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“A care bundle for NEC was developed 
and implemented for the level IIID NICU 
at Kapi‘olani Medical Center for Women 
and Children in an effort to decrease 
NEC and its associated morbidity and 
mortality, particularly in the most fragile 
ELBW population. The purpose of this 
study was to retrospectively analyze the 
incidence, severity, and mortality rate of 
NEC in our NICU population before and 
after implementation of the NEC care 
bundle.”
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Abstract:

Objective: Evaluate the impact of a care bundle on the incidence 
of necrotizing enterocolitis (NEC) in the neonatal intensive care 
unit.
Study Design: Retrospective, single-center, population compari-
son of patients diagnosed with NEC before and after implement-
ing a NEC care bundle utilizing standardized feeding protocol, 
donor milk program, transfusion protocol, early antibiotic protocol, 
and restricted indomethacin use. 
Result:  Incidence of NEC fell from 1.92 to 0.83% (P <0.0001). 
Incidence of NEC in the 23-27 weeks gestation group decreased 
from 14.21 to 6.09% (P = 0.0009). In the 28-30 weeks gestation 
group, NEC incidence decreased from 5.56 to 2.10% (P = 0.0096). 
Significant reduction of recurrent NEC and transfusion-associated 
NEC was observed.
Conclusion:  Implementation of a NEC care bundle reduced NEC 
incidence, with the greatest impact seen in the most vulnerable 
preterm and very preterm infants. 

Introduction
Necrotizing enterocolitis (NEC) remains a devastating disease of 
the premature infant.  When encountered in the neonatal intensive 
care unit (NICU), NEC carries a mortality rate of up to 44%, with 
significant long-term morbidity in survivors.(1 )The incidence of 
NEC is highly variable and is dependent on gestational age and 
birth weight.  Preterm and very preterm infants are at the highest 
risk for NEC. In a recent review by Battersby et al., NEC occurred 
in 5-7% of infants born < 35 weeks gestation and in 5-22% of 
preterm infants with birth weight < 1000 grams.(2 )Incidence of 
recurrent NEC has been reported to be 6-10%.(3,4)

NEC delays the establishment of full enteral nutrition, leads to 
poor growth, and increases the length of hospital stay with a con-
comitant increase in hospital costs.  Providing optimal nutritional 
support to premature infants is vital to their survival, growth, and 
long-term neurodevelopmental outcomes. (5-7) Optimizing nutri-
tion while minimizing the occurrence of NEC continues to be a 
major challenge in the NICU.  

Following decades of basic research into the mechanism of this 
disease, the pathophysiology of NEC remains poorly understood.  
No single etiology has been shown to cause NEC, and no single 
preventative measure has been shown to eliminate NEC.   As a re-
sult, various prevention strategies have been reported in attempts 
to limit its occurrence.(8-17) Of the prevention strategies studied, 
establishing a standardized feeding protocol and exclusive human 
milk feeds appears to have the greatest impact on decreasing the 

incidence of NEC in the premature infant.

To enhance the care of the premature infant and improve out-
comes, quality improvement initiatives in the NICU are now be-
coming standard practice worldwide. Quality initiatives dealing 
with complex disease processes, such as NEC, have demon-
strated that care bundles when properly initiated, improve patient 
care and ultimately patient outcomes. As defined by the Institute 
for Healthcare Improvement, care bundles are a group or set of 
evidence-based practice protocols that, when followed consis-
tently together, can improve patient care processes and patient 
outcomes more than the individual protocols alone.(18,19)  In the 
NICU setting, care bundles have been shown to decrease the in-
cidence of ventilator-associated pneumonia, central line-associ-
ated bloodstream infections, and nosocomial infections.(20-23  )
Recently, Talavera et al. reported a reduction in the incidence of 
NEC after the implementation of a quality improvement initiative 
that included early feedings with maternal breast milk (MBM), a 
feeding protocol, and limited use of ranitidine.(24) 

A care bundle for NEC was developed and implemented for the 
level IIID NICU at Kapi‘olani Medical Center for Women and Chil-
dren in an effort to decrease NEC and its associated morbidity 
and mortality, particularly in the most fragile ELBW population. 
The purpose of this study was to retrospectively analyze the inci-
dence, severity, and mortality rate of NEC in our NICU population 
before and after implementation of a NEC care bundle.

Methods
NEC care bundle

In November 2007, we implemented a NEC care bundle in the 
NICU, the elements of which included: 1) a standardized feeding 
protocol; 2) initiation of a donor milk program; 3) a transfusion 
protocol; 4) a protocol to limit early empiric antibiotics, and 5) re-
striction of the use of indomethacin.

