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INTRODUCTION

Most of the cumulative nutritional deficits in preterm infants occur in the first 2 weeks 

after birth. Limited enteral nutrition during the first 2 weeks is one of the critical barriers 

to solving the problem of postnatal growth faltering at term equivalent age among preterm 

infants. Observational data reveal that critically ill preterm infants rarely receive adequate 

nutritional intakes during early postnatal life.1 Observational data also indicate that the 

cumulative nutritional deficits in energy and protein intake that occur soon after birth 

account for approximately 50% of the decline in weight-for-age observed from birth to 

hospital discharge2 and may explain the slow growth and increased risk of adverse outcomes 

observed in preterm infants.1

Meta-analyses of randomized trials designed to establish full enteral nutrition during the first 

2 weeks after birth consistently show that early (before or on postnatal day 4)3 and faster 

(30–40 mL/kg/d) progression of enteral feeding volumes4 increases growth velocity rates 

from birth to hospital discharge and increases weight-for-age z scores at term equivalent 

age. In addition, higher volume feedings may allow for catch-up growth beyond the initial 

postnatal period. Observational data also suggest that enteral nutrition effectively prevents 

cumulative nutritional deficits in critically ill preterm infants, which may mitigate the risk of 

late-onset sepsis, bronchopulmonary dysplasia (BPD), neurodevelopmental impairment, and 

death.1

Despite this collective evidence that early full enteral nutrition reduces the risk of growth 

faltering and may lower the risk of adverse outcomes, there is marked variability across 

neonatal units in enteral nutrition practices during the acute phase of illness after birth in 

preterm infants. The severity of illness and concern for related complications, including 
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spontaneous intestinal perforation (SIP) and necrotizing enterocolitis (NEC), are often cited 

as the main indications to limit enteral nutrition in these infants.

ENTERAL NUTRITION AND NECROTIZING ENTEROCOLITIS: AN 

EPIDEMIOLOGIC PERSPECTIVE

Establishing full enteral nutrition soon after birth in preterm infants is difficult without an 

epidemiologic perspective. Countless reports that enteral feeding is the final event before 

an infant is diagnosed with NEC are often interpreted as evidence that not offering enteral 

feeding can prevent NEC. This interpretation may reflect circular reasoning and highlights 

the importance of establishing differences between association and causation.5 Enteral 

feeding occurs in 90% of infants diagnosed with NEC, but this report is not proof that 

exposure to enteral feeding explains 90% of all NEC cases. This finding is evidence that 

exposure to enteral feeding—which occurs every 2 to 3 h in neonatal units—is common 

among preterm infants. High exposure to enteral feeding is also observed in infants who 

never develop NEC. With these high exposure rates to enteral feeding, the occurrence of 

NEC in proximity to enteral feeding is predictable.

Furthermore, observing that enteral feeding precedes the diagnosis of NEC only establishes 

temporality in the association. Other criteria such as specificity (ie, enteral feeding is not 

exclusively associated with NEC), consistency (ie, not all experimental evidence suggests 

an increased risk of NEC with enteral feeding), or strength (ie, not all infants that receive 

enteral feeding develop NEC) are needed to establish a causal association.5

Defining the causes of NEC requires a new framework around the principle of 

multicausality. Like many other complications of prematurity, such as BPD, NEC has 

multiple causes. Decades of research have proven that enteral feeding is not the only risk 

factor for NEC. Other risk factors include fetal growth restriction,6 persistent hypoxemia,7 

severe anemia,8 and dysbiosis due to frequent exposure to broad-spectrum antibiotics.9 

Because these events play a role in the occurrence of NEC, enteral feeding should be 

considered a component cause along with several others (Fig. 1).

Multicausality implies that only certain NEC cases can be attributed to enteral feeding, 

even in clinical scenarios where enteral feeding is the final event before the diagnosis of 

NEC. With more clinical trials reporting on specific elements of enteral feeding that mitigate 

the risk of NEC (human milk feeding, arginine, probiotics, and others), the proportion of 

NEC cases attributed to enteral feeding is decreasing. If this trend continues in subsequent 

decades, the prevalence of NEC will likely decline, and the proportion of NEC cases 

attributed to non-feeding factors will likely increase.

