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ABSTRACT

Infants born before 32 weeks postmenstrual age are at a high risk of growth failure. International
guidelines have long recommended that they match the growth of an equivalent fetus, despite
the challenges posed by ex-utero life and comorbidities of prematurity. Several groups have
recently questioned the necessity or desirability of this target, shifting attention to aiming for
growth which optimises important long-term outcomes. Specifically, recent research has
identified the neurodevelopmental benefits of enhanced growth during the neonatal period, but
work in term infant suggests that rapid growth may promote the metabolic syndrome in later life.
In this context, defining a pattern of growth which optimises outcomes is complex, controversial

and contested.

Even if an optimal pattern of growth can be defined, determining the nutritional requirements to
achieve such growth is not straightforward, and investigations into the nutritional needs of the
very preterm infant continue. Furthermore, each infant has individual nutritional needs and may

encounter a number of barriers to achieving good nutrition.

This article offers a narrative review of recent evidence for the competing definitions of optimal
growth in this cohort. It examines recent advances in the determination of macronutrient and
micronutrient intake targets along with common barriers to achieving good nutrition and growth.
Finally, key implications for clinical practice are set out and a recommendation for structured

multidisciplinary management of nutrition and growth is illustrated.



INTRODUCTION

Preterm infants are vulnerable to poor growth. Transfer of nutrients from mother to infant during
the third trimester of pregnancy is interrupted, and their postnatal nutritional intake is impaired
by gut and metabolic immaturity. They are also prone to comorbidities which can also impair
growth. Furthermore, defining what constitutes optimal growth (and conversely poor growth) has

proven controversial.

In this narrative review, we aim to outline the importance of growth, to explore the definitions
of optimal growth, to outline the evidence underpinning current nutritional best practice and to

make practical recommendations for improving nutrition and growth.

Menon and colleagues have previously asked whether preterm nutrition is a trade-off between
head and heart.! In other words, does enhanced nutrition improve neurodevelopmental outcomes
at the expense of poorer cardiovascular health in later life? Over the last ten years, an increasing
body of literature has shown that better weight gain in preterm infants is associated with better
neurodevelopmental outcomes.?* Belfort and co-workers have demonstrated that greater weight
gain before term corrected age is associated with better neurodevelopmental outcomes.? They
also identified that the most critical period for this effect is growth prior to and shortly after term

equivalent age.?

At the same time, rapid weight gain in term infants is associated with development of the
metabolic syndrome, a disease which is prevalent amongst ex-preterm infants. However, there
are some data to suggest that rapid weight gain in early infancy for preterm infants is not
associated with poorer metabolic outcomes, but that weight gain during subsequent phases of
growth is a significant risk factor.> Recent results from the large observational EPICure study
strongly suggest that the critical growth period for metabolic health is significantly later in
childhood, between 2.5 and 6 years, whilst rapid growth prior to that period is not associated
with an elevated risk.® Taken in conjunction, these neurodevelopmental and metabolic findings
suggest that improved growth during early infancy, negating the impetus for later catch-up

growth, may optimise neurodevelopmental outcomes without compromising metabolic health.

APPROACHES TO GROWTH STANDARDS

Guidelines set by the European Society of Paediatric Gastroenterology, Hepatology and Nutrition
(ESPGHAN)” and the American Academy of Pediatrics (AAP)® recommend that growth mimics that
of the equivalent fetus in utero. However, preterm infants have consistently been found to grow
more slowly than fetuses of equivalent postmenstrual age,® although this effect can be mediated
by different nutritional approaches.'® Additionally, preterm infants show marked differences in

body composition compared to term-born infants,!" therefore failing to achieve either the rate of



growth or the composition of weight gain called for by the two societies. Our recent meta-analysis
identified the pattern of changing total body water percentage in newborns depending on
gestation, with total body water falling from 90% to around 75% between 26 weeks gestation and

term.1?

Preterm infant growth standards can most easily be defined by taking measurements of newborn
preterm infants. However, several groups have recently questioned this approach and the concept
that ex utero growth should mimic the growth of a fetus in utero, leading to interest in redefining

expected growth using other techniques.

