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Abstract
Necrotizing enterocolitis (NEC) is a typical disorder of preterm newborns, with a high mortality and morbidity rate.
The therapeutic and nutritional management of disease depends on several factors. Its prognosis is linked, in
addition to the severity of the disease and the need for surgery, to a correct enteral feeding in these patients. This
study aims to identify the clinical characteristics of 18 patients with NEC, evaluating the different therapeutic paths
undertaken, the type of formula used and the survival rate of this population. Average time of enteral nutrition
before the NEC onset was 11,3 ± 11,6 days, with an average fasting period since the onset of 24 ± 18.9 days. 77.8%
of patients received surgery and resumed enteral nutrition 17.7 ± 17.9 days after the intervention. The overall
survival rate of our cohort was 55.5%. More prospective studies are needed to evaluate the long-term outcomes of
survived children with NEC.
Keywords: Necrotizing enterocolitis, NEC, Pediatric nutrition, Neonatology, Pediatric surgery, Enteral formulas,
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Introduction
Necrotizing enterocolitis (NEC) is a critical disease
typical of premature infants. Although its incidence
varies among different neonatal intensive care units, the
average prevalence among very low birth weight infants
(VLBW), defined as those with a first recorded weight <
1500 g, is 7% [1, 2]. The intestinal barrier immaturity
and a gut microbiota dysbiosis could probably contribute
to the intestinal inflammation and the damage observed
in these patients [1, 3].
The Bell’s staging, introduced in 1978 and later modified by Kligeman and Walsh, stratifies the severity of this
pathology and guide the treatment approach [4]. In Bell’s
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stages I and II, corresponding to cases of just suspected
or mild to moderate NEC, therapy consists of a broadspectrum antibiotic therapy and parenteral nutrition,
with a contemporary suspension of enteral nutrition for
an average of 7 to14 days. In cases of worsening of
symptoms or severe disease (stage III), hemodynamic instability, low platelets, CID, peritonitis or pneumoperitoneum are frequent findings. In these cases, surgery is
generally indispensable [5]. Mortality rate found among
NEC cases which needed surgery rises from 3 to 30%
[6]. Furthermore, when a massive intestinal resection is
performed, short bowel syndrome can result [5]. On a
histological level, indeed, after massive resections, adaptations of the remaining bowel structure have been observed, like a lengthening of villi, a deepening of crypts
and an increase in the proliferation of enterocytes. These
changes increase the absorption capacity of the residual
bowel [7].
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The purpose of this study is to evaluate a population
of patients affected by NEC, collecting their clinical data
and analyzing the nutritional implications of disease.

Material and methods
An observational prospective study was carried out
through the collection of cases of NEC admitted to the
Neonatology and Neonatal Intensive Care Unit of
“Policlinico P. Giaccone”, Palermo between January 2015
and January 2019. We revised the medical records of
these infants; data were extrapolated with a standardized
table. The main outcome of this study was to evaluate
the survival rate, distribution and characteristics of NEC
patients in a single cohort, evaluating different approaches utilized and observing their possible clinical
outcomes.
Clinical data that have been collected were clinical
condition and age at diagnosis, progression of disease,
therapeutic nutritional and surgical management. For
each patient a multidisciplinary evaluation has been
carried out through joint visits, with the presence of
pediatrician, surgeon, parents. Categorical variables were
synthesized with frequencies, percentages and statistical
distribution.
The study was conducted according to the guidelines
of the Declaration of Helsinki, and it has been approved
by the ethical committee of the center involved.
Results
In total, 18 infants were included in the study: 8 males
and 10 females (Table 1). The gestational age (GE) at
birth was between 23 + 6 week and 35 + 2 week, with an
average of 29 + 1. 13 infants had GE < 32 w, 3 had GE
between 32 and 33 w and 6 days, 2 were late preterm
(GE between 34 and 36 w and 6 days). The smaller infant weighed 600 g, while the bigger one weighed 2130 g.
The average weight found at birth was 1078 ± 478,96 g. 4
infants were low birth weight (LBW) (< 2500 g), 4 were
very low birth weight (VLBW) (< 1500 g), 10 were extremely low birth weight (ELBW) (< 1000 g). All the infants in our population were preterm, some had specific
comorbidities; in 2 genetic pathologies were found, in 5
a patent ductus arteriosus was found. In 1 newborn a
hypertrophic heart disease was diagnosed. 3 newborns
Table 1 Baseline patients’ characteristics
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were from bigeminal pregnancies, 15 from single ones.
Regarding severity of NEC, 14 infants were on stage III
of Bell, 4 on stage II and no one was on stage I. 8 newborns died during the hospitalization, of which 7 were
on stage III and 1 on stage II. The survival rate of our
population was 55.5%. Figures 1 and 2 describe the distribution of cases for gestational age and weight at birth.
Enteral nutrition