Standardized feeding protocol 

We developed a standardized feeding protocol that included all 
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Table 1 Incidence of NEC in Pre-Bundle and Post-Bundle Cohorts in the NICU

Frequency % Frequency %
NEC Incidence
Total 54 1.92% 70 0.83% <0.0001

23 to 27 week gestation 26 14.21% 33 6.09% 0.0009
28 to 30 week gestation 14 5.56% 14 2.10% 0.0096
≥31 week gestation 14 0.59% 23 0.32% 0.084

Recurrent NEC 9 16.67% 1 1.43% 0.0024
Transfusion related NEC 13 24.07% 5 7.14% 0.010
Surgical NEC 27 50.00% 29 41.43% NS
Death related to NEC 14 26.92% 21 30.00% NS

Pre-Bundle Post-Bundle
P-value

Abbreviations: NEC, necrotizing enterocolitis, NS, non-significant

“We had inconsistent practice among our 
providers with the use of indomethacin 
for intraventricular hemorrhage 
(IVH) prophylaxis, patent ductus 
arteriosus (PDA) prophylaxis and PDA 
treatment. We stopped the practice of 
using indomethacin for IVH and PDA 
prophylaxis and transitioned to ibuprofen 
as first-line medical therapy for the 
symptomatic PDA.”
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infants < 31 weeks gestation and any infant ≥ 31 weeks with any 
of the following risk factors: multiple gestation, congenital heart 
disease, perinatal asphyxia, intrauterine growth restriction, sep-
sis, and shock, gastroschisis, and polycythemia requiring partial 
exchange transfusion.  The protocol included specific criteria for 
initiation and duration of trophic feedings, advancement of feed-
ings, standard fortification practices, and use of parenteral nutri-
tion.  

We adopted a multidisciplinary approach with lactation consul-
tants and nursing to establish early maternal breast milk feedings 
through maternal counseling and support. Education included in-
formation provided during the prenatal consult and an educational 
video on manual colostrum expression.  An electric breast pump 
was provided to each mother.  Lactation consultants were staffed 
to be available to the nursing mothers in the NICU 7 days a week.

Donor breast milk program

We also implemented a donor milk program that allowed infants 
to receive donated maternal breast milk (MBM) when the mother 
was unable to produce enough expressed MBM for her preterm 
infant.  Donor breast milk (DBM) was obtained through a human 
milk bank licensed by the Human Milk Banking Association of 
North America. This assured supplementation of MBM feedings 
with a human milk alternative, reducing the use of preterm infant 
formula. 

Packed red cell transfusion protocol

The packed red blood cell (PRBC) transfusion protocol included 
guidelines for PRBC transfusion based on infant age, need for 
respiratory support, and hemoglobin/hematocrit levels. Neona-
tologists agreed to not deviate from transfusion guidelines, limit-
ing premature transfusion in VLBW infants while also not allowing 
hematocrits to become dangerously low.  Transfusions were given 
in two 10 ml/kg aliquots, given 20-24 hours apart.  Routine furose-
mide was not used.  Feedings were decreased to trophic volumes 
during transfusion and advanced back to baseline volumes over 
24-48 hours. Hemoglobin and hematocrit values were monitored 
weekly for infants up to 32 weeks post-conceptual age and every 
two weeks thereafter. 

Antibiotic protocol

We modified our empiric antibiotic therapy practice by limiting 

empiric treatment in non-septic appearing infants to 48 hours.  A 
time-out note is documented for any use of antibiotics beyond 48 
hours if the initial baby blood culture is negative. Previously, em-
piric antibiotic therapy was given for a minimum of 72 hours and 
up to a week for infants with a negative blood culture. 

Indomethacin protocol

We had inconsistent practice among our providers with the use of 
indomethacin for intraventricular hemorrhage (IVH) prophylaxis, 
patent ductus arteriosus (PDA) prophylaxis and PDA treatment. 
We stopped the practice of using indomethacin for IVH and PDA 
prophylaxis and transitioned to ibuprofen as first-line medical ther-
apy for the symptomatic PDA.

Study Design
After implementing our NEC care bundle, we conducted a 14 
year retrospective population comparison study of two groups of 
patients diagnosed with NEC in the NICU at Kapi’olani Medical 
Center for Women and Children.  The Pre-Bundle NEC group in-
cluded infants born between 2004 and 2007 (4 year period). The 
Post-Bundle NEC group included infants born between 2008 and 
2017 (10 year period). Infants were stratified into three categories, 



Table 2 Comparison of Pre-Bundle NEC and Post-Bundle NEC groups

Characteristics Mean/Freq. ( SD/% ) Mean/Freq. ( SD/% ) P-value
Demographics
Gestation age at Birth (All) 28.61 ( 3.87 ) 29.16 ( 4.65 ) NS

23 to 27 weeks 26 ( 48.15% ) 33 ( 47.14% )
28 to 30 weeks 14 ( 25.93% ) 14 ( 20.00% )
≥ 31 weeks 14 ( 25.93% ) 23 ( 32.86% )

