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Abstract
Background: Necrotizing enterocolitis (NEC) is a serious complication of prematurity. Our objective was to evaluate
the impact of an umbilical cord milking protocol (UCM) and pasteurized donor human milk (PDHM) on NEC rates in
infants less than 30 weeks gestational age from January 1, 2010 to September 30, 2016. We hypothesized an
incremental decrease in NEC after each intervention.
Methods: We performed a retrospective review of 638 infants born less than 30 weeks gestational age. Infants
were grouped into three epochs: pre-UCM/pre-PDHM (Epoch 1, n = 159), post-UCM/pre-PDHM (Epoch 2, n = 133),
and post-UCM/post-PDHM (Epoch 3, n = 252). The incidence of NEC, surgical NEC, and NEC/death were compared.
Logistic regression was used to determine independent significance of time epoch, gestational age, birth weight,
and patent ductus arteriosus for NEC, surgical NEC, and death/NEC.
Results: At birth, infants in Epoch 1 were younger than Epoch 2 and 3 (26.8 weeks versus 27.3 and 27.2,
respectively, P = 0.036) and smaller (910 g versus 1012 and 983, respectively, P = 0.012). Across epochs, there was a
significant correlation between patent ductus arteriosus treatment and NEC rate (P < 0.001, Cochran-MantelHaenszel). There was a significant decrease in rates of NEC, surgical NEC, and NEC/death between groups. Logistic
regression showed this as significant for rates of NEC and surgical NEC between Epoch 1 and 3. Patent ductus
arteriosus was a significant variable affecting the incidence of NEC, but not surgical NEC or death/NEC.
Conclusions: An umbilical cord milking protocol and pasteurized donor human milk availability was associated with
decreased rates of NEC and surgical NEC. This suggests an additive effect of these interventions in preventing NEC.
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Background
Necrotizing enterocolitis (NEC) is a serious complication
of prematurity, with a prevalence of 7% in very low birth
weight (VLBW) infants and mortality between 20 and
30% [1]. Preventative strategies include small volume enteral feeds (feeding advances of 10-20 ml/kg/day), human milk, and probiotics [1]. Pasteurized donor human
milk (PDHM) is an alternative to mother’s own milk
when a mother’s supply is inadequate [2]. Retrospective
and prospective randomized trials have reported reduced
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rates of NEC with donor milk versus formula, when maternal breast milk was unavailable [3, 4]. However, not
all trials have shown differences in NEC rates [2, 5].
Umbilical cord milking (UCM) has been reported to
decrease the risk of developing NEC [6, 7]. UCM, one
approach to placental transfusion, results in the active
transfer of fetal placental blood to the infant over 15–
30 s [7–9]. It has been associated with increased blood
volumes, reduced red blood cell transfusions, higher
mean blood pressures, and less inotrope therapy in very
preterm infants, presumably promoting end-organ perfusion [6, 9–12].
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What is unknown is the cumulative impact of PDHM
and UCM on rates of NEC. The University of Utah Neonatal Intensive Care Unit (NICU) instituted two process
changes over a seven-year period: an UCM protocol in
September 2011 and providing PDHM to infants of
mothers unable to provide their own milk starting June
2013. The UCM protocol sought to reduce the combined outcome of severe intraventricular hemorrhage,
NEC, and/or death prior to discharge. The results of this
process change were published by Patel et al. (2014).
Since both UCM and PDHM can reduce NEC but were
introduced at different times, we investigated whether
there was an effect on the rate of NEC associated with
each process. We hypothesized an incremental decrease
in the incidence of NEC following each intervention.

