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Abstract

Background: Current nutritional management of infants born very preterm results in significant deficiency of the
essential fatty acids (FAs) arachidonic acid (ARA) and docosahexaenoic acid (DHA). The impact of this deficit on
brain maturation and inflammation mediated neonatal morbidities are unknown. The aim of this study is to
determine whether early supply of ARA and DHA improves brain maturation and neonatal outcomes in infants
born before 29 weeks of gestation.

Methods: Infants born at Oslo University Hospital are eligible to participate in this double-blind randomized
controlled trial. Study participants are randomized to receive an enteral FA supplement of either 0.4 ml/kg MCT-oil™
(medium chain triglycerides) or 0.4 ml/kg Formulaid™ (100 mg/kg of ARA and 50 mg/kg of DHA). The FA
supplement is given from the second day of life to 36 weeks’ postmenstrual age (PMA). The primary outcome is
brain maturation assessed by Magnetic Resonance Imaging (MRI) at term equivalent age. Secondary outcomes
include quality of growth, incidence of neonatal morbidities, cardiovascular health and neuro-development. Target
sample size is 120 infants (60 per group), this will provide 80% power to detect a 0.04 difference in mean diffusivity
(MD, mm2/sec) in major white matter tracts on MRI.

Discussion: Supplementation of ARA and DHA has the potential to improve brain maturation and reduce
inflammation related diseases. This study is expected to provide valuable information for future nutritional
guidelines for preterm infants.

Trial registration: Clinicaltrials.gov ID: NCT03555019. Registered 4 October 2018- Retrospectively registered.
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Background
Preterm birth is the leading cause of child mortality in
high and middle-income countries [1]. Very preterm in-
fants need a combination of enteral and parenteral nutri-
tion to meet their nutritional requirements during
hospitalization. Replacing the nutrition provided by the
placenta has proven difficult, resulting in postnatal
growth restriction [2]. Growth and maturation of organs
during the last trimester rely on a steady supply of nutri-
ents. Inadequate supply may lead to neurodevelopmental
impairment, chronic lung disease, altered host defense,
hypertension, and insulin resistance [3, 4]. The main
target for feeding preterm infants is to achieve growth
resembling normal fetal growth rates [5] as well as satis-
factory functional development [6]. Despite established
international recommendation, the nutritional manage-
ment varies considerably between countries, hospitals,
and even within institutions [7, 8]. Training in use of
parenteral nutrition (PN) and standardization of nutri-
tional management is important to improve the imple-
mentation of nutritional guidelines [8]. Improving the
quality and quantity of nutrition provided to extreme
premature infants during their critical period of somatic
growth and metabolic programming may be pivotal for
short-term clinical outcomes as well as long-term neuro-
developmental, cardiovascular and metabolic health. In
2010 a randomized, controlled trial conducted in our in-
stitution (the PRENU study) investigated the effect of
enhanced nutrient supply, including arachidonic acid
(ARA) and docosahexaenoic acid (DHA), in very low
birth weight (VLBW) infants compared to standard diet.
The intervention group showed significant higher in-
hospital growth rates and catch-up growth in head cir-
cumference (HC) from birth to 36 weeks PMA [9] as
well as improved brain maturation on Magnetic Reson-
ance Imaging (MRI) at term equivalent age (TEA) [10].
Of note, this study was discontinued early due to a high
occurrence of a refeeding like syndrome among the
intervention infants [11]. The risk of refeeding like syn-
drome has been confirmed by others [12–15] and the
early need for phosphate and potassium supplementa-
tion is highlighted in the revised European guidelines on
Pediatric Parenteral Nutrition [16, 17]. Moreover, this
underlines the importance of conducting well-designed
trials on nutritional management in this patient
population.
The long chain polyunsaturated fatty acids (LC-

PUFAs) linoleic acid and α-linolenic acid are essential
fatty acids (FAs) that must be supplied through the diet
[18]. They provide energy and are used as precursors of
the LC-PUFAs; ARA, DHA and eicosapentaenoic acid
(EPA). Particularly ARA and DHA accumulate in the
brain during the last trimester and the first postnatal
months, i.e. the period of rapid growth and brain

development [19]. DHA is one of the main building
blocks of the central nervous system including retina
and comprises 30–50% of neuronal plasma membranes
by weight [20]. Extremely premature infants have low
endogenous capacity for conversion of linoleic acid and
α-linolenic acid to ARA, DHA and EPA [21]. The lack of
adipose stores and limited provision of essential fatty
acids through the parenteral solutions increase the risk
of depletion. DHA deficiency may lead to reduced visual
function and alterations in behavior or cognitive per-
formance [22]. DHA and ARA supplementation in very
preterm infants have shown positive effects on growth,
visual function and mental development [23].
LC-PUFAs are not only essential cellular building

blocks and important sources of energy, but they also
act as signal molecules, important in sustaining and re-
solving inflammation [24]. Studies show that immature
infants have elevated levels of inflammatory cytokines
during the neonatal period, and that upregulated cyto-
kine expression is associated with the development of
bronchopulmonary dysplasia (BPD), patent ductus arter-
iosus (PDA), retinopathy of prematurity (ROP), necrotiz-
ing enterocolitis (NEC), white matter injury (WMI) of
the brain and impaired neurodevelopmental outcomes
[25–29]. A proposed mechanism behind this up-
regulated immune response is sustained activation and
impaired resolution of inflammation [27]. There is grow-
ing evidence that in addition to structural effects on
growth and organ development, supplementation with
ARA and DHA, may reduce the incidence or severity of
BPD, ROP, NEC and WMI by modulating the immune
response [30–32]. Both omega-6 (ARA) and omega-3
LC-PUFAs (DHA, EPA) serve as precursors for the
synthesis of bioactive mediators involved in immune
modulation. ARA is a precursor of pro-inflammatory
mediators (such as leukotrienes of the n-4 series), and of
prostaglandins and thromboxanes of the n-2 series,
which increase the vascular tone and promote platelet
aggregation. However, ARA is also a precursor of lipox-
ins which are inflammation resolving mediators. Metab-
olites from DHA and EPA can modulate inflammation
by decreasing the production of pro-inflammatory cyto-
kines (TNF-α, IL-1β and IL-6) through the peroxisome
proliferator-activated receptor (PPAR) pathways. This in
turn inhibits the nuclear transcription factor κB (NF-κB)
and increases the production and secretion of anti-
inflammatory eicosanoids such as interleukin-10 [32].
Resolvins, protectins, and maresins formed from both
DHA and EPA evoke anti-inflammatory and pro-
resolving mechanisms, and they enhance microbial
clearance [31].
Perinatal infections or inflammation processes play an

important role in the pathogenesis of several comorbidi-
ties associated with preterm birth, such as BPD, PDA,

