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Introduction: To limit extrauterine growth restriction, recent guidelines on nutrition of

preterm neonates recommended high protein intake since the first day of life (DOL). The

impact of this nutritional strategy on the brain is still controversial. We aimed to evaluate

the effects of protein intake on early cerebral growth in very low birth weight newborns.

Materials and Methods: We performed serial cranial ultrasound (cUS) scans at 3–7

DOL and at 28 DOL in very low birth weight newborns consecutively observed in the

neonatal intensive care unit. We analyzed the relation between protein intake and cerebral

measurements at 28 DOL performed by cUS.

Results: We enrolled 100 newborns (gestational age 29 ± 2 weeks, birth weight 1,274

± 363 g). A significant (p < 0.05) positive correlation between enteral protein intake and

biparietal diameter (r= 0.490∗∗), occipital–frontal diameter (r= 0.608∗∗), corpus callosum

(length r = 0.293∗, genu r = 0.301∗), caudate head (right r = 0.528∗∗, left r = 0.364∗∗),

and cerebellum (transverse diameter r = 0.440∗∗, vermis height r = 0.356∗∗, vermis

width r = 0.377∗∗) was observed at 28 DOL. Conversely, we found a significant

negative correlation of protein intake given by parenteral nutrition (PN) with biparietal

diameter (r = −0.524∗∗), occipital–frontal diameter (r = −0.568∗∗), body of corpus

callosum (r = −0.276∗), caudate head (right r = −0.613∗∗, left r = −0.444∗∗), and

cerebellum (transverse diameter r = −0.403∗∗, vermis height r = −0.274∗, vermis width

r = −0.462∗∗) at 28 DOL. Multivariate regression analysis showed that measurements

of occipital–frontal diameter, caudate head, and cerebellar vermis at 28 DOL depend

positively on protein enteral intake (r = 0.402∗, r = 0.305∗, and r = 0.271∗) and negatively

by protein parenteral intake (r = −0.278∗, r = −0.488∗, and r = −0.342∗).

Conclusion: Brain development in neonatal life depends on early protein intake.

High protein intake affects cerebral structures’ measurements of preterm newborn

when administered by PN. Positive impact on brain development encourages the

administration of recommended protein intake mainly by enteral nutrition.

Keywords: newborn, VLBW, enteral nutrition, parenteral nutrition, nutrition, amino-acids solution, cranial

ultrasound, cerebral growth

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2020.00885
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2020.00885&domain=pdf&date_stamp=2020-08-26
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:gianluca.terrin@uniroma1.it
https://doi.org/10.3389/fneur.2020.00885
https://www.frontiersin.org/articles/10.3389/fneur.2020.00885/full


Terrin et al. Nutritional Intake and Brain Size

INTRODUCTION

Extrauterine growth restriction (EUGR) frequently occurs in
preterm neonates during the first weeks after birth (1). The
growth failure in early life is, in turn, associated with an
increased risk of neurological impairment (1). A number of
studies demonstrated that high protein intake may limit EUGR
(2). Thus, current guidelines for preterm newborns recommend
the administration of high macronutrient doses since the first
hours of life, through parenteral route (3, 4). The effect of
this nutritional strategy on brain growth is widely debated. A
limited number of studies investigated the impact of different
nutritional practices on brain volume, using magnetic resonance
imaging (MRI) at term equivalent age (TEA) (5). Considering
inconclusive results of these studies, further research has been
advocated (6). However, MRI is not easy to perform during
the first weeks of life when clinical conditions of newborns
are critical, even if this technique is considered the gold
standard for the study of cerebral structures’ measurements (7).
Recently, it has been demonstrated that cranial ultrasound (cUS)
can be reliably used to monitor cerebral growth in preterm
infants (6, 8–11). The cUS is a low-cost bedside technique,
repeatable as often as necessary, available, and widely used in
the neonatal intensive care unit (NICU) (8). Starting from these
considerations, we aimed to study the effects of high protein
supply on early cerebral volume, through serial cUS examinations
in preterm neonates.

