Curr Pediatr Rep (2013) 1:240-246
DOI 10.1007/s40124-013-0029-1

NEONATOLOGY (FR GREER, SECTION EDITOR)

How Fast Should the Preterm Infant Grow?

Frank R. Greer - Irene E. Olsen

Published online: 18 September 2013
© Springer Science + Business Media New York 2013

Abstract It is clear that the gold standard for weight gain
in the preterm infant is to achieve the rate gain of the fetus
at the same postconceptional age. This goal is not always
easy to achieve, though at the time of discharge most
preterm infants are at least growing parallel to the appro-
priate intrauterine growth curve. Current guidelines for
dietary intake do not allow for the necessary “catch-up”
growth after the inadequate nutrition of the early weeks of
life. Assessment of growth in the neonatal intensive care
unit (NICU) should include accurate measurements of
weight, length and head circumference. Growth velocity
should also be calculated. Anthropometric measurements
should be assessed using one of the presently available
newer intrauterine growth curves. Postnatal curves show-
ing how preterm infants actually grow are also available
and allow for comparison of one preterm infant’s growth
with other preterm infants. These are particularly useful in
the early weeks of life before the infant regains the birth
weight and achieves a steady upward growth velocity. The
need for catch-up growth is a challenge given the concerns
about metabolic programing and adverse outcomes of rapid
growth, especially in the preterm infant who is small for
gestational age. It is also clear that adequate head growth is
very important for neurodevelomental outcome. This article
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ends with a suggested individualized practical growth strat-
egy for preterm infants in the NICU.
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Introduction

Since the beginning of the subspecialty, neonatologists
have debated the appropriate or ideal rate of growth for the
very low-birth-weight (VLBW) preterm infant (birth weight
<1,500 g). The logical standard would be to achieve the rate
of growth of the fetus at the same postconceptional age.
However, in the 1970s this growth rate was unachievable,
and this standard was questioned because the physiological
and biochemical aspects of growth of an infant in an isolette
are not likely to be the same as those of a fetus floating in a
bath of water at 37 °C with a continuous intravascular
delivery of nutrients. Nonetheless, by the 1980s the generally
recognized growth standard in the newborn intensive care
unit became the rate of weight gain of the fetus at the same
postconceptional age. Asin the 1970s, however, this goal still
remains elusive, particularly in the extremely VLBW infants
(birth weight <1,500 g). Ninety percent of 1,660 VLBW
infants born in 1994—-1995 in the NICHD Neonatal Network
were less than the tenth percentile for weight compared to the
fetus of the same postconceptional age at the time of hospital
discharge [1]. In another study of 24,000 preterm infants
(23-34 weeks gestational age) from 124 NICUs born
between 1997 and 2000, the prevalence of infants less than or
equal to the tenth percentile for weight, length,and head
circumference were 28, 34 and 16 %, respectively, at the
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time of discharge. In this study, as expected, the risk of
growth restriction increased dramatically with decreasing
gestational age and birth weight. Thus, for 866 infants born at
27 weeks gestation, the prevalence of infants less than the
tenth percentile for weight, length and head circumference
were 46, 67 and 26 %, respectively, at the time of discharge
[2]. This is despite improved overall nutrition management,
which now includes instituting trophic feedings and total
parenteral nutrition in the first 2 days of life.

At the time of discharge, preterm infants are typically
growing parallel to the intrauterine rate; however, the
inadequate nutrition of the early weeks of life combined
with the failure of current nutritional guidelines to allow
for the necessary “catch-up” growth do not result in the
achievement of the comparable fetal weight at discharge
for nearly all infants with a gestational age less than
28 weeks (Clark RH, personal communication, May 2013).
Data again from the NICHD Neonatal Research Network
show that even at 30 months of chronological age, 32 % of
infants with a birth weight of less than 1,000 g are less than
the National Center for Health Statistics (NCHS) tenth
percentile for weight, and 24 % are less than the NCHS
tenth percentile for length [3]. In addition, 21 % are less
than the NCHS tenth percentile for head circumference.
Studies of even longer term outcomes show that, compared
to their peers with a birth weight >2,499 g, VLBW infants
even at 14 years of age remain smaller for height, weight
and head circumference [4].

