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Abstract
The effect of early aggressive nutrition (EAN) on extremely low birth weight (ELBW) infants is unknown.
The purpose of this study was to investigate the effect of EAN on ELBW infants, especially premature
neonates of 22–23 weeks gestational age (GA22–23-week). Twenty-eight preterm infants of less than 26
weeks were divided into two groups (GA22–23-week group, 10 infants; GA24–25-week group, 18 infants)
and compared. Each preterm infant received more than 3.0 g/kg/day of amino acids in the �rst day after
birth and 1.0 g/kg/day of lipid emulsion from the next day. The GA22–23-week group had signi�cantly
smaller head circumference (20.4 ± 1.0 cm vs. 22.2 ± 1.4 cm, P = 0.002) and body weight at birth (539 ± 68
g vs. 697 ± 155 g, P = 0.003), but there were no differences in early postnatal weight loss (10.4% ± 6.3%
vs. 8.1% ± 6.3%, P = 0.37), and body weight at 37 weeks postmenstrual age (1906 ± 321 g vs. 2081 ± 379
g, P = 0.17). Blood urea nitrogen levels were higher in the GA22–23-week group (59.7 ± 16.6 mg/dl vs.
45.0 ± 10.8 mg/dl, P = 0.004), but there were no differences in direct-bilirubin, bile acids, and ammonia
levels. After discharge, there was no signi�cant difference in developmental quotient at 2 years of age
(71.3 ± 15.1 vs. 78.1 ± 22.6, P = 0.20) between the two groups.

Conclusion: We suggest that EAN reduces the rate of early postnatal weight loss in ELBW infants and
contributes to weight gain until full term age.

Background

What Is Known:
There is limited evidence on the effect of early aggressive nutrition in ELBW infants at GA22–23 weeks.

What Is New:
The GA22–23-week EAN group also had better weight gain and EAN did not worsen neurodevelopmental
outcomes.

Introduction
Recently, early aggressive nutrition (EAN) for neonatal care has become standard practice. Preterm
infants are suddenly cut off from nutritive supply after birth, mainly protein and glucose from the
placenta, causing starvation, endogenous protein loss, and development of hypercatabolism [1]. Protein
is used for energy with a constant glucose supply in preterm infants because they do not have enough fat
and glycogen. Without exogenous protein, 1–2% of endogenous protein per day is lost due to proteolysis.
The purpose of EAN is to prevent protein catabolism by administering amino acids (AAs) after birth, to
make the subsequent development as close as possible to fetal development, and to improve
developmental prognosis [2, 3]. It has been reported that EAN intake in very low birth weight (VLBW)
infants can reduce the rate of weight loss and time to regain birthweight, and provide good subsequent
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weight gain [4–6]. It has also been reported that early high protein intake in extremely low birth weight
(ELBW) infants improved weight and height growth outcomes [7]. However, there are few reports of EAN
targeting ELBW infants between gestational age 22 and 25 (GA22–25) weeks, and the effect is unclear.
Furthermore, there are potential complications with EAN, such as long-term growth and
neurodevelopment, azotemia, hyperammonemia, and hyper direct bilirubinemia, but studies of these
problems are rare in ELBW infants. The purpose of our study was to examine the effects of EAN,
including short-term prognosis and complications, and to determine whether bene�cial effects could be
obtained even for ELBW GA22–25-week infants.