In our case series, enteral nutrition started on average
after 6.7 ± 9.6 days of life. This delay in starting nutrition
could be related to prematurity. Considering the type of
milk administered before NEC, 5 groups of newborns
were identified: 2 newborns were fed with breast milk
and hydrolyzed formula, 5 with breast milk and preterm
formula, 2 with preterm formula and 8 with breast milk
only; 1 newborn developed NEC before the initiation of
enteral feeding. In the 17 newborns who developed NEC
after the beginning of enteral feeding, it was stopped for
food intolerance after 15.5 ± 13 days of life. Infants of
this case series performed enteral nutrition for 11,3 ±
11,6 days before the NEC onset. Considering the interval
between disease onset and enteral reintroduction, an
average fasting period of 24 ± 18.9 days was performed.
Figure 3 describes the days distribution for the enteral
fasting after NEC onset.
The time to reach a full enteral feeding was evaluated
by measuring the interval between the day of enteral reintroduction and the day of parenteral stop. 8 infants
were excluded (7 for an early exitus and 1 for lack of
clinical data).
Table 2 sums up types of milk administered during
the enteral feeding reintroduction phase.
Parenteral nutrition

In our series, due to the prematurity, many infants
started parenteral nutrition before NEC onset. It should
be noted that in the event of death, the day of exitus was
considered the day of parenteral suspension. On average,
infants in our population practiced parenteral nutrition
for 50 ± 28 days. Regarding the composition of the parenteral formula administered,12 newborns received olive
oil lipid emulsions, 5 received soy-bean lipid emulsions
and 1 received parenteral with lipid-free formula.
Surgery

Newborns

18

Sex ratio M/F

0,8

Gestational age (Week)

29 + 1 [I.C. 23+ 6–35+ 2]

Weight (g)

1078 ± 478,9

NEC II

4

NEC III

14

Deaths

8

4 patients did not have surgery (22.2%) and 14 had surgery (77.8%). Surgery was performed on average after
32.5 ± 27.1 days of life. Among operated infants, 5 had
an intestinal resection with ileostomy placement (27.8%),
4 had only ileostomy packaging (22.2%), 1 had a colostomy, 2 had neither resection nor ileostomy. 2 patients
were treated exclusively with an abdominal drainage.
Within the group of operated infants, the reintroduction
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Fig. 1 Patients for gestational age at birth (weeks) distribution

of enteral nutrition occurred on average after 17.7 ±
17.9 days from surgery.
Use of supplements and medications

Iron, D and K vitamins supplementation is essential in
preterm newborns [8] Our population, in addition to the
inherent risk of prematurity, was more exposed to a vitamin malabsorption and to trace elements lack. In addition
to this, newborns who practice parenteral nutrition for
long periods may develop carnitine deficiency [8]. We
evaluated vitamin supplementation in our population: 2
newborns received carnitine, 4 oral iron, 1 injected trace
elements and 9 received oral multivitamins.

Fig. 2 Born weight distribution (g)

We evaluated the administration of antacids and ursodeoxycholic acid (UDCA) in our population, trying to
identify an indirect parameter that would give us an
overview on main gastroenterological sequences of NEC
(ex. gastric hypersecretion and liver disease). Many neonates with NEC, especially those who had jejunostomies,
showed an increased gastric secretion that may require
antacids [5]. In our population 6 infants received antiacids. Furthermore, infants with NEC, due to a prolonged
parenteral nutrition, show higher risk of developing liver
disease and cholestasis. These conditions need for nutritional modifications and UDCA supplementation. In our
population 4 infants received UDCA.
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Fig. 3 Distribution enteral fasting days after NEC onset

Signs and symptoms of NEC

Many clinical and radiological signs were evaluated from
the onset of NEC. Principal signs of food intolerance
which brought to the interruption of enteral feeding
were abdominal distension (83.2%), stagnation (33.3%)
and intestinal bleeding (27.7%) (Table 3). Most frequent
systemic signs were the increase of inflammation indices
(55.5%) and thrombocytopenia (27.8%) (Table 4). Radiological findings observed were pneumoperitoneum
(38.9%), hydro-aerial levels (38.9%) and failure to gasify
the rectum (33.3%) (Table 5). Portal pneumatosis and
aerobilia were less frequent radiological signs.