Wendel et al. BMC Pediatrics           (2021) 21:19 Page 2 of 11



ROP, NEC and WMI [33]. Very preterm infants are sus-
ceptible to septicemia, possibly as a result of attenuated
innate immune responses [27]. Interestingly, these in-
fants also show signs of sustained systemic inflammation
with elevated pro-inflammatory cytokines [25–27, 34].
Septicemia may be defined as “the host’s deleterious and
non-resolving systemic inflammatory response to micro-
bial infection” [35]. The host response is similar to the
activation triggered by non-infectious tissue injuries like
surgery and ischemic reperfusion events [36]. The alar-
min molecule, High Mobility Group Box 1 (HMGB1), is
an activator of NF-κB and has been recognized as an im-
portant mediator of sepsis [36] and lung injury in pre-
term infants [37]. HMGB1 is released by necrotic cells,
and sustains the inflammatory process after the reso-
lution of the early stage of inflammation [37]. As men-
tioned, one of the anti-inflammatory potentials of
Omega 3-PUFAs is the ability to inhibit the activation of
NF-κB [32], and thereby possibly modulate an inappro-
priate inflammatory response.
The pathogenesis of BPD is multifactorial, but intra-

uterine and postnatal growth restriction is an independ-
ent risk factor [38] disturbing pulmonary alveolar and
vessel growth [39]. Along with sufficient early supply of
protein and energy to promote growth, omega-3 PUFAs
seem to protect against lung injury or reduce BPD sever-
ity by a DHA dependent activation of the PPAR path-
ways [37, 40], thereby accelerating lung maturation,
pneumocyte growth and vasoproliferation [40]. Studies
show conflicting results. Some studies suggest that low
DHA blood levels in premature infants are associated
with increased incidence of BPD [41] and that fish oil
supplementation may improve lung function [42, 43].
However, one study with enteral supplementation with
60mg/kg/d of DHA did not result in a lower risk of
BPD among preterm infants as compared to standard
DHA intake and may have even resulted in a greater risk
[44]. A controversy is the importance of balancing the
amounts of ARA and DHA, since DHA supplementation
alone may suppress ARA concentrations. Fetal plasma
levels of ARA are high, with an ARA:DHA ratio around
3:1 at the beginning of the 3rd trimester compared to
about 2:1 in term infants. A low ARA:DHA ratio in ex-
treme preterm infants (GA < 28 weeks) has been associ-
ated with more severe BPD [45].
ROP is a disorder of vascular development of the

retina and the main reason for visual impairment in
extreme premature infants. As for the lung, both nutri-
tional and inflammatory factors seem to be important
mediators in disease progression. DHA is a major
structural lipid in retina and accounts for approximately
50–60% of the total fatty acid content within rod outer
segments of photoreceptors [46]. Small RCTs have
shown that early lipid supply reduces the incidence of

ROP in VLBW infants [47, 48]. Two studies have dem-
onstrated a significantly reduced incidence of ROP with
fish-oil containing lipid emulsion as compared to stand-
ard soybean oil or a soybean and olive oil emulsion [49,
50]. On the contrary, a trial that compared a multicom-
ponent lipid emulsion (soybean oil, olive oil, fish oil and
middle chain triglycerides) with a soybean and olive oil
emulsion on the prevalence of ROP in extremely prema-
ture infants did not show any differences between the
groups [51]. Both decreased levels of DHA and ARA
were associated with the development of ROP. A recent
RCT showed that enteral supplementation with DHA
significantly reduced the incidence of stage 3 ROP in
premature infants [52].
WMI of the brain accounts for the predominance of

neurological sequelae in surviving premature infants, in-
cluding cerebral palsy and cognitive deficits [53]. The two
main mechanisms presumably responsible for the degen-
eration of immature oligodendrocytes are hypoxia-
ischemia and inflammation [54]. WMI of the premature
brain include axonal damage, necrosis and periventricular
leukomalacia (PVL) and is commonly categorized in dif-
fuse WMI and focal WMI. MRI defined diffuse WMI is
poorly understood histopathological, but is thought to
mainly result from damaged oligodendrocytes and less
from axonal damage [54]. In both forms of WMI an acti-
vation of microglia and astrocytes, as a diffuse inflamma-
tory response is common [55]. Clinically, WMI is
associated with hemodynamic instability, poor postnatal
growth, and inflammation [34, 54], suggesting that mea-
sures to optimize nutrition and reduce inflammation
might be beneficial in disease prevention. Other common
neurologic comorbidities in the preterm infant includes
germinal matrix hemorrhages, intraventricular hemor-
rhages (IVH) and diffuse atrophy, the cause of which are
multifactorial. Interestingly, inflammatory microglial and
astrocytic activation following IVH has also been shown
to be a determinant of white matter brain damage in pre-
term infants [56], and early increased cytokine levels in
serum is associated with the development of IVH [57].
Hence, we hypothesize that supplying the essential fatty
acids ARA and DHA will improve both brain maturation
on MRI at TEA as well as overall brain MRI morbidity
score ad modum Kidokoro [58].
NEC is a serious disease of the intestines in very pre-

term infants and may lead to intestinal failure or death.
As in the above mentioned comorbidities, the pathogen-
esis is multifactorial and numerous inflammatory
mediators seem to play a prominent role [28, 59]. A few
studies show reduced incidence of NEC with enhanced
early lipid supply to VLBW infants [47, 48], and a
systematic review of omega-3 PUFAs for extremely pre-
term infants found a trend toward a reduction in the risk
of NEC [22].
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Increasing evidence indicates that preterm birth and
intrauterine growth restriction (IUGR) affects endocrine
and metabolic adaptation that program cardiovascular
diseases and type 2 diabetes in adult life, the smallest ne-
onates having the highest risk [60, 61]. The embryonic
and fetal heart development mainly involves the prolifer-
ation of mononucleated cardiomyocytes. The prolifera-
tive capacity is lost shortly after birth and the continuing
heart growth is due to an increase in cardiomyocyte
volume. Thus, by the early neonatal period the human
heart contains almost the full complement of cardio-
myocytes for the rest of life [62]. Altered myocardial
structures have been found in association with intrauter-
ine growth restriction and preterm birth [63]. The
limited capacity for cellular regeneration within the
postnatal heart after injury may have long-term conse-
quences for heart development [64].
Further studies on the optimal fatty acid composition

for nutritional therapy in extremely preterm infants are
warranted. Based on this, we designed a double-blind
RCT to determine whether early and prolonged supply
of ARA and DHA improves brain maturation, quality of
growth and clinical outcomes in extreme premature in-
fants as compared to our present nutrient supply.

Methods/design
Study design
A single center, parallel group, double-blind randomized
controlled trial. The intervention group receives a lipid
supplement containing DHA and ARA, and the control
group receives standard oral lipid supplement consisting
of MCT-oil.

