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ABSTRACT

Objective: The primary objective of our study was to investigate the growth patterns of extremely low gestational age newborns (ELGAN) in the
Neonatal Intensive Care Unit (NICU), assess the prevalence of Extrauterine Growth Restriction (EUGR) among them, and identify factors influencing
its development. Additionally, the study aimed to evaluate the consistency between cross-sectional and longitudinal EUGR in ELGANs and assess

catch-up growth at corrected 24 months.

Method: Growth patterns of ELGANs and additional clinical data were retrospectively collected from January 2021 to January 2022 at a single
tertiary NICU. EUGR was defined using two methods: cross-sectional EUGR and longitudinal EUGR. Infants were classified into two groups—EUGR
and non-EUGR—based on whether their weight z-score was below -1.28 at the time of evaluation (either at a corrected gestational age (CGA) of 36
weeks or at discharge, whichever occurred first) or if the z-score decline (AZ score) exceeded 1 standard deviation (SD) between birth and the time
of evaluation. According to WHO Child Growth Standards, catch-up growth was assessed at the age of two.

Results: The study included 66 ELGANSs. The incidence of EUGR was 51.5% (34 out of 66) based on the cross-sectional definition, increasing to
74.2% (49 out of 66) under the longitudinal definition. Using the criterion of a AZ weight < -1, the EUGR group took longer to achieve total enteral
nutrition and required more days of total parenteral nutrition than the non-EUGR group. Additionally, the average weight growth velocity (GV) was
significantly lower in the EUGR group. Late-onset sepsis (LOS), cumulative antibiotic exposure, and feeding intolerance (Fl) were significantly more
prevalent in the EUGR group. Among ELGANSs discharged with EUGR (based on the longitudinal definition), 53% achieved catch-up growth in weight

by one year of age and 77% by two years.

Conclusion: The present study highlights the importance of LOS as an independent risk factor for developing EUGR and underscores the need
for interventions to reduce its incidence. Additionally, enhanced enteral nutrition support and strategies to promote higher growth velocity
may effectively reduce the incidence of extrauterine growth restriction in ELGANs. Approximately 25% of ELGAN infants are expected to remain
underweight by the age of two years, while the majority achieve normalization of head circumference.

Keywords: extremely low gestational age newborns (ELGAN), extrauterine growth Restriction (EUGR), postnatal growth, catch-up growth

INTRODUCTION

Historically, the target growth of preterm infants has been
to replicate intrauterine growth patterns, as established
by the American Academy of Pediatrics (AAP) in 1977.}

Received: 16.10.2024 Accepted: 18.02.2025

However, consensus on the optimal growth trajectory for
preterm infants and the methodologies for monitoring
growth in the neonatal intensive care unit (NICU) remains
elusive. The most commonly used growth charts are the
cross-sectional charts derived from in-utero growth data.
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which permits unrestricted use, distribution, and reproduction in any medium or format, provided the original work is properly cited.
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Whether preterm infants should be expected to grow
at the same rate as their in-utero counterparts is still
debated.? Extrauterine Growth Restriction (EUGR) refers to
inadequate growth in preterm infants in the NICU.> EUGR
significantly affects multiple aspects of a premature infant’s
health and development.* Research has shown that growth
retardation is associated with adverse neurodevelopmental
outcomes.>® These findings underscore the importance
of monitoring and intervening in the postnatal growth of
premature infants to reduce the incidence of EUGR and
promote their neurodevelopment and growth. EUGR is
classified into two types: Cross-sectional EUGR could be
defined as below the 10th percentile or age specific weight
Z-score below the -1.28 at a given time. Longitudinal EUGR
could be described as an age-specific weight Z-score fall
of more than 1 standard deviation (SD) between birth
and the given time.® The Z-score measures the number of
standard deviations an infant’s weight and height are from
the median, or the 50th percentile, of the reference growth
charts for infants of the same age and sex. The World
Health Organization (WHO) defines Small for Gestational
Age (SGA) as a newborn with a birth weight below the
10th percentile for infants of the same sex and gestational
age. EUGR in SGA infants may represent a continuation of
intrauterine growth retardation rather than “true EUGR.”
Hence, it is advised to assess EUGR in SGA infants as a
distinct category.” Extremely low gestational age newborns
(ELGANSs) or extremely preterm infants (EPIs) are born
before 28 completed weeks of gestation (up to and including
27 weeks and 6 days of gestation).® ELGANSs are at high risk
of unsuccessful postnatal adaptation, including challenges
with initiating enteral nutrition, achieving full enteral
nutrition, and attaining optimal postnatal growth. While
the longitudinal definition of EUGR is generally considered
more predictive of long-term outcomes in preterm infants,
data on ELGANSs is scarce. This study aimed to compare
the cross-sectional and longitudinal definitions of EUGR in
determining the true prevalence of EUGR in ELGAN infants,
the influencing factors, and the growth status at 24 months.