Discussion
Main problems in the prevention of NEC concern the
introduction of enteral nutrition and the type of administered formula. 10 newborns started enteral feeding in
the first 2 days of life, but on average enteral nutrition
was started 6.7 days after birth. This variability could be
referred to the heterogeneity of gestational ages. Recent
evidences state that early enteral nutrition, despite not
being a protective factor, does not increase the incidence
of NEC, but allows a faster growth and reduces the risk

of sepsis and food intolerance [9, 10]. Concerning the type
of formula introduced, breast milk has been shown as a
protective factor [11]. The incidence of NEC in breastonly infants is indeed 6–10 times lower than an adapted
formula exclusive feeding [12]. Several non-nutritious
components of breast milk contribute to the immune
function of the gastrointestinal tract and increase the integrity of the mucous membrane [9, 10]. Some of these
components are IgA, growth factors and polyunsaturated
fatty acids. The beneficial effects of human milk are also
linked to the presence of oligosaccharides capable of
stimulating the growth of a healthy bacterial flora [13–17].
In our case series, the absence of infants with stage I
NEC may be linked to a failure of early diagnosis, due to
the birth in other hospitals. The development of specific
biomarkers could help in the differential diagnosis. The
high prevalence of NEC at stage III of our case studies
(78%) it is probably linked to the presence of a Pediatric
Surgery Ward in the same departmental complex. Low
birth weight and high prevalence of surgical NECs could
explain the total high mortality rate in our sample
(44.5%), which is higher than the mortality described in
other reports [5].

Table 2 Type of enteral nutrition reintroduced during the
healing phase

Table 3 Intestinal signs of NEC

Type of formula

Newborns

Distended abdomen

15

83.2

Hydrolyzed formula

4

Biliary gastric stagnations

7

38.9

Breast milk only

5

Hematochezia

4

22.2

Breast milk and hydrolyzed formula

3

Melena

1

5.6

Breast milk and preterm formula (0)

2

Closed alvo

1

5, 6

Not refed due to early death

4

Rectorrhagia

1

5.6

n

%
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Table 4 Systemic signs of NEC
n

%

Increase of inflammation indices

10

55.5

Thrombocytopenia

5

27.8

Desaturation

2

11.1

Bradycardia

2

11.1

Apnea

1

5.6

Neutropenia

1

5.6

Skin discoloration

1

5.6

Anemia

1

5.6

Temperature

1

5.6

Methemoglobin

1

5.6

Flecked skin

1

5.6

Hyponatremia

1

5.6

Metabolic acidosis

1

5.6

NEC medical treatment

Medical NEC therapy consists of the administration of
broad-spectrum antibiotics, the fasting and the initiation
of parenteral nutrition. The duration of fasting depends
on clinical, laboratory and instrumental evaluation [18].
According to recent evidence, early reintroduction of enteral feeding is associated with fewer complications,
shorter duration of antibiotic therapy, faster progression
to nutritional goals by age, and shorter hospitalization
[19, 20]. A recent review [5] suggests that in patients on
stage 1 and 2, fasting must last between 7 and 14 days.
Conversely, a meta-analysis reports that there are no
significant differences in terms of complications if the
enteral is introduced before the fifth day [19]. A prolonged enteral fasting could have multiple negative
consequences:
 favors the development of deficiencies in vitamins

and nutrients
 determines atrophy of the intestinal mucosa
 promotes bacterial overgrowth
 prolonged parenteral nutrition increasing its

infectious and metabolic complications.

Table 5 Radiological sign of NEC
n

%

Pneumoperitoneum

7

38.9

Air fluid levels

7

38.9

Intestinal distension

7

38.9

Failure to gasification straight

6

33.3

Portal pneumatosis

1

5.6

Aerobilia

1

5.6

Clinicians should minimize fasting, reintroducing enteral nutrition as soon as there is a clinical improvement
witnessed by the stability of vital signs, the abdominal
physical examination, and the normalization of platelet
count and radiologic signs The identification of biomarkers (NIRS, I-FABP, intestinal alkaline phosphatase)
[21, 22], capable of reflecting the severity of NEC and intestinal recovery, could help to personalize the moment
of resumption of enteral feeding, minimizing the consequences of a prolonged fasting. In addition to the correct
timing for the resumption of enteral nutrition, the type
of formula to be used is an important factor. The superiority of breast milk seems undisputed, but when it is
not available, it is not known whether the adapted formula or the hydrolysate is preferable. In our series, 10
newborns resumed enteral nutrition with breast milk (5
exclusively, 3 associated with hydrolyzed formula, 2
associated with adapted formula), 4 resumed enteral
nutrition with hydrolyzed milk, the remaining 4 did not
resume enteral nutrition because they died earlier. After
enteral nutrition reintroduction, it is necessary to assist
the newborn until full enteral feeding is reached: this
interval in our population lasted after 17.2 ± 8.2 days on
average.
Parenteral nutrition