The INTERGOWTH-21% Project
In 2014, the INTERGROWTH-21%t Consortium monitored fetal growth and birthweight across an

international cohort for whom comorbidity data were collected and pregnancies with confirmed
fetal growth restriction were excluded. Birthweight data were used to form expected growth
curves (Figure 1) but included only 382 subjects below 32 weeks gestation (of whom only 82 were

below 28 weeks).'3 Data for length and head circumference were similarly limited.

Another arm of the INTERGROWTH project took an empirical approach, targeting growth which
matches those of preterm infants who have suffered minimal postnatal complications. They

recommend using standards derived from longitudinal data in low-risk preterms (Figure 1)."4

The Southampton Preterm Cohort

We have previously shown that the growth of infants in Southampton can keep up with
birthweight-derived growth standards.'® These local Southampton data were used to generate a
growth standard from a cohort of over 200 very preterm infants.'> The resulting growth standard
is based on repeated measurement of preterm infants in the context of fully described nutritional
intakes (fig 1). A web application was also created to support the resultant charts

(www.bit.ly/sotongrowth). Growth curves generally tracked close to UK-WHO growth standards

generated from cross-sectional birthweight data.

Individualised Growth Targets

Landau-Crangle and co-workers have approached the question physiologically, arguing that
adaptive early loss of body water will place the optimally-growing preterm infant on a lower
centile followed by growth at a velocity such that the birth centile is matched only after the
equivalent water loss of the term infant.'® That group recommends individualised growth targets

taking these factors into account (Figure 1).

Figure 1 illustrates the expected pattern of weight gain for an example infant born at 27 weeks

postmenstrual age weighing 1kg. It compares the expected growth trajectory for a range of



approaches detailed above. Many of these curves match closely, with the individualised curve
anticipating slower growth at first with subsequent convergence with the other tracks, and the

INTERGROWTH longitudinal curve recommending more rapid growth throughout.
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ESTABLISHING NUTRITIONAL REQUIREMENTS

Notwithstanding difficulties in defining optimal growth, in practice it is necessary to set target
nutrient intakes which may then be adjusted for individual infants based on their clinical status
and growth trajectory. Table 1 presents several international guidelines for nutrient intake along
with the nutritional provision of some typical feeds and parenteral nutrition products. Different
methods have been used to define the recommended nutrient intakes. Historically, the factorial
method aimed to estimate nutritional requirements by studying the changing composition of
fetuses at different gestations.2® More recently, experimental studies have examined the impact

of changes in nutritional approach.

Experimental Approaches to Macronutrient Intakes

Several recent trials have randomized preterm infants to receive differing nutritional regimens.
The NEON study assessed the impact of immediate or incremental increases in amino acid intakes
and lipid emulsions during the first few days of life, with the control arm receiving up to
2.7g/kg/day amino acid by day 3 of life and the intervention arm receiving 3.6g/kg/day amino
acid from day 1.%' This study did not identify any differences in its primary outcomes of non-
adipose mass and intrahepatocellular lipid. The group with higher early provision of amino acids
had lower growth of head circumference 0.8 cm adjusted mean difference (p=0.02). The study
was criticised for the minimal effect of allocation on actual macronutrient intake over the course

of neonatal stay.??

The SCAMP Trial randomized infants to a control parenteral nutrition product or an intervention
product which delivered more amino acid, lipid and glucose with a resultant higher energy
provision throughout the period of parenteral nutrition.?3 Similarly to the NEON study, the control
group were managed with PN containing amino acid at 2.8g/kg/day and the intervention group
received amino acid at 3.8g/kg/day. However, the exposure to the allocated PN was for a
significantly longer period, meaning that the total differences in nutrient intake were more
pronounced. The group receiving more macronutrients had better head circumference growth to
day 28 of life (the primary outcome, mean difference 5mm, p<0.001) and this persisted to 36
weeks corrected gestational age. Weight was unaffected as were all other tested clinical

outcomes.