Study population
Inclusion criteria:
� Infants born at Oslo University Hospital with GA <

29 weeks
� Less than 48 h of age at inclusion
� Signed informed consent documented according to

ICH GCP, and national/local regulations

Exclusion criteria
� Major congenital malformations
� Chromosomal abnormalities and other genetic

diseases diagnosed prenatally or detected during the
study period

� Critical illness with short life expectancy

Intervention
The nutritional management of the study population
is standardized. Initially, the infants receive a com-
bination of PN and human milk, with a gradual in-
crease of nutrients in line with international
recommendations (Fig. 1). For this study the

nutritional supplements Formulaid™ and MCT-oil™
are defined as investigational nutritional products
(INPs). Formulaid™ is an oil-based enteral supple-
ment, derived from fungi and microalgae, containing
ARA and DHA in a 2:1 ratio. MCT-oil™ (Nutricia)
contains medium chain triglycerides, based on coco-
nut- and palm oil, and is currently the standard lipid
supplement in our department to enhance enteral
energy supply. The increments of human milk are
12–24 mL/kg/day in both study groups. Full enteral
nutrition is defined as 170 mL/kg/day of human milk
fortified with PreNAN FM 85® (Nestlé) 3 g/100 mL.
The standard intravenous solution used for PN in
extremely preterm infants in our department is
Numeta G13 E™ (Baxter). Numeta G13E contains a
soybean and olive oil emulsion very low in ARA and
DHA. To improve the intake of these fatty acids in
the intervention group, half-strength enteral supple-
mentation with ARA and DHA is started on the sec-
ond day of life, and advanced to target, i.e. 0,4 ml/kg
(ARA 100 and DHA 50 mg/kg/d), from day 4 and
onwards. The infants in the control group receive
0.2 ml/kg of MCT-oil with an increase to 0.4 ml/kg
on day 4. It is the responsibility of the physicians of
the trial to prescribe the study supplements in the
infant’s medication chart. The dose is adjusted
weekly against the current weight of the infant;
birthweight is used until birthweight is regained. The
enteral FA supplementation is administrated in the
feeding tube as a daily bolus until 36 weeks PMA. If
enteral feeds are stopped by any reason, the FA sup-
plement is also withheld, but administration is
recommenced as soon as enteral feeds are reestab-
lished. To ensure compliance, the pharmacist allo-
cated to the trial monitors medication charts and
number of doses given.

Randomization
For allocation of the participants to the two treat-
ment groups, a computer-generated list of random
numbers is used. The randomization is restricted by
blocking and stratification. The block size is deter-
mined by the statistician (in the range of 4 to 10)
and the information regarding the block size is kept
in a separate document unavailable to those who en-
roll patients or assign treatment. To decrease the
risk of unbalanced baseline characteristics, we strat-
ify the randomization by growth status at birth
(small for gestational age or not). Within each block,
the allocation ratio is 1:1. After informed consent
has been obtained, the attending physician or local
investigator contacts the pharmacy for allocation
consignment. In case of multiple births, the infants
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are allocated to same treatment by randomizing only
the first infant.

Subject withdrawal
All patients randomized are included in the study popu-
lation. Patients who withdraw, or are withdrawn from
the study after randomization, cannot be replaced. Pa-
tients withdrawn from the study stop further treatment,
but already obtained data maintain in the study and will
be analysed in line with the principles of intention-to-
treat (Consort guidelines [65]). Patients may be with-
drawn by the attending physician or the principal inves-
tigator for safety reasons, major protocol deviations or
deteriorations in the patient’s condition which warrants
study medication discontinuation. These infants remain
in the study and their outcomes will be included in the
intention-to treat analysis. The reason for patient dis-
continuation is recorded and the investigator is obliged
to follow up any significant adverse event.

Blinding
All investigators, staff, and participants, except for the
pharmacists, are kept blind to fatty acid assignment of
the participants. The enteral supplements are matched
in volume. Since the colors of the lipid emulsions are
not matched, we use amber syringes and cover the feed-
ing tube when the emulsion is given to the infants.

Primary outcome
The primary outcome is brain maturation at TEA,
assessed by diffusion MRI using Tract-Based Spatial

Statistics (TBSS). The diffusion MRI (MD) protocol con-
sists of a multi-b-shell sequence allowing for higher
order diffusion imaging as well as tractography and
structural connectivity evaluation. The MRI protocol
additionally includes multi-echo MP2RAGE sequences
for surface-based and volumetric analyses as well as T1-
relaxometry, which are also associated to maturation
[66, 67]. 3D-T2 weighted images, allows for assessment
of pathologies and the morbidity score ad modum Kido-
koro [58].

Secondary outcomes

1. Neurodevelopment assessed by
electroencephalogram (EEG), cerebral ultrasound
and neuropsychological testing. We monitor brain
activity by continuous EEG during the first 3 days
of life and at 36 weeks PMA. We will look at EEG
maturational changes and assess background
activity (total absolute band power) and
connectivity (directed transfer function). Cerebral
ultrasound (C-US) describing parenchymal
pathology and cerebral blood flow are done
according to the routines in our department. At 2
years corrected age (CA) we will perform a
standardized neurodevelopmental evaluation
including cognitive, behavioral and motor
development, as well as a full neurological
examination.

2. Quality of growth: Weight nadir, time to regain
birth weight, change in HC, weight, length (z-

Fig. 1 Nutritional protocol
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scores), growth velocity from birth to 28 days and
36 weeks PMA. Anthropometric assessments at
term age, 3, 6, 12 and 24 months CA. Body
composition (fat and fat-free mass) assessed at 36
weeks PMA and 3months CA by using PEA POD,
a non-invasive Air Displacement Plethysmography
system. Infant PEA POD measurements will be
followed up with body composition measurements
(Seca mBCA 525) at 2 years CA.

3. The cumulative incidence of neonatal morbidities
associated with inflammation: BPD (defined as
oxygen supplementation or respiratory support at
36 weeks PMA), PDA, ROP, NEC, IVH, WMI, and
late-onset septicemia (LOS). Neonatal morbidities
are registered in our database and graded according
to standard classifications [68–73]. Severe ROP is
defined as grade 3 or more. Culture-negative LOS is
defined as presence of clinical symptoms plus ab-
normal white blood cell count, CRP ≥30 or anti-
biotic treatment for ≥5 days.

4. The frequency and severity of other neonatal
morbidities, including postnatal growth restriction
and hyperglycemia.

5. Cardiovascular health assessed by Doppler
echocardiography and blood pressure measurement.
Myocardial function is examined day 3 and 7, at 36
weeks PMA and 2 years CA by the use of two-
dimensional echocardiography, including speckle
tracking (2D strain) and tissue Doppler imaging.
We will compare measurements against healthy
term infants examined at the same time-points
(REK-nr.2018/393). Blood pressure is measured at
birth, at 36 weeks PMA and at 2 years CA.

6. Lung function assessed by tidal-flow-volume meas-
urement at 36 weeks PMA, 3 months and 2 years
CA. We also register the need for supplemental
oxygen, number of days on mechanical ventilation
or non-invasive respiratory support, and cumulative
dose of postnatal steroids.