FIGURE 1 | Flow chart. IVH, intraventricular hemorrhage; cUS, cranial Ultrasound; DOL, days of life.

MATERIALS AND METHODS

Study Design and Population
We designed a prospective observational study to assess the
effects of protein intake on brain measures by using two-
dimensional cUS in preterm neonates. All newborns with
gestational age (GA) <32 weeks or body birth weight (BW)
<1,500 g, consecutively admitted to the NICU of Policlinico
Umberto I, La Sapienza University of Rome, were prospectively
included between May 2017 and August 2019. We excluded
infants with major congenital malformations, inborn errors of
metabolism, congenital infections, intraventricular hemorrhage
(IVH) stage ≥3, death, or transfer to other hospital before
72 h of life (12–15).

Collection Data
Prenatal, perinatal, and postnatal data were prospectively
collected for each patient in specific data form. In particular,
GA, BW, gender, type of delivery, twin pregnancy, antenatal
steroid administration, Apgar score at the 1st and 5th min
after birth, pH on cord blood at birth, body temperature at
the 1st h of life, Clinical Risk Index for Babies II score (CRIB
II), death, and need of invasive mechanical ventilation were
recorded (16). Diagnosis of the major morbidities associated
with prematurity, such as necrotizing enterocolitis (Bell stage
≥2), bronchopulmonary dysplasia, IVH, PVL, retinopathy of
prematurity, and sepsis proven by positive cultures, were
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performed according to the standard criteria and recorded in the
reporting form, as previously described (17, 18). Data on daily
enteral and parenteral nutritional intake were collected during
the first week of life. We collected data on parenteral nutrition
(PN) complications. We measured head circumference of the
newborns with a tape measure. We wrapped the tape, holding
it above the eyebrows and the ears and the occipital prominence
at the back of the skull, around the widest possible circumference
of the head.

Nutritional Protocol
Enteral nutrition (EN) was commenced as soon as possible after
birth in a stable newborn. Minimal enteral feeding was started
within 24–48 h after birth at 10–20 mL/kg per day. The amount
was increased by 20–30 mL/kg every day if EN was tolerated.
Maternal milk (MM) without fortifications if available has been
given fresh. Whether MM was not available or sufficient, a
formula specifically for preterm newborns and routinely given in
our NICU was used. Donor breast milk during the study period
was not available.When signs or symptoms of feeding intolerance
such as emesis, vomiting, severe abdominal distension associated
with ileus with visible intestinal loops, blood in the stools,
or systemic disorders (i.e., apnea, bradycardia, inadequate
perfusion, and hemodynamic instabilities) were observed, the
EN was withheld for at least 24 h (19, 20). Preterm MM was
assumed to contain 65 kcal/100mL, 1.5 g of protein/100mL, 3.5 g
of fat/100mL, and 6.9 g of carbohydrate/100mL. Macronutrient
contents of formula and parenteral solutions were calculated
based on the published manufacturers’ recordings (Pre-nidina
Nestlè R©: proteins 2.9 g/dL, lipids 4.0 g/dL, energy 8.1 g/dL,
sodium 51 mg/dL, potassium 119 mg/dL, calcium 116 mg/dL,
phosphorus 77 mg/dL, iron 1.8 mg/dL, zinc 1.2 mg/dL).
Parenteral nutrition was administered at birth in order to
maintain adequate fluid, electrolyte, and nutrient intakes until
exclusive enteral feeding (120 kcal/kg per day) was achieved. The
overall fluid intake administered with enteral and PN started
with 70–90 mL/kg per day and slowly increased by 10–20
mL/kg per day until reaching 150–180mL kg per day. In PN,
we administered 2 g of amino acids (TrophAmine R© 6% Braun
Medical Inc., Irvine, CA, USA) in the first day of life (DOL),
and then we increased protein intake of 1 g/kg per day up to 4
g/kg per day, with 25 kcal per 1 g of proteins (Table S1). Glucose
intake (dextrose injection 10%; Fresenius Kabi, USA) was started
at 6 to 7 g/kg per day and increased of 0.5–1 g/kg per day up to
14 g/kg per day. Lipid (Smoflipd R©; Fresenius Kabi, USA) intake
was started at 1 g/kg per day and increased of 0.5–1 g/kg up to
3.5 g/kg per day. Total energy intake was calculated based on the
cumulative amount of PN and EN in kcal/kg over the early 7 days.
Target dose refers to enteral plus PN; thus, we adjusted intake
from PN according to the amount of EN tolerated.