Methods
Eligible infants were identified from a database of neonates less than 300/7 weeks gestational age admitted to the
University of Utah NICU between January 1, 2010 and
September 30, 2016. This database contains prospectively
captured morbidity and mortality information for each
neonate, including whether an infant developed NEC and
if so, the stage (Bell stage ≥2 or surgical NEC [13]). The
data is not reported externally and is available to
researchers within our institution. Eligibility criteria
included gestational age at birth from 230/7 to 296/7 weeks
and inborn between the study period. Infants with lethal
or severe congenital anomalies were excluded. Infants
were categorized into three time epochs: pre-umbilical
cord milking and pre-donor human milk (Epoch 1); postumbilical cord milking and pre-donor human milk (Epoch
2); post-umbilical cord milking and post-donor human
milk (Epoch 3). Institutional review board approval and a
waiver of informed consent was obtained.
The UCM protocol was adapted from Hosono et al.
(2008) and applied to infants born less than 30 weeks gestational age. Once delivered, the infant was held 10 cm
below the level of the placenta. The umbilical cord was
pinched close to the placenta and milked towards the infant over 2–3 s. This was repeated three times over a total
period of less than 30 s. The cord was clamped and the infant handed to the neonatal team for resuscitation. No resuscitation took place during cord milking.
Infants less than 1800 g or born at less than 34 weeks
gestational age qualify for PDHM. Our unit did not have
a standardized feeding protocol during the study period.
However, trophic feeds were typically started within the
first 24-48 h of life and full feeds reached by 14 days of
life. Enteral feeds are fortified with a bovine based human milk fortifier. No new nutrition protocols were introduced during the study period. Infants qualifying for
PDHM in Epoch 3 could receive mother’s own milk only,

Page 2 of 7

PDHM only, or a combination of both. Infants in Epoch’s 1
and 2 received mother’s own milk and/or formula.
The primary outcome was the incidence of any NEC between epochs. Secondary outcomes included differences
in rates of surgical NEC, any cause death, and death secondary to NEC between epochs. Spontaneous intestinal
perforation was differentiated from surgical NEC based on
clinical presentation and operative findings [14].
The primary outcome and other categorical measures
were analyzed by Chi-square or Fisher’s Exact test. Student’s t test was used for analysis of normally distributed
continuous data and Mann-Whitney U test was applied
for ordinal data or continuous data that was not normally distributed. Two-sided P values less than 0.05
were statistically significant and no adjustment was
made for multiple comparisons. A panel of risk factors
associated with NEC or surgical NEC was developed
from initial unadjusted analyses, using a P value < 0.10
for inclusion. Logistic regression analysis was applied to
determine independent significance of identifiable risk
factors, including time epoch, for NEC, surgical NEC,
and death or NEC. Risk factors were determined to be
significant if the 95% confidence intervals did not cross
1. Statistical analysis was performed using SPSS (version
24, IBM, Armonk NY).

Results
Figure 1 shows the patient flowchart. Amongst 638 infants, 94 were excluded for a total study group of 544.
Cord milking was not performed in Epoch 1. Subsequently, UCM was performed in 114/133 (86%) of subjects in Epoch 2 and 238/252 (94%) subjects in Epoch 3.
PDHM became available in June 2013; the beginning of
Epoch 3. As seen in Fig. 2, during Epoch 3, there was an
increase in PDHM use, in lieu of formula, with over 50%
of infants receiving at least some PDHM. The majority
of PDHM use was in the initial days of life, with first
feeding as human milk increasing from 53% in Epoch 1
(mother’s own milk only) to 81% in Epoch 3 (mother’s
own milk and/or PDHM). Additionally, the age of initial
feeding decreased from a mean of 2.9 to 1.2 days of age.
Availability of mother’s own milk increased during
Epoch 1, from 82 to 91%, and remained stable between
90 and 91% during Epoch 2. Data on rates of mother’s
own milk usage only are not available for Epoch 3. Rates
of any formula use declined during Epoch 1 from 19 to
9%, and remained stable at 9% during Epoch’s 2 and 3.
Patient characteristics are shown in Table 1. Infants in
Epoch 1 were significantly younger and smaller at birth.
Over the three epochs, there was a shift in maternal
race/ethnicity, with increasing Hispanic representation;
decreased diagnosis of chorioamnionitis and maternal
intrapartum antibiotic use; and increased use of intrapartum magnesium sulfate prophylaxis (Table 1).
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Fig. 1 Patient flowchart depicting inclusions and exclusions in each epoch