7. Inflammatory, metabolic and nutrient markers in
blood, saliva, urine, feces and human milk.
We register the results of routine blood samples
during hospital stay. Markers of nutritional status,
including vitamin A and D, are assessed at 28 days
and 36 weeks PMA. Dried blood spots samples are
collected daily during the first 5 days of life and
then weekly for analyses of FAs, markers of
inflammation i.e. interleukin-1, − 6 -10 and TNF-
alpha, amino acids (branched chain amino acids
(BCAA), glutamine, glutamate, arginine, asparagine,
aspartate, phenylalanine, hydroxyproline, taurine,
ornithine and citrullinec [74]), acyl carnitines and
stress hormones. Both targeted and untargeted
metabolic analyses for identification of individual

compounds, ratios and affected biochemical path-
ways will be performed to investigate and describe
metabolic differences based on the study interven-
tions, but also to unravel potential wider differences
between subgroups of infants. During hospital stay
samples of urine and faeces are collected regularly.
The urine samples will be used with the blood sam-
ples to evaluate metabolic and electrolyte changes
during the first weeks of life. Faecal samples will be
used to study the early faecal microbiota develop-
ment. We collect tracheal samples of the intubated
infants and nasopharyngeal samples in infants re-
ceiving non-invasive respiratory support. The sam-
ples will be included in the inflammatory and stress
analyses. Small amounts of human milk are col-
lected for analyses of nutrients.

8. Accommodation of the recent updated nutrient
recommendations. Major efforts are made to ensure
effective implementation of the nutritional protocol.
The intake of all enteral and nutrients including
fluid supply, carrier solutions and blood products
are registered prospectively until 36 weeks PMA
and the infants are monitored closely for electrolyte
and mineral disturbances so that necessary
adjustments can be done. We use the nutrition
database Nutrium® (www.nutrium.se, Nutrium AB,
Umeå, Sweden) for the nutritional calculations.
Study assessments and procedures are summarized
in Fig. 2.

Sample size
We have used data from the PRENU-cohort for our de-
termination of sample size. The PRENU study showed
decreased regional white matter mean diffusivity (MD),
suggestive of improved maturation of cerebral connect-
ive tracts in the intervention group [15]. The MD in the
superior longitudinal fasciculi was 1.18 × 10–3 (6.18 ×
10–2) in the intervention group and 1.25 × 10–3 (5.70 ×
10–2) in the control group. We consider a 0.04 differ-
ence in mean MD as clinically significant. With a power
of 80% and a significance level of 5%, 36 infants are re-
quired in each group (estimated sample size for two-
sample comparison of means). Assuming 40% loss to
follow-up (20% mortality/withdrawals/unavailability for
scans, 20% non-interpretable images), 120 infants need
to be included.

Data management
Registration of patient data is carried out in accordance
with national personal data laws. The Clinical Data
Management System (CDMS) used for the eCRF in this
study is VieDoc. Data is stored in a de-identified manner
where each study participant is recognisable by a unique
trial subject number. The investigator is responsible for
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the secure retention of the patient identification and the
code list. All information concerning the study is in-
accessible to unauthorized personnel and the data man-
agement procedures are performed in accordance with
the ICH guidelines. Data management personnel per-
form both manual eCRF review and review of additional
electronic edit checks to ensure that the data are
complete, consistent and reasonable. Any changes to
signed eCRFs must be approved and resigned by the In-
vestigator. The data will be stored until 15 years after the
last patient has completed last visit. Participant
confidentiality is strictly held in trust by the responsible
investigators and research staff.

Statistical analysis
The primary outcome, TBSS analysis of MD in major
white matter tracts at TEA, will be performed by one
investigator without knowledge of group affiliation.
Other MRI based outcomes will be analysed using
voxel-based or “region of interest” (ROI) based ana-
lyses and connectivity maturation will be assessed
using both global and regional network metrics com-
paring the two groups [75]. To evaluate the differ-
ences between groups on secondary outcomes we will
use Student’s t test for continuous variables and a χ2
test or Fisher’s exact test for categorical variables.
The Mann-Whitney U test will be used for variables
not normally distributed. We will also use multiple
linear regression analysis to adjust for important co-
variates in our analyses and methods for repeated
measures will be used as well as parametrical and
non-parametrical methods where relevant. Nutrient
intake will be compared between the two groups and

investigated in relation to clinical outcomes, growth,
immune- and metabolic response. A p-value of < 0.05
will be considered statistical significant. Multiple hy-
pothesis testing will be performed with p-value
correction.

Data analysis
The first main statistical analysis is planned when the
last included patient has completed neuroimaging (MRI)
at term equivalent age. The final analyses will be prede-
fined before we unblind the data.

Adverse events and safety monitoring
The trial investigator is responsible for the detection and
documentation of events meeting the criteria and defin-
ition of an adverse event (AE) or serious adverse event
(SAE). Any SAE is reported immediately to the sponsor
and principal investigator. The collection and reporting
of AEs are in line with Good Clinical Practice (GCP)
guidelines on reporting of “Adverse Reactions” in clinical
trials. The randomization code for a participant may be
unblinded in a case of emergency. Code breaking is only
to be used in circumstances where knowledge about the
allocated treatment group is necessary for appropriate
treatment of a serious adverse reaction and the Principal
Investigator must be contacted. An external Data Moni-
toring Committee (DMC) consisting of a senior neonatal
consultant, a pediatrician and a statistician with experi-
ence with clinical trials are monitoring the safety and
scientific soundness of the trial. To evaluate possible
negative effects of the nutritional interventions, a pre-
planned safety interim analysis was performed by the
DMC in September 2019, after 50 infants had been in-
cluded. The unanimous decision of the committee was

Fig. 2 Summary of study assessments and procedures

Wendel et al. BMC Pediatrics           (2021) 21:19 Page 7 of 11



that there are no safety concerns warranting the trial to
be terminated and they recommended the study to con-
tinue as planned.

Discussion
Improvements in neonatal care have led to rising sur-
vival rates of extremely premature born infants [76],
however, the rate of severe medical disabilities increases
significantly with decreasing GA [76–78] and preventive
measures to reduce neurodevelopmental sequelae, post-
natal growth failure and inflammatory mediated diseases
are most wanted. ARA and DHA are considered essen-
tial during early development and studies suggest that
supplementation with ARA and DHA has structural ef-
fects on brain growth and maturation [18, 20, 21] and re-
duce severity of BPD, ROP, NEC and WMI by affecting
the immune response [30–32]. In this study, we
randomize preterm infants before 29 weeks GA to receive
an enteral supplement consisting of either ARA and DHA
or MCT-oil during neonatal hospitalization. A double
blind RCT is the best scientific method to evaluate the ef-
ficacy of a treatment and minimize confounders, and the
results of our study will thus be important in defining
ARA and DHA requirements and to guide recommenda-
tion for supplements to extremely premature infants. If
supplementation with ARA and DHA reduces the inci-
dence of major neonatal morbidities, this will have great
impact for future premature infants and their caregivers,
given that even small improvements in cognition and neu-
rodevelopmental health improves the children’s possibil-
ities in future life [79].
Historically there have been many clinical misadven-

tures due to lack of clinical paediatric research [80]. Re-
search in infants is important and particularly advocated
if it provides information that will improve the under-
standing or treatment of a condition, or if the interven-
tions studied involves diagnostic procedures [81]. Our
study participants constitute an especially vulnerable
group of patients, since extremely premature born
infants often are exposed to critical illness and an uncer-
tain prognosis. The need of scientific knowledge involv-
ing such high risk participants rise several ethical issues
in balancing the benefits and burdens [82].
The study design was chosen to enable insight into the