Similarly, a Norwegian group demonstrated an increased growth velocity to 36 weeks corrected
GA in response to an enhanced supply of amino acid (comparing 3.2g/kg/day and 4g/kg/day amino
acid intake), lipid and energy (17.4 vs 14.3 g/kg/day, p<-0.001).24 A Dutch group randomized
infants to a range of intakes of amino acids (2.4-3.6g/kg/day) and types of lipid, with one group
(high amino acids and mixed lipid emulsion) demonstrating greater weight gain at two years

corrected age but without any differences in neurodevelopment (the primary outcome).?’



Each of these studies were performed before the most recent ESPGHAN parenteral nutrition
guidelines. At the time of the studies, ESPGHAN recommended 1.5-4g/kg/day amino acid intake.2¢
Therefore, they compared amino acid intakes within the recommended range at the time of the
studies. It remains possible that substantially higher nutrient intakes than this may precipitate
excess growth or detrimental derangement of body composition, although this possibility has not
been tested in large studies to date. Taken together, these studies suggest that higher rates of
nutritional intake lead to improved growth, although an impact on neurodevelopment remains

unclear.

Experimental Approaches to Specific Micronutrients

A number of micronutrients have recently come under scrutiny, either for a possible general effect

on growth or as targets for improving other specific clinical outcomes.

Trials of high doses of vitamin D supplementation have been shown to improve radiological
markers of bone mineralization and to increase weight (13.6 vs 16.4g/day, p<0.01) and length
gain (0.69 vs 0.79cm/week, p=0.02)%’. Vitamin A supplementation has been shown to improve a

marker of retinal function.28

Choline and docosahexaenoic acid are implicated in phosphatidylcholine metabolism and are
found in high concentrations in fetal plasma, falling rapidly after preterm birth. A small trial has
shown that supplementation with choline is practical and can restore plasma choline to near fetal
concentrations although further work is needed to assess any potential impact on growth or

neurodevelopment.?’

A Cochrane review of LCPUFA supplementation in preterms found no proven effect.3? Zinc has
also risen to prominence in recent years, with a Cochrane review suggesting that enteral
supplementation with zinc is likely to improve growth and reduce mortality.3' This is particularly
significant given that commonly available parenteral and enteral nutrition products typically
deliver markedly insufficient amounts of zinc (Table 1), and zinc deficiency is common in preterm

infants.32

BARRIERS TO ACHIEVING NUTRITIONAL TARGETS

Enteral Feed Tolerance

Feed intolerance is common and can be considered to be universal to some extent in the
extremely preterm infant, most of whom require parenteral nutrition support at least in the first
few weeks. However, parenteral nutrition presents significant risks, including central line
associated bloodstream infection and cholestasis, as well as carrying significant financial cost.

These problems have led to recent interest in accelerating enteral feed increments and restricting



the range of infants who receive parenteral nutrition. A recent systematic review highlighted the
difficulties in defining feed intolerance, with inconsistent definitions frustrating attempts to

formulate a consensus definition of feed intolerance in the preterm population.33

The SIFT trial concluded that increasing feeds at 30ml/kg/day (compared to 18ml/kg/day)
reduced time to reaching full feeds.3* The primary outcome of survival without moderate or
severe neurodisability showed no difference between the groups. However, faster feeding was
associated with an increased risk of moderate or severe motor impairment (adjusted effect 1.48,
Cl 1.02-2.14). An associated cost analysis identified that this excess of motor impairment meant

that faster feeds are both clinically and economically undesirable.3

Observational data have demonstrated an association between early passage and clearance of
meconium with improved enteral feed tolerance.3® However, meta-analysis of studies aiming to
improve enteral food tolerance by the prophylactic use of enemas or suppositories identified no

effect of these interventions.3’

The FEED1 trial is currently investigating whether giving full enteral feeds from the first day of

life will decrease length of stay for infants born from 30 to 32*¢ weeks gestation.38