Cranial Ultrasonography Examination
The transducer frequency of sector probe (Philips EPIQ,
Amsterdam, the Netherlands) was set at 5–10 MHz. Images were
recorded in coronal and sagittal planes, according to standard
procedure. We considered the anterior fontanel the optimal
acoustic window for visualization of the supratentorial structures,

TABLE 1 | Clinical characteristics of study population.

N = 100

Gestational age, weeks 29 ± 2

Birth weight, g 1,274 ± 363

Male sex, n (%) 55 (55)

Cesarean section, n (%) 88 (88)

Twins, n (%) 30 (30)

Antenatal steroids,a n (%) 78 (78)

1-min Apgar score 6 ± 2

5-min Apgar score 8 ± 1

pH at birth 7.3 ± 0.1

Temperature at the 1st hour, ◦C 36.2 ± 0.5

Mortality, n (%) 3 (3)

Invasive mechanical ventilation, n (%) 22 (22)

NEC, n (%) 4 (4)

BPD, n (%) 4 (4)

IVH, n (%) 5 (5)

PLV, n (%) 1 (1)

ROP, n (%) 6 (6)

Sepsis proven by positive cultures, N (%) 10 (10)

Anemia of prematurity, n (%) 22 (22)

Full enteral feeding, days of life 15 ± 13

Star of enteral nutrition, days of life 1 ± 1

Duration of parenteral nutrition, days 15 ± 14

Data were expressed as mean ± standard deviation, when not specified. a Intramuscular

steroids cycle in two doses of 12mg over a 24-h period. NEC, necrotizing enterocolitis

Bell stage ≥2); BPD, bronchopulmonary dysplasia; IVH intraventricular hemorrhage; PLV,

periventricular leukomalacia; ROP, retinopathy of prematurity).

whereas we used mastoid fontanel to evaluate the cerebellum and
cerebellar vermis.

The cUS scans were obtained in enrolled newborns, at
3 to 7 DOL (T0) and at 28 DOL (T1), by two examiners
with high training in cUS, unaware of the nutrition protocol
and study aims. Each measurement was confirmed after an
agreement between the two sonographers. They performed each
measurement three times and then reported the mean value in a
specific data form.

Cerebral structures were measured as previously described
(6, 21–24). Scanning was performed at the bedside with the
infant’s head in supine position. With the anterior fontanel
used as an acoustic window, standard views were obtained in
the coronal and sagittal planes. In brief, intracranial biparietal
diameter was measured in a coronal plane at the level of the
foramen of Monro, and maximum intracranial occipital–frontal
diameter was measured in the midsagittal plane. Maximum
length of corpus callosum was measured in the midsagittal plane
tracing a horizontal line between the extreme margins of the
genu and the splenium. Maximum width of corpus callosum was
measured in the midsagittal plane, separately for genu, body, and
splenium. We visualized caudate nucleus below the floor of the
frontal horn of the lateral ventricle, as a hypoechoic area located
anteriorly to the caudothalamic groove. Width of the caudate
head was measured in the parasagittal plane as the maximum
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FIGURE 2 | Correlation between brain measures at 28 days of life and early protein intake. Enternal nutrition: Bi-Parietal Diameter (r = 0.490, p < 0.001),

Occipital-frontal diameter (r = 0.608, p < 0.001). Parameter nutrition: Bi-parietal diameter (r = −0.524, p < 0.001), Occipital-frontal diameter (r = −0.568, p < 0.001).

extension of this area. Both height and width of the cerebellar
vermis and transverse cerebellar diameter were measured in
axial plane.

