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Abstract
Several studies suggest that donor milk (DM) is effective in preventing necrotizing enterocolitis (NEC) in preterm infants and DM is
widely used for this purpose when the mother’s milk (OMM) is unavailable, and the presence of a DMB (Donor Milk Bank) in NICU has
indeed increased breast milk feeding.
The underlying cause of NEC is poorly understood but seems multifactorial and is strongly associated with prematurity. The protective
effect is likely a result of effects from countless bioactive components and cells that function synergistically to provide multiple levels of
protection.
In our experience the availability of DMB in NICU has improved and standardized the use of breast milk and DM for premature babies,
using internal protocols and a breastfeeding support practice that has been consolidated over the years.
The present study consists of the assessment of the impact of DMB on the incidence of NEC, intestinal perforation with recourse to
surgery, and mortality from NEC in our NICU. We compared the data related to two distinct periods, pre and post activation of the DMB:
the years 2006 to 2011 versus the years 2012 to 2016.
The population includes 372 very low birth weight infants (VLBW). We observed a reduction of 53% in the incidence of NEC, 86% of
the recourse to surgery and 58% of mortality in the second rather than the first period in question, with total reset of all three entries in
the years 2015-2016, where no case of NEC was observed in the VLBW. The comparison between the numbers of transferred infants for
surgery in the two periods indeed has a statistical significance.
Our experience is further evidence of the protective role of human milk on NEC and supports the recommendations that encourage its
wide use in NICU.
It also confirms that the existence of the internal guide grafting favors the use of breast milk and DM in NICU.
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Introduction
The food of choice for premature infants is their own mother’s milk, however in cases where it’s not obtainable, such as before it
becomes available or when it’s no longer available donated human milk is used instead.
Donor milk is widely used to prevent necrotizing enterocolitis for vulnerable premature infants when OMM is unavailable and
several studies suggest that DM is just as effective in preventing NEC in preterm infants [1-8].
The first association in between of the use of human milk and the NEC dates back to 1973, since then the bibliographic entries have
been increasingly numerous and today the protective effect of human milk against the NEC is considered acquired data.
In a recent multicenter study involving 1587 infants with a birth weight of less than 1250 g, those being extremely preterm who had
received an exclusive human milk (HM) diet showed a significantly lower incidence of NEC and further demonstrating multiple
improved outcomes after implementation of such a feeding protocol [9].
In a population-based cohort study, the availability of DHM has been associated with positive changes including decrease in NEC
rates and increased breast milk feeding [10].
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Lower rates of NEC and mortality have been observed for the category of infants who received HM for more than 50% of the
hospital days, compared with infants who received human milk for fewer than 50% of hospital days [11]. Implementing an EHM
diet in VLBW infants has led to a significant decrease in the incidence of NEC in another retrospective study and the incidence of
NEC is lower after the establishment of the milk bank in yet another study [12,13].
In the current literature there is little data on the type of nutrition for the preterm infants and in particular on the use of donated
human milk. A study of VLBW identified that only 30% of mothers were able to cover their infants’ nutritional needs during
hospitalization in TIN [14].
Where there is a tradition or culture for breastfeeding and milk donation, mother’s milk or human milk feeding rates are much
higher with better VLBW performance in terms of neonatal morbidity and mortality [15,16].

Human milk and NEC
The underlying cause of NEC is poorly understood but seems multifactorial and is strongly associated with prematurity. Specifically
the genesis of NEC is not yet well known but the pathophysiology of NEC is well explained in a paper that deepens the aspect of the
susceptibility of preterm infants to NEC [17]. It is known that the immaturity of their gastrointestinal tract is manifested in multiple
ways: reduced gastric proteolytic enzymes, increate gastric pH, decreased intestinal motility, increate intestinal permeability,
altered epithelial membrane tight junctions, diminished intestinal mucus coat [18,19].
Intestinal mucosal injury and inflammation as well as the presence of abnormal intestinal colonization contribute to NEC
development [20].
Some studies on intact bovine protein have shown that this produces the traces of NEC in animal models [21].
To this must be added the exposure to pathogens of NICU that may not be held into consideration because of their associated
immature mucosal immune system [22]. In this review it is also mentioned that these factors create an environment leading to milk
stasis, bacterial overgrowth, gut barrier failure and subsequent invasion of bacteria, which lead to an uncontrolled inflammatory
response. The protective effect is likely a result of effects from countless bioactive components that function synergistically to
provide multiple levels of protection from NEC, including immunomodulatory, anti-infective, antioxidant, growth-promoting
and gut-colonizing effects, such as epidermal growth factor, nucleotides and glutamine which stimulate intestinal maturity, and
through its bactericidal, immunologic, antioxidant and anti-inflammatory properties such as commensal bacteria, oligosaccharides,
cytokines, platelet-activating factor acetyl hydrolase, a major trigger in the uncontrolled inflammation of NEC, lysozyme,
lactoferrin, transforming growth factors and stem cells, which likely counteract the risk factors for NEC [23-27].
In a systematic review it is also declared that many results suggest that protection against NEC may also be done dependently and
the greatest protective effect is obtained with consumption of more than 50% of the total feeds [28].