Birth Weight (All) 1257.31 ( 686.61 ) 1391.14 ( 931.54 ) NS
23 to 27 weeks 836.19 ( 214.24 ) 772.45 ( 168.64 ) NS
28 to 30 weeks 1158.21 ( 261.81 ) 1044.71 ( 361.40 ) NS
≥ 31 weeks 2138.50 ( 750.79 ) 2489.70 ( 831.18 ) NS

Male Gender 32 59.26% 41 58.57% NS

Days of life at NEC diagnosis 16.44 ( 11.61 ) 25.10 ( 26.76 ) NS

Prenatal factors
Cocaine/Methamphetamine use 3 5.56% 4 6.56% NS
Tobacco use 9 16.98% 4 6.56% NS
PIH/Preeclampsia/HTN 8 14.81% 14 22.95% NS
Chorioamnionitis 6 11.11% 3 5.00% NS
Indomethacin 4 7.41% 4 6.45% NS
Betamethasone 36 66.67% 39 60.94% NS
Fetal Distress 9 16.67% 11 18.33% NS
Multiple gestation 16 29.63% 16 23.88% NS

Co-morbidities
Pneumothorax 4 7.41% 2 3.03% NS
PDA 21 38.89% 34 50.75% NS
PDA Ligation 10 18.52% 13 19.40% NS
GI anomal 2 3.70% 12 17.91% 0.020
IVH 21 38.89% 21 31.82% NS
IUGR/SGA 3 5.26% 11 16.92% NS
CV Abnormalities 4 7.41% 4 6.25% NS

NEC Care Bundle interventions
Received trophic feeds 32 60.38% 48 72.73% NS
Days of trophic feeds 3.38 ( 2.42 ) 4.59 ( 2.73 ) NS
Types of trophic Feed

MBM only 8 ( 25.00% ) 39 ( 84.78% )
MBM/DBM 0 ( 0.00% ) 5 ( 10.87% )
MBM/Formula 11 ( 34.38% ) 0 ( 0.00% )
MBM/DBM/Formula 0 ( 0.00% ) 1 ( 2.17% )
Formula only 13 ( 40.63% ) 1 ( 2.17% )

Non-trophic Feeds 46 85.19% 54 83.08% NS
Feeds Type

MBM only 3 ( 6.52% ) 27 ( 51.92% )
MBM/DBM 0 ( 0.00% ) 3 ( 5.77% )
MBM/Formula 31 ( 67.39% ) 15 ( 28.85% )
MBM/DBM/Formula 0 ( 0.00% ) 2 ( 3.85% )
Formula only 12 ( 26.09% ) 5 ( 9.62% )

PRBC 29 53.70% 36 51.43% NS

Antibiotic use prior to NEC 38 70.37% 43 62.32% NS
Days antibiotics, 1st week of life 3.20 ( 2.27 ) 3.23 ( 2.63 ) NS

Indocin 22 40.74% 1 1.56% <0.0001

Other Interventions
Hydrocortisone 5 9.26% 7 11.29% NS
Dexamethasone 2 3.70% 6 9.23% NS
Epogen 14 25.93% 4 6.15% 0.0040
Ferrous sulfate 16 30.77% 16 24.24% NS
Ranitidine 6 11.11% 4 6.45% NS
Caffeine 23 42.59% 37 56.92% NS
Dopamine 18 33.33% 18 27.69% NS
Dobutamine 1 1.85% 3 4.76% NS
Epinephrine 1 1.85% 4 6.35% NS
Abbreviations: NEC, necrotizing enterocolitis, NS, non-significant, PIH, pregnancy induced hypertension, HTN, 
hypertension, PDA, patent ductus arteriosus, GI, gastrointestinal, IVH, intraventricular hemorrhage, IUGR, 
intrauterine growth restriction, SGA, small for gestation, CV, cardiovascular, MBM, maternal breast milk, DBM, 
donor breast milk, PRBC, packed red blood cells. 

<0.0001

Pre-Bundle NEC Post-Bundle NEC
N=54 N=70

NS

<0.0001



Table 3 Comparison of Pre-Bundle NEC and Pre-Bundle Control groups

Total 

Characteristics Mean/Freq. ( SD/% ) Mean/Freq. ( SD/% )
P-value
(paired)

Demographics
Gestation age at Birth (All) 28.61 ( 3.87 ) 28.77 ( 4.03 ) NS

23 to 27 weeks 26 ( 48.15% ) 48 ( 45.71% )
28 to 30 weeks 14 ( 25.93% ) 28 ( 26.67% )
≥ 31 weeks 14 ( 25.93% ) 29 ( 27.62% )