Statistical Analysis
Data analysis was performed using IBM the Statistical Package for
the Social Sciences Statistics version 22.0 (SPSS Inc., Chicago, IL,
USA). We checked for normality using Shapiro–Wilk test. The
mean and standard deviation or median and interquartile range
summarized continuous variables. We compared categorical
variable using χ

2 test and paired and unpaired variables by t
test or Mann-Whitney U test. Nutritional intake was related to
the bidimensional measurements of the different brain structures
and cerebral diameters collected during the first week of life (T0)
and at 28 DOL (T1).We performed correlation between variables
by Wilcoxon rank sum tests and by Pearson correlation. To
evaluate the effects of protein intake given by PN in homogenous
population, we selected newborns that were nourished mainly
by PN in the first week of life. In particular, we analyzed
separately patients receiving more than 70% of nutritional

support by PN from 0 to 7 DOL. In this subpopulation, we
calculated the percentile of total protein intake at the first week
of life. Thus, we considered at high protein regimen intake
patients receiving any value equal to or >50th percentile and
at low protein regimen intake those receiving <50th centile
of protein intake. To evaluate the effect of different protein
intake on the size of cerebral structures, we compared newborns
at high protein regimen intake with those at low protein
regimen intake. Multivariable regression analysis was performed
to study the possible influence of confounding variables (i.e.,
BW, gender, cord blood pH, nutritional intake, morbidity)
on linear measurements of structures that were significantly
correlated with protein intake at the first week of life. The level
of significance for all statistical tests was two-sided (p < 0.05).

Ethics
The study was conducted in conformity with the World
Medical Association Declaration of Helsinki for medical research
involving human subjects. This article reports a part of the results
of the study protocol that was approved by the ethics committee
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of Policlinico Umberto I, University La Sapienza of Rome (with
number 5089). We asked parents for consent, and we collected
anonymized data in the database.

RESULTS

During the study period, we considered eligible 108 newborns.
We enrolled 100 patients as shown in Figure 1. In Table 1,
we reported the main demographic and clinical features of the
study population. We observed a significant relation between
head circumference and protein intake given by EN (r = 0.467,
p < 0.001) and PN (r = −0.478, p < 0.001). We found a

TABLE 2 | Correlations between cerebral structures linear measures and protein

intake.

Protein intake in the 1st week of life

Measuresa By EN

(g/kg

By PN

(g/kg

Total

(g/kg

first week) first week) first week)

Corpus callosum

Length 0.293* −0.252 −0.059

Body 0.244 −0.276* −0.198

Genu 0.301* −0.252 0.047

Splenium 0.169 −0.177 −0.105

Caudate head

Right 0.528** −0.613** −0.468**

Left 0.364** −0.444** −0.372**

Cerebellum

Transverse diameter 0.440** −0.403** −0.148

Vermis height 0.356** −0.274* 0.001

Vermis width 0.377** −0.462** −0.387**

aMeasured at 28 days of life. *p<0.05; **p<0.01.

significant correlation between biparietal diameter, occipital–
frontal diameter measured by cUS, and protein intake of
the first week of life (Figure 2). Correlations between linear
measurements of specific brain districts and early protein intake
are reported in Table 2. In particular, length and genu of corpus
callosum, caudate head (right and left), transverse diameter
of cerebellum, and cerebellar vermis (height and width) were
positively correlated with EN protein intake (Table 2). Body
of corpus callosum, caudate head bilaterally, and cerebellum
measures were negatively related with PN protein intake
(Table 2). When we analyzed the total amount (EN + PN) of
protein intake received in the first week of life, we observed
a negative correlation with caudate head bilaterally and with
vermis width (Table 2).