Cochran-Mantel-Haenszel test did not show a significant
relationship between these changes in maternal characteristics and NEC rates across epochs. We also noted a decreasing rate of patent ductus arteriosus (PDA) treatment
across epochs, with a significant decrease in PDA ligation
noted in Epoch 3 (Table 1). There was a significant association between PDA treatment and NEC rate across epochs
(Cochran-Mantel-Haenszel test, P < 0.001).
There were 35 (20%) cases of any NEC in Epoch 1, 20
(12%) in Epoch 2, and 28 (9%) in Epoch 3. There was a
significant decrease in rates of NEC (p = 0.002), surgical
NEC (p = 0.002), all cause death (p = 0.003), and death or
NEC (p = < 0.001) across epochs (Fig. 3). Using Epoch 1
as a reference, logistic regression analysis showed significant reduction in the rates of NEC, surgical NEC, and
death or NEC between Epoch 3 and 1 (Table 2). There
was also a significant reduction in death or NEC noted
for Epoch 2 versus 1. PDA requiring treatment was a
significant variable affecting the rate of NEC, but not

surgical NEC or death or NEC. Gestational age was a
significant factor affecting the combined outcome of
NEC or death.

Discussion
This retrospective review of the effect of an UCM protocol
followed by PDHM availability on NEC rates showed an
incremental decrease in NEC after each process change.
We observed significant decreases in rates of surgical
NEC, all cause death, and death or NEC. By logistic regression analysis, this association was significant for rates
of NEC, surgical NEC, and death or NEC between Epochs
1 and 3. This suggests that the combined effects of the
UCM protocol and PDHM availability were associated
with decreased rates of NEC and surgical NEC.
Multiple reviews have identified lower rates of NEC
among infants undergoing UCM or delayed cord clamping versus immediate cord clamping [6, 15, 16]. Dang et
al’s review looked at UCM versus immediate cord

Fig. 2 Sequential changes in breast milk (BM) use across time epochs are shown. Any BM use, BM at first feed and BM at discharge (D/C)
gradually increased over time. There was a dramatic increase in the use of pasteurized donor human milk (PDHM) in lieu of formula in Epoch 3.
Raw data was not available to allow statistical comparisons
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Table 1 Patient demographics for each time epoch
Epoch 1 n = 159

Epoch 2 n = 133

Epoch 3 n = 252

P

26.8 (1.9)

27.3 (1.9)

27.2 (1.9)

0.036

23–24 weeks

38 (24%)

14 (11%)

47 (19%)

25–26 weeks

39 (25%)

43 (32%)

55 (22%)

27–29 weeks

82 (52%)

76 (57%)

150 (60%)

Birth weight (SD)

911 (304)

1011 (306)

983 (300)
63 (25%)

Gestational age (SD)

0.012

≤ 750 g

56 (35%)

25 (19%)

751-999 g

42 (62%)

47 (35%)

71 (28%)

≥ 1000 g

61 (38%)

61 (46%)

118 (47%)

Sex - Male (n,%)

84 (53%)

75 (56%)

131 (52%)

0.705

SGA

16 (10%)

18 (14%)

33 (13%)

0.585

Caucasian

105 (66%)

85 (64%)

161 (64%)

Black

10 (6%)

3 (2%)

5 (2%)

Hispanic

24 (15%)

34 (26%)

71 (28%)

Other

20 (13%)

11 (8%)

15 (6%)

Antenatal steroids - any

154 (97%)

130 (98%)

244 (97%)

Maternal factors
Race

0.005

0.865

Chorioamnionitis - clinical

48 (30%)

27 (20%)

34 (13%)

< 0.001

Antibiotics – peripartum

115 (72%)

96 (72%)

125 (50%)

< 0.001

Intrapartum Mg sulfate

108 (68%)

100 (75%)

228 (90%)

< 0.001

C-section delivery

110 (69%)

87 (65%)

189 (75%)

0.121

Apgar Median (25–75%)
1 min

5 (2–7)

4 (2–7)

4 (2–7)

0.780

5 min

7 (6–8)

7 (6–8)

7 (6–8)

0.955

57 (36%)

40 (30%)

65 (26%)

0.094

PDA treatment (n,%)
Medical Only

36 (63%)

23 (58%)

51 (78%)

0.526

Surgical Ligation Only

11 (19%)

6 (15%)

1 (2%)

0.001

Medical & Surgical ligation

10 (18%)

11 (28%)

13 (20%)