Methods
Subjects

The study design was a retrospective cohort study. All infants admitted to our neonatal intensive care unit
(NICU) from January 2015 to December 2019 were included in the analysis. These infants had GA < 26
weeks at birth and reached the postmenstrual age (PMA) of ≥ 37 weeks. Study subjects consisted of 30
preterm infants, and 28 infants were examined. The other two infants died shortly after birth. One of the
28 infants was small for GA (SGA) with a birth weight and height of less than the 10% tile, and was
excluded from the analysis of body weight change during hospitalization. The NICU databases were used
as information sources: GA, body size (weight, height, head circumference) at birth, presence of SGA, age
when the feeding targets (enteral feeds ≥ 100 ml/kg per day, ≥ 160 ml/kg per day) were achieved, body
measurements (weight, height, head circumference) at 37 weeks PMA, the ratio of weight less than the
10% tile at 37 weeks PMA, early postnatal weight loss rate, and days to regain birthweight. We also
assessed weight change from birth at 41 weeks PMA, short-term prognosis, complications of total
parenteral nutrition (TPN), head circumference at 12 and 18 months, developmental quotient (DQ) at 2
years of age, and head circumference and weight at 3 years age. The 2-year-old DQ was assessed using
the Enjoji’s development scale.

For complications associated with TPN, maximum measurements of blood urea nitrogen (BUN), direct
bilirubin (d-bil) and bile acid were recorded from the results of regular blood sampling during
hospitalization. Ammonia levels were recorded at 1 week after birth. The endpoint of short-term prognosis
was necrotizing enterocolitis (NEC), patent ductus arteriosus (PDA) treated with indomethacin and/or
surgery, retinopathy of prematurity (ROP) treated with laser phototherapy, and intraventricular
hemorrhage (IVH) grades III–IV. Necrotizing enterocolitis was de�ned using Bell’s classi�cation stage 2 or
more. The PDA was diagnosed clinically or with echocardiography and was considered clinically
signi�cant when it required medical treatment. The IVH was de�ned using Papile’s classi�cation with
ultrasonography. The ROP was treated with laser treatment if it had reached stage III of the international
classi�cation as diagnosed by an ophthalmologist. We also investigated the introduction rate of home
oxygen therapy, home high-�ow nasal canula therapy, home continuous positive airway pressure,
tracheostomy, and home tube feeding at discharge.
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The protocol for EAN at our facility was as follows: >3.0 g/kg/day amino acid (AA) solution along with a
glucose infusion rate of 5.5 mg/kg/min using a 10% glucose solution was started in the �rst days after
birth. At day 2 after birth, lipid emulsion was introduced at 1.0 g/kg/day and was increased every day to a
maximum of 3.0 g/kg/day. Fifty mL TPN preparations contained 30 mL of AA (provided as Pleamin-P
Injection, Fuso Pharmaceutical Industries, Osaka, Japan), 10 mL of 50% glucose solution, 1 ml of 10%
sodium chloride solution, 1 mL dipotassium phosphate solution, and 8 mL distilled water. Additionally, a
vitamin preparation (provided as MULTAMIN®  FOR INJECTION, AY PHARMACEUTICALS, Tokyo, Japan),
and a trace element preparation (provided as Elemenmic Injection, AY PHARMACEUTICALS. Tokyo,
Japan) were added. The lipid emulsion (provided as Intralipos Injection 10%, Otsuka Pharmaceutical
Factory, Tokyo, Japan) was administered in parallel from the side tube of the central catheter. Fluids were
started at a rate of 80–100 ml/kg/day and increased to 150–160 ml/kg/day. For enteral nutrition, breast
milk was used at �rst, and arti�cial milk was avoided as much as possible until day 5 after birth. The
dose of TPN preparations were increased while replacing enteral nutrition with intravenous nutrition, and
used in combination until full feeding was reached. Data analysis was divided into two groups, GA22–23
weeks and GA24–25 weeks. The Z score was calculated using the standard physique at birth by
gestational age of Japanese. Additionally, body weight was measured daily until 41 weeks PMA, the Z
score was calculated, the average value of each body weight was calculated, and the transition of body
weight change was shown as data. The data of SGA was excluded.

Head circumference and height could not be calculated because weekly measurements were not taken.
The data analysis was performed using the JMP software program, version 14 (SAS Institute, Cary, NC,
USA). Data for two groups were compared using the Mann-Whitney U test and chi-square test. The level
of signi�cance was set at P < 0.05.