Assessment of Growth in the NICU

Ideally, the assessment of growth in the NICU should start
with accurate and routine measurements of weight (daily),
length (weekly) and head circumference (weekly) at a
minimum. These data should be used to calculate growth
velocity (in g/kg/day and cm/week, respectively) and
plotted on size-for-age intrauterine growth curves (dis-
cussed below) around the same time each week. Recent
data suggest that the growth assessment of preterm infants
should also include a measure of body proportionality, such
as ponderal index (weight/length®) or body mass index
(BMI or weight/length?), as this provides a more complete
picture of growth status than is provided by size-for-age
alone [5]. Growth status should in turn be used to make
informed nutrition care decisions on a daily basis for each
infant in the NICU.

Growth Velocity

It is important to calculate growth velocity in the same way
each week and for each infant in the NICU (e.g., day

14 weight minus day 7 weight in grams, divided by 7 days,
and then divided by day 14 weight in kilograms) for a fair
comparison of growth rates within and between infants.
There is no generally accepted standardized calculation for
growth velocity in the NICU so this should be taken into
consideration when reviewing the literature on this subject.
Growth velocity rates of approximately 15 g/kg/day in
weight, ~1 cm/week in length and ~0.5-1 cm/week in
head circumference are commonly used as goal rates for
preterm infants in the NICU; however, data from recent
studies suggest these rates may underestimate current fetal
growth and do not account for the changes in growth velocity
as postmenstrual age at birth and postnatal age advance.
Further research is needed to determine if NICU growth
goals need to be redefined. However, the growth velocity
typically changes little after birth weight has been regained
and the infant is in the “eat and grow” phase of NICU hos-
pitalization [6e, 7°].

Growth Curves: Intrauterine Growth Curves

Two types of growth curves are available for the assess-
ment of preterm infant growth: intrauterine curves and
postnatal curves. Intrauterine growth curves are generally
accepted as the best available tool for growth assessment in
the neonatal intensive care unit (NICU) at birth and post-
natally [6¢, 8-18]. These curves are created using cross-
sectional anthropometric birth data for each gestational
age. As a result, intrauterine growth curves represent
intrauterine or fetal growth, the generally accepted goal for
preterm infant growth after birth, as best we can estimate it
at this time. Using birth data of preterm infants as an
indicator of intrauterine growth is not perfect, because
these infants are often born smaller than if they had
remained in utero without the complications associated
with premature birth [15, 19, 20], but there is no method to
directly measure fetal weight while still in utero. Thus, this
method remains the best available option [21-23].

There are many examples of intrauterine growth curves,
but only some include weight, length and head circum-
ference [6°, 10, 12, 14-16]. Many of the newer intrauterine
curves include only weight-for-age curves [8, 9, 11, 13, 17,
24]; the lack of length and head circumference-for-age
curves limits the usefulness of these curves in the NICU for
assessing growth and overall nutritional status. For preterm
infants after discharge from the NICU, growth measure-
ments are plotted using a corrected age for up to the first
3 years of life [25]. The WHO Child Growth Standards (or
WHO curves, http://www.who.int/childgrowth/standards/
en/) are recommended from O to 24 months, and the CDC
2000 growth charts (http://www.cdc.gov/growthcharts/
clinical_charts.htm) should be used thereafter, using the
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corrected age for up to 3 years of life (chronological age)
in preterm infants.