As NEC cases decrease, SIP is set to become the most common major intestinal morbidity 

among preterm infants.10 SIP typically occurs in the first postnatal week when clinicians 

are initiating enteral feeding. However, early enteral feeding is rarely implicated in the 

pathogenesis of SIP. The etiology of SIP is also multifactorial and shares some risk factors 

with NEC including growth restriction and perinatal asphyxia. Bowel ischemia in vulnerable 

watershed areas, which may occur prenatally or postnatally, is usually the final common 
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pathway leading to bowel perforation. In addition, certain medications are associated with 

SIP such as the early administration of steroids.10

ENTERAL NUTRITION AND FEEDING INTOLERANCE IN PRETERM 

INFANTS

The transition from parenteral to enteral nutrition often begins with minimal enteral feeding 

or trophic feeding (≤24 mL/kg/d), then changes to progressive feeding (increments of 

feeding volumes usually by 10–35 mL/kg/d each day), and concludes with full enteral 

feeding (≥120–150 mL/kg/d)11–14 (Fig. 2).

Development of feeding intolerance is a common symptom of NEC. However, during the 

transition to full enteral feeding up to 50% of infants experience feeding intolerance.3 

Although the inability to absorb and digest human milk or formula in preterm infants 

is often cited as one of the primary causes,3,15 dysmotility is the most common 

cause of feeding intolerance. Unlike digestion and absorption, gastrointestinal motility is 

underdeveloped in most infants born before 28 weeks of gestation16 (Fig. 3).

High pre-feed gastric residual volume is a common indication to withhold enteral feeding 

in preterm infants, but a high level of evidence does not support this practice. The routine 

assessment of gastric residual volumes likely disrupts the natural production of hydrochloric 

acid in the stomach. Without an acidic gastric environment, preterm infants are at increased 

risk of bacterial colonization/overgrowth17,18 and feeding intolerance due to the inactivation 

of the enzyme pepsin that digests protein-containing milk.19 Limited clinical evidence 

consistently shows that optimizing gastric acidity reduces the risk of gastrointestinal 

complications. Not checking gastric residual volumes,20,21 re-feeding gastric residual 

volumes,13 and adding hydrochloric acid to infant formula17 have been associated with 

a lower risk of feeding intolerance and NEC in randomized clinical trials. Observational 

studies also reported that avoiding antacid therapy is associated with a lower risk of NEC.22

In settings where the routine assessment of gastric residual volumes is no longer practiced, 

abdominal distension and emesis are the most common indications to withhold enteral 

feeding, particularly in preterm infants managed with noninvasive ventilation soon after 

birth. Although aerophagia and gaseous bowel distension occur in up to 83% of extremely 

preterm infants managed with noninvasive ventilation,23 there is no evidence from 

randomized trials that noninvasive ventilation increases the risk of SIP or NEC.24

Routine abdominal radiographs have limited value in assessing feeding intolerance and 

NEC.23 Several methods, including electrogastrography, abdominal tissue oxygenation 

using near-infrared spectroscopy, and bowel sound/acoustics, are being evaluated as 

diagnostic tools to assess feeding intolerance and identify infants at higher risk of intestinal 

disease.24,25 Until the validity of these methods is sufficient to establish a risk stratification 

system, standardizing the clinical assessment of feeding intolerance with checklists that 

include questions about nutrition, motility, ischemia, and sepsis should be considered (Box 

1)
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CLINICAL EVIDENCE FOR FEEDING PROTOCOLS

This section summarizes evidence from randomized clinical trials in a questions and answers 

format and addresses specific clinical questions frequently discussed during bedside rounds.

Should We Advocate for Enteral Fasting to Reduce the Risk of Necrotizing Enterocolitis?

Enteral fasting was previously considered a protective strategy to mitigate the risk of NEC 

in critically ill infants25 because enteral feeding can alter splanchnic perfusion, increase 

the risk of ischemic injury,26 cause osmotic injury to the mucosa, and promote bacterial 

overgrowth if enteral feeding results in the presence of undigested substrate in the intestinal 

lumen.27,28 Subsequently, animal and clinical studies revealed a positive linear correlation 

between small feeding volumes of 12 to 50 mL/kg and gastrointestinal hormones that 

promote mucosal maturation.29,30

Multiple randomized clinical trials have since confirmed that early initiation of trophic 

feeding (ie, within the first 96 hours after birth) is a safe alternative to enteral fasting 

for critically ill preterm infants. In 2013, data from 9 randomized clinical trials of early 

initiation of trophic feeding with volumes up to 24 mL/kg/d in 754 very low birthweight 

infants were included in a meta-analysis.31–40 NEC as an outcome was examined in the 

9 trials included. Compared to enteral fasting, trophic feeding did not increase the risk of 

NEC (8% vs. 8%; risk ratio [RR]: 1.07; 95% confidence interval [CI]: 0.67–1.70; N = 748). 