Results
Thirty infants were admitted to our NICU during the study period, and 28 infants were included in the
analysis: 10 in the GA22–23-week group and 18 in the GA24–25-week group. The remaining two infants
had severe respiratory failure, did not respond to resuscitation, and died within 24 h after birth. Table 1
shows the clinical characteristics of the two groups. The GA22–23-week group had a signi�cantly lower
weight at birth (GA22–23 vs. GA24–25; 539 ± 68 g vs. 697 ± 155 g; P = 0.003), head circumference at birth
(20.4 ± 1.0 cm vs. 22.2 ± 1.1 cm; P = 0.002), and height at birth (29.3 ± 2.0 cm vs. 30.9 ± 4.0 cm, P = 0.027).
However, there were no signi�cant differences in the Z score of body weight (0.13 ± 0.7 vs. −0.38 ± 1.1, P 
= 0.35) and number of SGA infants at birth (0 case vs. 1 case, P = 0.45). Table 2 shows the progress of
infants during hospitalization. There was no difference in the days to reach enteral feeds of 100 ml/kg
(GA22–23 vs. GA24–25; 13.0 ± 5.0 days vs. 12.7 ± 3.7 days, P = 0.94), but the days to reach enteral feeds
of 160 ml/kg was signi�cantly delayed in the GA22–23-week group (45.4 ± 22.5 days vs. 23.7 ± 9.2 days,
P = 0.008). The head circumferences (28.8 ± 1.2 cm vs. 30.4 ± 2.1 cm, P = 0.015) and associated Z scores
(− 2.6 ± 0.8 SD vs. −1.5 ± 1.4 SD, P = 0.016) at 37 weeks PMA were different between the two groups, as
they were at birth, but the body weights (1906 ± 321 g vs. 2081 ± 379 g, P = 0.17) and associated Z scores
(− 2.3 ± 1.0 vs. −1.7 ± 1.3, P = 0.16) at 37 weeks PMA were not different between the two groups. There
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was only one case of SGA at birth in the GA24–25-week group. However, the number of body weights less
than 10% tile at 37 weeks PMA increased in both groups, but the difference was not signi�cant (9 cases
vs. 11 cases, P = 0.10). Additionally, there were no differences in the rate of early postnatal weight loss
(10.4% ± 6.3% vs. 8.1% ± 6.3%, P = 0.37) and the days of regain to birthweight (13.2 ± 5.9 days vs. 11.8 ± 
4.8 days, P = 0.51) between the two groups.

Table 3 shows the short-term prognosis. The prevalence of IVH III–IV (GA22–23 vs. GA24-25; 3 cases vs.
0 case, P = 0.014) and ROP treated with laser phototherapy (8 cases vs. 7 cases, P = 0.037) in the GA22–
23-week group was higher than the GA24–25-week group, but the prevalence of NEC, PDA treated with
indomethacin treatment, PDA treated with surgery, home oxygen therapy, home high-�ow nasal canula
therapy, tracheostomy, and home tube feeding was similar in the two groups.

Table 4 shows the complications associated with TPN. The BUN levels were higher (GA22–23 vs. GA24–
25; 59.7 ± 16.6 mg/dl vs. 45.0 ± 10.8 mg/dl, P = 0.004) in the GA22–23-week group, but no differences
were observed in levels of d-bil (1.5 ± 0.7 mg/dl vs. 1.6 ± 0.8 mg/dl, P = 0.89), bile acids (40.1 ± 20.2 mg/dl
vs. 53.2 ± 23.0 mg/dl, P = 0.11), and ammonia (71.5 ± 7.4 µg/dl vs. 55.8 ± 18.3 µg/dl, P = 0.25). Moreover,
there were no cases requiring treatment because of complications.