Multivariate regression analysis showed that many linear
measurements of brain structures at 28 DOL (occipital–frontal
diameter, caudate heads, and cerebellar vermis) depended on
nutritional intake (Table 3). Of note, we observed a different
relation with EN (positive) and PN (negative).

Biparietal diameter, corpus callosum, and cerebellum
transverse diameter depended on covariates (i.e., BW, sex, pH at
birth, morbidity), but not by protein intake (Table 3).

Forty-five newborns were nourished mainly by PN in the
first week of life. In this subpopulation, we found that left
caudate head and cerebellar vermis width were smaller in subjects
receiving high protein intake compared with those receiving low
protein intake at 28 DOL, but not at T0 (Table 4, Table S2).
In Table S3, we reported the occurrence of PN complications
according to protein regimen.

DISCUSSION

Brain development in neonatal life depends on early protein
intake. We demonstrate that the route of protein administration
may have different impact on cerebral measurements. Enteral
intake has a positive effect, whereas high dose of amino acids

TABLE 3 | Multivariate analysis of covariate influencing cerebral measures at 28 days of life in preterm newborns.

Dependent variablesa Covariates (model 1) Covariates (model 2)

Birth Male pH at Morbidity§ EN protein Birth Male pH at Morbidity§ PN protein

weight sex birth intake 1st w weight sex birth intake 1st w

Biparietal diameter 0.515* −0.025 0.112 0.094 0.191 0.557* 0.039 0.130 0.091 −0.145

Occipital–frontal diameter 0.204 0.016 −0.023 −0.109 0.402* 0.319* −0.051 −0.004 −0.139 −0.278*

Corpus callosum, length 0.106 0.080 −0.125 −0.213* 0.153 0.169 0.046 −0.141 −0.255* −0.082

Corpus callosum, body 0.130 −0.082 0.235* −0.106 0.036 0.062 −0.111 0.235* −0.104 −0.121

Caudate head width, right 0.247* 0.076 0.079 0.080 0.305* 0.133 0.073 0.054 0.117 −0.488*

Caudate head width, left 0.238 −0.031 0.126 0.230* 0.210 0.072 −0.004 0.090 0.227* −0.427*

Cerebellum transverse diameter 0.320* 0.233* 0.017 −0.004 0.164 0.468* 0.165 0.037 −0.003 −0.110

Cerebellar vermis, height −0.073 0.209 −0.107 0.010 0.300* 0.070 0.117 −0.148 −0.078 −0.247

Cerebellar vermis, width 0.038 0.081 0.019 −0.083 0.271* 0.007 0.052 0.002 −0.171 −0.342*

aMeasured at 28 days of life. §Necrotizing enterocolitis and/or sepsis proven by positive cultures and/or bronchopulmonary dysplasia. *p < 0.05. 1st w, first week of life; EN, enteral

nutrition; PN, parenteral nutrition.
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TABLE 4 | Effects of different protein intake in parenteral nutrition on cerebral

measures.

General High protein Low protein p

characteristics regimen regimen

Number 23 22

Gestational age at birth, weeks 27.6 ± 2.1 28.6 ± 2.5 0.161

Birth weight, g 1,014 ± 287 1,118 ± 320 0.763

Male sex, n (%) 13 (56.5) 14 (63.6) 1.000

Cesarean section, n (%) 21 (91.3) 18 (81.8) 0.311

Twins, n (%) 7 (30.4) 6 (27.3) 1.000

Antenatal steroids,a n (%) 15 (65.2) 19 (86.4) 0.165

1-min Apgar score 5 ± 2 5 ± 2 0.369

5-min Apgar score 8 ± 1 8 ± 1 0.859

pH at birth 7.2 ± 0.1 7.3 ± 0.1 0.387

Temperature at the 1st hour, ◦C 36.0 ± 0.4 36.2 ± 0.5 0.137

Invasive mechanical ventilation,

n (%)

