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Abstract
Objective: To compare Fenton and Intergrowth-21st growth charts in assessing the growth pattern of preterm infants at birth and at dis-
charge.

Methods: This is a retrospective study conducted over a period of 1 year. The study included the neonates born at <34 weeks of gestation
who are admitted and stayed for =14 days in our hospital. The data was collected from discharge sheets and electronic database. The weight
of all babies at birth and at discharge was collected. Growth was assessed based on Fenton and Intergrowth-21st growth charts. The small
for gestational age (SGA) was defined as birth weight <-1.28SD. The extrauterine growth restriction (EUGR) status of babies was assessed
by a criteria of <-1.28SD at discharge.

Results: Most common preterm phenotype was spontaneous preterm labor (47.4%), and the rate of singleton birth was 78.9%. The mean
gestational age and birth weight of babies were 31.6+1.42 weeks and 1608.06+275 g, respectively. We found the rates of SGA in our group
15.2% and 13.5%, and appropriate for gestational age (AGA) 80.5% and 82.2%, respectively by using Intergrowth and Fenton growth
charts. The EUGR rates in our group were 72.8% and 81.3%, respectively, on Intergrowth-21st and Fenton growth charts using a criteria
of =<-1.28SD at discharge.

Conclusion: There is no statistical difference between Fenton and Intergrowth-21st charts in identifying SGA and EUGR. However, the
rate of EUGR is higher in Fenton charts than intergrowth-2Ist charts.
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patterns of preterm infants. The current standards are
based on the intrauterine growth status. But, there is
no international consensus regarding how the growth
of preterm neonates should be monitored or what is
the ideal pattern of growth in these premature
infants.”)

Introduction

The number of preterm infants born every year is
around 15 million and it is on the rise. Preterm com-
plications are the leading cause of death among chil-
dren under 5 years of age accounting for around 1 mil-

lion in 2015.14 Th term infants wh ive th
on 08¢ PTEteriin THIANTs WhO Survive 1ie Revised Fenton growth chartsi®! published in 2013

neonatal period develop life-time disabilities including were based on large preterm birth sample collected at

learning disabilities, vision and hearing deficits.

So it is necessary to closely monitor the growth in
preterm infants to identify any deviations from the
normal pattern. As of now, there are no ideal growth
standard available for interpreting postnatal growth

different countries. They are used to assign the nutrition
status of babies of gestational age till 36 weeks. The
advantages of Fenton charts are that they included the
data from recent population-based surveys from multiple
countries and sex-specific data. They are equivalent to
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WHO growth curves at 50 weeks of post-menstrual age,
so after this age, WHO growth curves can be used.
The disadvantages of these Fenton growth charts are
that it is a growth reference and not growth standard,
and it has variability in methods of measurements of
growth parameters. The most important fact about
Fenton growth charts is that they are not considering the
postnatal physiological weight loss in the initial days of
life and they are targeting an infant’s birth percentile
which is potentially harmful because it requires rapid
weight gain and may cause harmful metabolic conse-
quences in short-term and long-term as well.l¥

The recently published Intergrowth-21st growth
charts are studied by International Fetal and Newborn
Consortium with the objective to present prescriptive
standards for growth between pregnancy and early
infancy. Intergrowth-21st growth standards are devel-
oped from prospective study which is more reliable.
The advantages of these growth charts are that they
considered a large population from different ethnic
groups and country. These are also sex-specific like
Fenton charts.’! The major disadvantage is that, in
Intergrowth-21st preterm postnatal follow-up study,
more than 80% of the preterm neonates were born at
34 weeks of gestation or later. Only few preterm
neonates born at 33 weeks of gestation or earlier con-
tributed data to the standard, and therefore, it cannot
be considered as standard for infants born at <33 weeks
of gestation.l’)

Although this growth-monitoring tool is based on a
healthy preterm cohort and aims to provide a realistic
and more appropriate international standard for mon-
itoring of preterm infant’s growth, its universal adap-
tion has been limited by lack of studies that evaluate its
performance and functional impact.

The growth of preterm infants is also adversely
affected by neonatal morbidities such as necrotizing
enterocolitis, gastrointestinal perforations, intraven-
tricular hemorrhage, retinopathy of prematurity, and
bronchopulmonary dysplasia. In addition, nutrition-
related factors such as enteral feeding and parenteral
nutrition practices can be significant risk factors for
extrauterine growth restriccion (EUGR). The very
preterm infants are born with increased risk of
extrauterine growth restriction.?” The Vermont
Oxford Network study reported that EUGR below the
10th percentile of weight by Fenton growth chart

occurred in 50.3% of infants with very low birth
weight (VLBW).