Metabolic Tolerance

Metabolic disturbance is more common in the most preterm infants and in those with intrauterine
growth restriction. The substantial energy needs of the preterm infant (Table 1) require the
delivery of a significant load of carbohydrate, protein and lipid. However, these infants are prone
to hyperglycaemia in the early neonatal period, which in turn have been associated with an
increased risk of death, poor growth and most major morbidities associated with prematurity,
although it is difficult to prove a causal link given the presence of likely confounding factors.3
Technological advancements in continuous glucose monitoring have been shown to improve
glycaemic control but the impact on outcomes remain uncertain.® Similarly,
hypertrigyceridaemia is common at intravenous lipid delivery levels meeting nutritional

requirements and is associated with poorer clinical outcomes.*! 42

Parenteral Nutrition Limitations

Current formulations of parenteral nutrition often do not meet target or recommended nutrient
requirements, especially for micronutrient minerals, particularly calcium and phosphate. In part,
this is due to concerns about stability of these substances in solution and the possibility of
precipitation. Studies continue in this area, especially as there is a pressing need to optimise

calcium and phosphate delivery to prevent metabolic bone disease of prematurity.



Sepsis and Inflammation

Preterm infants frequently experience episodes of inflammation, both from infections and from
other causes, including surgical interventions. Infection is common, with around 10% of preterm
infants experiencing late onset infection (Vermont Oxford Network VLBW cohort).* Acute
inflammation profoundly alters the metabolic state of the preterm infant, driving catabolism,
insulin resistance and suppression of growth factors such as IGF-1.% This is likely to lead to less
effective nutrient metabolism with usual or increased nutrition in this context likely to drive
hyperglycaemia and hypertriglyceridaemia without contributing to growth. This theoretical
problem is reflected in well-established findings in critically ill adults and children, where early

aggressive parenteral nutrition during acute illness is deleterious.46 47

Fluid Restriction

Newborn infants have a limited capacity for diuresis and so fluid intake is often limited during the
first few days of life. In addition, fluid restriction may be part of medical management, for
example in the presence of patent ductus arteriosus. Even once total fluid restriction is relaxed,
there is often a period during which breastmilk replaces much more energy-dense parenteral
nutrition. These multiple restrictions of fluid intake inevitably limit delivery of nutrition. These
difficulties may be addressed by strategies including increasing the concentration of parenteral

nutrition (as recommended by NICE)* and by earlier initiation of breastmilk fortification.

Nutritional Content of Breastmilk

Mother’s own breastmilk provides substantial benefits to the preterm infant and is recommended
as the ideal basis for enteral feeding.” -8 Using breastmilk in preference to formula also
significantly reduces the risk of necrotising enterocolitis. However, breastmilk alone cannot
provide adequate nutritional intakes and hence multicomponent fortification has been widely
adopted. A Cochrane review in 2004 recommended routine fortification as it improves short-term
growth and identified no increase in adverse events related to its use, albeit with insufficient

long-term follow-up data to reach a conclusion on neurodevelopmental outcomes.*

Breastmilk fortifier is typically formulated using extensively hydrolysed cow’s milk protein. During
the last decade, milk fortification products based on donated human milk have been developed.
Initial studies establishing the use of the first of these products were troubled by design flaws and
there is ongoing controversy surrounding its potential benefits and costs.”® A recent systematic
review and meta-analysis concluded that there is a suggestion of decreased risk of necrotising
enterocolitis with human milk-based fortifier but that the overall quality of evidence is low and

so its routine use cannot currently be recommended.>’



Individualised Breastmilk Fortification

Maternal milk constitution and infant nutritional requirements are both highly variable.
Therefore, attempts have been made to personalise breastmilk fortification to adjust breastmilk
nutritional contents to prespecified values®? or in response to infant blood urea level,>3 or both.>*
A study adjusting fortification in response to breastmilk analysis demonstrated an improvement
in weight gain and a trend towards improved linear growth in the intervention arm.>? Altering
fortification in response to blood urea has shown promise in improving growth,>3 although there
was significantly higher protein provision to the intervention group, meaning that it is difficult to
know whether increased protein or personalisation per se was the important factor. A Cochrane
review identified that targeted fortification improved weight, length and head growth during

initial neonatal stay but that there was insufficient evidence for other outcomes.>