8 (34.8) 10 (45.5) 0.550

NEC, n (%) 0 (0) 1 (4.5) 0.489

Sepsis, n (%) 5 (21.7) 2 (9.1) 0.414

BPD, n (%) 3 (13.0) 0 (0) 0.233

IVH, n (%) 1 (4.3) 4 (18.2) 0.187

IVH stage ≥3, n (%) 0 (0) 3 (13.6) 0.109

PLV, n (%) 0 (0) 0 (0) -

ROP, n (%) 3 (13.0) 13 (13.6) 0.646

Anemia of prematurity, n (%) 10 (43.5) 8 (36.4) 0.428

Mortality, n (%) 1 (4.3) 1 (4.5) 1.000

Full enteral feeding, days of life 22 ± 16 21 ± 11 0.893

Star of enteral nutrition,

days of life

2 ± 2 2 ± 2 0.343

Duration of parenteral

nutrition, days

21 ± 16 20 ± 11 0.807

Cerebral measuresb

Biparietal diameter 66 ± 6 68 ± 6 0.226

Occipital–frontal

diameter

90 ± 14 89 ± 10 0.697

Head circumference 282 ± 29 295 ± 21 0.188

Corpus callosum

Length 38 ± 5 39 ± 3 0.578

Body 2 ± 0 2 ± 0 0.186

Genu 3 ± 1 3 ± 1 0.883

Splenium 3 ± 1 3 ± 1 0.167

Caudate head

Right 5 ± 1 5 ± 1 0.101

Left 5 ± 1 6 ± 1 0.037

Cerebellum

Transverse diameter 42 ± 5 43 ± 5 0.624

Vermis height 10 ± 2 10 ± 2 0.975

Vermis width 7 ± 1 8 ± 2 0.049

Data were expressed as mean ± standard deviation, when not specified. After percentile

calculation, we considered 19.4 g/kg per week (50◦pc) the cutoff value to classify protein

regimen intake as “high” or “low”; an intramuscular steroids cycle in two doses of 12mg

over a 24-h period. aMeasured in mm at 28 days of life. bCRIB II: Clinical Risk Index

for Babies, without temperature measures. NEC, necrotizing enterocolitis Bell stage ≥2;

BPD, bronchopulmonary dysplasia; IVH, intraventricular hemorrhage; PLV, periventricular

leukomalacia; ROP, retinopathy of prematurity.

by PN seems to affect the size of such brain structures during
neonatal life.

Available evidences reported inconclusive results on the
influence of early protein intake on the brain measurements
(25). Differences between protein intake administered through
either EN or PN have not been described in a recent meta-
analysis including 21 randomized controlled trial (RCT) (25).
In an RCT, comparing two groups of adolescents with a history
of prematurity who were assigned to a standard- or high-EN
protocol in the early postnatal life, those fed with preterm
formula (protein 2 g/dL, 80 kcal/dL) showed significantly larger
caudate volumes compared with babies fed by standard term
formula (protein 1.4 g/dL, 68 kcal/dL) (26). The study is focused
on the sole effect of enteral protein intake, whereas the role
of PN was not investigated. Also, among cohort studies in
this field, the relation between protein intake in PN and early
cerebral growth was not clarified (5, 27, 28). Inconclusive results
were also reported by studies that investigated the effects of
early nutritional intake on brain maturation, instead of cerebral
growth. Strømmen et al. (29) in an RCT reported a negative
relation between aggressive nutrition and regional white matter
mean diffusivity to TEA. No definite conclusions were drawn
by Beauport et al. (30), which investigated the effects of total
amounts of nutrients received in early life, without comparing
the impact of protein intake given by PN separately by those of
EN. To the best of our knowledge, we evaluate, for the first time,
separately the role of route of administration of recommended
protein intake on the brain in neonatal age. Our results underline
the importance of protein intake on cerebral growth but, at the
same time, suggest caution in the administration of high doses of
amino acid in the first week of life through PN.