OBJECTIVE AND METHODS

The study included infants born at Tinaztepe University
Galen Hospital or transferred there within the first day of
life between January 2021 and January 2022. Only ELGANs
(infants born before 28 weeks of gestation) were included.
Infants with SGA, major birth defects, or congenital
anomalies were excluded. Birth weight and weight at the
time of evaluation (either at a corrected gestational age
(CGA) of 36 weeks or at discharge, whichever occurred first)
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were converted into age-specific and sex-specific Z-scores
using the 2013 Fenton dataset.’ SGA was defined as an age-
specific birth weight Z-score below -1.28, according to the
Fenton growth chart.® Cross-sectional EUGR is defined as
an age-specific weight Z-score below -1.28 at the time of
evaluation, either at a CGA of 36 weeks or at discharge,
whichever occurs first. Longitudinal EUGR is defined as a
decline in the Z-score (AZ score) of more than one SD from
birth to the specified time.®

Perinatal data, maternal and pregnancy complications,
growth and nutritional status during hospitalization,
treatment conditions, major complications, and other
clinical data of ELGANs were retrospectively collected from
medical records. Data on growth and nutritional status
during hospitalization included maximum weight loss, age
at birth, weight recovery, the average weight gain velocity
(GV), start time of enteral feeding (excluding colostrum oral
care), breast milk volume after the addition of human milk
fortifier (HMF), the age of reaching total enteral nutrition
and age at reaching the target oral calorie intake (110 kcal/
kg/day), the duration of parenteral nutrition (PN). These
data were collected from medical records. The average
weight GV was expressed as g/kg/day and calculated
using Patel’s method with the following equation: Growth
velocity = 1000 x Ln (Wt2/Wt1)/ (D2 - D1) where Wt; and
Wt, represent the infant’s weight measured on days (D)
1 and D2, respectively.’ The age at which total enteral
nutrition was achieved was defined as the number of days
required to reach a target oral calorie intake of 110 kcal/
kg/day.

Data on invasive mechanical ventilation duration, total
oxygen use duration, cumulative antibiotic use, postnatal
steroid treatment, and hemodynamically significant
patent ductus arteriosus (hsPDA) were collected from
medical records. Additionally, information on early-onset
sepsis (EOS), late-onset sepsis (LOS), feeding intolerance
(FI), neonatal necrotizing enterocolitis (NEC) > stage 2
(according to Bell’s classification!!), bronchopulmonary
dysplasia (BPD), grade llI-IV intraventricular hemorrhage
(IVH), periventricular leukomalacia (PVL), and retinopathy
of prematurity (ROP) requiring intervention based on
established diagnostic criteria’> was also obtained.
Bronchopulmonary dysplasia (BPD) was defined as a
continuous oxygen requirement for the first 28 days and
a need for oxygen at 36 weeks postmenstrual age.'* The
diagnostic criteria for EOS and LOS were established through
expert consensus and have been used to diagnose and treat
neonatal sepsis.’* According to the local NICU protocol,
feeding intolerance was defined as failure of the feeding
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plan, characterized by gastric residue exceeding 50% of the
previous feeding amount or gastric residue containing bile,
accompanied by vomiting and/or abdominal distension.
According to WHO Child Growth Standards, catch-up
growth was evaluated at the age of two years. Low weight
for age (underweight), low height for age (stunting), and
reduced head circumference for age were diagnosed
when Z-scores fell below -2 standard deviations. The study
was approved by the clinical research ethics committee
of Izmir Tinaztepe University with decision no 2024/62.
Ethical principles were adhered to, and the research was
conducted in accordance with the Declaration of Helsinki.