Neonates with NEC should start early parenteral nutrition with an adequate dose of amino acids (3.5–4 g/kg/
day), in order to maintain a positive nitrogen balance, an
improvement of weight growth and allowing the repair
of damaged tissues [1, 23–25]. Parenteral nutrition can
be discontinued when enteral nutrition is sufficient to
meet the nutritional needs. Prolonged parenteral nutrition is associated with higher risk of infections and
metabolic problems, such as dyslipidemia and liver disease. The duration of parenteral nutrition in our series is
particularly long if compared to other studies in the literature, but this data could be due to the prematurity
and severity of NEC in our newborns. In our series, parenteral nutrition was started on average on the second
day of life and practiced for an interval of 50 ± 28 days.
In our case series, 12 newborns received olive oil lipid
emulsions; 5 received soybean lipid emulsions; finally, 1
newborn practiced parenteral nutrition without lipids.
Main metabolic complications of the parenteral nutrition are liver disease and intestinal failure (IFALD) [26].
These complications incidence could be modified by reducing the duration of parenteral nutrition, preferring
cyclic infusions and using suitable lipid mixtures. Several
factors should be taken into consideration when choosing the lipid emulsion to use for parenteral: the content
of essential fatty acids, the ratio of omega-6 and omega3 and the amount of α-tocopherol and phytosterols.
Soy-bean lipid emulsions have an omega-6: omega-3
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ratio of 7:1, while the ideal ratio should be 4: 1 [27, 28].
In addition, they have a high content of phytosterols
which cause liver inflammation and cholestasis [29, 30].
Fish oil lipid emulsions are mainly composed of omega3 and contain low amounts of omega-6 [31]. Therefore,
fish oil emulsions are approved as IFALD therapy, but
not for ordinary pediatric parenteral nutrition due to the
risk of deficiency of essential omega-6 fatty acids.
Recently, new lipid mixtures called Smoflipid have
been developed. They are composed by soybean oil
(30%), coconut oil (30%), olive oil (25%) and fish oil
(15%).
In children with cholestatic jaundice, there is an improvement in liver function after switching from soy-bean
lipid emulsions to Smoflipid [32]. Smoflipid has a positive
impact on liver enzymes thanks to the low content of
phytosterols and to the high content of vitamin E. Its use
determines a reduction in the lipid peroxidation and an
optimization of the ratio between PUFA omega-3: omega6 which creates a minor pro-inflammatory insult [33].
Surgical NEC treatment

In cases of NEC complicated by intestinal perforation,
surgery is required. In our sample, 14 newborns underwent surgery. Among the 14 operated infants, 5 underwent intestinal resection with enterostomy packaging, 5
had enterostomy packaging only, 2 underwent a laparotomy without resection or enterostomy, and finally 2
were treated exclusively with the placement of an abdominal drainage. After extensive bowel resections intestinal failure can develop [34]. This condition can be
overcome thanks to an intestinal adaptation that allows
the achievement of enteral autonomy [35]. The length of
the residual intestine and the type of nutrition influence
intestinal adaptation. Post-operative nutrition strategies

Fig. 4 Distribution of days between surgery and enteral re-feeding
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that aim to enhance intestinal adaptation are a cornerstone of treatment.
Enteral nutrition in surgical NEC

In our series, patients who received surgery resumed enteral nutrition 17.7 ± 17.9 days after the intervention.
Figure 4 describe the distribution of different intervals of
enteral refeeding in patients who underwent surgery. 7
newborns were refed with breast milk (4 exclusively, 3
together with the hydrolyzed formula), while 4 took the
enteral exclusively with the hydrolyzed formula. Breast
milk offers numerous benefits on the intestinal adaptation, thanks to the high content of growth factors [36].
Breast milk contains oligosaccharides such as 2fucosyllactose (2-FL) which positively regulate the intestinal microbiome by stimulating the proliferation of
enterocytes [37].
Parenteral nutrition in surgical NEC

In patients of our series with NEC at stage III (n =
14), parenteral was practiced for 53.4 ± 29 days: 11/14
received olive oil lipid emulsions, 2/14 soybean lipid
emulsions, finally 1/14 received lipid-free emulsions.
Surgical NEC typically requires prolonged use of
parenteral nutrition (> 21 days) [5]. Patients with
fewer residual bowels require more days of parenteral
nutrition [38–42]. Parenteral support after 28 days of
surgery is associated with an increase in mortality at
1 year [43]. In clinical practice, intestinal failure can
be indirectly measured by the length of parenteral nutrition required for normal or recovery growth [44].
Use of supplements

Ostomies result in losses of mineral salts and micronutrients, especially zinc. Intestinal resections alter the
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absorption of certain nutrients, depending on the
intestinal tract resected. In case of jejunostomy, the
absorption of iron and zinc can be impaired. In ileal
resections and fasting, the absorption of vitamin B12
and the resorption of biliary salts is altered. In addition,
infants who practice prolonged exclusive parenteral may
develop carnitine deficiency. Prolonged parenteral can
cause cholestasis that reduces the resorption of fatsoluble vitamins.