complex interaction between inflammatory, metabolic
and nutritional factors and how early events affect
growth, metabolic functions and overall development.
Several of the MRI sequences used in the study have, to
our knowledge, never been implemented in infants in
Norway before. Likewise, there exists no good method
to automatically segment and measure the brain regions
in infants and the study will assist in developing such a
method. Thus, it is our hope that future patients, other

studies and clinicians will benefit from these new
methods.
Optimal management of nutrition to premature born

infants remains a challenge. Updated guidelines on
pediatric parenteral nutrition were recently published
[16]. By implementing a standardized nutrition protocol
this study will contribute to evaluate safety and efficacy
of current guidelines. The at hand registering of actual
supplied nutrients for all parenteral and enteral sources
probably promotes an effective implementation of the
nutritional protocol and leads to reduced practice
variation in prescription of PN within the department.
Several studies have shown that implementation of stan-
dardized nutritional protocols in the intensive neonatal
care unit improves growth outcomes and reduces the in-
cidence of comorbidities such as NEC and sepsis [83,
84], and might thus in itself be of benefit for all partici-
pating infants.
The participation of extremely preterm infants relies

on the parents’ ability to make a decision under
stressful conditions. By screening the maternal ward
we try to obtain informed consent before the onset of
labour. We do not know if supplementation with
ARA and DHA is superior to supplementation with
MCT-oil, so the direct benefit for each participating
infant is unknown. However, studies show generally
that participants of research find it more beneficial
than harmful [85]. Parents of preterm infants with a
birth weight < 1500 g included in a previous random-
ized nutritional intervention trial conducted in our in-
stitution reported better quality of life while in the
neonatal unit and less sleeping problems and more
energy at 3.5 years post-trial compared to parents
without trial participants [86].
We included our first study participant to the ImNuT

trial in April 2018. Recruitment is on-going with the aim
to include the total sample size of 120 infants by the end
of 2020. The first main statistical analysis is planned in
2021. We plan to publish the results of this study in
peer-reviewed journals and present data at national and
international conferences. The results of this study will
also be submitted to the Ethics Committee according to
EU and national regulations. Designation of authorship
will follow the Vancouver criteria (recommendations of
the international Committee of Medical Journal Editors,
ICMJE).

Abbreviations
ARA: Arachidonic acid; BPD: Bronchopulmonary dysplasia; CA: Corrected age;
DHA: Docosahexaenoic acid; EPA: Eicosapentaenoic acid; FA: Fatty acid;
HC: Head circumference; IVH: Intraventricular hemorrhage; LC-PUFA: Long-
chain polyunsaturated fatty acid; MCT: Medium chain triglycerides; MD: Mean
diffusivity; MRI: Magnetic resonance imaging; NEC: Necrotizing enterocolitis;
PDA: Patent ductus arteriosus; PMA: Postmenstrual age; PN: Parenteral
nutrition; ROP: Retinopathy of prematurity; TEA: Term equivalent age;
WMI: White matter injury

Wendel et al. BMC Pediatrics           (2021) 21:19 Page 8 of 11



Acknowledgements
We would like to thank the participating families for their time and
commitment to the study, the medical and nursing staff at the involved
NICUs for their support, and the members of the Data Monitoring
Committee for their thorough evaluations: Inge Christoffer Olsen, Ketil
Stordal and Trond Markestad.
ImNuT Collaboration Group:
Norway: Oslo University Hospital Marlen Fossan Aas, Mona Kristiansen Beyer,
Jens-Petter Berg, Marianne Bratlie, Atle Bjornerud, Maninder Singh Chawla,
Siw Helen Westby Eger, Cathrine Nygaard Espeland, Oliver Geier, Gunnthor-
unn Gunnarsdottir, Christina Henriksen, Per Kristian Hol, Henrik Holmstrøm,
Ivan Maximov, Tone Nordvik, Madelaine Eloranta Rossholt, Helene Caroline
Dale Osterholt and Ingjerd Saeves. Akershus Universitetssykehus HF Elin Blak-
stad. Sørlandet sykehus HF Henriette Astrup. Sykehuset Innlandet HF Lille-
hammer Dag Helge Froisland. Sykehuset Innlandet HF Lars Tveiten. Vestre
Viken Drammen Krzysztof Hochnowski. Sykehuset Ostfold HF Terje Reidar Sel-
berg. Sykehuset i Vestfold HF Henning Hoyte. Sykehuset Telemark HF Randi
Borghild Stornes. Parent representatives Hanne Isdal and Thea Wauters Thy-
ness. Switzerland: University of Geneva Petra Huppi. France: Paris Descartes
University, APHP Necker-Enfants Malades hospital, Paris and CNRC, Baylor Col-
lege of Medicine, Alexandre Lapillonne.

Authors’ contributions
SJM conceived and designed the initial draft of the study protocol with
contributions from HCVP (MR and neurodevelopmental outcomes) and EN
(cardiovascular health). DMF, MD, BSS, KBPE, HR, RDP, AHP and TS were all
involved in the final consensus process of the protocol. KW drafted the first
version of the manuscript on behalf of the ImNuT study group. All authors
revised the manuscript, made important contributions and approved the
final version.

Funding
The study is mainly sponsored by funds from the Research Council of
Norway with additional contribution from the public foundations the South-
Eastern Norway Regional Health Authority (Helse Sør-Øst RHF) and Barnestif-
telsen, Oslo University Hospital. We would like to thank DSM Nutritional
Products for sponsoring us with the investigational nutrition product, Formu-
laid™. This is an investigator initiated study and the funding agencies had no
role in the design or conduct of the study.

Availability of data and materials
Data sharing is not applicable to this article.

Ethics approval and consent to participate
The study is conducted in accordance with ethical principles that have their
origin in the Declaration of Helsinki and are consistent with ICH/Good
Clinical Practice and applicable regulatory requirements. The investigator is
responsible for giving adequate verbal and written information about the
study and study participation requires written informed consent from both
parents. Ethical approval of this study was obtained by the Norwegian
Regional Ethics Committee (2016–003700-31) in June 2017. In line with
European and national regulations, small amendments of the study protocol
have also been reported and approved.

Consent for publication
Not applicable.

Competing interests
The investigational nutrition product, Formulaid™ was donated by DSM
Nutritional Products. All authors declare that they have no competing
interests.

Author details
1Department of Neonatal Intensive Care, Oslo University Hospital, Oslo,
Norway. 2Department of Pediatric Neurology, Oslo University Hospital, Oslo,
Norway. 3Institute of Clinical Medicine, University of Oslo, Oslo, Norway.
4Department of Pediatrics, Vestfold Hospital Trust, Tønsberg, Norway.
5Department of Clinical Sciences, Pediatrics, Umea University, Umea, Sweden.
6Division of Molecular Nutrition, Department of Nutrition, University of Oslo,
Oslo, Norway. 7Department of Medical Biochemistry, Oslo University Hospital,
Oslo, Norway. 8Norwegian National Unit for Newborn Screening, Division of

Pediatric and Adolescent Medicine, Oslo University Hospital, Oslo, Norway.
9Oslo Centre of Biostatistics and Epidemiology, Oslo University Hospital, Oslo,
Norway.