Male Gender 32 ( 59.26% ) 63 ( 60.00% ) NS

Prenatal factors
Cocaine/Methamphtamine use 3 ( 5.56% ) 6 ( 5.71% ) NS
Tobacco use 9 ( 16.98% ) 12 ( 11.43% ) NS
PIH/Preeclampsia/HTN 8 ( 14.81% ) 14 ( 13.33% ) NS
Chorioamnionitis 6 ( 11.11% ) 5 ( 4.76% ) NS
Indomethacin 4 ( 7.41% ) 6 ( 5.71% ) NS
Betamethasone 36 ( 66.67% ) 67 ( 63.81% ) NS
Fetal Distress 9 ( 16.67% ) 23 ( 21.90% ) NS
Multiple gestation 16 ( 29.63% ) 24 ( 22.86% ) NS

Co-morbidities
Pneumothorax 4 ( 7.41% ) 2 ( 1.90% ) NS
PDA 21 ( 38.89% ) 39 ( 37.14% ) NS
PDA Ligation 10 ( 18.52% ) 12 ( 11.43% ) NS
GI anomal 2 ( 3.70% ) 3 ( 2.86% ) NS
IVH 21 ( 38.89% ) 24 ( 22.86% ) 0.034
IUGR/SGA 3 ( 5.56% ) 4 ( 3.81% ) NS
CV Abnor 4 ( 7.41% ) 2 ( 1.90% ) NS

NEC Care Bundle interventions
Received trophic feeds 32 ( 60.38% ) 58 ( 55.24% ) NS
Days of trophic feeds 3.38 ( 2.42 ) 3.66 ( 3.14 ) NS
Types of trophic Feed

MBM only 8 ( 25.00% ) 25 ( 43.10% )
MBM/DBM 0 ( 0.00% ) 0 ( 0.00% )
MBM/Formula 11 ( 34.38% ) 18 ( 31.03% )
MBM/DBM/Formula 0 ( 0.00% ) 0 ( 0.00% )
Formula only 13 ( 40.63% ) 15 ( 25.86% )

Non-trophic Feeds 46 ( 85.19% ) 94 ( 89.52% ) NS
Feeds Type

MBM only 3 ( 6.52% ) 11 ( 11.70% )
MBM/DBM 0 ( 0.00% ) 0 ( 0.00% )
MBM/Formula 31 ( 67.39% ) 66 ( 70.21% )
MBM/DBM/Formula 0 ( 0.00% ) 0 ( 0.00% )
Formula only 12 ( 26.09% ) 17 ( 18.09% )

PRBC 25 ( 46.30% ) 50 ( 47.62% ) NS

Antibiotics 38 ( 70.37% ) 72 ( 68.57% ) NS
Days antibiotics, 1st week of life 3.20 ( 2.27 ) 3.41 ( 3.06 ) NS

Indocin 22 ( 40.74% ) 34 ( 32.38% ) NS

NS

Abbreviations: NEC, necrotizing enterocolitis, NS, non-significant, PIH, pregnancy induced hypertension, 
HTN, hypertension, PDA, patent ductus arteriosus, GI, gastrointestinal, IVH, intraventricular hemorrhage, 
IUGR, intrauterine growth restriction, SGA, small for gestation, CV, cardiovascular, MBM, maternal breast 
milk, DBM, donor breast milk, TPN, total parenteral nutrition, PRBC, packed red blood cells.

Pre-Bundle NEC Pre-Bundle Control
N=54 N=105

NS

NS



Table 4 Comparison of Post-Bundle NEC and Post-Bundle Control groups

Total 

Characteristics Mean/Freq. ( SD/% ) Mean/Freq. ( SD/% )
P-value
(paired)

Demographics
Gestation age at Birth (All) 29.16 ( 4.65 ) 29.41 ( 4.70 ) NS

23 to 27 weeks 33 ( 47.14% ) 62 ( 47.33% )
28 to 30 weeks 14 ( 20.00% ) 24 ( 18.32% )
≥ 31 weeks 23 ( 32.86% ) 45 ( 34.35% )

Male Gender 41 ( 58.57% ) 76 ( 58.02% ) NS

Prenatal factors
Cocaine/Methamphtamine use 4 ( 6.56% ) 5 ( 4.59% ) NS
Tobacco use 4 ( 6.56% ) 4 ( 3.74% ) NS
PIH/Preeclampsia/HTN 14 ( 22.95% ) 32 ( 29.09% ) NS
Chorioamnionitis 3 ( 5.00% ) 11 ( 10.09% ) NS
Indomethacin 4 ( 6.45% ) 5 ( 4.63% ) NS
Betamethasone 39 ( 60.94% ) 70 ( 63.06% ) NS
Fetal Distress 11 ( 18.33% ) 23 ( 21.30% ) NS
Multiple gestation 16 ( 23.88% ) 17 ( 15.32% ) NS