In the present study, we hypothesized that the inci-
dence of intrauterine and postnatal growth in preterm
infants (<34 weeks) might change when assessed with
the new Intergrowth-21st growth standards compared
with Fenton-2013 growth charts.

Methods

"This is a retrospective observational study which was con-
ducted in a tertiary care hospital. Our NICU is a tertiary
care unit with 20 beds in level 3 and 30 beds in level 2 with
annual admission rate of around 3000 infants. All babies
who were born at <34 weeks of gestation and admitted to
NICU and stayed for more than two weeks in the hospi-
tal were included in the study. The criteria of =14 days
was considered as the infants during this period are stll in
physiologic weight loss and can catch up growth subse-
quently. Hence, these infants cannot be considered as
growth restricted. Exclusion criteria used in the study
were any baby born with major congenital anomaly or
suspected chromosomal anomaly or syndrome. Infants
died during hospital stay were also excluded from the
study. Study included infants born between January and
December 2019. The data was collected from case sheets
and discharge summaries of babies who were admitted in
neonatal intensive care unit (NICU), which were present
in hospital medical records and in our electronic database
(Fig. 1). Anthropometric measurement of weight was
available for all infants at birth, and at the time of dis-
charge. Two different references were used to asses
appropriateness of growth: first one was Intergrowth-
21st preterm size at birth and postmatal growth stan-
dards for preterm infants, and the second was Fenton
2013 growth charts. Birth weight and daily measurements
of body weight in our unit were done using electronic
weighing scales with accuracy of £10 g. Z-scores for birth
weight were calculated electronically using Fenton
preterm growth chartsP! software accessed from
https://live-ucalgary.ucalgary.ca/resource/preterm-
growth-chart/preterm-growth-chart, and the Intergrowth-
21st preterm size at birth® and postnatal growth stan-
dardsP! software accessed from http://intergrowth21.
ndog.ox.ac.uk/en/Upload. Small for gestational age
and large for gestational age were defined as less than or
equal to -1.28SD (<10th percentile) and more than or
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equal to +1.28SD (=90th percentile) for gestational
age, respectively.l” The extrauterine growth restriction
(EUGR) was defined by discharge weight of <-1.285D
(10th percentile).l'%

The feeding protocol used in our unit was initiating
feeds at 30 ml/kg/day on day 1 in infants <1500 g and
60 ml/kg/day in infants >1500 g. The feeds were
increased at a rate of 30 ml/kg/day for 1500 g and 20
ml/kg/day for those <1500 g, if baby has no intolerance
to initial feeds. We used mother’s own milk (MOM),
and if it was not available, then pasteurized donor
human milk (PDHM) from institute’s milk bank was
used for the period till MOM was available. We did
not use any kind of infant formula in our unit. We did
not aspirate the gastric residuals routinely unless there
was increase in abdominal girth of =2 cm from base
line. Abdominal girth was monitored before every feed.
The infants who required total parenteral nutrition
(TPN) were started proteins at 2 g/kg/day and lipids at
1 g/kg/day on day 1, keeping the protein:calorie ratio
of 25-40 by adjusting the glucose infusion rate (GIR).
We added human milk fortifier (HMF) in VLBW
infants, if the infant does not gain weight of =15
g/kg/day at a feed volume of =180 ml/kg/day. If the
infant had repeated vomiting or gastric residuals of
>50% of previous feed volume and hemodynamically
unstable, the feeds were restricted to trophic feeds
only. We discharged the infants on feeds of =150
ml/kg/day, when they gain adequate weight for =3
consecutive days and were hemodynamically stable.
SGA was defined as <-1.28SD (<10th percentile). The
extra-uterine growth restricion (EUGR) status of
infants was assessed by using a criteria of <-1.285D
(<10th percentile) at discharge. Approval from institu-
tional ethical committee was obtained prior to study.
As this is a retrospective study, the consent from par-
ents was not required.

Statistics

All the infants born and admitted in our hospital from
January to December 2019 were considered for the
study. A convenient sample size was considered over a
period of one year. A total of 118 infants were eligible
for study based on inclusion criteria. Continuous vari-
ables are represented as mean with standard deviation.
Chi-square test is applied for categorical variable.
Agreement statistics is done by Cohen’s kappa test.

Total number of admission
in NICU
n=3606

:

Total number of infants
at <37 weeks
n=1962

:

Total number of admission
at <34 weeks of age

n=423
Discharged at <14 days: 246

Deaths: 30
Referred: 1
LAMA:1
Congenital malformation: 27
Total n=305 excluded

Eligible for study
n=118

l

Data collected and
analyzed

Fig. 1. Flow chart depicting the study.