0.487

Data as mean (SD) or number (%), Epoch 1 pre-umbilical cord milking and pre-donor human milk; Epoch 2 post-umbilical cord milking and pre-donor human milk,
Epoch 3 post-umbilical cord milking and post-donor human milk; SGA small for gestational age, Mg magnesium; PDA patent ductus arteriosus

clamping and found a 40 and 50% decreased NEC risk and
all cause death, respectively, in the UCM group. Similarly,
Rabe et al’s (2012) review reported a 38% reduction in NEC
risk in infants undergoing UCM or delayed cord clamping.
Thus, these studies, in conjunction with our findings, provide further support for UCM, particularly in VLBW infants.
In contrast, no differences in NEC were seen in a study
assessing the effect of UCM versus immediate cord clamping on cerebral and systemic perfusion in VLBW neonates
[10]. Additionally, March et al’s [17] study found no difference in NEC or all cause death in infants undergoing UCM
versus immediate cord clamping. This study may have been
underpowered to detect NEC, as it was a secondary outcome, and did not report baseline NEC rates, which would
influence the significance of any decreases in NEC.
Similar to our findings, Chowning et al. [3] reported a
reduction in any NEC and surgical NEC in VLBW infants following introduction of PDHM. These findings
were confirmed in the randomized trial of O’Connor et

al. [4], with significantly lower NEC rates in PDHM versus formula groups. Finally, Cristofalo et al. [5] found
significant decreases in rates of surgical NEC in infants
receiving PDHM versus formula. However, the decrease
in any NEC was not statistically significant, perhaps due
to population and center differences, as their study was
multicenter and included large metropolitan centers,
while ours is a single center study with a homogenous
population. Also, their study involved exclusive PDHM
use, whereas subjects in our study received a mix of
mother’s milk and/or PDHM.
PDA treatment was an associated risk factor for any
diagnosis of NEC across epochs. Previous studies have
suggested an association between PDA and NEC [18].
However, neither medical nor surgical treatment prevent
NEC in very low birth weight infants [19, 20]. Thus, although an associated finding, it seems unlikely the decrease in PDA treatment was clinically related to
decreased NEC over time.
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Fig. 3 a. Sequential change in rate of NEC (p = 0.002) and surgical NEC (p = 0.002), between Epochs 1, 2, and 3. b. Changes in all cause death (p = 0.003),
death due to NEC (p = 0.070), and combined outcome of death/NEC (p < 0.001). NEC – necrotizing enterocolitis; Epoch 1 – pre-umbilical cord milking and
pre-donor human milk; Epoch 2 – post-umbilical cord milking and post-donor human milk; Epoch 3 – post-umbilical cord milking and pre-donor
human milk

The pathophysiology of NEC involves an abnormal intestinal microbiome and immaturity of the intestinal
barrier, microvasculature, and immune system [1, 21].
Placental transfusion, through UCM or delayed cord
clamping, improves circulating blood volume and is accompanied by higher mean blood pressures [6, 9, 11,
12]. Thus, UCM may prevent or minimize early intestinal ischemic injury, protecting against NEC. PDHM
may protect against NEC by providing factors that
modulate the immune system, promote development of
the intestinal mucosa, and facilitate growth of a favorable intestinal microbiome [21–23]. While Holder
pasteurization of donor milk results in the loss of some
of these factors, many are still preserved or only mildly
reduced [22]. Furthermore, PDHM is bactericidal, despite pasteurization [22].
There are several limitations to our study. First, logistic
regression showed significant differences in rates of NEC,
surgical NEC, and death/NEC between Epoch’s 1 and 3,
but not 1 and 2. However, we observed decreases in rates
of NEC and surgical NEC across both Epoch 2 and 3. The

lack of statistical significance may be due to limited sample
size and power, given 133 patients in Epoch 2 versus 252 in
Epoch 3. Also, PDHM may have had a greater effect on
NEC rates than UCM, though a greater relative decrease in
NEC was noted between Epoch 1 and 2, than between
Epoch’s 2 and 3. Additionally, generalizability may be limited, as this is a retrospective study involving a single center
serving a predominantly Caucasian population. There was
a significant difference in gestational age and birth weight
between subjects in each epoch, with more infants between
23 and 24 weeks gestation and ≤ 750 g in Epoch 1. However, regression modeling did not show gestational age or
birth weight as significant independent factors affecting
NEC rates. Rates of mother’s own milk use may have been
lower in Epoch 1 due to increased maternal stress [24], as
infants were younger and smaller, and potentially sicker,
and more mothers had clinical chorioamnionitis. In
addition, a greater percentage of Hispanic mothers in
Epoch’s 2 and 3 may have increased rates of mother’s own
milk use, as Hispanic mothers have higher rates of breastfeeding [25]. However, use of mother’s own milk increased