Co-morbidities
Pneumothorax 2 ( 3.03% ) 4 ( 3.48% ) NS
PDA 34 ( 50.75% ) 37 ( 30.83% ) 0.020
PDA Ligation 13 ( 19.40% ) 12 ( 10.00% ) NS
GI anomal 12 ( 17.91% ) 18 ( 15.65% ) NS
IVH 21 ( 31.82 ) 22 ( 18.64% ) NS
IUGR/SGA 11 ( 16.92% ) 13 ( 11.50% ) NS
CV Abnor 4 ( 6.25% ) 11 ( 9.82% ) NS

NEC Care Bundle interventions
Received trophic feeds 48 ( 72.73% ) 77 ( 66.96% ) NS
Days of trophic feeds 4.59 ( 2.73 ) 5.03 ( 2.61 ) NS
Types of trophic Feed

MBM only 39 ( 84.78% ) 65 ( 89.04% )
MBM/DBM 5 ( 10.87% ) 6 ( 8.22% )
MBM/Formula 0 ( 0.00% ) 1 ( 1.37% )
MBM/DBM/Formula 1 ( 2.17% ) 0 ( 0.00% )
Formula only 1 ( 2.17% ) 1 ( 1.37% )

Non-trophic Feeds 54 ( 83.08% ) 107 ( 92.24% ) NS
Feeds Type

MBM only 27 ( 51.92% ) 37 ( 37.37% )
MBM/DBM 3 ( 5.77% ) 3 ( 3.03% )
MBM/Formula 15 ( 28.85% ) 29 ( 29.29% )
MBM/DBM/Formula 2 ( 3.85% ) 24 ( 24.24% )
Formula only 5 ( 9.62% ) 6 ( 6.06% )

PRBC 36 ( 51.43% ) 50 ( 39.37% ) NS

Antibiotics 43 ( 62.32% ) 70 ( 54.69% ) NS
Days antibiotics, 1st week of life 3.23 ( 2.63 ) 2.24 ( 2.62 ) 0.0033

Indocin 1 ( 1.56% ) 7 ( 5.93% ) NS

0.032

Abbreviations: NEC, necrotizing enterocolitis, NS, non-significant, PIH, pregnancy induced hypertension, 
HTN, hypertension, PDA, patent ductus arteriosus, GI, gastrointestinal, IVH, intraventricular hemorrhage, 
IUGR, intrauterine growth restriction, SGA, small for gestation, CV, cardiovascular, MBM, maternal breast 
milk, DBM, donor breast milk, TPN, total parenteral nutrition, PRBC, packed red blood cells. 

Post-Bundle NEC Post-Bundle Control
N=70 N=131

NS

NS



Table 5 Comparison of Pre-Bundle Control and Post-Bundle Control groups

Characteristics Mean/Freq. ( SD/% ) Mean/Freq. ( SD/% ) P-value
Demographics
Gestation age at Birth (All) 28.77 ( 4.03 ) 29.41 ( 4.70 ) NS

23 to 27 weeks 48 ( 45.71% ) 62 ( 47.33% )
28 to 30 weeks 28 ( 26.67% ) 24 ( 18.32% )
≥ 31 weeks 29 ( 27.62% ) 45 ( 34.35% )

Birth Weight (All) 1346.81 ( 741.52 ) 1471.27 ( 926.75 ) NS
23 to 27 weeks 808.49 ( 208.83 ) 833.48 ( 173.86 ) NS
28 to 30 weeks 1264.79 ( 284.44 ) 1174.46 ( 242.40 ) NS
≥ 31 weeks 2298.45 ( 664.76 ) 2508.29 ( 862.47 ) NS

Male Gender 63 ( 60.00% ) 76 ( 58.02% ) NS

NEC Care Bundle interventions
Received trophic feeds 58 ( 55.24% ) 38 ( 33.04% ) NS
Days of trophic feeds 3.66 ( 3.14 ) 5.03 ( 2.61 ) 0.0015
Types of trophic Feed

MBM only 25 ( 43.10% ) 65 ( 89.04% )
MBM/DBM 0 ( 0.00% ) 6 ( 8.22% )
MBM/Formula 18 ( 31.03% ) 1 ( 1.37% )
MBM/DBM/Formula 0 ( 0.00% ) 0 ( 0.00% )
Formula only 15 ( 25.86% ) 1 ( 1.37% )

Non-trophic Feeds 94 ( 89.52% ) 107 ( 92.24% ) NS
Feeds Type

MBM only 11 ( 11.70% ) 37 ( 37.37% )
MBM/DBM 0 ( 0.00% ) 3 ( 3.03% )
MBM/Formula 66 ( 70.21% ) 29 ( 29.29% )
MBM/DBM/Formula 0 ( 0.00% ) 24 ( 24.24% )
Formula only 17 ( 18.09% ) 6 ( 6.06% )

PRBC 50 ( 47.62% ) 50 ( 39.37% ) NS

Antibiotics 72 ( 68.57% ) 70 ( 54.69% ) 0.032
Days antibiotics, 1st week of life 3.41 ( 3.06 ) 2.24 ( 2.62 ) 0.0009

Indocin 34 ( 32.38% ) 7 ( 5.93% ) <0.0001

<0.0001

Abbreviations: NEC, necrotizing enterocolitis, NS, non-significant, MBM, maternal breast milk, DBM, donor 
breast milk, PRBC, packed red blood cells.