Statistical analysis is done by using SPSS version 22
(IBM Inc., Armonk, NY, USA).

Results

A total of 423 babies were born and admitted during
study period. Among them, 118 babies required to stay
beyond 14 days in hospital, which constituted our study
population and whose details have been collected for
analysis. Mean gestational age was 31.6 weeks.
Spontaneous onset of labor pain (47.4%) and preterm
premature of rupture of membranes (24.5%) were found
to be the common reason for preterm delivery. Majority
of the babies (n=93, 78.8%) out of 118 babies were born
out of singleton pregnancy. The mean birth weight was
1608+275 g. The babies required around 10.4 days to
reach 150 ml/kg/day of feeds and the mean duration of
hospital stay was 24.8 days (Table 1). The mean gesta-
tional age at discharge was 35.4 weeks and mean weight
at discharge was 1730+226 g.
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Table 1. Maternal and neonatal characteristics.

Variables n=118 (%)

Maternal age (mean+SD), years 24.9+4.14

Obstetric index Primi 71 (60.17%)
Multi 47 (39.8%)

GA (mean+SD), weeks 31.6+£1.42

GA assessed by Early scan 92.30%
Others 7.70%

GHT 36 (30.5%)

GDM 2 (1.69%)

PPROM 29 (24.5%)

Hypothyroidism 7 (5.9%)

Oligohydramnios 12 (10.1%)

Polyhydramnios 1(0.85%)

ACS 104 (88.1%)

MOD Vaginal 73 (61.8%)
LSCS 45 (38.1%)

Preterm phenotype Spontaneous 56 (47.4%)
pPROM 29 (24.5%)
Indicated 33 (28.2%)

Risk of EOS 24 (20.3%)

Maternal weight (mean+SD), kg 58.6+12.3

Neonatal sex distribution Male 60 (50.8%)
Female 58 (49.1%)

Birth weight (mean+SD), g 1608.06+275

Singleton 93 (78.9%)

TTR (150 ml/kg/d) (mean+SD), days 10.4+2.77

Duration of stay (mean+SD), days 24.8+9.6

T

Weight at discharge (mean+SD), g 1732+226.3

RDS 27 (22.8%)

Respiratory support 72 (61.01%)

Antibiotics (sepsis) 87 (73.7%)

Inotropes 25 (21.1%)

ACS: antenatal corticosteroids; EOS: early onset sepsis; GA: gestational age;
GDM: gestational diabetes mellitus; GHT: gestational hypertension; MOD:
mode of delivery; pPROM: preterm premature rupture of membrane; RDS:
respiratory distress syndrome; TTR: time to reach full feeds.

The numbers of infants with SGA at birth using
birth weight as criteria were 18 (15.2%) and 16 (13.5%)
with Intergrowth-21st and Fenton growth charts,
respectively. The number of large for gestational age
(LGA) babies was 5 (4.2%) using both growth charts.
Only 6% of infants identified as SGA at birth by Fenton
were labelled appropriate for gestational age (AGA) by

Table 2. Distribution of infants’ growth at birth and EUGR rate at disch-
arge (n, %).

Weight classification at birth 1G-21st Fenton
AGA 95 (80.5%) 97 (82.2%)
SGA 18 (15.2%) 16 (13.5%)
LGA 5(4.2%) 5 (4.2%)
EUGR at discharge 86 (72.8%) 96 (81.3%)

p=0.07 at birth (not significant at <0.05). p=0.09 at discharge (EUGR) (not
significant at <0.05). AGA: appropriate for gestational age; EUGR:
extrauterine growth restriction; 1G-21st: Intergrowth-21st; LGA: large for
gestational age; SGA: small for gestational age.

Intergrowth-21st charts. Similarly, 16% of SGA infants
by Intergrowth-21st charts were labelled AGA by
Fenton. Overall, the identification of birth size had
some difference between growth charts.

The EUGR component using <-1.285D was pres-
ent in 86 (72.8%) and 96 (81.3%) babies using
Intergrowth-21st and Fenton growth charts, respective-
ly (Table 2). Among the EUGR infants identified by
Fenton charts, 8.5% of these infants were considered
AGA at discharge by Intergrowth-21st charts. The rates
of EUGR infants identified by Fenton charts were high-
er compared to Intergrowth-21st growth charts.