Table 5 shows the progress of the infants after discharge from the NICU. There were no signi�cant
differences between the two groups in all endpoints examined, such as 1-year-old head circumference
(GA22–23 vs. GA24–25; 43.0 ± 1.2 cm vs. 43.7 ± 1.4 cm, P = 0.13), 1.5-year-old head circumference (44.5 
± 0.9 cm vs. 45.5 ± 1.7 cm, P = 0.11), 2-year-old DQ (71.3 ± 15.1 vs. 78.1 ± 22.6, P = 0.20), 3-year-old head
circumference (48.9 ± 0.4 cm vs. 48.2 ± 1.0 cm, P = 0.12), 3-year-old weight (11.4 ± 0.7 kg vs. 12.6 ± 2.4 kg,
P = 0.26) and 3-year-old weight Z score (− 1.4 ± 0.5 vs. −0.4 ± 1.6, P = 0.18). No difference in body weight
was observed between the two groups at 37 weeks PMA. Figure 1 shows the changes in Z scores during
the course of hospitalization and the changes in body weight catch-up. The GA22–23-week group at
showed the lowest Z score at 29 to 35 weeks PMA, but then the Z score gradually increased to − 1.0 ± 1.2
SD at 41 weeks PMA. In the GA24–25-week group, the lowest Z score was at 30 weeks PMA, then at 41
weeks PMA the score recovered to − 0.7 ± 1.2 SD (equivalent to the Z score of body weight at birth).

Discussion
We found that the body weight of the GA22–23-week group was approaching that of the GA24–25-week
group after 37 weeks of PMA, even though su�cient enteral nutrition was delayed in the GA22–23-week
group than in the GA24–25-week group. Thureen et al. showed that there are at least three phases of
faltering growth commonly seen in ELBW infants, as follows: (1) several weeks immediately after birth
when neonates are the most fragile, (2) intermediate time period when infants are commonly and slowly
advanced to full enteral nutrition (catch-up period), and (3) the post-discharge phase [8]. Also, preterm
infants develop a growth de�cit during the �rst few weeks of life, and this de�cit may persist and worsen
during hospitalization, causing extrauterine growth restriction (EUGR) [9]. Furthermore, the longer the
period before complete enteral feeding was achieved, the greater the risk of EUGR [10–12]. Although
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ELBW infants are often discharged with undergrowth, catch-up growth is likely to occur during the follow-
up period after discharge [13, 14]. It has been established that EUGR leads to a decrease in head
circumference and body weight Z score, which affects neurodevelopment. Although EUGR is an
unavoidable challenge in ELBW infants, improving growth during hospitalization in the NICU may
improve psychomotor development. Our data showed that early postnatal weight loss was not
signi�cantly different between the two groups, with a marked improvement in weight gain from 38 to 41
weeks PMA in the GA22–23-week group, and from 37 to 41 weeks PMA in the GA24–25-week group.

Moyses et al. reported in both observational studies and randomized controlled trials that early parenteral
nutrition signi�cantly shortened the number of days required to regain birth weight without increasing
mortality, chronic lung disease, NEC, or IVH [15]. Radmacher et al. reported that early AA administration
shortened the number of days to regain birth weight, increased head circumference and weight at
discharge, and reduced the risk of EUGR [16]. In a study comparing high-dose and low-dose intake of AAs,
high-dose AA intake was similar to the second and third trimesters of pregnancy. [17]. Here, we propose
that the AA dose in the current protocol for ELBW infants at GA22–25 weeks reduced the gradient of
weight loss during the weight loss period after birth, then led to weight gain during the subsequent catch-
up period. In the catch-up period, the body weight Z scores fell again at 33 and 34 weeks of PMA in the
GA22–23-week and GA24–25-week groups, respectively. But in both groups, body weight Z scores then
increased or stabilized at 37 weeks PMA, and caught up at 41 weeks PMA. The cause of the decrease in
Z scores after 33–34 weeks PMA may re�ect the adaptation to a changing extrauterine environment,
such as transfer from the incubator to the cot and the change from premature formula milk to formula
milk. In this study, there was a marked catch-up of weight gain after 37 weeks PMA, and there was almost
no difference in weights between the GA22–23-week and GA24–25-week groups at 41 weeks PMA.
Therefore, EAN had a certain effect on weight gain from postnatal to modi�ed maturity in ELBW and
GA22–23-week infants. Regarding short-term prognosis, compared with the 2003–2017 perinatal
maternal and child medical center network database analysis report, the incidence of ROP requiring
treatment was higher, and that of IVH III–IV was lower, in the GA22–23-week group versus the national
data. The possibility of EAN as a cause of the high incidence of ROP cannot be denied, but in our
hospital, factors other than EAN, such as prematurity of the preterm infant and systemic management,
are considered to be strong factors and require further investigation. Additionally, BUN levels were higher
in the GA22–23-week group than those in the GA24–25-week group, and levels in both groups were
higher than the normal range, but no treatment was needed in all cases. Balakrishnan et al. showed that
there was a positive association between protein loading and BUN levels, and BUN levels improved over
time [18]. It was concluded that concerns about metabolic disorders due to early protein administration in
ELBW were not justi�ed. However, further research is needed to determine if AA intake is safe and
effective. One limitation of this study is that a multivariate analysis was not performed because of the
small sample sizes. Regarding the medium- to long-term prognosis, no signi�cant differences in head
circumference, body weight, and 2-year-old DQ were observed, but ongoing detailed examinations are still
required.
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In conclusion, EAN reduced the rate of early postnatal weight loss in very preterm infants, did not cause
serious complications, and appeared to contribute to weight gain similar to the fetal period until the time
of modi�ed maturity.