Statistical analysis

Statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 25.0 (IBM Corp., Armonk,
NY, USA). Normally distributed measurement data were
expressed as mean * SD, and comparisons between
groups were made using independent-sample t-tests.
Non-normally distributed quantitative data were reported
as median and interquartile ranges (IQRs), with group
comparisons performed using the Mann—-Whitney U test.
Categorical variables were analyzed using the Chi-square
test, with Fisher’s exact test applied when necessary.
Univariate analysis was conducted to identify potential
factors influencing clinical outcomes. A p-value < 0.05 was
considered statistically significant. All differences among
and between groups were considered to be statistically
significant at P < 0.05

RESULT

Throughout the study period, data were collected on
80 ELGANSs. Five cases were excluded due to incomplete
information, and an additional nine cases were excluded
(eight due to SGA and one due to congenital anomalies).
Ultimately, 66 ELGANs were included and assessed in the
study (Figure 1). The average birth weight of the infants
included in the study was 807 + 206 grams, and the average
gestational age was 25.4 + 1.2 weeks. The incidence of
EUGR among ELGANs was 74.2% (49 out of 66 cases) when
assessed using the longitudinal definition based on infant
weight at 36 weeks of CGA or at discharge. In contrast,
when assessed using the cross-sectional definition, the
incidence of EUGR was 51.5% (34 out of 66 cases). Figure 2
presents a scatterplot of the weight-for-age Z-score plotted
against the change in weight-for-age Z-score (AZ). Using the
AZ < -1 criterion, birth weight and weight Z-score at birth
did not differ significantly between the EUGR and non-
EUGR groups. Similarly, birth length, birth length Z-score,
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80 ELGANSs Assessed

Excl¥ded:
- 5 Cases (Incomplete Data)
- 8 SGA Cases
- 1 Congenigal Anomaly

66 ELGANS Included
+
EUGR Assessment

Longitudinal Definition = ecﬂ;nal Definition
(AZ < -1): 74.2% (4 (Weight Z-score < -1.28): 51.5% (34/66)

(Comparison of Growth and Clinical Outcomes)
L
(Final Growth Evaluation at Age 1 & 2]
¥

Study Conclusion

Figure 1. Study flowchart

birth head circumference, and birth head circumference
Z-score did not differ significantly between the EUGR and
non-EUGR groups. Additionally, factors such as gestational
age, the incidence of female infants, 5-minute Apgar
scores, and other perinatal and neonatal variables—
including pregnancy-induced hypertension, gestational
diabetes, mode of delivery, multiple births, and antenatal
steroid administration—showed no significant differences
between the EUGR and non-EUGR groups (P > 0.05), as
presented in Table 1.

Following the criterion of AZ of weight < -1, a comparison
between the EUGR and non-EUGR groups showed no
significant differences in maximum physiological weight
loss, the age at which birth weight was regained, or the
initiation of enteral feeding. However, the average weight
GV was significantly lower in the EUGR group (19.5+3.3
vs. 22.613). Additionally, the age at which total enteral
nutrition was achieved, the number of days required to
reach the target oral calorie intake (110 kcal/kg/day), and
the duration of parenteral nutrition were all significantly
greater in the EUGR group compared to the non-EUGR
group (P < 0.05), as presented in Table 2. Following the
criterion of AZ of weight < —1, the LOS, cumulative duration
of antibiotics uses, and incidences of Fl in the EUGR group
were significantly higher than in the non-EUGR group (P
< 0.05). However, the incidences of complications such
as RDS, EOS, HsPDA, IVH grades 3-4, BPD, NEC stage 2 or
higher, PVL, and ROP requiring intervention did not differ
significantly between the groups (P > 0.05) as shown in
Table 3.
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The discharge weight of the EUGR group was significantly
lower than that of the non-EUGR group (2536 + 287 g vs.
2880+ 469 g, p=0.01). Upon evaluating ELGANs for growth
at the age of one, it was found that 47% of infants were
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underweight, 29% experienced stunting, and 38% had a
reduced head circumference for their age. By the age of
two, these rates had decreased to 23% for underweight,
15% for stunting, and 6% for reduced head circumference.
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Table 1. Comparison of general perinatal and natal characteristics between EUGR and non-EUGR groups

Variable Non-EUGR n: 27 EUGR n: 39 p
Female [n (%)] 16 (59.2%) 20 (51.2%) 0.52
Gestational weeks (mean%SD) 25.3+1.27 25.5+1.31 0.55
Birth weight, g (meantSD) 761+187 838+215 0.12
Weight z score at birth (meantSD) 0.19+0.72 0.24+0.87 0.13
Birth length, cm (meanSD) 32.69+3.02 33.48+2.72 0.27
Length z score at birth (meantSD) 0.09+0.94 0.27+0.90 0.4
Birth head circumference, cm (mean+SD) 23.75+£2.12 24.06%2.3 0.58
Head circumference z score at birth (mean+SD) 0.46+0.98 0.51+1.09 0.84
Cesarean section [n (%)] 22 (81.4%) 31 (79.4%) 0.36
Multiple births [n (%)] 2 (7.4%) 5(12.8%) 0.12
Antenatal steroid treatment [n (%)] 15 (55.5%) 23 (58.9%) 0.62
Gestational hypertension [n (%)] 2 (7.4%) 2 (5.1%) 0.53
Gestational diabetes [n (%)] 1(3.7%) 3(7.6%) 0.11
Gestational age at discharge (weeks, mean * SD) 39.18+1.86 39.17+2.07 0.77