A recent set (2010) of intrauterine growth curves
(weight, length and head circumference for age) from
Olsen et al. [6°] (https://www?2.aap.org/sections/perinatal/
PDF/GrowthCurves.pdf) offers some advantages for use in
the USA over other published intrauterine curves. These
curves are gender specific because of size differences and
were created using newer data (1998-2006) and a large US
sample of 130,111 singleton infant NICU admissions that
approximates the current racial distribution of US births
(15.7 % Black, 24.4 % Hispanic, 50.6 % White and 9.3 %
other); these curves were also validated using an separate
sample from the same data set (n = 127,744). Comparable
to other curve data, the clinical length measurements for
these curves may have been done with either a tape mea-
sure or length board, which likely has a negative impact on
the quality of these data; however, it is assumed that the
large sample size may cancel out most of the random errors
in the clinical growth measurements. The use of research
quality growth measurements for the creation of growth
curves such as these would be ideal, but a large database of
this type does not exist within the US.

The Olsen curves are gaining acceptance in the US and
abroad. The new definition for small-for-gestational age
(SGA) as defined by the Olsen [26°] weight-for-age growth
curves was recently validated by a study from the NICHD
Neonatal Research Network. In their sample of very pre-
term infants (<27 weeks GA at birth, 2006-2008 data), the
Olsen curves appropriately assigned infants into the SGA
group (i.e., 13 % of the infants were SGA compared to the
expected 10 %) and found that these infants were at higher
risk for morbidity and mortality, as would be expected.

Of note, gender-specific BMI-for-age intrauterine curves
to complete the set of gender-specific size-for-age intra-
uterine growth curves from Olsen et al. are in development.
In addition, reformatted versions of the Olsen intrauterine
curves are now available along with the appropriate WHO
postnatal growth curves (http://www.pediatrix.com/work
files/NICUGrowthCurves7.30.pdf). Note the Olsen curves
and WHO curves are not merged in the reformatted version
since each was created using an independent set of data.

The 2003 Fenton [12] unisex curves (http://ucalgary.ca/
fenton/2003chart) commonly used in NICUs today for
preterm infants differ from the Olsen gender-specific
curves in a number of ways. The 2003 Fenton [13] curves
are based on non-US data: Canadian data were used to
create the weight-for-age curves, and a combination of
Swedish [27] and Australian data [28] was used for the
length- and head circumference-for-age curves. The Fenton
curves also are a combination of intrauterine and postnatal
curves. Between approximately 36 and 46 weeks, the
preterm (or intrauterine) portion of the Fenton curves were
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manually smoothed to connect to the post-term portion of
the growth curves: i.e., originally the 2,000 growth curves
from the Centers for Disease Control and Prevention
(CDC) [12, 29] and, more recently, the WHO curves [30].
In 2013, Fenton et al. [31¢] published an updated set of
growth curves and included the WHO curves on the same
graph (http://ucalgary.ca/fenton/2013chart). These curves
are now gender specific and created using six published
data sets for the intrauterine portion of the curves: five non-
US data sets (Canada [13], Australia [32], Italy [33],
Scotland [34] and Germany [35]) and one US data set [6°].
Two of these data sets were used for the length and head
circumference-for-age curves [6, 33]. Similar to the 2003
Fenton curves, the 2013 Fenton curves connect and smooth
the intrauterine curves to the WHO curves. It is important
to note that connecting and smoothing growth curves from
independent sets of data distorts the curve percentiles. An
example of this distortion can be observed in Fig. 5 of the
Fenton et al. [31¢] paper (http://www.biomedcentral.com/
1471-2431/13/59).

Curves published by Lubchenco [14, 15] and Babson [10]
are also in use (especially in newborn nurseries), but both are
based on small, homogeneous samples of infants from single
hospitals born several decades ago and are therefore of
limited usefulness in current US NICUs and nurseries.