Conclusions
Our report confirm that NEC may be considered a heterogeneous and nutritional disease, which poses a series
of problems, mainly related to different patients with different risk factors related to different ages, with very different surgical approaches. For this reason, each patient
has specific nutritional risks, and should be evaluated by
nutritionists or neonatologists with specific knowledge
to assess a proper management, a correct fasting period
and how to manage parenteral nutrition.
Breast milk represents the only real prevention of
NEC, and it is also beneficial for newborns after surgery.
It is ideal for re-nutrition both for digestibility and for
the ability to stimulate intestinal trophism [19, 20, 45].
No other nutritional strategies were found useful in the
prevention of NEC; even early enteral nutrition (< 96 h)
or intermittent feeding, which can be considered beneficial and safe practices for low-birth weight infants and
preterms, do not reduce the incidence of NEC [45–47].
The main challenge in the management of this disease
is an early diagnosis, which could lead to a reduction in
terms of mortality and morbidity. The identification of a
specific biomarker could then allow early diagnosis or
provide information on prognosis and severity.
Regarding different nutritional strategies in newborns
with NEC, an excessively prolonged fasting should be
avoided because it could increase the duration of parenteral nutrition and promotes intestinal atrophy. Enteral
nutrition should be introduced within 7 days in stage I
and II cases of NEC, and within 14 days in patients on
stage III NEC [5].
Newborn with NEC have various risk factors for
nutritional deficiencies: prematurity, intestinal damage,
fasting, prolonged parenteral nutrition and possible presence of enterostomies [5]. A macronutrient deficiency
can cause energy protein malnutrition. Deficiencies in
micronutrients can interfere with the normal growth
process, therefore exogenous supplementation is often
required [8].
In cases of possible surgical therapy, it must be considered that it could cause malabsorption, ending up in a
possible short bowel syndrome. Considering all these
implications, in order to manage and limit the sequelae
of the disease, the newborn with NEC needs for a
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periodic and frequent multidisciplinary evaluation made
by a neonatologist, surgeon and nutritionist.
Our study can be considered limited by the single center approach, although this decreases the homogeneity
in the management approach of disease. Another limit
of this study, can be the variability in weight and gestational age of preterms.
Principal strength of this study, instead, is the number
of patients for such a rare disease, which helped to identify the epidemiological characteristics of NEC patients
and the different possible therapeutical management that
can be performed.
More studies are needed to identify the ideal nutritional strategy for these infants and how to identify specific pathology markers. Furthermore, a prospective
evaluation of neonates with NEC may be useful to evaluate the quality of life of these patients in the long-term,
considering the nutritional, auxological and neurological
outcomes.
Abbreviations
CID: Disseminated intravasal coagulation; ELBW: Extremely low birth age;
GE: Gestationalage; I-FABP: Intestinal fatty acid binding protein; IFAL
D: Intestinal failure-associated liver disease; NEC: Necrotizing enterocolitis;
NIRS: Near infrared spectroscopy; PUFA: Polyunsaturated fatty acids;
UDCA: Ursodeoxycholic acid; VLBW: Very low birth weight; 2-FL: 2fucosyllactose
Acknowledgements
Not applicable.
Authors’ contributions
GS collected clinical data, performed statistical analysis, wrote and revised
the manuscript. MC performed clinical and nutritional counselling of the
patients. MC carried out the surgical diagnosis and treatment strategies. AC
critically reviewed the manuscript and selected bibliographic sources. MG
performed clinical and genetic counseling. IAMS performed clinical and
cardiological assessment. GS revised the literature. GC conceived the topic,
supervised clinical assessment and revised the final manuscript. All authors
approved the final manuscript as submitted and agree to be accountable for
all aspects of the work.
Funding
No funding was granted for this research.
Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Health Promotion, Mother and Child Care, Internal Medicine
and Medical Specialties “G. D’Alessandro”, University Hospital “P. Giaccone”,
Palermo, Italy. 2University of Milan, Milan, Italy.