Our experience
The availability in our NICU of DHM has increased and has standardized the use of breast milk and DM for premature babies,
using internal protocols and a breastfeeding support practice that has been consolidated over the years. In our DHM the availability
of HM has increased over time.
In detail, the bank’s activities began in the final months of 2010 and all the procedures referred to the guidelines of the SIN, which
regulate the management of a milk bank in Italy in addition to the HCCP system.
In the following years a departmental procedure was developed that is suitable for the context and it includes an early and systematic
compression scheme of the breast after premature delivery, a protocol for the administration of minimal enteral feeding, a scheme
of reduction or suspension of feeding enteral in case of food intolerance, based on criteria that evaluate the quantity and type of
gastric stagnation, a feeding scheme through gavage, a scheme of fortification of the mother’s milk or bank to the suspension of
parental nutrition, and a systematic collection of milk composition data using MIRYS tools, evaluating the macronutrient content
of human milk (protein, carbohydrates, lipids, calories). In addition, the practice of prescribing the diet with the milk bank has
been standardized until breast milk becomes available for infants weighing less than 1800 grams and on the judgment of the
prescriber for premature babies weighing more than 1800 grams or with pathologies.
The scheme is described as 12 feedings in 24 hours up to a weight of 1250 grams and then 8 feedings when a weight of more than
1250 grams is reached.
The prescription is carried out every morning by the doctor before the end of the night watch, assisted with the staff of the DHM,
after the assessment of food tolerance, abdominal objectivity and clinical conditions.
Every woman who gives birth prematurely is approached in the first hours after birth to be educated on the importance of breast
milk for her premature child and on how to pull milk according to the defined pattern. No drop of extracted milk is wasted. This
organization of work schedules has allowed us to observe important progress in feeding the premature babies, with even exceptional
cases of mothers who have managed to feed extensively premature babies, even twins, and even to donate very significant quantities
of milk to the DHM.
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The more extensive use of a human or mother’s milk has reduced the incidence of some complications of prematurity, starting with
the NEC.
Since we do not have a neonatal surgery department in our Institute, we are forced to transfer premature infants with this type
of pathology. It’s for this reason that our sensitivity towards this fearful complication is particularly marked. We questioned if the
opening of the DHM had modified the clinical course of the VLBW, precisely with respect to the incidence of this serious affection
of premature birth.

The study
It consists of the assessment of the impact of DHM on the incidence of NEC, intestinal perforation with recourse to surgery and
mortality from NEC in our NICU.

Materials and methods
We compared the data related to two distinct periods, pre and post activation of the DHM.
The first period includes the years 2006 to 2011 and the second period the years 2012 to 2016.
The population includes 369 VLBW (preterm that have died due to other causes have been excluded).
We evaluated the number of NEC diagnosed year by year in the context of the VLBW assisted in our NICU, the number of
newborns transferred to Pediatric Surgery and the number of premature infants who died due to NEC. We combined the data for
each year in two groups: 2006-2011 and 2012-2016.
A statistical confrontation of the data has been done on account of the incidence of the three considered variables observed in the
two periods of pre and post activation of the DMB (Table 2,3 and 4). Therefore, the 3 variables studied are: the number and the
percentages of NEC diagnosed, of infants transferred for surgery and of newborns deceased with NEC. They are all VLBW babies.
A Fisher’s exact probability Test was performed to check it there was a statistical significance.
The test is significant if p < 0.05. We evaluated the size effect V di Cramer to understand if the insignificance of the comparison
between several variables could have been affected by the size of the sample.

Results
In the first group the incidence of NEC was 7.65% with 18 diagnoses, the percentage of transfer due to surgery was 5.1% with
12 infants transferred, and the percentage of those killed by NEC was 4% (4 deceased babies for NEC). In the second group the
percentages were respectively of 3.6% with 5 NEC diagnosed, and 0.72% with 1 surgery and 1 NEC fatality (Table 1).
2006-2011

2012-2016

N° VLBW

231

138

P value

N° NEC

18 (7,65%)

5 (3,6%)

0.109

N° infants transferred
to surgery

12 (5,1%)

1 (0,72%)

0.037

N° infants died for
NEC

4 (1,7%)

1 (0,72%)