Eight trials examined the time to establish full enteral feeding. In 3 trials, trophic feeding 

reduced the time to establish full enteral feeding.33,36,39 Two trials reported data on sepsis. 

One noted fewer episodes of culture-positive sepsis in the trophic feeding group.36 Mortality 

did not differ between groups (RR: 0.77; 95% CI: 0.46–1.30). The time to regain birthweight 

was not shorter in any of the 9 trials included in the meta-analysis.

This meta-analysis detected considerable heterogeneity across trials and included only a 

few extremely preterm infants. Still, no additional trials on this topic are anticipated. 

Feeding protocols should not favor a delay in initiation of trophic feeding beyond the 

first 96 hours after birth, even in critically ill infants with a history of low Apgar scores, 

acidosis, respiratory distress syndrome, hemodynamic instability, and/or persistent patency 

of the ductus arteriosus (PDA). Prolonging enteral fasting results in villous atrophy and 

complicates subsequent feeding. An unmasked trial excluded from all meta-analyses on 

early enteral feeding compared the effects of late minimal enteral feeding and progressive 

feeding after prolonged enteral fasting in 144 preterm infants born between 1996 and 

2000. Because enteral feeding in both groups started after approximately 10 days of enteral 

fasting, all infants included in this trial likely had villous atrophy at the time of initiation 

of enteral feeding. Minimal enteral feeding compared to progressive feeding after prolonged 

enteral fasting delayed the establishment of full enteral feeding by approximately 13 days, 

extended hospital stay (mean difference between groups: 11 days), and resulted in a trend for 

a lower risk of NEC (RR:0.14; CI: 0.02–1.07).41 However, these findings require a cautious 

interpretation.42 Only 30% of infants in the trial received a human milk diet, and nearly 

50% did not benefit from exposure to antenatal steroids. The use of antenatal steroids43 

and exclusive human milk feeding with either maternal or donated milk44—both effective 

strategies that reduce the risk of NEC—have increased substantially over the past 2 decades. 
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Furthermore, late initiation of enteral feeding is now strongly discouraged, and the presence 

of umbilical catheters or infusions of vasopressor agents are no longer contraindications to 

initiate enteral feeding.45,46

Should We Promote Enteral Fasting During Patency of the Ductus Arteriosus Treatment or 
Blood Transfusions?

The evidence favoring enteral fasting to prevent NEC during PDA treatment or blood 

transfusions is predominantly limited to single-center observational studies with inconsistent 

results. Although it remains uncertain if enteral fasting can modify the baseline risk of NEC 

among high-risk infants requiring PDA treatment or blood transfusions, there is evidence 

from randomized trials that enteral fasting during PDA treatment increases the time to 

establish full enteral feeding and does not decrease the risk of NEC.47 The potential benefits 

of enteral fasting to mitigate the risk of NEC during blood transfusions are currently being 

investigated in a randomized clinical trial.48 However, it remains uncertain if intermittent 

exposure to blood transfusions transiently increases the risk of NEC.49 Hemoglobin values 

below 7 g/dL and severity of anemia before a blood transfusion may be associated with a 

higher risk of NEC rather than the number of blood transfusions.8

Does Extending Enteral Fasting After Nonsurgical or Surgical Necrotizing Enterocolitis 
Prevent Complications Associated with Necrotizing Enterocolitis?

Observational studies recently questioned the benefits of prolonged enteral fasting after 

nonsurgical50 and surgical NEC.51 Shortening the duration of enteral fasting by 4 days (from 

9 to 5 days) was associated with a 35% decrease in the time to establish full enteral feeding 

and a reduced need for central venous access after the diagnosis of nonsurgical NEC.50 

However, post-NEC strictures were not significantly lower after shortening the duration of 

enteral fasting (4% vs. 13%).50 Similarly, the early reintroduction of enteral feeding after 

surgical NEC (≤7 days) was associated with a reduced need for parenteral nutrition 28 

days postsurgical intervention in unadjusted analyses. In addition, exposure to early enteral 

feeding after surgical NEC was not associated with a higher risk of mortality (5% vs. 2%).51 

Clinical trials comparing shorter (3–5 days) versus extended (7–10 days) periods of enteral 

fasting after NEC are warranted.