Table 2 Logistic regression analysis of impact of time epoch, gestational age, birth weight, and treated PDA on NEC rates, surgical
NEC, and NEC or Death
Data as OR (95% CI)

NEC cases

Surgical NEC

Death or NEC

Time epoch (Epoch 1 = Ref)
Epoch 2

0.58 (0.30–1.12)

0.87 (0.34–2.23)

0.51 (0.28–0.93)

Epoch 3

0.37 (0.20–0.67)

0.36 (0.14–0.92)

0.30 (0.18–0.52)
0.75 (0.63–0.91)

Gestational age, week

0.91 (0.74–1.12)

0.77 (0.57–1.05)

Birth weight, gram

1.00 (0.99–1.00)

0.99 (0.99–1.00)

0.99 (0.99–1.00)

PDA treated

2.17 (1.25–3.76)

1.23 (0.55–2.74)

0.83 (0.50–1.38)

PDA patent ductus arteriosus, NEC necrotizing enterocolitis, OR odds ratio, CI confidence interval; Epoch 1 pre-umbilical cord milking and pre-donor human milk,
Epoch 2 post-umbilical cord milking and post-donor human milk, Epoch 3 post-umbilical cord milking and pre-donor human milk
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in Epoch 1 and overall rates in Epoch’s 1 and 2 were higher
than the average rates of mother’s own milk use in NICU’s
across the United States [26]. Although we do not have
mother’s own milk use data for Epoch 3, there is no reason
to suspect a decline in availability of mother’s own milk
during this epoch. No other major care process changes
were introduced during Epoch 2 and 3. Nonetheless, other
general improvements in clinical practice could contribute
to the observed reductions in NEC from 2010 to 2016. For
example, we showed a decrease in intrapartum antibiotics
and increase in magnesium sulfate for neuroprophylaxis.
We are unaware of any association with intrapartum antibiotic use and subsequent NEC, though prolonged initial
antibiotic therapy of the premature neonate has been associated with increased NEC risk [27]. We do not have data
on initial antibiotic use in this study group. Recent reports
have suggested an association of spontaneous intestinal perforation, and possibly NEC, among extremely preterm infants less than 26 weeks gestation exposed to antenatal
magnesium prophylaxis [28, 29]. Our study excluded spontaneous intestinal perforation, which has a different pathophysiology than NEC [14]. If NEC rates increase with
increased exposure to intrapartum magnesium sulfate for
neuroprophylaxis, we should expect an increase in NEC
rates rather than the decrease observed. Finally, we did not
account for other risk factors for NEC, such as antibiotic
exposure, postnatal steroid use, packed red blood cell transfusions, and sepsis.
Our study’s strengths include a prospectively maintained
database of a high risk population targeting major neonatal
morbidities and a large sample size across epochs. Although
a single center analysis, our unit is a level III NICU in an
academic center serving a large urban population and receives neonatal and maternal transfers from across Utah
and neighboring states. Additionally, our NEC rates are
within the range of similar sized academic centers within
the neonatal research network, as reported by Stoll et al.
[30]. In this report, the average NEC rate in infants born
between 22 and 29 weeks gestational age was 11% (4–19%),
with higher rates observed when infants were subcategorized by gestational age. Furthermore, we had excellent compliance with UCM, with 86 and 94% of infants receiving UCM in Epoch 2 and 3, respectively. This further
demonstrates the ease of provider adherence to UCM.
Moreover, during Epoch 3, at least half of infants qualifying
for PDHM received it and there were increased rates of first
feeds as human milk. All infants were inborn, negating variability in initial care between referring institutions.

Conclusions
In summary, we identified incremental decreases in rates
of NEC and surgical NEC associated with implementation of an UCM protocol followed by a protocol for providing PDHM to infants of mothers unable to provide
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their own milk. This suggests an additive effect of these
interventions in preventing NEC. Whether these interventions are additive or potentially synergistic cannot be
determined from this study.
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