Pre-Bundle Control Post-Bundle Control
N=105 N=131

NS

<0.0001



“After implementing an NEC care bundle, 
there was a significant reduction in the 
incidence of NEC from 14.21 to 6.09% in 
our 23-27 weeks gestation infants and a 
reduction from 5.56 to 2.10% in our 28-30 
weeks gestation infants.”

“There were no significant differences in 
the incidence of IVH, intrauterine growth 
restriction (IUGR), small for gestational 
age (SGA), or other congenital or 
cardiac anomalies.  In the Post-Bundle 
NEC group, there was a significant 
reduction in the use of indomethacin and 
erythropoietin.”
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23-27 weeks gestation, 28-30 weeks gestation, and ≥ 31 weeks 
gestation.

Infants were initially identified by a diagnosis of NEC in the prob-
lem list or discharge summary in the electronic medical record. 
From this initial search, we then limited the group to infants that 
completed at least 7 days NPO with antibiotic treatment.  Infants 
diagnosed with spontaneous intestinal perforation were excluded. 
We also excluded patients that were transferred to our NICU with 
a preexisting diagnosis of NEC.  Controls for each case were se-
lected, matched with birth year, gestational age, and gender. The 
demographic and clinical data were summarized using descriptive 
statistics.

Institutional review board approval was obtained for access to the 
electronic medical records. Multiple clinical and demographic data 
were evaluated. Fischer’s exact test, chi-square test, Kruskal-
Wallis test, paired Wilcoxon signed-rank test, and exact condi-
tional logistical regression were used for statistical analysis. 

Results
During the study period, 124 patients met the criteria for NEC di-
agnosis, and their charts were reviewed.  There were 54 patients 
in the Pre-Bundle cohort and 70 patients in the Post-Bundle co-
hort.  In addition, 236 patient charts were reviewed as NEC con-
trols, 105 in the Pre-Bundle group and 131 in the Post-Bundle 
group.  Each cohort was further classified into three age groups as 
assigned at birth: 23-27 weeks gestation, 28-30 weeks gestation, 
and ≥ 31 weeks gestation. 

Pre-Bundle NEC vs. Post-Bundle NEC

The incidence of NEC in the Pre-Bundle and Post-Bundle cohorts 
is displayed in Table 1. There was a 56.8% reduction in over-
all incidence of NEC in the Post-Bundle group compared to the 
Pre-Bundle group in our NICU.  NEC incidence was 1.92% in the 
Pre-Bundle group and 0.83% in the Post-Bundle group (p-value 
< 0.0001).  This reduction in NEC was primarily seen in the 23-27 
weeks and 28-30 weeks gestation groups.  In the 23-27 weeks 
gestation group, there was a 57.1% reduction in the incidence 
(14.21 to 6.09%).  The 28-30 weeks gestation group had a 62.2% 
reduction (5.56 to 2.10%).  In the ≥ 31 weeks gestation age group, 
there was a trend in NEC reduction that was not statistically sig-
nificant.  There was a significant reduction (16.67 to 1.43%) of 
recurrent NEC in the Post-Bundle NEC group. There was a signifi-
cant reduction in transfusion-associated NEC in the Post-Bundle 
group from 24.07 to 7.14%. We define transfusion-associated 
NEC as NEC occurring within 72 hours after initiation of a PRBC 
transfusion. There was no significant difference in the incidence 
of surgical NEC or deaths associated with NEC between the two 
historical cohorts. 

Table 2 compares demographic, maternal, and infant character-
istics between Pre-Bundle and Post-Bundle NEC groups. There 
were no significant differences in gestational age at birth, birth 
weight, gender, or maternal conditions. In the Post-Bundle group, 
there was increased use of MBM and DBM and reduced preterm 
infant formula for both trophic and non-trophic feedings. Interest-
ingly, the Post-Bundle NEC group had a higher incidence of gas-
trointestinal anomalies (17.91 vs. 3.70%) compared to the Pre-
Bundle NEC group.  There were no significant differences in the 
incidence of IVH, intrauterine growth restriction (IUGR), small for 
gestational age (SGA), or other congenital or cardiac anomalies.  
In the Post-Bundle NEC group, there was a significant reduction 
in the use of indomethacin and erythropoietin.