Received: 14 August 2020 Accepted: 10 November 2020

References
1. Blencowe H, Cousens S, Chou D, Oestergaard M, Say L, Moller A-B, et al.

Born too soon: the global epidemiology of 15 million preterm births.
Reprod Health. 2013;10 Suppl 1(Suppl 1):S2.

2. Embleton NE, Pang N, Cooke RJ. Postnatal malnutrition and growth
retardation: an inevitable consequence of current recommendations in
preterm infants? Pediatrics. 2001;107(2):270–3.

3. Gilmore JH, Shi F, Woolson SL, Knickmeyer RC, Short SJ, Lin W, et al.
Longitudinal development of cortical and subcortical gray matter from birth
to 2 years. Cereb Cortex. 2012;22(11):2478–85.

4. Georgieff MK. Nutrition and the developing brain: nutrient priorities and
measurement. Am J Clin Nutr. 2007;85(2):614s–20s.

5. Koletzko B, Goulet O, Hunt J, Krohn K, Shamir R. 1. Guidelines on Paediatric
Parenteral Nutrition of the European Society of Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) and the European Society for Clinical
Nutrition and Metabolism (ESPEN), Supported by the European Society of
Paediatric Research (ESPR). J Pediatr Gastroenterol Nutr. 2005;41 Suppl 2:S1–87.

6. Agostoni C, Buonocore G, Carnielli VP, De Curtis M, Darmaun D, Decsi T,
et al. Enteral nutrient supply for preterm infants: commentary from the
European Society of Paediatric Gastroenterology, Hepatology and nutrition
committee on nutrition. J Pediatr Gastroenterol Nutr. 2010;50(1):85–91.

7. Mason DG, Puntis JW, McCormick K, Smith N. Parenteral nutrition for
neonates and children: a mixed bag. Arch Dis Child. 2011;96(3):209–10.

8. Lapillonne A, Kermorvant-Duchemin E. A systematic review of practice
surveys on parenteral nutrition for preterm infants. J Nutr. 2013;143(12
Suppl):2061s–5s.

9. Moltu SJ, Blakstad EW, Strommen K, Almaas AN, Nakstad B, Ronnestad A,
et al. Enhanced feeding and diminished postnatal growth failure in very-
low-birth-weight infants. J Pediatr Gastroenterol Nutr. 2014;58(3):344–51.

10. Strommen K, Blakstad EW, Moltu SJ, Almaas AN, Westerberg AC, Amlien IK,
et al. Enhanced nutrient supply to very low birth weight infants is
associated with improved white matter maturation and head growth.
Neonatology. 2015;107(1):68–75.

11. Moltu SJ, Strømmen K, Blakstad EW, Almaas AN, Westerberg AC, Brække K,
et al. Enhanced feeding in very-low-birth-weight infants may cause
electrolyte disturbances and septicemia – a randomized, controlled trial.
Clin Nutr. 2013;32(2):207–12.

12. Ichikawa G, Watabe Y, Suzumura H, Sairenchi T, Muto T, Arisaka O.
Hypophosphatemia in small for gestational age extremely low birth weight
infants receiving parenteral nutrition in the first week after birth. J Pediatr
Endocrinol Metab. 2012;25(3–4):317–21.

13. Mizumoto H, Mikami M, Oda H, Hata D. Refeeding syndrome in a small-for-
dates micro-preemie receiving early parenteral nutrition. Pediatr Int. 2012;
54(5):715–7.

14. Bonsante F, Iacobelli S, Latorre G, Rigo J, De Felice C, Robillard PY, et al.
Initial amino acid intake influences phosphorus and calcium homeostasis in
preterm infants--it is time to change the composition of the early parenteral
nutrition. PLoS One. 2013;8(8):e72880.

15. Cormack BE, Jiang Y, Harding JE, Crowther CA, Bloomfield FH. Neonatal
Refeeding Syndrome and Clinical Outcome in Extremely Low Birthweight
Babies. JPEN J Parenter Enteral Nutr. 2020;1-14. https://doi.org/10.1002/jpen.
1934.

16. Mihatsch WA, Braegger C, Bronsky J, Cai W, Campoy C, Carnielli V, et al.
ESPGHAN/ESPEN/ESPR/CSPEN guidelines on pediatric parenteral nutrition.
Clin Nutr. 2018;37(6 Pt B):2303–5.

17. Jochum F, Moltu SJ, Senterre T, Nomayo A, Goulet O, Iacobelli S. ESPGHAN/
ESPEN/ESPR/CSPEN guidelines on pediatric parenteral nutrition: Fluid and
electrolytes. Clin Nutr. 2018;37(6 Pt B):2344–53.

18. Lapillonne A, Jensen CL. Reevaluation of the DHA requirement for the
premature infant. Prostaglandins Leukot Essent Fatty Acids. 2009;81(2–3):
143–50.

19. Lapillonne A, Groh-Wargo S, Gonzalez CH, Uauy R. Lipid needs of preterm
infants: updated recommendations. J Pediatr. 2013;162(3 Suppl):S37–47.

Wendel et al. BMC Pediatrics           (2021) 21:19 Page 9 of 11

https://doi.org/10.1002/jpen.1934
https://doi.org/10.1002/jpen.1934


20. Hadley KB, Ryan AS, Forsyth S, Gautier S, Salem N Jr. The essentiality of
Arachidonic acid in infant development. Nutrients. 2016;8(4):216.

21. Innis SM. Essential fatty acid transfer and fetal development. Placenta. 2005;
26 Suppl A:S70–5.

22. Zhang P, Lavoie PM, Lacaze-Masmonteil T, Rhainds M, Marc I. Omega-3
long-chain polyunsaturated fatty acids for extremely preterm infants: a
systematic review. Pediatrics. 2014;134(1):120–34.

23. Lapillonne A. Enteral and parenteral lipid requirements of preterm infants.
World Rev Nutr Diet. 2014;110:82–98.

24. Drevon CA. Marine oils and their effects. Nutr Rev. 1992;50(4 ( Pt 2)):38–45.
25. Paananen R, Husa AK, Vuolteenaho R, Herva R, Kaukola T, Hallman M. Blood

cytokines during the perinatal period in very preterm infants: relationship of
inflammatory response and bronchopulmonary dysplasia. J Pediatr. 2009;
154(1):39–43 e3.

26. Strunk T, Inder T, Wang X, Burgner D, Mallard C, Levy O. Infection-induced
inflammation and cerebral injury in preterm infants. Lancet Infect Dis. 2014;
14(8):751–62.

27. Marchant EA, Kan B, Sharma AA, van Zanten A, Kollmann TR, Brant R, et al.
Attenuated innate immune defenses in very premature neonates during
the neonatal period. Pediatr Res. 2015;78(5):492–7.

28. Neu J, Pammi M. Necrotizing enterocolitis: the intestinal microbiome,
metabolome and inflammatory mediators. Semin Fetal Neonatal Med. 2018;
23(6):400–5.