If trophic feeding prevents villous atrophy, should we extend the duration of trophic 
feeding to reduce the risk of feeding intolerance and NEC?

By initiating a 3- to 7-day course of trophic feeding within the first 96 hours after birth,11 

most clinicians assume that preventing villous atrophy with an extended duration of trophic 

feeding will reduce the risk of feeding intolerance and NEC in preterm infants.41,52,53 

However, data from a recently updated meta-analysis of 14 randomized trials challenge this 

assumption. In the meta-analysis, early progressive feeding was defined as the introduction 

of small increments of feeding volumes within the first 96 hours after birth. The trials 

included in the meta-analysis are summarized in Table 1.

Compared with delayed progression of feeding (after the first 96 hours), early progressive 

feeding reduced the time to full enteral feeding by 3 days on average without increasing 

the risk of NEC (8% vs. 7%; RR: 1.17, 95% CI: 0.80–1.70).3 Six trials included in the meta-
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analysis also determined the effects of early progressive feeding on feeding intolerance. Data 

from 581 infants revealed an increased risk of feeding intolerance with early progressive 

feeding (51% vs. 41%; RR: 1.22, 95% CI: 1.02–1.46). Seven trials reported sepsis data 

(n = 872). Early progressive feeding compared to delayed progressive feeding reduced the 

risk of severe infection (22% vs. 31%; RR: 0.70, 95% CI: 0.56–0.87; P = .001). With an 

absolute risk reduction of 9% in the sepsis outcome, the number needed to treat with early 

progressive feeding to prevent one case of severe infection is 11.3 Because preventing severe 

infections is more critical than preventing feeding intolerance among preterm infants, the 

current evidence supports the early progression of enteral feeding volumes within the first 96 

hours after birth and questions the benefits of extending the duration of trophic feeding.

Although several trials in the meta-analysis did not include infants at the highest risk 

of NEC, the largest randomized trial on early progressive feeding included only highrisk 

preterm infants with evidence of intrauterine growth restriction (n = 404), and another 

randomized trial included only high-risk preterm infants 28 weeks of gestation or less (n 

= 60). They were not powered for significant outcomes, but the results were consistent 

with the direction of effect for the outcomes reported in the meta-analysis.54–56 These 

randomized clinical trials in infants considered at the highest risk of NEC due to either 

ischemia or extreme prematurity reported a potential reduction of culture-proven sepsis after 

early progression of enteral feeding volumes. Among extremely preterm infants, the risk 

difference in culture-proven sepsis (10% vs. 27%; P = .18) and culture-proven sepsis or 

death (13% vs. 27%; P = .20) did not reach statistical significance but favored the early 

progressive feeding group. The outcome of NEC or death did not differ between groups 

(27% vs. 20%; P = .56).56

The meta-analysis concluded that the effects of early progression of feeding volumes on 

long-term growth or neurodevelopment are unknown.3 However, early feeding is associated 

with a lower risk of nosocomial sepsis,57 mortality, and neurodevelopmental impairment in 

early childhood.58 Therefore, it is plausible that early progression of enteral feeding volumes

—by reducing sepsis—might reduce mortality and neurodevelopmental impairment in later 

childhood. Additional evidence from randomized trials on this topic is needed.

Does Slow Progression of Enteral Feeding Prevent Necrotizing Enterocolitis?

In randomized trials, slower rates of feeding progression (10–24 mL/kg/d) have been 

compared with faster rates (25–40 mL/kg/d). A 2021 Cochrane meta-analysis reviewed 

the cause–effect relationship between feeding progression rates and NEC risk.4 The meta-

analysis included 4033 infants from 14 randomized trials. Five trials, including the largest 

randomized trial,59 enrolled only infants with birthweight less than 1500 g. The remaining 

trials listed birthweights ranging from less than 1000 g to 1000 to 2000 g as inclusion 

criteria. One trial included infants with gestational ages between 30 and 34 weeks. Another 

trial compared 15 mL/kg/d rates versus 35 mL/kg/d rates only in formula-fed infants.60 

Five trials did not include infants receiving formula. The remaining trials included infants 

receiving some human milk.

