomes.3,4 

The international consensus has been that the optimal 
growth of a preterm neonate should match the rapid 

growth of their age-matched in utero peers who are born 
at term.5-8 In utero, the fetus grows at a minimum rate 
of 15 g/kg/d during midtrimester, slowing to 10 g/kg/d 
at term.8 Extracellular water content decreases from 
approximately 90% at 24 weeks of gestation to approxi-
mately 75% at term. The lipid and protein content in 
the body increases from approximately 2% and 8.8% at 
24 weeks to nearly 11% and 12% at term, respectively. 
Protein accretion rate is approximately 4 g/kg/d in the 
third trimester.8

Postnatal Growth
Postnatal growth restriction is discharge weight less 
than the 10th centile of the expected intrauterine 
growth for the same gestational age. Approximately 
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a quarter of preterm neonates are known to experience 
extrauterine growth retardation.9-11 This is thought to 
be partially caused by the marked nutritional deficit 
that develops in the first week of life; preterm neonates 
take a mean of 14 to 17 days to establish full feeds 
and regain birth weight.12 The reasons for this growth 
restriction are varied—the inability of the preterm gut 
to absorb enteral feeds for nutrition, the high nutri-
tional requirements, the low reserves of very-low-birth-
weight (VLBW) neonates, and the challenges faced 
in providing total parenteral nutrition (TPN) within 
the first days of life. To address this widespread post-
natal nutritional deficit in VLBW neonates, interna-
tional recommendations for protein intakes have been 
increased progressively.6-8 

Most VLBW neonates, particularly those born at < 30 
weeks’ gestation or with a birth weight < 1000 g will 
require parenteral nutrition (PN) as a “bridge” while 
enteral feeds are gradually established. Although the 
average period of PN support is < 3 weeks, this can 
vary considerably depending on the presence of other 
comorbidities.

Protein Requirements
It is well known that growth of lean body mass is 
dependent on protein intake. Evidence from various 
studies suggests that supplementation of protein, in 
particular, results in enhanced growth, including the 
increase in head circumference (HC) and brain size.13 
To prevent protein breakdown and promote growth 
and remodeling of cells, tissues, and organs, protein 
should be provided soon after birth.

PN provides protein in the form of amino acids. Intra-
venous infusion of amino acids stimulates insulin secre-
tion, which augments amino acid stimulation of protein 
synthesis and protein accretion. However, amino acids 
must be administered along with energy supplemen-
tation, because in the absence of nonprotein energy, 
amino acids are oxidized to provide energy, and, 
therefore, will not be available for protein synthesis. 
Increasing nonprotein energy intake improves nitrogen 
retention by enhancing amino acid utilization for 

protein synthesis. The daily protein accretion in a fetus 
at the end of the second trimester is close to 2 g/kg/d.14 
There is an estimated 1.5 g/kg/d of obligatory losses 
in the form of urinary nitrogenous compounds and 
feces. Therefore, it is estimated that an intake of at 
least 3 to 4 g/kg/d is needed to allow for protein accre-
tion in preterm neonates born at < 30 weeks’ gesta-
tion, 2.5 to 3.5 g/kg/d for those born between 30 and 
36 weeks’ gestation, and 1.5 to 2.5 g/kg/d for those 
born after 36 weeks’ gestation. Despite recent clinical 
trials, it remains unclear whether early supplementa-
tion of protein at higher concentrations would result 
in a higher growth velocity in the preterm neonatal 
population.15,16

It is also important to note that the amino acid require-
ment differs both quantitatively and qualitatively in 
early infancy, with histidine, tyrosine, taurine, cysteine, 
proline, and alanine being semiessential and leucine, 
isoleucine, lysine, methionine, phenylalanine, threo-
nine, tryptophan, and valine being essential.