NEC vs Control

Demographic, maternal, and infant characteristics comparing 
each NEC cohort with its respective control group are listed in 
Tables 3 and 4.  There were no significant differences in gesta-
tional age at birth, gender, maternal conditions, or perinatal fac-
tors between the NEC and control groups in either the Pre-Bundle 
or Post-Bundle cohorts. There were no significant differences in 
the use of MBM, DBM, PRBC transfusions, or indomethacin use 
in either the Pre-Bundle or Post-Bundle cohorts.

There was a higher incidence of IVH (P = 0.034) in the Pre-Bundle 
NEC group compared to Pre-Bundle Control. There was a high-
er incidence of PDA (P = 0.020) in the Post-Bundle NEC group 
compared to Post-Bundle Control. There was also a significantly 
higher mean days of antibiotics during the first week of life in the 
Post-Bundle NEC group compared to the Post-Bundle Control (P 
= 0.003).

Pre-Bundle Control vs. Post-Bundle Control

The changes in practice before and after implementing the NEC 
care bundle are displayed in Table 5, which compares the Pre-
Bundle and Post-Bundle control groups.  There was no difference 
between the two groups with the implementation of trophic feeds. 
However, the duration of trophic feedings increased from mean 
of 3.66 to 5.03 days (P = 0.0015).  There was also a significant 
change in practice for the type of feeding given to patients, with 
increased use of MBM and DBM and reduction in the use of pre-
term infant formula.  In the Post-Bundle control group, there was a 
significant reduction in the use of antibiotics 68.57 to 54.69% (P = 
0.032) as well as a reduction in the mean number of days of early 
empiric antibiotics in culture-negative infants, 3.06 to 2.24 days 
(P = 0.0009).

There was a significant decrease in indomethacin from 32.38 to 
5.93% (P < 0.0001). We did not see a change in PRBC transfu-
sions between the two control groups.

Discussion
After implementing a NEC care bundle, there was a significant 
reduction in the incidence of NEC from 14.21 to 6.09% in our 23-
27 weeks gestation infants and a reduction from 5.56 to 2.10% in 



“Implementation of early empiric 
antibiotic treatment in preterm infants 
born for non-maternal reasons is a 
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our 28-30 weeks gestation infants.  In the ten-year Post-Bundle 
cohort, we had one patient with recurrent NEC, an incidence of 
1.43%, compared to a recurrent NEC incidence of 16.67% in the 
Pre-Bundle group. We also saw a reduction in transfusion-asso-
ciated NEC from 24.07% in the Pre-Bundle group to 7.14% in the 
Post-Bundle group. 

When the NEC care bundle was implemented in our NICU, it was 
done in a stepwise approach over a 12 month period. Each inter-
vention, when combined, had a cumulative effect that would not 
have been achieved were each component implemented alone.  
Although the use of protocols that decrease the incidence of NEC 
has been described previously, this is the first study, to our knowl-
edge, that evaluates the impact of a NEC care bundle on both 
incidence and recurrence of NEC.

We suggest that several factors played a significant role in de-
creasing NEC incidence in our NICU.  Implementation of a stan-
dardized feeding protocol eliminated variation in feeding practices 
within our group.  In addition, using an exclusive human milk policy 
supported by the adoption of a donor human milk program virtual-
ly eliminated the use of preterm formula in our VLBW population.  
Implementation of a standardized transfusion protocol eliminated 
variation in transfusion practices, minimized unnecessary transfu-
sions, and exposure to high-risk transfusions with severe anemia.  
Limiting empiric antibiotic therapy duration also impacted the un-
necessary use of antibiotics in infants with low-risk factors and 
few clinical signs of sepsis at admission.  Lastly, stopping the use 
of indomethacin in the NICU eliminated the associated risks for 
feeding and gastrointestinal complications without increasing PDA 
incidence of complications. 

Previous studies support the importance of a standardized feed-
ing protocol.  Patole et al. concluded that the single most effective 
strategy to prevent NEC was implementing a standardized feed-
ing regimen.(9)  Standardized feeding regimens are beneficial 
since they decrease practice variations and increase awareness 
of potential feeding problems.(9)  Our feeding protocol resulted 
in less variation in feeding advancements and fortification prac-
tices. Standardized feeding protocols have been found to be safe, 
resulting in the earlier achievement of full enteral feeds, reduced 
time on hyperalimentation therapy, better growth outcomes, and 
decreased length of stay.(25-27)  

Our donor milk program was started to support infants whose 
mothers did not have enough MBM.  It has been well documented 
that feeding preterm infants an exclusive human milk diet decreas-
es NEC.(15,16,28-31) When there is insufficient MBM available, 
DBM is the preferred alternative for preventing NEC.  A Cochrane 
meta-analysis review comparing formula milk versus donor milk 

for feeding preterm infants showed a higher risk of developing 
NEC with formula-fed infants.(32) 