No significant differences in the risk of NEC were found between infants fed at 

slower or faster rates (6% vs. 5%; RR: 1.06, 95% CI: 0.83–1.37). Subgroup analyses 
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of extremely low-birthweight infants, small-for-gestational-age infants, and infants with 

intrauterine growth found similar results, suggesting the generalizability of the findings to 

these high-risk populations. The effects of faster feeding progression rates on mortality, 

growth, neurodevelopment, and other comorbidities were also analyzed. Thirteen trials with 

mortality data did not find a risk reduction in mortality rates with slower feeding progression 

rates. Ten trials revealed that infants in the slower feeding progression group took longer to 

regain birthweight, but the largest randomized trial reported no differences in growth at the 

time of hospital discharge.59 The 2021 meta-analysis also found an increased risk of feeding 

intolerance in infants fed at slower rates, though the certainty of this evidence was graded as 

low. Four trials reported longer lengths of stay in the group with slower rates.

The Speed of Increasing milk Feeds Trial (SIFT) contributed approximately 70% of the 

patients in the meta-analysis and was the only one that reported neurodevelopmental 

outcomes.59 SIFT was a large, multicenter trial that enrolled 2804 patients across the United 

Kingdom and the Republic of Ireland. Infants less than 32 weeks of gestation or who had 

a birthweight of less than 1500 g were eligible and were randomized to receive either slow 

(18 mL/kg/d) or faster (30 mL/kg/d) feeding progression rates. The primary outcome of the 

trial was survival without moderate or severe neurodevelopmental disability at 24 months 

corrected age. Data were available for the primary outcome in 88% of recruited infants. No 

significant differences in survival or severe or moderate disability were found, but diagnosis 

of cerebral palsy was more frequent among infants in the faster feeding progression group 

(5.4% vs. 3.2%; P = .015). Infants in the faster feeding progression group reached full 

enteral feeding sooner and had fewer days of parenteral nutrition. Neither the analysis with 

all infants (n = 2793) nor the subgroup analysis with extremely preterm infants (n = 994) 

found an increased risk of NEC in the faster-feeding progression group.

Does, Early, Full Enteral Nutrition Increase the Risk of Necrotizing Enterocolitis?

As noted previously, randomized clinical trials demonstrated that early and faster 

progression of enteral feeding volumes does not increase the risk of adverse outcomes and 

may provide benefits in preterm infants.3,59 With the availability of donated milk and the 

recognition that intravenous access increases the risk of sepsis, clinical trials have examined 

early full enteral feedings without requiring intravenous fluids or total parenteral nutrition. 

So far, 6 randomized clinical trials have been conducted in the past decade, including a 

combined total of 526 infants.61

In these trials, early full enteral feeding was typically defined as feeding volumes of 60 to 

80 mL/kg/d beginning soon after birth. The control group received early progressive feeding 

with advances of 20 to 30 mL/kg/d until the establishment of full enteral feeding. All of 

these trials were conducted in resource-limited settings in India, and in 4 of the 6 trials, 

infants with insufficient maternal milk were supplemented with formula, whereas in 2 trials, 

donated milk was used to supplement maternal milk. None of the 6 trials included in the 

meta-analysis of randomized clinical trials masked group assignment.

Early full enteral feeding was associated with a higher weight z-score at discharge compared 

with early progressive feeding (risk difference [RD]: 0.24; 95% CI: 0.06–0.42). Infants in 

the early full enteral feeding group also regained birth weight faster (mean difference [MD]: 
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−3 days; 95% CI: −4 to −2 days). In the largest randomized clinical trial of 180 very preterm 

infants, early full enteral feeding increased growth velocity somewhat (mean difference, 1.2 

g/kg/d).62 In the meta-analysis of randomized clinical trials, there was no difference in the 

rate of feeding intolerance (16% vs. 22%; RR: 0.74; 95% CI: 0.49–1.13; n = 393) or NEC 

between groups (3% vs. 3%; RR: 0.98; 95% CI: 0.38–2.54; n = 522).61 There was also no 

difference in the rate of sepsis between groups (7% vs. 9%; RR: 0.72; 95% CI: 0.36–1.46; n 

= 359). Furthermore, there was no difference in hospital mortality between the groups (RR: 

0.78; 95% CI: 0.36–1.70; n = 526). The practice of early full enteral feeding was associated 

with a decreased length of stay (mean difference, −3 days; 95% CI, −2 to −4 days).

These trials examined shorter-term hospital outcomes, but later growth and 

neurodevelopmental outcomes were not reported. Overall, these trials included few 

extremely preterm infants at the highest risk of adverse outcomes in high-income countries. 

