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Introduction

Prematurity leaves the neonate deprived of the period of substantial intrauterine nutrition, which 
happens in the last trimester. With the cutting of umbilical cord at birth, these neonates undergo 
negative nitrogen balance. Studies [1] show that they are unable to catch up with cumulative deficit 
in amino acid and energy intake and land up with extra-uterine growth retardation (EUGR), hence 
making preterm birth a nutritional emergency. The incidence of EUGR in preterm neonates has 
been reported to range from as high as 86% [2] to 15% [3] in some units. Literature [4] shows that 
time to reach full enteral feeds is one of the factors responsible for extra-uterine growth restriction. 
Early Nutrition also holds the key to brain growth and neurodevelopment [5]. The type of feeding to 
be initiated has stronger evidence-based recommendations, with the European Society for Pediatric 
Gastroenterology Hepatology and Nutrition (ESPGHAN) [6], American Academy of Pediatrics 
(AAP) and Milan EMBA/ESPGHAN/AAP recommending mother’s own milk (MOM) as the first 
choice in the feeding of preterm infants. However, the choice of alternative feeds in case of non-
availability of mothers’ own milk in the initial 48 hours after birth remains a challenge as does practice 
variations in initiation and increment of feeds.

With the existing dilemmas regarding the feeding of preterm neonates (Figure 1), this review 
aims to appraise about the most recent evidence in context to: (i) Initiation of feeds in very low birth 
weight (VLBW) between 1000-1499 grams (ii) Initiation of feeds in extremely low birth weight 
(ELBW) less than 1000 grams, very preterm less than 32 weeks and extreme preterm less than 28 
weeks gestation, (iii) Feeding of small for gestation age (SGA) (birth weight less than 10th centile as 
defined by WHO) [7] (iv) Advancement of feeds (gradual versus fast) (v) Maximal feeds to be given in 
preterm neonates (vi) Feeding interval in preterm neonates (vii) Monitoring for feed intolerance and 
recommendations for transitional feeding and fortification of feeds in preterm neonates. 

Initiation of Enteral Feeds in VLBW Neonates

Cochrane review in 2013 [8] incorporating nine trials and 754 very preterm or very low birth 
weight babies compared early trophic feeding (milk volumes up to 24 ml/kg/day introduced before 
96 hours postnatal age and continued until at least one week after birth) with enteral fasting during 
same duration in very preterm or VLBW neonates. They found no adverse effects of early trophic 
feeding on all-cause mortality, necrotizing enterocolitis (RR 1.07, 95%CI 0.67-1.70), feed tolerance, 
growth rates or late onset sepsis.
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Further, meta-analysis [9] of 964 VLBW infants from nine 
trials found that delayed introduction of feeds (5-7 days after birth) 
versus early introduction (within 4 days after birth) resulted in no 
significant effect on the risk of all-cause mortality or NEC.

Comparison of enteral fasting versus trophic feeding and 
delayed versus early introduction of trophic feeds showed relative 
risk (95%CI) to be 1.51 (0.93-2.44) and 1.26 (0.78-2.01) for all-
cause mortality; 1.06 (0.67-1.69) and 0.92 (0.64-1.34) for risk of 
necrotizing enterocolitis, respectively. A study by the SIFT (Speed of 
Increasing Milk Feeds Trial) [10] group advocated that progressive 
enteral feeding can be introduced before 4 days of life, rather they 
recommended very early introduction and advancement of enteral 
feeds (within 24 to 48 hours after birth) at more than 24 ml/kg/day 
increments in very preterm or VLBW infants without increasing risk 
of NEC. 

Further evidence emerged and built up the case for full enteral 
feeding in VLBW neonates [11]. Feasibility and safety of starting full 
exclusive enteral feeds early within 24 hours of life and in fact right 
from birth in VLBW neonates was established [12]. 

Randomized unblinded control trial on 180 stable VLBW 
neonates by Nangia et al. [13] in 2019 weighed early total enteral 
feeding (ETEF) against conventional enteral feeding (CEF: minimal 
enteral nutrition 20 mL/kg along with iv supplementation of rest 
of the requirement). They concluded that ETEF in stable VLBW 
infants resulted in earlier attainment of full feeds (6.5 ± 1.5 vs. 10.1 
± 4.1 days postnatal age; p<0.001) and shorter duration of hospital 
stay without any increased risk of feed intolerance or NEC. 30% of 
the neonates were SGA in this trial.