Abbreviations
AAs, Amino acids; CPAP, Continuous positive airway pressure; DQ, Developmental Quotient; EAN, Early
aggressive nutrition; ELBW, Extremely low birth weight, GA; Gestational age; IVH, Intraventricular
hemorrhage; NEC, Necrotizing enterocolitis; NICU, Neonatal intensive care unit; PDA, Patent ductus
arteriosus; PMA, Postmenstrual age; ROP, Retinopathy of prematurity; SGA, Small for gestational age;
TPN, Total parenteral nutrition; VLBW, Very low birth weight
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Tables
Table 1

Patient characteristics at birth.

  GA22–23-weeks

(n = 10)

GA24–25-weeks

(n = 18)

P-value

Birth-weight (g) 539 ± 68 697 ± 155 0.003

Birth-weight (Z score) 0.13 ± 0.7 −0.38 ± 1.1 0.35

Head circumference at birth (cm) 20.4 ± 1.0 22.2 ± 1.4 0.002

Height at birth (cm) 29.3 ± 2.0 30.9 ± 4.0 0.027

SGA at birth No (%) 0 (0) 1 (5.6) 0.45a

GA22–23-weeks, 22–23 weeks gestational age; GA24–25-weeks, 24–25 weeks gestational age; SGA,
small for gestational age.

a Chi-square test
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Table 2
The progress of nutrition-related factors during hospitalization.

  GA22–23
weeks

(n = 10)

GA24–25-
weeks

(n = 18)

P-
value

Days to achieved enteral feeds 100 ml/kg/day 13.0 ± 5.0 12.7 ± 3.7 0.94

Days to achieved enteral feeds 160 ml/kg/day 45.4 ± 22.5 23.7 ± 9.2 0.008

Head circumference at 37 weeks PMA (cm) 28.8 ± 1.2 30.4 ± 2.1 0.015

Head circumference at 37 weeks PMA (Z-score) −2.6 ± 0.8 −1.5 ± 1.4 0.016

Body weight at 37 weeks PMA (g) 1906 ± 321 2081 ± 379 0.17

Body weight at 37 weeks PMA (Z-score) −2.3 ± 1.0 −1.7 ± 1.3 0.16

No. of body weights less than 10% tile at 37 weeks
PMA

9 11 0.10a

Early postnatal weight loss (%) 10.4 ± 6.3 8.1 ± 6.3 0.37

The age of regain to birthweight 13.2 ± 5.9 11.8 ± 4.8 0.51

GA22–23-weeks, 22–23 weeks gestational age; GA24–25-weeks, 24–25 weeks gestational age; PMA
postmenstrual age.