Growth Curves: Postnatal Growth Curves

Postntatal growth curves [36-38] have been created using
longitudinal data with repeated anthropometric measure-
ments over time. As a result, postnatal curves illustrate
actual growth (i.e., descriptive curves) over time, not ideal
growth (prescriptive curves) of preterm infants. As nearly all
extremely low-birth-weight infants (<1,000 g birth weight)
experience significant growth restriction during their NICU
hospitalization, falling below the percentile of their weight at
birth, postnatal curves also allow for the comparison of one
preterm infant’s growth to the growth of other preterm
infants and therefore may serve as useful adjunct assessment
tools to the intrauterine growth curves. One series of post-
natal curves widely used for former preterm infants is the
Infant Health and Development Program (IHDP) Growth
Percentiles (http://www.ped.med.utah.edu/pedsintranet/clinical/
references/growthCharts/growthCharts.htm) for low-birth-
weight and very low-birth-weight infants. These have his-
torically been provided by a maker of infant formula.
Although based on data that are quite old at this time, there is
no comparable replacement for use in the NICU. As the
intrauterine growth rate is frequently not achieved in preterm
infants until term-equivalent gestational age is approached,
or in the case of larger preterm infants not until after the time
of discharge, postnatal curves may be useful [1, 39].
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Growth Curves: Body Proportionality, Body
Composition

In an ideal world, it would also be appropriate to include
intrauterine curves of body composition for assessment of
growth in the NICU. Concerns for rapid postnatal growth,
fat accumulation and their potentially adverse effects have
increased interest in the composition of postnatal growth
[40-42]. However, accurate measurements of body com-
position are not routinely available for infants in the NICU,
and contemporary proxies such as curves of weight for
length, BMI or even skin fold thicknesses are not yet
available in this population. As noted above, gender-spe-
cific BMI-for-age curves are currently in development
based on the large, recent, racially diverse US data set used
for the Olsen size-for-age intrauterine growth curves [6°].
There is also the potential to use biomarkers such as IGF-1
or genetic markers to assess growth in this infant popula-
tion in the future.

The Need for Catch-Up Growth

As noted above, though VLBW preterm infants typically
parallel the intrauterine growth rate at the time of dis-
charge, they remain well below their birth percentiles for
growth. This is despite improvements in nutrient intake
with modern TPN solutions, special formulas and human
milk fortifiers for preterm infants, and initiation of both
TPN and trophic feedings in the first day or two of life.
Current dietary recommendations do not take into account
the need for catch-up growth. In addition neonatologists are
currently conflicted by the Barker hypothesis and its rela-
tionship to metabolic programming as well as the so-called
growth acceleration hypothesis for preterm infants.

In the Barker hypothesis as applied to the preterm infant
normally grown at birth, the early postnatal weeks of
nutritional deprivation are a critical period in life. Histor-
ically, this has been a period in which the diet is high in
carbohydrates and low in protein, which is then often fol-
lowed by a period of high fat intake. This period of inad-
equate nutrition then theoretically leads to adverse
metabolic programming, which carries on into adulthood.
These concerns subsequently led to the institution of
“aggressive nutritional support” of the VLBW infant very
early in life, which includes increased protein intake and
presumably an increased rate of growth and a decreased
time in which to return to birth weight (see accompanying
paper by W.W. Hay) [39]. However, there may be adverse
outcomes of increased growth rates in preterm infants as
well as protein intakes exceeding that which can be utilized
for growth. Indeed, it has been speculated that an accel-
erated growth rate in premature infants is a common

denominator for an increased risk for cardiovascular dis-
ease later in life. This was fueled by the publication by
Singhal and Lucas [43] proposing the “Growth Accelera-
tion Hypothesis” for preterm infants, concluding that a
slower somatic growth rate may be beneficial. On the other
hand, it is well known in the preterm infant that there is a
strong association between delayed head growth and
adverse neurodevelopmental outcome [7e, 44].