Discussion

The growth of preterm babies following premature
birth is a challenge to the caregiver. These premature
infants would go through many complications postna-
tally which hamper their postnatal nutrition and has
many complications in the short- and long-term.”
Thus, it becomes important to keep watch on nutrition
and growth of these premature infants. To keep a
watch on growth, we need a growth chart which could
define the appropriate growth for premature infants.

Fenton growth charts are the one which are com-
monly used by many NICUs for monitoring growth.
Of late, Intergrowth 2 1st growth charts have been pub-
lished which are supposed to be better as they are pre-
scriptive standards for preterm and term infants. In this
study, we aimed to compare Fenton and Intergrowth-
21st growth charts in assessing the growth at birth and
at discharge to find the difference between these two
growth charts.

In a prospective study on 248 premature infants less
than 32 weeks of gestational age conducted by Tuzun
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et al.,!l the authors found that the SGA rate was sig-
nificantly higher and the EUGR rate was significantly
lower with the Intergrowth-21st charts compared with
Fenton growth chart. In our study, the rate of SGA
babies identified at birth was slightly higher and the
rate of EUGR babies was slightly lower in
Intergrowth-21st chart compared to Fenton growth
chart which was similar to the study conducted by
Tuzun et al. The difference of IUGR and EUGR in
Tuzun et al.’s study had a statistical significance, which
in our study, we could not find a significant difference
on statistical analysis. The reasons could be because of
the infant characteristics in the study of Tuzun et al.,
and also the rate of maternal complications were high
in their study, which could cause IUGR, and also had
infants who required intensive care at birth compared
to the infants in our study which could cause EUGR in
those infants. In our study, we had a higher number of
infants born by spontaneous onset of labor pains with-
out any other cause for prematurity, and our infants
required intensive care for a short period of time.

In a retrospective study conducted by Reddy et
al.” on 603 premature infants born at <32 weeks of
gestation, the authors found that the rate of infants
identified as ITUGR at birth with respect to weight by
Intergrowth-21st chart was higher and also EUGR
rate was higher compared to Fenton growth chart.
They also found that the incidence of morbidities in
IUGR infants identified by Intergrowth-21st charts
was higher. In our study, we had similar results as
described in Reddy at al.’s study in terms of identifying
TUGR at birth by both charts. This difference could be
because of difference in inclusion criteria in our study,
which included only those babies who survived till dis-
charge, and also the predominant infant population in
our study were between 30 and 34 weeks of gestation,
which are expected to have few comorbidities. These
differences could have changed the results of morbidi-
ty profile in our study.

In a study conducted by Yitayew et al.¥l in infants
born between 24-33 weeks of gestation, the authors
also found that the SGA rate identified by
Intergrowth-21st was high but not significant, and the
EUGR rate identified was low when compared to
Fenton growth charts which was found to be statisti-
cally significant. These results were similar to our
study except for the statistical significance.

In a study conducted on 318 preterm infants born
at <37 weeks of gestation, Patel et al.'¥ found that
there is poor agreement between the both the growth
charts in identifying weight, length and head circum-
ference at birth. Similar to this study, there is also poor
agreement between the growth charts after applying
Cohen’s kappa test for agreement among growth
charts in our study.

Even though the proportion of SGA at birth was
slightly higher in Intergrowth-21st chart compared to
Fenton chart, we did not find a statistically significant
difference in identifying the SGA at birth after per-
forming a chi square analysis (chi-square 2.86, p=0.09).

In our study, we defined EUGR <-1.28SD.1% The
rate of EUGR was higher in Fenton charts compared
to Intergowth-21st charts, but there was statistically no
significant difference in EUGR rates identified by both
growth charts after applying chi square test (p=0.09).

The studies conducted by Tuzun et al.,['!l Reddy et
al.,l"?l Yitayew et al.l¥! and Patel et al.l found that
there was significant difference in identifying the
EUGR rates by both growth charts, contrary to our
study, in which we found no statistical difference. The
reason for this contradiction could be due to the dif-
ference in sample size used, feeding strategy in our
unit, which follows a restricted feeding during the peri-
od of illness and also we had a higher number of
mature infants compared to other studies.

This study has some limitations. We did not
include the head circumference and length at birth and
at discharge in defining [IUGR and EUGR which could
have added more insight into the growth of infants in
comparing the Intergrowth-21st and Fenton growth
charts.

Conclusion

Our study showed that there is no difference in identi-
fying AGA and SGA at birth when using Intergrowth-
21st and Fenton growth charts. The rate of EUGR
identified by Intergrowth-21st chart was comparative-
ly less than Fenton charts. Large scale prospective
studies should be conducted to compare these growth
charts before implementing Intergrowth-21st charts
universally as standards for assessing size at birth and
also at discharge.
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