0.654

Table 1: The Incidence of NEC in the First and Second group

We observed a reduction of 53% in the incidence of NEC, 86% of the recourse to surgery and 58% of mortality in the second rather
than the first period in question, with total reset of all three entries in the years 2015-2016, where no case of NEC was observed in
the VLBW.
If we separate the data by year, the worst numbers were observed in 2007 where 37 VLBW were admitted with 5 NEC (15.15%), 2
transferred (6%) and 2 (6%) deceased, and the best in 2016 and 2017 with no case of NEC.
A statistical confrontation of the data has been done on account of the incidence of the three considered variables observed in the
two periods of pre and post activation of the DMB and detailed in the Tables 1,2,3 and 4.
In Table 2 there is no significant relationship between the two variables being analyzed (incidence of NEC and opening of the milk
bank).
A: Chi-square test
value

gl

Asymptotic
significance
(bilateral)

Pearson Chi-square

2,569a

1

0.109

Continuity
Correctionb

1,905

1

0.167
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A: Chi-square test

Likelhood ratio

value

gl

Asymptotic
significance
(bilateral)

2,772

1

0.096

Fisher exact Test
Bylinear association

2,562

N valid casis

369

1

Exact Sign.
(bilateral)

Exact. Sign
(unilateral)

0.124

0.081

0.109

a- 0 cells (0,0%) have an expected count of less than 5. Free minimum predicted count is 8,60.
b- Only for table 2x2
B: Simmetrical Measures

Nominal for nominal

Value

Approxiimate
Significance

Phi

-.083

.109

Cramer V

.083

.109

Contingency
Coefficient

.083

.109

N of valid cases
369
The test didn’t result significant when p = 0.109 through the ChiQuadro test. It
would be interesting to analyze a larger sample as the Cramer size effect V would
be equal to 0.083, in other words a larger entità
Table 2: Incidence of NEC

The test didn’t result significant when p = 0.109 through the ChiQuadro test. It would be interesting to analyze a larger sample as
the Cramer size effect V would be equal to 0.083, in other words a larger entity.
The correlation between the third variable, and therefore the number of deceased infants due to NEC between 2006 to 2001 and
2012 to 2016 after the opening of the bank, didn’t result statistically significant even though it verified an important reduction
percentage-wise of death by NEC (Table 3).
A: Chi-square test
value

gl

Asymptotic
significance
(bilateral)

Pearson Chi-square

.655a

1

.418

Continuity
Correctionb

.119

1

.731

Likelhood ratio

.719

1

.396

Fisher exact Test
Bylinear association

.654

N valid casis

369

1

Exact Sign.
(bilateral)

Exact. Sign
(unilateral)

.654

.382

.419

a- 2 cells (50%) have an expected count of less than 5. Free minimum predicted count is 1,7.
b- Only for table 2x2
B: Simmetrical Measures

Nominal for nominal

Value

Approxiimate
Significance

Phi

-.042

.418

Cramer V

.042

.418

Contingency
Coefficient

.042

.418

N of valid cases

369

The test didn’t result significant when p = 0.654 through the ChiQuadro test
It would be interesting to analyze a larger sample as the Cramer size effect V
would be equal to 0.042, a moderate size
Table 3: VLBW deceased with NEC

The test didn’t result significant when p =0.654 through the exact Fisher test, it would be interesting to analyze a larger sample as
the Cramer size effect V would be equal to 0.042: a moderate size effect.
The association between the n° of transferred infants for surgery in the two periods has indeed a statistical significance (Table 4).
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A: Chi-square test
value

gl

Asymptotic
significance
(bilateral)

Pearson Chi-square

5.079a

1

.024

Continuity
Correctionb

3.849

1

.050

Likelhood ratio

6.336

1

.012

Fisher exact Test
Bylinear association

5.065

N valid casis

369

1

Exact Sign.
(bilateral)

Exact. Sign
(unilateral)

.037

.018

.024

a- 1 celle (25%) have an expected count of less than 5. Free minimum predicted count is 4.86
b- Only for table 2x2
B: Simmetrical Measures

Nominal for nominal

Value

Approxiimate
Significance

Phi

-.117

.024

Cramer V

.117

.024

Contingency
Coefficient

.117

.024

N of valid cases

369

The test is significant p < 0.05 (p = 0.037) with Fisher’s exact Test.
There is a significative relationship between “Opening of the milk bank” and
Transfer at Surgery ward, Х2=(1,N = 369) = 5.079, p = 0.024.
VLBW without “Human Milk Bank” are more likely engage in trasfer at surgery
ward then VLBW in Human Milk Bank period (5.2% to 0.7%).
Cramer’s V = 0.117 => there is a very small effect size on our study.
Table 4: Transfer for Surgery

The test is significant p<0.05 (p = 0.037) with Fisher’s exact Test. There is a significate relationship between “Opening of the milk
bank” and Transfer at Surgery ward, Х2 = (1,N = 369) = 5.079, p = 0.024.
VLBW without “Human Milk Bank” are more likely engage in transfer at surgery ward then VLBW in Human Milk Bank period
(5.2% to 0.7%).
Cramer’s V = 0.117 => there is a very small effect size on our study.
This is an important result for us, because it’s an aspect of assistance that particularly concerns us.