For the AGA preterm infant in the NICU, both high and
low nutrient intakes, as well as fast or slow rates of growth,
may have either some long-term beneficial or adverse
effects. From the available evidence at this time, it seems
reasonable to increase the nutrient intake of AGA pre-
mature infant in the first week of life. On the other hand,
there is no evidence to support an increased rate of growth
that results in a weight gain that exceeds the birth per-
centile for weight. Regarding increased risk for adult
metabolic syndrome, available data show that effects of an
increased growth rate and even prematurity itself are rel-
atively small compared to the impact of other risk factors
that act as confounders according to a recent meta-analysis
[45]. The effects of parental weight, rate of growth later in
childhood and various lifestyle factors have a far greater
impact on adult metabolic syndrome than being born pre-
maturely. Furthermore, studies in children looking for
evidence of either prenatal or postnatal programming for
weight and insulin resistance have found little evidence for
early metabolic programming [46—48]. From the most
recent meta-analysis of adult studies (ages 21-39 years,
with a few subjects >30 years), preterm birth compared to
term birth is at best associated with the 3—4 mm increase in
adult systolic BP (males > females). No real differences
were seen for diastolic BP, lipid profiles, fasting glucose,
insulin, arterial thickness/endothelial dysfunction, BMI and
percentage fat mass [49¢]. In contrast to the minimal effect
of prematurity on adult metabolic syndrome, nearly every
neurodevelopmental study in preterm infants that has
looked at head size has found an inverse relationship
between head size and the degree of neurodevelopmental
delay [7e, 44].

When it comes to catch-up growth, the SGA term or
preterm infant is a special case and is clearly more prone to
developing elements of adult metabolic syndrome later in
life [50, 51]. This harks back to the ideas of David Barker
and the concept of the ‘thrifty phenotype,” which has been
related to the studies of pregnant women and their infants
during the Dutch famine in the final years of WWII [52]. In
this hypothesis, the SGA infant is “scaled down” meta-
bolically to tolerate a state of malnutrition, which then
increases the survival of the fetus in an environment of
deprivation. It then follows for an infant who is “meta-
bolically programmed” for life to deal with less, and who
is subsequently born into an environment with a relative
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excess amount of nutrients, that there is an increased risk
for obesity and metabolic syndrome. The ideal growth
trajectory for the SGA infant is unknown, but there is
clearly a need for catch-up head growth given the high
potential for developmental delays in this population. This
is an unresolved dilemma for the practicing neonatologist
at this time.

Summary: An Individualized Practical Growth
Strategy for the Preterm Infant in the NICU

It was not the purpose of this article to review the nutrient
requirements of the preterm infant or the method of
nutrient delivery in the NICU. This information is readily
available elsewhere and for the most part current dietary
recommendations for preterm infants are best guesses and
methods of nutrient delivery are largely based on expert
opinion [53, 54]. On the other hand, there is a growing
tendency for a more individualized approach for nutritional
support for premature infants. In concluding this article, the
author would like offer some suggestions that may be of
service to other NICUs in developing a more individual-
ized approach for the preterm infant. In other words, “this
is how we do it,” and nothing more:

Proposed guiding principles for individualized nutri-
tional support for adequate growth in preterm infants in the
NICU:

1. Standardized feeding protocols as much as possible
with buy-in from all members of the NICU team.

2. Maintain weight, length and head growth charts, which
are reviewed daily on rounds using the electronic
medical record, by plotting the infant’s individual
growth data on an available intrauterine growth curve.

3. For preterm AGA infants, achieve and then maintain
the rate/velocity of growth that will achieve and then
maintain the birth percentile for the infant’s birth
weight. Length per centile should also be utilized if
length boards are available in the NICU for accurate
weekly measurements. If the birth percentiles for
weight or length are exceeded, consider decreasing
nutrient intake.

4. Provide energy/nutrients for catch-up growth when
weight in the NICU falls below the birth centile and
the infant is not in a catabolic state associated with
concurrent illness. This can be done by increasing
overall calories and protein intake.

5. For SGA infants, similarly maintain daily growth
charts and at a minimum maintain the birth percentile
for a given birth weight. The need for catch-up growth
is more important than that in the term infant for
neurological outcome, especially for symmetrically
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SGA preterm infants. Achieving the tenth percentile
for weight for a given postconceptional age by
increasing nutrient intake is a reasonable end point at
this time, assuming head growth will follow.

6. A neonatal nutritionist should make daily assessments
of the preterm infant’s nutritional status to monitor
adherence to a feeding protocol and to make recom-
mendations for appropriate growth.
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