29. Kim ES, Kim EK, Choi CW, Kim HS, Kim BI, Choi JH, et al. Intrauterine
inflammation as a risk factor for persistent ductus arteriosus patency after
cyclooxygenase inhibition in extremely low birth weight infants. J Pediatr.
2010;157(5):745–50 e1.

30. Wanten GJ, Calder PC. Immune modulation by parenteral lipid emulsions.
Am J Clin Nutr. 2007;85(5):1171–84.

31. Serhan CN, Chiang N, Van Dyke TE. Resolving inflammation: dual anti-inflammatory
and pro-resolution lipid mediators. Nat Rev Immunol. 2008;8(5):349–61.

32. Waitzberg DL, Torrinhas RS. Fish oil lipid emulsions and immune response:
what clinicians need to know. Nutr Clin Pract. 2009;24(4):487–99.

33. Dammann O, Brinkhaus MJ, Bartels DB, Dordelmann M, Dressler F, Kerk J,
et al. Immaturity, perinatal inflammation, and retinopathy of prematurity: a
multi-hit hypothesis. Early Hum Dev. 2009;85(5):325–9.

34. Dammann O, Leviton A. Inflammation, brain damage and visual dysfunction
in preterm infants. Semin Fetal Neonatal Med. 2006;11(5):363–8.

35. Vincent JL, Opal SM, Marshall JC, Tracey KJ. Sepsis definitions: time for
change. Lancet. 2013;381(9868):774–5.

36. Wang H, Ward MF, Sama AE. Targeting HMGB1 in the treatment of sepsis.
Expert Opin Ther Targets. 2014;18(3):257–68.

37. Aghai ZH, Saslow JG, Meniru C, Porter C, Eydelman R, Bhat V, et al. High-
mobility group box-1 protein in tracheal aspirates from premature infants:
relationship with bronchopulmonary dysplasia and steroid therapy. J
Perinatol. 2010;30(9):610–5.

38. Poindexter BB, Martin CR. Impact of nutrition on Bronchopulmonary
dysplasia. Clin Perinatol. 2015;42(4):797–806.

39. Rozance PJ, Seedorf GJ, Brown A, Roe G, O'Meara MC, Gien J, et al.
Intrauterine growth restriction decreases pulmonary alveolar and vessel
growth and causes pulmonary artery endothelial cell dysfunction in vitro in
fetal sheep. Am J Physiol Lung Cell Mol Physiol. 2011;301(6):L860–71.

40. Harris WS, Baack ML. Beyond building better brains: bridging the
docosahexaenoic acid (DHA) gap of prematurity. J Perinatol. 2015;35(1):1–7.

41. Martin CR, Dasilva DA, Cluette-Brown JE, Dimonda C, Hamill A, Bhutta AQ,
et al. Decreased postnatal docosahexaenoic and arachidonic acid blood
levels in premature infants are associated with neonatal morbidities. J
Pediatr. 2011;159(5):743–9 e1–2.

42. Manley BJ, Makrides M, Collins CT, McPhee AJ, Gibson RA, Ryan P, et al.
High-dose docosahexaenoic acid supplementation of preterm infants:
respiratory and allergy outcomes. Pediatrics.
2011;128(1):e71–7.

43. Skouroliakou M, Konstantinou D, Agakidis C, Delikou N, Koutri K, Antoniadi
M, et al. Cholestasis, bronchopulmonary dysplasia, and lipid profile in
preterm infants receiving MCT/omega-3-PUFA-containing or soybean-based
lipid emulsions. Nutr Clin Pract. 2012;27(6):817–24.

44. Collins CT, Makrides M, McPhee AJ, Sullivan TR, Davis PG, Thio M, et al.
Docosahexaenoic acid and Bronchopulmonary dysplasia in preterm infants.
N Engl J Med. 2017;376(13):1245–55.

45. Bernhard W, Raith M, Koch V, Maas C, Abele H, Poets CF, et al.
Developmental changes in polyunsaturated fetal plasma phospholipids

and feto-maternal plasma phospholipid ratios and their association with
bronchopulmonary dysplasia. Eur J Nutr. 2016;55(7):2265–74.

46. Stillwell W, Wassall SR. Docosahexaenoic acid: membrane properties of a
unique fatty acid. Chem Phys Lipids. 2003;126(1):1–27.

47. Drenckpohl D, McConnell C, Gaffney S, Niehaus M, Macwan KS. Randomized
trial of very low birth weight infants receiving higher rates of infusion of
intravenous fat emulsions during the first week of life. Pediatrics. 2008;
122(4):743–51.

48. VanderVeen DK, Martin CR, Mehendale R, Allred EN, Dammann O, Leviton A.
Early nutrition and weight gain in preterm newborns and the risk of
retinopathy of prematurity. PLoS One. 2013;8(5):e64325.

49. Beken S, Dilli D, Fettah ND, Kabatas EU, Zenciroglu A, Okumus N. The
influence of fish-oil lipid emulsions on retinopathy of prematurity in very
low birth weight infants: a randomized controlled trial. Early Hum Dev.
2014;90(1):27–31.

50. Pawlik D, Lauterbach R, Walczak M, Hurkala J, Sherman MP. Fish-oil fat
emulsion supplementation reduces the risk of retinopathy in very low birth
weight infants: a prospective, randomized study. JPEN J Parenter Enteral
Nutr. 2014;38(6):711–6.

51. Najm S, Lofqvist C, Hellgren G, Engstrom E, Lundgren P, Hard AL, et al.
Effects of a lipid emulsion containing fish oil on polyunsaturated fatty acid
profiles, growth and morbidities in extremely premature infants: a
randomized controlled trial. Clinical nutrition ESPEN. 2017;20:17–23.

52. Bernabe-Garcia M, Villegas-Silva R, Villavicencio-Torres A, Calder PC,
Rodriguez-Cruz M, Maldonado-Hernandez J, et al. Enteral Docosahexaenoic
acid and retinopathy of prematurity: a randomized clinical trial. JPEN J
Parenter Enteral Nutr. 2019;43(7):874–82.

53. Dyet LE, Kennea N, Counsell SJ, Maalouf EF, Ajayi-Obe M, Duggan PJ, et al.
Natural history of brain lesions in extremely preterm infants studied with
serial magnetic resonance imaging from birth and neurodevelopmental
assessment. Pediatrics. 2006;118(2):536–48.

54. Back SA. White matter injury in the preterm infant: pathology and
mechanisms. Acta Neuropathol. 2017;134(3):331–49.

55. Verney C, Pogledic I, Biran V, Adle-Biassette H, Fallet-Bianco C, Gressens P.
Microglial reaction in axonal crossroads is a hallmark of noncystic
periventricular white matter injury in very preterm infants. J Neuropathol
Exp Neurol. 2012;71(3):251–64.

56. Khwaja O, Volpe JJ. Pathogenesis of cerebral white matter injury of
prematurity. Arch Dis Child Fetal Neonatal Ed. 2008;93(2):F153–61.