Discussion
We compared the incidence data of NEC, transfers to Pediatric Surgery and of mortality for NEC related to two periods: the years
from 2006 to 2011 and the years from 2012 to 2016. The difference in the assistance given to the VLBW in the two periods relates
to the type of feeding that transitioned from maternal milk /formula to maternal milk/ to donor milk with a gradual transition.
At the same time the management of nutrition of premature babies has also improved. Therefore the focus is on evaluating if the
increased widespread use of human milk for VLBW in our NICU has translated into reduced morbidity and mortality for NEC.
The comparison showed a 53% reduction in the incidence of NEC, 86% in the use of surgery for NEC and 58% in mortality from
NEC. The statistical significance was observed within the comparison concerning the need for transfer by surgery, a crucial aspect
for the NICU that does not have a neonatal surgery department within the same hospital. Another noteworthy finding is the total
elimination of NEC diagnoses in the last few years included in the study.
For the other variables such as incidence and mortality it would be productive if we had a more broad range of samples since
to analyze as a high value in the first case and a moderate value in the second would generate a more numerically significant
correlation between the two using larger values.
A multicenter study could allow this result.
This work confirms the literature data on significant reductions in the incidence of NEC with the implementation of the use of
human milk; however, it also focuses on the utility of the presence of a milk bank as an integral part of the NICU, which is a very
interesting aspect indeed [1-15].
Moreover, if we consider the cost of the care of premature babies with clinical or surgical NEC, the savings are quite extensive.
We are aware of the paucity of the numbers when dealing with data from a single NICU center, however, this study is strongly
indicative of the protective effect of the diet with human milk against the NEC and, truthfully, the ultimate goal of this scientific
contribution is the promotion of the widespread use of mother and human milk in NICU. It’s a crucial objective.
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In 1979 Cunningham MD wrote that “Closer study of premature infants has led to the establishment of human milk as the
recommended nutritional standard for them. Infants fed with human milk are found to gain protection against necrotizing
enterocolitis, and have fewer upper respiratory tract infections and systemic infections” and that “the authors favor the use of
human milk for premature infants”. However, in 2018 the authors still wrote scientific articles attaining to human milk and
necrotizing enterocolitis, and they still have objectives similar to “to review the known and potential protective factors in human
milk that may reduce NEC, the data that support a protective benefit of mother’s own milk, pasteurized donor human milk, and
an “all-human” diet and the evidence for practical implementation of human milk in the NICU”; as we ourselves discuss this in
the present article [29]. There is something incomprehensible. What was changed in 40 years? indicative of the protective effect of
the diet with human milk against the NEC and, truthfully, the ultimate goal of this scientific contribution is the promotion of the
widespread use of mother and human milk in NICU. It’s a crucial objective.
The truth is that the incidence of NEC has gradually decreased over the past 10 years and one key strategy directed at preventing
the onset of NEC has been providing human milk feeding to preterm infants. But we believe it is a completely inadequate result
on the subject of feeding with human milk, given the important discoveries that have occurred in this period of time which have
involved human milk, as well as the ease of disseminating information online throughout the internet and therefore, the world
[30-33].
It is not conceivable that in this era, where advanced biological technologies have highlighted hundreds of factors present in human
milk and millions of cells, with an inimitable ability to exerting beneficial effects on the short and long term health of our newborn,
that the use of human breast milk is still not a widespread practice in NICU [34-44]. Now we have the tools to understand the
basis of Professor Julius Hess’ statement written in 1922: “The best results are obtained from premature infants <1500 grams when
they are fed human milk”. The important acquisitions make breast milk indispensable and irreplaceable for all newborns but
especially for premature babies for whom the contribution of maternal stem cells could be the fundamental element to accelerate
the development of various organs.
The rates of consumption of human milk in the present day are unsatisfactory.

Conclusion
This study shows that the presence of a milk bank in TIN can result in a marked reduction in the incidence of NEC, intestinal
perforation and mortality for NEC, thanks to the more widespread and codified use of human milk in nutrition of the VLBW.
The association between the number of transferred infants for surgery in the two periods, pre and post activation of the DHM, has
indeed a statistical significance.
Our experience is further evidence of the protective role of human milk on NEC and supports the recommendations that encourage
its wide use in NICU.
It also confirms that the existence of the internal guide grafting favors the use of breast milk and DM in NICU.
The important decrease of incidence of NEC until the total reset and the significant reduction in the use of surgery in recent years,
when the DHM has become an integral part of the NICU, has become a reality that gives us enthusiasm and motivation in pursuing
this goal.
The promotion of breastfeeding and the culture of human milk donation represent a global health priority, taking into consideration
their social implications and positive effects on the whole planet.
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