Protein Supplementation 
and Head Growth and 
Neurodevelopment
It has been shown that modifying the early nutritional 
strategy results in improved growth velocity and HC 
at discharge.17,18 Cormack et al,19 in their prospective 
cohort study, compared 2 different cohorts: one before 
the implementation of the international recommen-
dations and the other after the implementation. They 
showed that neonates in the latter cohort had a statis-
tically higher growth velocity, particularly the HC. 
Their subsequent follow-up study when the neonates 
were 2 years old showed no particular difference in the 
neurodevelopmental indices between the 2 cohorts. The 
limitation of these studies is that these were “before and 
after” studies.19,20

There is a scarcity of evidence from randomized 
controlled trials (RCTs) on the effect of early protein 
supplementation and head growth. Wilson et al21 

demonstrated better outcomes on length and weight in 
neonates who were supplemented amino acids earlier 
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and at higher concentrations. However, they failed 
to demonstrate an increase in the HC at 36 weeks’ 
corrected age. Similarly, Tan et al22 were unable to 
demonstrate a significant difference in the HC in the 
2 cohorts in their study. They randomized 142 neonates 
to receive either standard PN and enteral nutrition 
or hyperalimented nutrition. In contrast to this, the 
SCAMP study showed a difference in HC in the cohort 
that was supplemented with higher concentrations of 
amino acids. Morgan et al23 randomized 150 neonates 
into 2 arms: one to receive a higher glucose concen-
tration and amino acid (12% glucose and 3.8 g/kg/d 
amino acid) and the other to receive the standard 
concentrations (10% glucose and 2.8 g/kg/d amino 
acid). The study demonstrated that the HC was signif-
icantly greater at day 28 and at 36 weeks’ corrected 
age in the treatment arm. The study group recently 
published the neurodevelopmental outcome of their 
study, which did not show any statistically significant 
difference between the 2 arms.24

There have been a few systematic reviews on the effect 
of early administration of PN on growth outcomes. 
Moyses et al13 showed that early PN reduced the time 
to regain birth weight by (a mean) 2.2 days (95% CI: 
1.1–3.2 d) in RCTs and 3.2 days (95% CI: 2.0–4.4 d) 
in observational studies. The maximum percentage of 
weight loss with early PN was lower by (a mean) 3.1% 
(95% CI: 1.7%–4.5%) for RCTs and by 3.5% (95% 
CI: 2.6%–4.3%) for observational studies. Early PN 
also improved weight at discharge or 36 weeks’ post-
menstrual age by (a mean) 14.9 g (95% CI: 5.3–24.5 g) 
in observational studies, but no benefit was shown for 
length or HC.

Trivedi et al25 in their Cochrane review that included 7 
RCTs showed that there was no difference in the crown 
rump length and occipitoparietal HC on day 10 of life 
but there was a difference in positive nitrogen balance.

Recently, Uthaya et al26 published the results of their 
multicenter double-blinded RCT, in which they rand-
omized 168 neonates born at < 31 weeks’ gestation. 
Within 24 hours of birth, the neonates were rand-
omized into 2 groups: incremental concentrations of 

amino acids (Inc-AAs) and the immediate recom-
mended dietary intake (Imm-RDI) groups. They 
showed that there were no significant differences in 
lean body mass between the 2 groups. Neonates in the 
Imm-RDI group were more likely to have blood urea 
nitrogen concentrations > 7 mmol/L or > 10 mmol/L, 
respectively, than the neonates in the Inc-AAs group. 
HC at term was smaller in the Imm-RDI group (mean 
difference = 20.8 cm [95% CI: 21.5–20.1 cm; P = .02]). 
The study, as the authors suggest, was not powered to 
show the difference in the HC between the 2 groups.26

Therefore, evidence to link neurodevelopment to 
supplementation of amino acids early (within 24 hours 
of birth) and at higher concentrations (> 3 g/kg/d) is 
currently not available. However, there is evidence and 
consensus on commencing amino acid supplementa-
tion within the first day, and if possible, within 6 hours 
of birth to minimize the nutritional deficit. Further 
research is necessary to determine the exact dose and 
timing of administration of amino acids. 

Challenges for Early Protein 
Supplementation
There are numerous practical difficulties in clinical 
practice that can hinder early TPN. The availability of 
resources and technical skills involved in the insertion 
of central lines, fluid restriction, and the administra-
tion of other infusions (such as inotropes and heparin-
ized saline in arterial line) limit the volume of TPN 
that can be administered. The use of laminar flow and 
the increasing use of concentrated TPN bags allow for 
the concentration of amino acid solutions while main-
taining the stability of the amino acids in the TPN. 
This reduces the fluid volume required to provide 
adequate nutrition. In addition, there is the debate 
whether individualized TPN provides superior nutri-
tion to standardized bags.