Besides weight at discharge, anthropometric growth measures were not consistently reported 

in the included trials. Further trials that supplement maternal milk with donated milk in 

populations at high risk of NEC are recommended before adopting this practice in high-

income countries. There are 2 such ongoing randomized clinical trials comparing early full 

enteral feeding to conventional feeding progression in the United States (E3NACT trial, 

NCT04337710) and the United Kingdom (FEED1 trial, ISRCTN89654042).

Does Limiting Enteral Intakes to Up 160 mL/kg/d Reduce the Risk of Necrotizing 
Enterocolitis?

Higher volume feedings are an emerging strategy to improve postnatal growth without 

increasing the risk of NEC. Minimum volumes of 120 mL/kg/d and maximum feeding 

volumes of 200 mL/kg/d have been proposed due to the risks of dehydration and 

overhydration, respectively.63,64 The typical volumes that reduce postnatal growth faltering 

differ between international guidelines and geographic locations. In North America, feeding 

volumes of approximately 140 to 160 mL/kg/d of fortified human milk or preterm formula 

are typical.65 Units in Europe, Australia, and New Zealand are more likely to use 161 to 

180 mL/kg/d volumes. Few units in high-income countries with access to safe fortification 

use volumes above 180 mL/kg/d. However, feeding volumes up to 300 mL/kg/d are used 

internationally and have been reported to improve postnatal growth without evidence of fluid 

overload.66

Fluid overload has been associated with multiple adverse outcomes in preterm infants. In 

a meta-analysis of randomized clinical trials, restrictive fluid volume reduced the risk of 

patent ductus arteriosus, necrotizing enterocolitis, and intracranial hemorrhage compared 

with more liberal use of fluid.67 Observational studies also report an association between 

excessive early fluid administration and adverse pulmonary outcomes, including BPD.68 The 

proposed mechanism includes maintaining patency of the PDA and pulmonary edema from 

fluid overload. However, many of the studies of fluid volume reflected the use of early 

parenteral fluid administration rather than enteral feeding volumes. A randomized clinical 

trial among 60 preterm infants with bronchopulmonary dysplasia did not demonstrate 

a benefit of restricting fluids, although the trial was not powered for major neonatal 

morbidities.69
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Several randomized clinical trials have compared higher with usual volume feedings in 

preterm infants.66,70–72 The usual volume in high-income countries was approximately 

140 to 160 mL/kg/d, with a higher volume defined as 180 to 200 mL/kg/d. In contrast, 

one trial conducted without human milk fortification defined the usual volume as 200 

mL/kg/d and the higher volume as 300 mL/kg/d.66 In a meta-analysis of randomized clinical 

trials, the authors defined usual volume fortified feedings as ≤180 mL/kg/d and higher 

volume fortified feedings as greater than 180 mL/kg day and included 2 studies.73 The trial 

comparing 200 versus 300 mL/kg/d was included in a separate analysis of higher volume 

unfortified feedings that used a cut-off of ≤200 mL/kg/d in the lower group and greater than 

200 mL/kg/d for the higher group.

Higher volume feedings increased growth velocity in preterm infants compared with usual 

volume feedings (MD: 2.6 g/kg/d; 95% CI: 1.4–3.8; n = 271). Other growth measures, 

including length and head circumference, did not differ statistically between groups, 

although in the largest study (n = 224) of feeding volumes included in the meta-analysis, 

linear growth, head circumference, and mid-arm circumference were significantly higher 

at discharge.70,73 Improvements in postnatal growth failure at discharge did not reach 

significance (RR: 0.71; 95% CI: 0.50–1.02; n = 271).73 In a secondary analysis of 86 

of the 224 participants in the aforementioned higher volume feeding trial, there was no 

significant difference in the proportion of fat-free mass or percentage of body fat at 

discharge, suggesting that the increase in growth with higher volume feedings was not 

simply due to gains in fat.74

Trials of higher volume feedings have not reported increased risks of adverse outcomes. 

Fluid retention and edema rates did not differ between groups in one trial.71 The largest 

trial on higher volume feedings found no difference in rates of PDA, BPD, the duration of 

respiratory support, or length of stay.70 One trial reported a decreased length of stay with 

higher volume feedings in small for gestational age moderate-late preterm infants.72 Other 

trials reported no difference in rates of tachypnea or PDA.66 No difference in rates of NEC 

or feeding intolerance has been attributed to higher volume feedings after the establishment 

of full enteral feedings.73 Limitations of these trials included the lack of masking and 

different growth measures used. Significantly, none of the studies were powered for major 

prematurity outcomes, and most included few extremely preterm infants at the highest risk. 