EUGR: extrauterine growth restriction
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Table 2. Comparison of the nutritional status of ELGANs between the EUGR and non-EUGR groups during hospitalization

Variable Non-EUGR n:27 EUGR n:39 p
Maximum physiological weight loss, % 10.4+5.1 11.5+3.6 0.3
Age at birth weight recovery (days) 11.2+4.9 13.445.6 0.12
Average weight gain velocity (GV) (g/kg/day) 22.613 19.5+3.3 0.01*
Initiation of enteral feeding (days) 4+2.4 4.5+3 0.5
Volume of milk fortified with HMF (ml/kg) 87.1+13.9 81.6+12.9 0.11
Time to reach target oral calorie intake (110 kcal/kg/day) (days) 48.2+15.4 55.7+17.6 0.01%*
Duration of parenteral nutrition (days) 39.4+13.8 45.4+18.5 0.03*

ELGAN: extremely low gestational age newborns; EUGR: extrauterine growth restriction; HMF: human milk fortifier

*p<0.05

Table 3. Comparison of the main treatments and complications related to hospitalization of ELGANs between the EUGR and non-EUGR

groups
Variable Non-EUGR n:27 EUGR n:39 p

Invasive ventilation duration (days) 42.9433.6 29.8+30.4 0.11
Total oxygen therapy duration (days) 64.1+35.2 57.8+36.2 0.48
Cumulative duration of antibiotic use (days) 14.816.5 20.8+8.3 0.04*
Postnatal steroid treatment [n (%)] 15 (55.5%) 22 (56.4%) 0.78
Hemodynamically significant PDA (hsPDA) [n (%)] 21 (77.7%) 28 (71.7%) 0.58
Early-onset sepsis (EOS) [n (%)] 5 (18.5%) 11 (28.2%) 0.36
Feeding intolerance (Fl) [n (%)] 15(55.5%) 32(82%) 0.03*
Late-onset sepsis (LOS) [n (%)] 14 (51.8%) 34 (87.2%) 0.02*
Necrotizing enterocolitis (NEC > stage 2) [n (%)] 2 (7.4%) 3(7.7%) 0.96
Bronchopulmonary dysplasia (BPD) [n (%)] 12 (44.4%) 10 (25.6%) 0.11
Periventricular leukomalacia (PVL) [n (%)] 2 (7.4%) 3(7.7%) 0.96
Intraventricular hemorrhage (IVH, grade 3-4) [n (%)] 1(3.7%) 4 (10.3%) 0.32
Retinopathy of prematurity (ROP, requiring intervention) [n (%)] 2 (7.4%) 3(7.7%) 0.96

ELGAN: extremely low gestational age newborns; EUGR: extrauterine growth restriction; PDA: patent ductus arteriosus

*p<0.05

DISCUSSION

The Fenton growth curves, revised in 2013 and based on
data from a large cohort of preterm infants, are widely
used to evaluate both intrauterine and extrauterine growth
in this population.® Our study identified a significant
discrepancy in EUGR assessment depending on whether it
was based on the p-value or the AZ-score on the growth
curve, either at the adjusted 36th week or at discharge,
within the same population. Specifically, the incidence of
EUGR among ELGANs was 74.2% when defined by a AZ-
score of less than -1, compared to 51.5% when defined by a
discharge weight p-value of less than 10%. This discrepancy
of 22.7% highlights the impact of varying EUGR definitions
within the same population. Although various studies have
reported a higher incidence of EUGR when using the cross-