Savarino et al. Italian Journal of Pediatrics

(2021) 47:226

Received: 7 September 2021 Accepted: 26 October 2021

References
1. Neu J, Walker WA. Necrotizing enterocolitis. N Engl J Med. 2011;364(3):255–
64. https://doi.org/10.1056/NEJMra1005408.
2. Cutland CL, Lackritz EM, Mallett-Moore T, Bardají A, Chandrasekaran R,
Lahariya C, et al. Low birth weight: Case definition & guidelines for data
collection, analysis, and presentation of maternal immunization safety data.
Vaccine. 2017;35(48Part A):6492–500.
3. Bell MJ, Ternberg JL, Feigin RD, Keating JP, Marshall R, Barton L, et al.
Neonatal necrotizing enterocolitis. Therapeutic decisions based upon
clinical staging. Ann Surg. 1978;187(1):1–7. https://doi.org/10.1097/
00000658-197801000-00001.
4. Gregory KE, DeForge CE, Natale KM, Phillips M, Van Marter LJ. Necrotizing
enterocolitis in the premature infant. Adv Neonatal Care. 2011;11(3):155–66.
https://doi.org/10.1097/ANC.0b013e31821baaf4.
5. Ou J, Courtney CM, Steinberger AE, Tecos ME, Warner BW. Nutrition in
necrotizing enterocolitis and following intestinal resection. Nutrients. 2020;
18(2):12(2). https://doi.org/10.3390/nu12020520.
6. Schnabl K-L, Van Aerde J-E, Thomson A-B, Clandinin M-T. Necrotizing
enterocolitis: a multifactorial disease with no cure. World J Gastroenterol.
2008;14(14):2142–61. https://doi.org/10.3748/wjg.14.2142.
7. Warner BW. The pathogenesis of resection-associated intestinal adaptation.
Cell Mol Gastroenterol Hepatol. 2016;2(4):429–38. https://doi.org/10.1016/j.
jcmgh.2016.05.001.
8. Savarino G, Corsello A, Corsello G. Macronutrient balance and micronutrient
amounts through growth and development. Ital J Pediatr. 2021;47(1):109.
https://doi.org/10.1186/s13052-021-01061-0.
9. Morgan J, Bombell S, McGuire W. Early trophic feeding versus enteral fasting
for very preterm or very low birth weight infants. Cochrane Database Syst
Rev. 2013;3:CD000504. https://doi.org/10.1002/14651858.CD000504.pub4.
10. Nangia S, Vadivel V, Thukral A, Saili A. Early Total enteral feeding versus
conventional enteral feeding in stable very-low-birth-weight infants: a
randomised controlled trial. Neonatology. 2019;115(3):256–62. https://doi.
org/10.1159/000496015.
11. Meinzen-Derr J, Poindexter B, Wrage L, Morrow AL, Stoll B, Donovan EF.
Role of human milk in extremely low birth weight infants’ risk of necrotizing
enterocolitis or death. J Perinatol. 2009;29(1):57–62. https://doi.org/10.1038/
jp.2008.117.
12. Lucas A, Cole TJ. Breast milk and neonatal necrotising enterocolitis. Lancet.
1990;336(8730):1519–23. https://doi.org/10.1016/0140-6736(90)93304-8.
13. Good M, Sodhi CP, Egan CE, Afrazi A, Jia H, Yamaguchi Y, et al. Breast milk
protects against the development of necrotizing enterocolitis through
inhibition of toll-like receptor 4 in the intestinal epithelium via activation of
the epidermal growth factor receptor. Mucosal Immunol. 2015;8(5):1166–79.
https://doi.org/10.1038/mi.2015.30.
14. Sullivan S, Schanler RJ, Kim JH, Patel AL, Trawöger R, Kiechl-Kohlendorfer U,
et al. An Exclusively Human Milk-Based Diet Is Associated with a Lower Rate
of Necrotizing Enterocolitis than a Diet of Human Milk and Bovine MilkBased Products. J Pediatr. 2010;156(4):562–567.e1.
15. Schanler RJ, Lau C, Hurst NM, Smith EO. Randomized trial of donor human
Milk versus preterm formula as substitutes for mothers’ own Milk in the
feeding of extremely premature infants. Pediatrics. 2005;116(2):400–6.
https://doi.org/10.1542/peds.2004-1974.
16. Cristofalo EA, Schanler RJ, Blanco CL, Sullivan S, Trawoeger R, KiechlKohlendorfer U, et al. Randomized Trial of Exclusive Human Milk versus
Preterm Formula Diets in Extremely Premature Infants. J Pediatr. 2013;163(6):
1592–1595.e1.
17. Boyd CA, Quigley MA, Brocklehurst P. Donor breast milk versus infant
formula for preterm infants: systematic review and meta-analysis. Arch Dis
Child Fetal Neonatal Ed. 2007;92(3):F169–75. https://doi.org/10.1136/adc.2
005.089490.
18. Valpacos M, Arni D, Keir A, Aspirot A, Wilde JCH, Beasley S, et al. Diagnosis
and Management of Necrotizing Enterocolitis: an international survey of
neonatologists and pediatric surgeons. NEO. 2018;113(2):170–6. https://doi.
org/10.1159/000484197.
19. Hock AM, Chen Y, Miyake H, Koike Y, Seo S, Pierro A. Initiation of enteral
feeding after necrotizing enterocolitis. Eur J Pediatr Surg. 2018;28(1):44–50.
https://doi.org/10.1055/s-0037-1604436.