Only one study reported neurodevelopmental outcomes, with no difference observed at 12 

months of corrected age.71

FUTURE DIRECTIONS

There are multiple evidence-based potentially better nutritional practices that may reduce 

the time to full enteral feeding, reduce the need for parenteral nutrition, reduce the duration 

of central venous access, lower the risk of sepsis, and even reduce the length of hospital 

stay. Lack of masking introduces the possibility of bias and differential misclassification 

that might be expected to favor the traditional delayed and slower introduction of feedings. 

However, evidence from randomized clinical trials does not suggest that early progressive 

feeding, faster feeding rates, early full enteral feeding, or higher-volume feeding increase 

the risk of NEC. The baseline risk of NEC of approximately 3% to 8% in both groups 
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of the clinical trials discussed above suggests a relatively high residual prevalence of NEC 

unexplained by feeding interventions and a need to investigate the pathogenesis of NEC 

further.

Although prolonged enteral fasting and the subsequent development of villous atrophy may 

have exacerbated the risk of NEC attributed to enteral feeding in earlier feeding trials, the 

increasing practice of exclusive human milk feeding in the latest trials is likely mitigating 

this risk. Only human milk feeding compared to formula feeding significantly reduces the 

risk of NEC. A recently updated meta-analysis found a nearly 50% relative risk reduction 

of NEC with human milk feeding (from 6.8% to 3.6%).44 There are potential benefits of 

early and fast progression of enteral feeding, assuming adequate availability of exclusive 

human milk.75 Early establishment of full enteral feeding using maternal or donated milk 

could lower the risk of feeding intolerance, NEC, and sepsis. High-risk preterm infants could 

benefit from an early progression of enteral feeding volumes by 20 to 25 mL/kg/d, ideally 

within the first 72 hours after birth. Moderate-risk preterm infants could be started on 30 

to 40 mL/kg of enteral feeding within the first 24 hours after birth and have their feeding 

volumes increased daily by 30 to 40 mL/kg/d. Low-risk preterm infants could benefit from 

starting full enteral feeding volumes of 60 to 80 mL/kg/d within 24 hours after birth, 

avoiding the need for parenteral nutrition. This risk stratification strategy could decrease the 

wide variation in feeding practices.

Multicenter trials of early progressive feeding, full early enteral feeding, and higher volume 

feeding, including infants at the highest risk of adverse outcomes, are warranted. Without 

these adequately powered multicenter trials assessing longer-term outcomes of feeding 

practices, clinicians will continue to develop feeding protocols based on observational 

studies that are more susceptible to bias than randomized trials.76 The need and timing 

of human milk fortification,77 ideally based on postnatal age rather than volume, will also 

need further investigation if the goal of early full enteral feeding is achieved with new 

feeding protocols. Higher enteral protein intake might be required to minimize the risk of 

cerebral palsy reported in infants exposed to faster feeding rates.59 Because human milk 

feeding,44 probiotic administration,78 and arginine supplementation79,80 are the only feeding 

interventions that have shown superiority for the risk reduction of NEC, future trials should 

consider noninferiority designs to detect significant differences in the outcome of NEC.

SUMMARY

Preterm infants frequently experience malnutrition in the days and weeks after birth which 

may be preventable. Increasing energy and protein intake could attenuate critical illness, 

improve growth, and decrease the risk of short-term and long-term morbidity. The central 

aim of standardized feeding protocols should be the prevention of cumulative nutritional 

deficits in critically ill infants. Achieving this aim requires a shift in the current standards 

of care delivered to these infants. Thousands of preterm infants have been randomized to 

identify potentially better feeding practices that improve growth without increasing the risk 

of NEC. Although further randomized controlled trials are anticipated to optimize feeding 

strategies in the most vulnerable extremely preterm populations, there is sufficient data to 

standardize nutritional practices and improve growth for most very preterm infants.
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KEY POINTS

• Some feeding protocols advance enteral nutrition very slowly in preterm 

infants.

• Emerging evidence from randomized clinical trials indicates that slower and 

later progression of enteral nutrition does not mitigate the risk of necrotizing 

enterocolitis.