Donor Breastmilk

Milk banking has increased the availability of donated breastmilk throughout North America and
Europe during the last decade. A recent Cochrane review addressed many questions relating to
the relative safety and efficacy of fortified donor breastmilk compared to preterm formula.>®
Weight and length gain were better in the formula-fed group, with no difference in head growth
or neurodevelopmental outcomes. Necrotising enterocolitis was more common in the formula fed
group (risk ratio 1.87, 95%Cl 1.23-2.85).

PRACTICAL MANAGEMENT OF NUTRITION AND GROWTH

Monitoring the growth of very preterm babies presents a number of challenges. Clinically unstable
infants may be difficult to remove from their incubators to measure, although incubator scales
can be used effectively.?” Head circumference measurements may be difficult in the presence of
respiratory support and length measurements may be difficult to perform accurately. In addition,

fluid shifts may cause difficulty in interpreting weight gains and losses.

Monitoring the growth of preterm infants and tailoring their nutritional interventions is a complex
task which requires the expertise of a multidisciplinary team, involving doctors, nurses, dietitians,
pharmacists and other team members depending on the individual infant. There have been
successful efforts to implement routine nutritional risk assessment, growth reviews and
multidisciplinary shared decision-making based on comprehensive nutritional guidelines®® with a
resultant weight gain pattern which more closely follows birthweight-derived UK-WHO growth
curves.'0-15 Figure 2 provides an outline of the factors to be considered during multidisciplinary

review of growth and nutrition.



Implications for Practice

This evidence review highlights several practical interventions which have been shown to improve

growth in the very preterm infant:

o Weight, length and head circumference should be routinely measured, at least weekly for
length and more frequently for weight and head circumference

e Measurements should be plotted on a growth chart derived from a growth standard
appropriate to the population in question. Further research is required to confirm whether
individualised growth trajectories are preferable to standard birthweight-derived charts.

e There should be a standardised approach to the provision of enteral and parenteral
nutrition, which is designed to meet published nutritional requirements (see table 1).

e Enteral or parenteral nutrition should be started as soon after birth as feasible

e Enteral feeding should be based on human breastmilk whenever possible.

e Breastmilk fortifier should be used to supplement human breastmilk so that it meets
published nutritional requirements. Current data are insufficient to recommend human
milk-based fortifier in preference to cows milk-based fortifier.

e Feeding increments of 18-30ml/kg/day seem reasonable, but the lower end of this range
should be used for the most premature infants.

e Parenteral nutrition products should be formulated at concentrations which optimise
nutritional intake, especially when total fluid intake is restricted.

¢ In the absence of strong evidence in neonatal populations, a temporary reduction in
nutritional intake during acute inflammatory states should be considered in term infants
based on evidence from children and adults. More data is needed to determine the best
approach in preterm infants.

e There should be regular multidisciplinary monitoring of growth and planning of nutritional

management to infants at risk of nutritional compromise.

CONCLUSION

Optimal growth is difficult to define and to deliver to very preterm infants. Whilst it is possible
to set general targets for growth and nutritional intake, the requirements of any individual infant
are defined by a set of complex and interacting factors. Future research is likely to focus on
determining factors which can be used to tailor individualised approaches to nutrition, thereby
optimising growth, avoiding morbidity and promoting health and neurodevelopment into
childhood.



FIGURE LEGENDS

Figure 1.Examples of expected growth curves for a male infant born at 27 weeks weighing 1kg,
generated by tracking a constant centile from the INTERGROWTH birthweight and postnatal
growth standards,' the Fenton growth chart,>® UK-WHO growth chart®, growth chart generated
from a Southampton cohort'® and by calculating an individualised growth trajectory as per Landau-

Crangle et al.'® Figure created by the first author.

Figure 2. A multidisciplinary approach to growth assessment and decision-making. Figure created

by the first author.
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