Page 8 of 9

20. Bohnhorst B, Müller S, Dördelmann M, Peter CS, Petersen C, Poets CF. Early
feeding after necrotizing enterocolitis in preterm infants. J Pediatr. 2003;
143(4):484–7. https://doi.org/10.1067/S0022-3476(03)00443-8.
21. Kuik SJ, Kalteren WS, Mebius MJ, Bos AF, Hulscher JBF, Kooi EMW. Predicting
intestinal recovery after necrotizing enterocolitis in preterm infants. Pediatr
Res. 2020;87(5):903–9. https://doi.org/10.1038/s41390-019-0634-y.
22. Heath M, Buckley R, Gerber Z, Davis P, Linneman L, Gong Q, et al.
Association of Intestinal Alkaline Phosphatase with Necrotizing Enterocolitis
among Premature Infants. JAMA Netw Open. 20191;2(11):e1914996. https://
doi.org/10.1001/jamanetworkopen.2019.14996.
23. Neu J. Neonatal necrotizing enterocolitis: An update. Acta Paediatr. 2005;
94(s449):100–5. https://doi.org/10.1111/j.1651-2227.2005.tb02163.x.
24. Ibrahim HM, Jeroudi MA, Baier RJ, Dhanireddy R, Krouskop RW. Aggressive
early Total parental nutrition in low-birth-weight infants. J Perinatol. 2004;
24(8):482–6. https://doi.org/10.1038/sj.jp.7211114.
25. Can E, Bülbül A, Uslu S, Cömert S, Bolat F, Nuhoğlu A. Effects of aggressive
parenteral nutrition on growth and clinical outcome in preterm infants. Pediatr
Int. 2012;54(6):869–74. https://doi.org/10.1111/j.1442-200X.2012.03713.x.
26. Squires RH, Duggan C, Teitelbaum DH, Wales PW, Balint J, Venick R, et al.
Natural History of Pediatric Intestinal Failure: Initial Report from the Pediatric
Intestinal Failure Consortium. J Pediatr. 2012;161(4):723–728.e2.
27. Cotogni P, Muzio G, Trombetta A, Ranieri VM, Canuto RA. Impact of the ω-3
to ω-6 polyunsaturated fatty acid ratio on cytokine release in human
alveolar cells. J Parenter Enter Nutr. 2011;35(1):114–21. https://doi.org/10.11
77/0148607110372392.
28. Wang Y, Feng Y, Lu L-N, Wang W-P, He Z-J, Xie L-J, et al. The effects of
different lipid emulsions on the lipid profile, fatty acid composition, and
antioxidant capacity of preterm infants: a double-blind, randomized clinical
trial. Clin Nutr. 2016;35(5):1023–31. https://doi.org/10.1016/j.clnu.2015.10.011.
29. Hukkinen M, Mutanen A, Nissinen M, Merras-Salmio L, Gylling H, Pakarinen
MP. Parenteral plant sterols accumulate in the liver reflecting their increased
serum levels and portal inflammation in children with intestinal failure. J
Parenter Enter Nutr. 2017;41(6):1014–22. https://doi.org/10.1177/014860711
6637855.
30. Kurvinen A, Nissinen MJ, Andersson S, Korhonen P, Ruuska T, Taimisto M,
et al. Parenteral plant sterols and intestinal failure–associated liver disease in
neonates. J Pediatr Gastroenterol Nutr. 2012;54(6):803–11. https://doi.org/1
0.1097/MPG.0b013e3182474118.
31. Kalish BT, Le HD, Fitzgerald JM, Wang S, Seamon K, Gura KM, et al.
Intravenous fish oil lipid emulsion promotes a shift toward antiinflammatory proresolving lipid mediators. Am J Physiol Gastrointest Liver
Physiol. 2013;305(11):G818–28. https://doi.org/10.1152/ajpgi.00106.2013.
32. Muhammed R, Bremner R, Protheroe S, Johnson T, Holden C, Murphy MS.
Resolution of parenteral nutrition–associated jaundice on changing from a
soybean oil emulsion to a complex mixed-lipid emulsion. J Pediatr
Gastroenterol Nutr. 2012;54(6):797–802. https://doi.org/10.1097/MPG.0b013
e3182447daf.
33. Mundi MS, Martindale RG, Hurt RT. Emergence of mixed-oil fat emulsions
for use in parenteral nutrition. J Parenter Enter Nutr. 2017;41(1S):3S–13S.
https://doi.org/10.1177/0148607117742595.
34. Goulet O, Ruemmele F. Causes and Management of Intestinal Failure in
children. Gastroenterology. 2006;130(2):S16–28. https://doi.org/10.1053/j.ga
stro.2005.12.002.
35. Buchman AL, Scolapio J, Fryer J. AGA technical review on short bowel
syndrome and intestinal transplantation. Gastroenterology. 2003;124(4):
1111–34. https://doi.org/10.1016/S0016-5085(03)70064-X.
36. Ksiazyk J, Piena M, Kierkus J, Lyszkowska M. Hydrolyzed versus
nonhydrolyzed protein diet in short bowel syndrome in children. J Pediatr
Gastroenterol Nutr. 2002;35(5):615–8. https://doi.org/10.1097/00005176-2
00211000-00005.
37. Grabinger T, Glaus Garzon JF, Hausmann M, Geirnaert A, Lacroix C, Hennet
T. Alleviation of Intestinal Inflammation by Oral Supplementation With 2Fucosyllactose in Mice. Front Microbiol [Internet]. 2019;10 [cited 2020 Sep
12] Available from: https://www.frontiersin.org/articles/10.3389/fmicb.2019.
01385/full.
38. Quirós-Tejeira RE, Ament ME, Reyen L, Herzog F, Merjanian M, OlivaresSerrano N, et al. Long-term parenteral nutritional support and intestinal
adaptation in children with short bowel syndrome: a 25-year experience. J
Pediatr. 2004;145(2):157–63. https://doi.org/10.1016/j.jpeds.2004.02.030.
39. Goulet O, Baglin-Gobet S, Talbotec C, Fourcade L, Colomb V, Sauvat F, et al.
Outcome and Long-term growth after extensive small bowel resection in