Another difficulty in ensuring early provision of nutri-
tional support is the variation in clinical policies among 
different neonatal units. The UK National Confiden-
tial Enquiry into the care of patients in the hospital 
receiving PN identified wide variation in clinical  
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practice. They reported that good practice in relation to 
TPN was identified in only 24% of all cases reviewed, 
with a significant proportion of extremely-low-birth-
weight neonates not being commenced on TPN in the 
first few days because of either a delay in identification 
of neonates (VLBW neonates or extremely preterm 
neonates) or delay in administration of TPN.27 The 
reluctance to start TPN soon after birth can often be 
attributed to individual clinician’s anxiety on the early 
introduction of TPN, perhaps based on earlier studies 
that hinted at metabolic intolerance or acidosis in that 
particular group of neonates. However, the current 
evidence supports a more “aggressive” approach to 
nutrition with early introduction of minimal enteral 
nutrition in combination with early PN. Concerns 
regarding this change in focus can be addressed 
through development of robust policies and education 
packages focusing on the early provision of adequate 
nutrition to preterm neonates.

Protein and Enteral Feeds
Unless there are specific contraindications, breast 
milk should be the main source of enteral nutri-
tion for preterm neonates. Breast milk reduces the 
risk of necrotizing enterocolitis, late-onset sepsis, and 
retinopathy of prematurity; improves neurodevelop-
mental outcomes; and reduces the risks of metabolic 
syndromes in adulthood. However, unsupplemented 
mature human milk provides an insufficient concen-
tration of protein, which cannot meet the require-
ments for growth and lean body mass accretion in 
very preterm neonates. As discussed earlier, preterm 
neonates require a protein intake of 3.5 to 4 g/kg/d to 
meet their nutritional requirements; over the first 12 
weeks after delivery, the average protein concentration 
of breast milk slowly reduces from 2.5 g/100 mL to  
< 1.5 g/100 mL.28 Supplementation of breast milk 
can be with either single component or multicompo-
nent fortifiers. A Cochrane review on protein supple-
mentation of human milk identified increases in 
short-term weight gain and linear and head growth.29 
Commercially produced multicomponent fortifiers 
contain hydrolyzed protein. However, further research 
is required to determine the quality and quantity of 
protein to refine the formulations in view of the unique 
amino acid requirements of premature neonates.

When breast milk is unavailable, preterm formula 
should be used. Although the exact composition of 
preterm formulas varies between commercial prepara-
tions, the protein is predominantly whey based, with a 
typical protein content of 3 g/100 mL (the amino acid 
profile differs from human milk). Term formulas have 
a lower protein content and therefore do not meet the 
nutritional requirements of preterm neonates.

Further research should be directed toward the evalu-
ation of specific levels of protein intake in preterm 
neonates and the clinical effects of supplementation 
with protein, including long-term growth and neurode-
velopmental outcomes.

Conclusion
The authors’ recommendations for TPN, which are 
in part derived from the ESPGHAN and the East of 
England ODN Neonatal Network guidelines on PN, 
are as follows.7,30

Indications for TPN

Absolute Indications Relative Indications

Neonates born at < 30 weeks’ 
gestation or with birth weight 
< 1.2 kg
Intestinal failure
Gastrointestinal surgery
Necrotizing enterocolitis
Congenital gastrointestinal 
malformations

Neonates born > 30 weeks’ 
gestation or with birth weight 
> 1.2 kg but not expected to reach 
full feeds by day 3–5 of life
Neonates with intrauterine growth 
restriction
Promotion of growth in neonates 
who might be recommended for 
surgery such as cardiac surgery

Practical Tips for TPN
Commence administration of protein at 2.5–3 g/kg/d ideally within 
6 hours of life/as early as the central line is inserted, increasing by 
0.5 g/kg/d to reach 4 g/kg/d

Commence administration of glucose to maintain glucose infusion 
rates at 5–6 mg/kg/min

Commence administration of lipids at 1 g/kg/d and increase by  
1 g/kg/d to a maximum of 3 g/kg/d

Monitor blood urea nitrogen, blood gas, electrolytes, and liver function 
tests

Monitor micronutrient levels once in 28 days in neonates requiring 
long-term TPN
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