• Promoting the early establishment of full enteral nutrition reduces the risk of 

invasive infections.

• Feeding protocols can improve short- and long-term outcomes by decreasing 

practicevariability and incorporating new clinical evidence favoring the early 

establishment of full enteral nutrition.
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Box 1

Clinical assessment of feeding intolerance
Nutrition Has the patient received any formula feeds?

Is the infant receiving more than trophic feeds (>25 mL/kg/d)?

Motility Are the bowel sounds hypoactive or absent?
Are there visible bowel loops?
Is there abdominal distension with discoloration?
Has the infant had an increase in abdominal girth?
Has the infant had constipation?
Has the infant had a bloody stool?

Ischemia Is the infant’s urine output low?
Is the infant receiving support with vasopressors?
Is the infant’s lactate high?
Is the infant showing signs of hypotension?

Sepsis Is the infant experiencing abnormal heart rate characteristics?
Has the infant had a relative increase in oxygen requirement?
Is the infant having more apneas and bradycardia?

Salas and Travers Page 17

Clin Perinatol. Author manuscript; available in PMC 2023 October 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Best practices

• High-risk preterm infants could benefit from an early progression of enteral 

feeding volumes by 20 to 25 mL/kg/d, ideally within the first 72 hours after 

birth.

• Moderate-risk preterm infants could be started on 30 to 40 mL/kg of enteral 

feeding within the first 24 hours after birth and have their feeding volumes 

increased daily by 30 to 40 mL/kg/d.

• Low-risk preterm infants could benefit from starting full enteral feeding 

volumes of 60 to 80 mL/kg/d within 24 hours after birth, avoiding the need 

for parenteral nutrition.
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Fig. 1. 
Multicausality in necrotizing enterocolitis.
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Fig. 2. 
Enteral nutrition in preterm infants.

Salas and Travers Page 20

Clin Perinatol. Author manuscript; available in PMC 2023 October 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. 
Functional development of the gastrointestinal tract.
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Table 1

Randomized trials of early progression of enteral feeding1

Study Year Study Population Average GA Initiation/Progression of Feeding

Ostertag et al,89 1986 38 infants with BW < 1500 g 28 wk (range: 26–32) Initiation and progression on day 1 vs. day 
7

Khayata et al,88 1987 12 infants with BW < 1500 g Initiation and progression on day 2 vs. day 
5

Davey et al,85 1994 62 infants with BW < 2000 g in stable 
condition

28.5 ± 3 wk Initiation and progression on day 2 vs. day 
5

Karagianni et al,87 2010 125 infants with GA 27–34 wk and BW 
< 10th percentile

31 wk (IQR: 27–34) Initiation and progression on day 2 vs. day 
7

Perez et al,90 2011 239 stable infants with GA 27–32 wk and 
BW < 1500 g

30 ± 2 wk Initiation and progression on day 2 vs. day 
5

Leaf et al,55 2012 404 infants with GA <35 wk and BW < 
10th percentile

31 ± 2 wk Initiation and progression on day 2 vs. day 
5

Abdelmaaboud et al,81 2012 125 infants with GA <37 weeks and BW 
< 10th percentile

34 ± 3 wk Initiation and progression on day 3 vs. day 
6

Armanian et al,82 2013 82 infants with BW < 1500 g 30.5 ± 2 wk Progression on day 4 vs. day 10

Arnon et al,83 2013 60 infants with GA <37 weeks and BW < 
10th percentile

32 wk (IQR: 29–34) Early initiation (<24 h) vs. late initiation

Dinerstein et al,86 2013 62 infants with BW < 1500 g 32 wk (IQR: 29–34) Progression on day 2 vs. day 5

Srinivasan et al,91 2017 32 infants with GA < 37 wk and SGA 32 wk (SD: 2) Progression on day 2 vs. day 5

Salas et al,56 2018 60 infants with GA <28 wk 26 wk (IQR: 24–28) Early initiation (<72 h), progression on 
day 2 vs. day 5

Tewari et al,92 2018 62 infants with GA 27–32 wk and SGA 30 wk (range: 27–32) Progression on day 1–2 vs. day 5–6

Bozkurt et al,84 2020 219 infants with BW < 1251 g 27 wk (range: 29–34) Progression on day 2 vs. day 6

1
Abbreviations: BW, birthweight; GA, gestational age; IQR, interquartile range; SGA, small for gestational age.
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