Savarino et al. Italian Journal of Pediatrics

40.

41.

42.

43.

44.

45.

46.

47.

(2021) 47:226

the neonatal period: a survey of 87 children. Eur J Pediatr Surg. 2005;15(02):
95–101. https://doi.org/10.1055/s-2004-821214.
Engelstad HJ, Barron L, Moen J, Wylie TN, Wylie K, Rubin DC, et al. Remnant
small bowel length in pediatric short bowel syndrome and the correlation
with intestinal Dysbiosis and linear growth. J Am Coll Surg. 2018;227(4):439–
49. https://doi.org/10.1016/j.jamcollsurg.2018.07.657.
Andorsky DJ, Lund DP, Lillehei CW, Jaksic T, DiCanzio J, Richardson DS, et al.
Nutritional and other postoperative management of neonates with short
bowel syndrome correlates with clinical outcomes. J Pediatr. 2001;139(1):27–
33. https://doi.org/10.1067/mpd.2001.114481.
Belza C, Fitzgerald K, de Silva N, Avitzur Y, Steinberg K, Courtney-Martin G,
et al. Predicting intestinal adaptation in pediatric intestinal failure: a
retrospective cohort study. Ann Surg. 2019;269(5):988–93. https://doi.org/1
0.1097/SLA.0000000000002602.
Allin BSR, Long A-M, Gupta A, Lakhoo K, Knight M. One-year outcomes
following surgery for necrotising enterocolitis: a UK-wide cohort study. Arch
Dis Child Fetal Neonatal Ed. 2018;103(5):F461–6. https://doi.org/10.1136/a
rchdischild-2017-313113.
Abi Nader E, Lambe C, Talbotec C, Dong L, Pigneur B, Goulet O. A new
concept to achieve optimal weight gain in malnourished infants on Total
parenteral nutrition. JPEN J Parenter Enteral Nutr. 2018;42(1):78–86.
Alshaikh B, Dharel D, Yusuf K, Singhal N. Early total enteral feeding in stable
preterm infants: a systematic review and meta-analysis. J Matern Fetal
Neonatal Med. 2019;9(9):1–8. https://doi.org/10.1080/14767058.2019.1637848.
Dorling J, Abbott J, Berrington J, Bosiak B, Bowler U, Boyle E, et al.
Controlled Trial of Two Incremental Milk-Feeding Rates in Preterm Infants. N
Engl J Med [Internet]. 2019; [cited 2020 Sep 11]; Available from: https://
www.nejm.org/doi/10.1056/NEJMoa1816654.
Wang Y, Zhu W, Luo B. Continuous feeding versus intermittent bolus
feeding for premature infants with low birth weight: a meta-analysis of
randomized controlled trials. Eur J Clin Nutr. 2020;74(5):775–83. https://doi.
org/10.1038/s41430-019-0522-x.

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

Page 9 of 9