57. Heep A, Behrendt D, Nitsch P, Fimmers R, Bartmann P, Dembinski J.
Increased serum levels of interleukin 6 are associated with severe
intraventricular haemorrhage in extremely premature infants. Arch Dis Child
Fetal Neonatal Ed. 2003;88(6):F501–4.

58. Kidokoro H, Neil JJ, Inder TE. New MR imaging assessment tool to define
brain abnormalities in very preterm infants at term. AJNR Am J Neuroradiol.
2013;34(11):2208–14.

59. Zamora R, Grishin A, Wong C, Boyle P, Wang J, Hackam D, et al. High-
mobility group box 1 protein is an inflammatory mediator in necrotizing
enterocolitis: protective effect of the macrophage deactivator semapimod.
Am J Physiol Gastrointest Liver Physiol. 2005;289(4):G643–52.

60. Barker DJ, Hales CN, Fall CH, Osmond C, Phipps K, Clark PM. Type 2 (non-
insulin-dependent) diabetes mellitus, hypertension and hyperlipidaemia
(syndrome X): relation to reduced fetal growth. Diabetologia. 1993;36(1):62–7.

61. Mercuro G, Bassareo PP, Flore G, Fanos V, Dentamaro I, Scicchitano P, et al.
Prematurity and low weight at birth as new conditions predisposing to an
increased cardiovascular risk. Eur J Prev Cardiol. 2013;20(2):357–67.

62. Gunthel M, Barnett P, Christoffels VM. Development, proliferation, and
growth of the mammalian heart. Mol Ther. 2018;26(7):1599–609.

63. Iruretagoyena JI, Gonzalez-Tendero A, Garcia-Canadilla P, Amat-Roldan I,
Torre I, Nadal A, et al. Cardiac dysfunction is associated with altered
sarcomere ultrastructure in intrauterine growth restriction. Am J Obstet
Gynecol. 2014;210(6):550 e1–7.

64. Morrison JL, Botting KJ, Dyer JL, Williams SJ, Thornburg KL, McMillen IC.
Restriction of placental function alters heart development in the sheep
fetus. Am J Physiol Regul Integr Comp Physiol. 2007;293(1):R306–13.

65. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated
guidelines for reporting parallel group randomised trials. BMJ. 2010;340:c332.

66. Schneider J, Kober T, Bickle Graz M, Meuli R, Hüppi PS, Hagmann P, et al.
Evolution of T1 relaxation, ADC, and fractional anisotropy during early brain
maturation: a serial imaging study on preterm infants. AJNR Am J
Neuroradiol. 2016;37(1):155–62.

Wendel et al. BMC Pediatrics           (2021) 21:19 Page 10 of 11



67. Link D, Braginsky MB, Joskowicz L, Ben Sira L, Harel S, Many A, et al. Automatic
measurement of fetal brain development from magnetic resonance imaging:
new reference data. Fetal Diagn Ther. 2018;43(2):113–22.

68. Higgins RD, Jobe AH, Koso-Thomas M, Bancalari E, Viscardi RM, Hartert TV,
et al. Bronchopulmonary dysplasia: executive summary of a workshop. J
Pediatr. 2018;197:300–8.

69. Bashinsky AL. Retinopathy of prematurity. N C Med J. 2017;78(2):124–8.
70. Mϋller MJ, Paul T, Seeliger S. Necrotizing enterocolitis in premature infants

and newborns. J Neonatal Perinatal Med. 2016;9(3):233–42.
71. Valdez Sandoval P, Hernández Rosales P, Quiñones Hernández DG, Chavana

Naranjo EA, García NV. Intraventricular hemorrhage and posthemorrhagic
hydrocephalus in preterm infants: diagnosis, classification, and treatment
options. Childs Nerv Syst. 2019;35(6):917–27.

72. Gano D. White matter injury in premature newborns. Neonatal Netw. 2016;
35(2):73–7.

73. Dong Y, Speer CP. Late-onset neonatal sepsis: recent developments. Arch
Dis Child Fetal Neonatal Ed. 2015;100(3):F257–63.

74. Posod A, Müller S, Komazec IO, Dejaco D, Peglow UP, Griesmaier E, et al.
Former very preterm infants show alterations in plasma amino acid profiles
at a preschool age. Pediatr Res. 2017;81(5):787–94.

75. Zhao T, Mishra V, Jeon T, Ouyang M, Peng Q, Chalak L, et al. Structural
network maturation of the preterm human brain. Neuroimage. 2019;185:
699–710.

76. Norman M, Hallberg B, Abrahamsson T, Bjorklund LJ, Domellof M, Farooqi A,
et al. Association between year of birth and 1-year survival among
extremely preterm infants in Sweden during 2004-2007 and 2014-2016.
JAMA. 2019;321(12):1188–99.

77. Moster D, Lie RT, Markestad T. Long-term medical and social consequences
of preterm birth. N Engl J Med. 2008;359(3):262–73.

78. Ancel PY, Goffinet F, Kuhn P, Langer B, Matis J, Hernandorena X, et al.
Survival and morbidity of preterm children born at 22 through 34 weeks'
gestation in France in 2011: results of the EPIPAGE-2 cohort study. JAMA
Pediatr. 2015;169(3):230–8.

79. Thompson DK, Kelly CE, Chen J, Beare R, Alexander B, Seal ML, et al. Early
life predictors of brain development at term-equivalent age in infants born
across the gestational age spectrum. Neuroimage. 2019;185:813–24.

80. Fleischman AR. Ethical issues in neonatal research involving human
subjects. Semin Perinatol. 2016;40(4):247–53.

81. Modi N, Vohra J, Preston J, Elliott C, Van't Hoff W, Coad J, et al. Guidance on
clinical research involving infants, children and young people: an update for
researchers and research ethics committees. Arch Dis Child. 2014;99(10):
887–91.

82. Diekema DS. Ethical issues in research involving infants. Semin Perinatol.
2009;33(6):364–71.

83. Stefanescu BM, Gillam-Krakauer M, Stefanescu AR, Markham M, Kosinski JL.
Very low birth weight infant care: adherence to a new nutrition protocol
improves growth outcomes and reduces infectious risk. Early Hum Dev.
2016;94:25–30.

84. Butler TJ, Szekely LJ, Grow JL. A standardized nutrition approach for very
low birth weight neonates improves outcomes, reduces cost and is not
associated with increased rates of necrotizing enterocolitis, sepsis or
mortality. J Perinatol. 2013;33(11):851–7.

85. Buckle JL, Dwyer SC, Jackson M. Qualitative bereavement research:
incongruity between the perspectives of participants and research ethics
boards. Int J Soc Res Methodol. 2010;13(2):111–25.

86. Nordheim T, Rustoen T, Iversen PO, Nakstad B. Quality of life in parents of
preterm infants in a randomized nutritional intervention trial. Food Nutr Res.
2016;60:32162.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Wendel et al. BMC Pediatrics           (2021) 21:19 Page 11 of 11


	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Methods/design
	Study design
	Study population
	Intervention
	Randomization
	Subject withdrawal
	Blinding
	Primary outcome
	Secondary outcomes
	Sample size
	Data management
	Statistical analysis
	Data analysis
	Adverse events and safety monitoring

	Discussion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