We hypothesize a number of mechanisms that may support
the negative relation between PN intake and brain size. It
is worth mentioning that newborns fed with higher PN are
exposed to an environment, which limits infant’s opportunity
to develop their regulatory capacities (26). Furthermore, the
side effects associated with aggressive PN (i.e., hyperglycemia,
hypoglycemia, metabolic acidosis, elevated serum blood urea
nitrogen, high plasma ammonia concentrations, hyperkalemia)
may affect brain development (31). Recent studies have reported
data on high protein intake delivered by PN leading to increased
levels of specific amino acids, potentially toxic (e.g., glycine,
phenylalanine, methionine) (32). It has also been described
that insufficiency of amino acids, classified as essential, could
represent a major limit for cerebral growth (33). Finally,
an imbalance of amino acid levels may adversely affect
neurotransmitters metabolism (32). In parallel, the positive effect
of EN could be explained by the better composition of protein
delivered through EN thatmay avoid the side effects PN related to
the potential amino acids toxicity and by the balance of essential
and non-essential amino acids.

We observed significant effects of protein intake mainly
on caudate and cerebellar vermis, which are known to be
a very vulnerable part of the brain in preterm infants (26).
Preterm babies showing later neurological problems frequently
present damage of these districts. We believe that protein intake
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may affect the development of this district in a crucial phase
of cerebral growth. Dopamine is a main neurotransmitter of
neonatal brain (34). The caudate structure is highly innervated
by dopamine neurons (35). The direct precursor of dopamine, L-
DOPA, is synthesized from the nonessential amino acid tyrosine
(36). Recently, Mayes et al. (37) reported that hyperalimentation
by PN can result in a paradoxical fall of tyrosine levels. Low
tyrosine levels, affecting dopamine synthesis, may impair the
development of brain districts that directly depend by dopamine
neurons. However, further studies are advocated to clarify the
relation between protein intake and dopamine metabolism in
cerebral growth.

Despite being interesting, the results of this study should
be interpreted taking into account specific limitations. This
is a single-center observational study. We know that the cUS
is a highly operator-dependent imaging modality. In order
to limit associated bias, two different physicians performed a
series of scans using cUS, and each measurement was recorded
only after an agreement between the two investigators. In
addition, the physicians who performed the cUS were unaware
of the nutritional intake received at the time of the cUS
examination. To measure cerebral structures, we used cUS
instead of MRI, considered the gold-standard technique for the
study of brain volumes. To improve the accuracy, we collected
and analyzed only measurements of the cerebral structures
that were previously assessed in a comparative study between
MRI and cUS (6). The use of cUS allowed us to perform
serial measurements of brain structures, avoiding issues of
transporting to the radiological service and the sedation during
the scan session for critical babies. Finally, no data on long-term
neurodevelopment were analyzed in this study. Thus, it is
not possible to establish if the results observed at 28 DOL on
brain measurements may have consequences on the long-term
neurodevelopment. Finally, comparison between high and low
protein intake regimen was performed on a subpopulation
of newborns. This may affect the generalizability of
the results.

In conclusion, we observed that the administration of high
doses of protein by PN is harmful for premature babies,

in line with recent studies on pediatric population, which
suggest avoiding aggressive nutritional practice in critically ill
subjects (38). Positive impact on brain development encourages
the administration of recommended protein intake mainly by
EN. When EN is not possible, a beneficial undernutrition by
parenteral route could be considered as a safe option, particularly
in the first DOL. A challenging issue that should be addressed by
further research is to establish what are the nutritional strategies
promoting growth and brain development without additional
risk for preterm babies.
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