Values shown are mean ± SD.

a Chi-square test
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Table 3
The short-term prognosis.

  GA22–23-weeks

(n = 10)

GA24–25-weeks

(n = 18)

P-valuea

NEC No. (%) 1 (10) 0 (0) 0.17

PDA (indomethacin) No. (%) 8 (80) 9 (50) 0.13

PDA (surgery) No. (%) 3 (30) 3 (16.7) 0.41

ROP No. (%) 8 (80) 7 (38.9) 0.037

IVH grade –  No. (%) 3 (30) 0 (0) 0.014

Home oxygen therapy No. (%) 3 (30) 10 (55.6) 0.40

Home HFNC No. (%) 1 (10) 1 (5.6) 0.28

Home CPAP No. (%) 0 (0) 0 (0)  

Tracheostomy No. (%) 0 (0) 2 (11.1) 0.27

Home feeding No. (%) 1 (10) 1 (5.6) 0.66

GA22–23-weeks, 22–23 weeks gestational age; GA24–25-weeks, 24–25 weeks gestational age; NEC,
necrotizing enterocolitis; PDA, patent ductus arteriosus; ROP, retinopathy of prematurity; IVH
intraventricular hemorrhage; HFNC, high �ow nasal canula; CPAP, continuous positive airway
pressure.

a Chi-square test
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Table 4
Complications associated with total parenteral nutrition.

  GA22–23-weeks GA24–25-weeks P-valuea

Max BUN (mg/dl) 59.7 ± 16.6

(n = 10)

45.0 ± 10.8

(n = 18)

0.004

Max d-bil (mg/dl) 1.5 ± 0.7

(n = 10)

1.6 ± 0.8

(n = 18)

0.89

Max bile acid (µmol/L) 40.1 ± 20.2

(n = 10)

53.2 ± 23.0

(n = 18)

0.11

NH3 (µg/dl) 71.5 ± 7.4

(n = 4)

55.8 ± 18.3

(n = 4)

0.25

GA22–23-weeks, 22–23 weeks gestational age; GA24–25-weeks, 24–25 weeks gestational age; BUN,
blood urea nitrogen; d-bil, direct bilirubin.

a Mann-Whitney U test
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Table 5
The anthropometrics and developmental evaluations after discharge from the Neonatal Intensive Care

Unit.

  GA22–23-weeks GA24–25-weeks P-value

1-year-old head circumference (cm) 43.0 ± 1.2

(n = 8)

43.7 ± 1.4

(n = 14)

0.13

1.5-year-old circumference (cm) 44.5 ± 0.9

(n = 6)

45.5 ± 1.7

(n = 10)

0.11

2-year-old DQ 71.3 ± 15.1

(n = 6)

78.1 ± 22.6

(n = 7)

0.20

3-year-old head circumference (cm) 48.9 ± 0.4

(n = 3)

48.2 ± 1.0

(n = 6)

0.12

3-year-old weight (kg) 11.4 ± 0.7

(n = 5)

12.6 ± 2.4

(n = 9)

0.26

3-year-old weight (Z score) −1.4 ± 0.5

(n = 5)

−0.4 ± 1.6

(n = 9)

0.18

GA22–23-weeks, 22–23 weeks gestational age; GA24–25-weeks, 24–25 weeks gestational age; DQ,
developmental quotient.

Figures
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Figure 1

Changes in the Z score of body weight during the course of hospitalization a) Mean Z score of body
weight at 29 weeks PMA in the GA22–23-group: −2.3 ± 0.8 (n=10) Mean Z score of body weight at 29
weeks PMA in the GA24–25-group: −1.9 ± 0.6 (n=17) b) Mean Z score of body weight at 41 weeks PMA in
the GA22–23-group: −1.0 ± 1.2 (n=8) Mean Z score of body weight at 41 weeks PMA in the GA24–25-
group: −0.7 ± 1.2 (n=8) GA22–23-group, 22–23 weeks gestational age; GA24–25-group, 24–25 weeks
gestational age; PMA, postmenstrual age.