sectional definition based on a discharge weight Z-score <
—1.28 (equivalent to a p-value < 10th percentile) compared
to the longitudinal definition, longitudinal assessment is
considered a more accurate reflection of neonates’ true
growth trajectories. ®*° Since the p-value evaluation method
is based on the horizontal analysis of group data, whereas
the AZ score is derived from the analysis of individual
data.’ Simon et al. proposed that the change in Z scores
from birth weight to weight at discharge (AZ score) be
incorporated into the longitudinal definition for assessing
EUGR in premature infants to more accurately reflect
their postnatal growth status.” De Rose et al. proposed
that a longitudinal definition for EUGR is more effective
than a cross-sectional definition in predicting adverse
neurodevelopmental outcomes at a two-year follow-up.®
Therefore, the definition based on the AZ score is thought
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to be more effective in predicting the long-term outcomes
for preterm infants. In our research, we employed the
longitudinal definition of EUGR, which is based on the
AZ score, to compare the EUGR and non-EUGR groups in
ELGANs. Numerous studies have indicated that higher birth
weights and male gender may act as protective factors
against EUGR.**?* Nevertheless, our research revealed no
significant differences in birth weight and gender between
the EUGR and non-EUGR groups. Postnatal nutritional
status is closely linked to the incidence of EUGR. Current
guidelines indicate that premature infants need careful
monitoring of their growth and the proper and consistent
provision of nutrients. This includes supplementation with
breast milk, provided both parenterally and enterally,
particularly in the first weeks of life.?? In our study, the
univariate analysis revealed that the non-EUGR group
exhibited a higher average weight GV (p=0.01), achieved
the target oral calorie intake earlier (p=0.01), and had a
shorter duration of parenteral nutrition (p=0.03) compared
to the EUGR group. Oral calorie intake reaching 110 kcal/kg
has been shown to be protective against EUGR in ELGANS,
and this is associated with shorter TPN duration and higher
GV. Although the HMF initiation time did not differ between
the groups in our study, HMF is quite important in reaching
the target oral calorie target in preterm infants. Studies
have also found that infants experiencing EUGR received
fewer calories and less protein than recommended during
the transition from parenteral to enteral feeding.”® The
findings indicate that increased focus on enteral nutrition
support for ELGANSs is warranted. Such factors are crucial
in diminishing the occurrence of EUGR. European Milk
Bank Association (EMBA) recommends using individualized
fortification to optimize nutrient intake.?* In this study, all
ELGANs utilized the individualized fortification method
based on blood urea nitrogen (BUN) levels as the standard
protocol for HMF. Our study indicated that the occurrence
of LOS, the overall length of antibiotic therapy, and
instances of feeding intolerance were more prevalent in
infants with EUGR compared to their counterparts without
this condition. The increased incidence of LOS in ELGANs
with EUGR may be linked to feeding intolerance, which
is often a consequence of extended antibiotic treatment
and significant disruption of intestinal microbiota. Major
morbidities linked to prematurity, including PDA, BPD,
NEC, the requirement for assisted ventilation, exposure to
postnatal steroids, and severe brain lesions, substantially
impact the incidence of growth restriction and increase
the risk of developing extrauterine growth restriction.??
Greenbury et al’s extensive study demonstrated significant
growth restriction in extremely premature infants who
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suffer from these major morbidities.?” Our study revealed
no significant differences in major morbidities between the
EUGR and non-EUGR groups, except LOS. These morbidities
might simply indicate the severity of illness; sick infants
tend to be fed less than their healthier counterparts,
face higher metabolic demands, and often have unmet
nutritional needs, leading to malnutrition and stunted
growth. In 2021, the European Society for Paediatric
Gastroenterology, Hepatology, and Nutrition (EPSGHAN)
emphasized that to catch up with growth in preterm infants
with major morbidity, ongoing energy and protein needs
must be met during this period. It has been recommended
that critically ill premature newborns replace nutritional
and energy deficiencies by increasing calories to 160 kcal/
kg/day, protein to 4.5 g/kg/day, glucose to 12.5 g/kg/day,
and fat to 8 g/kg/day during the recovery phase.?® There is
limited information on the amount of energy and nutrients
that should be provided to meet the increased metabolic
requirements due to major morbidities in a specific group,
including ELGANSs. Given the increasing rates of extremely
premature survivors, a universal definition of EUGR and
guidelines on neonatal feeding are essential.

The limitations of this study include a single-center design, a
small sample size, variability in results due to different EUGR
definitions, the absence of long-term neurodevelopmental
data, and the lack of detailed evaluation of nutritional
and environmental factors. However, we believe it will
contribute to the literature by presenting data on a subject
for which there is limited information, such as extrauterine
growth patterns and catch-up growth in the first 2 years
of life in extremely preterm infants. The present study
highlights the importance of LOS as an independent risk
factor for the development of EUGR and the need for
interventions aimed at reducing its incidence.
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