Although controversial, several studies have described an associ-
ation between PRBC transfusion and NEC.(2,33-35)  The etiology 
of transfusion-associated NEC or gut injury remains unclear.  The 
association may be related to the level of anemia,(2) inflammatory 
factors associated with transfusion, or a combination of both.  It 
has been suggested that withholding feeds during the transfusion 
may be protective.(34) As an alternative to completely withhold-
ing enteral feedings during transfusions, we chose to provide tro-
phic feedings during this time period.  In large part, we adopted 
a transfusion protocol due to observations and experience with 
transfusion-associated NEC in our NICU. This decision was rein-
forced by the significant reduction in the number of transfusion-as-
sociated gastrointestinal and NEC events seen in our Post-Bundle 
NEC cohort.  

Implementation of early empiric antibiotic treatment in preterm 
infants born for non-maternal reasons is a common practice 
because of this population’s immature immune system and risk 
for morbidity and mortality from early-onset sepsis.  Duration of 
treatment is often based on individual practice and NICU policy 
as opposed to strong evidence-based practices.  It is generally 
accepted that empiric antibiotics are safe, with perceived ben-
efits outweighing potential risks.  This is evident in the common 
practice of treating culture-negative sepsis.(36) However, emerg-
ing studies have reported that prolonged initial empiric antibiotic 
treatment (> 5 days) may be associated with adverse outcomes, 
including late-onset sepsis and death, and that each additional 
day of antibiotic use increases the risk of NEC.(37-39)  Because 
of the increased morbidity associated with prolonged empiric an-
tibiotic treatment, we reduced our use of early empiric treatment 
from 72 to 48 hours for infants with sterile culture results.  To date, 
the use of any empiric antibiotics in our preterm population has 
decreased significantly as a result of these awareness practices.

In the NICU, indomethacin has been used both as prophylaxis for 
IVH and PDA and as a medical treatment for PDA closure.  Stud-
ies report an increased risk of spontaneous perforation and NEC 
with prophylactic and therapeutic indomethacin use in preterm 
infants.(40,41) In a large retrospective study, O’Donovan et al. re-
ported that indomethacin was not associated with an increased 
risk for NEC,(42) and although supported in a subsequent study, 
an increased risk for intestinal perforation with indomethacin was 
noted.(43)  Prior to our NEC bundle, there was inconsistent prac-
tice using prophylactic indomethacin for IVH and PDA prophylaxis.  
With the NEC bundle implementation, routine use of prophylactic 
indomethacin was discontinued, and ibuprofen became the drug 
of choice for medical treatment of a symptomatic PDA.  We did not 
see a significant change in PDA incidence or number of PDA liga-
tions in the Pre-Bundle Control and Post-Bundle Control groups.

Our NEC care bundle was instrumental in decreasing the inci-
dence and recurrence of NEC in a NICU with an already rela-
tively low NEC rate. Balancing protocol-driven care for routine and 
common decisions with the autonomy for individualized care is 
important for physician buy-in and adherence to the care bundle. 
The strength of adherence to the NEC care bundle in our NICU is 
supported by the significant changes seen in the Pre-Bundle and 
Post-Bundle control group comparison results.

Limitations of our study should be noted. First and most impor-
tantly, we describe the implementation of a bundle specific to our 
NICU population. Generalization of this bundle to other NICU 
populations may not necessarily generate similar results. Sec-
ondly, our organization transitioned EMR systems between our 
Pre-Bundle and Post-Bundle study periods. As a result, there 
were missing or unavailable data for some analysis in the early 
Post-Bundle chart reviews. Finally, the protocols were introduced 



“This decreased incidence of NEC was 
attained after implementing an NEC care 
bundle that centered on a standardized 
feeding protocol that relied primarily 
on a human milk-based diet, along with 
protocols for PRBC transfusions, the use 
of empiric antibiotics, and indomethacin.”

11NEONATOLOGY TODAYtwww.NeonatologyToday.nettApril 2021

stepwise to improve compliance, so the early Post-Bundle group 
did not reflect the full impact of all the protocols. We also did not 
measure the impact of each protocol individually. Future studies 
could evaluate the impact of each protocol separately. 

Conclusion
Implementation of a NEC care bundle decreased NEC incidence 
in our NICU population, with the greatest impact seen in the most 
vulnerable preterm and very preterm infants.  Incidence of recur-
rent NEC and transfusion-associated NEC were significantly de-
creased.  This decreased incidence of NEC was attained after 
implementing a NEC care bundle that centered on a standardized 
feeding protocol that relied primarily on a human milk-based diet, 
along with protocols for PRBC transfusions, the use of empiric 
antibiotics, and indomethacin. 
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