Recent Cochrane review published in 2020 [14] comprising of 
526 neonates between 1000 to 1500 grams, consisting of six trials 
where babies started on full enteral feeds at 80 ml/kg/day were 
compared to the other group started on trophic feeds plus intravenous 
fluids and increment by 20-30 ml/kg/day in both groups till they 
reached volumes of 150-180 ml/kg/day. Meta‐analysis by Salas et 
al. [15] showed no evidence of effect on mortality or necrotizing 
enterocolitis (RR 0.98, 95% CI 0.38 to 2.54). 

Recommendation 1: Start exclusive full enteral feeds right at 
birth directly in stable very low birth weight VLBW neonates (1000-
1500 grams). 

Initiation of Feeding in Extreme Preterm and ELBW 
Neonates

While feeding is streamlined in most VLBW neonates, still 
robust evidence is not available for extremely low birth weight and 
extreme preterm neonates. In all above trials, very few participants 
were extremely preterm (<28 weeks) or extremely low birth weight 
(<1000 grams) or growth restricted and none had absented or 
reversal of Doppler flow. An observational study [13] on <1000 
grams extreme preterm neonates evaluated short (<3 days) trophic 
versus long trophic feeding and found the former reached full feeds 
earlier but there was no evidence on NEC. A randomized trial by 
Modi et al. [16] for aggressive initiation and advancement at 30 ml/
kg for 750-1000 grams and at 40 ml/kg for 1000-1250 grams versus 
conventional feeding showed feasibility and are well tolerated without 
increasing NEC or late onset sepsis but the study was underpowered 
to detect the primary outcome of reduction in all-cause mortality.
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Figure 1: Dilemmas regarding the feeding of preterm neonates.
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Recommendation 2: Trophic feeding should be started in 
ELBW or extreme preterm neonates within 24 hours of life at 24 ml/
kg/day. Rest of the requirement is to be met by intravenous fluids.

SGA with Absent or Reversal of End Diastolic Flow 
(AREDF)

Absent or reversal of end diastolic flow in the umbilical artery is 
thought to cause splanchnic ischemia and feed intolerance in these 
neonates. However, the available evidence with ADEPT (Abnormal 
Doppler enteral Prescription Trial) [17] involving 54 centers in UK, 
comprising of 444 VLBW babies with gestation less than 35 weeks, 
who were randomized to start feeds in 2 days versus 6 days revealed 
that full feeds were achieved later (median 28 days) in infants <29 
weeks as compared to 19 days in neonates with gestation ≥ 29 
weeks (HR 0.35, 95% CI 0.3 to 0.5). The incidence of necrotizing 
enterocolitis was also higher in this group; 32/83 (39%) compared 
to 32/312 (10%) in those ≥ 29 weeks (RR 3.7, 95% CI 2.4 to 5.7). 

More recently, in a Randomized trial [18], neonates with AREDF 
(ten extreme preterm and 21 very preterm), were randomized to 
each early initiation of MEN feeding (within 12-18 hours) and 
late feeding (at 120-148 hours). They reported faster attainment 
of sufficient feeds in the early feeding arm of both the stratified 
groups and there was no difference in the incidence of NEC or feed 
intolerance. Another randomized trial on SGA babies [19] found 
that infants included in the very early feeding regimen (within 24 
hours) achieved full enteral feeding sooner than controls (98 ± 80-
157 vs. 172 ± 123-261 hours of age, respectively; p=0.004) and were 
discharged home earlier (p=0.04) with no necrotizing enterocolitis 
(NEC) in either study groups. Besides the above large multi-centric 
randomized trial, Cochrane review [20] on delayed initiation of 
enteral feeds (more than 4 days) did not reduce the incidence of 
NEC or feed intolerance; in fact, the delayed initiation of enteral 
feeds did show a trend toward more invasive infections. 

Recommendation 3: Trophic Feeds can be initiated within 12-
24 hours of life in SGA neonates with AREDF, if less than 35 weeks 
gestation, with monitoring for feed intolerance.

Advancement of Feeds in Preterm Neonates 

In very preterm or VLBW neonates, slow advancement of feeds 
(15-20 ml/kg) as compared to rapid (30-40 ml/kg) has shown 
longer time to reach full feeds with mean difference (MD) 2-5 days 
or to regain birth weight (MD 2-6 days) and has favored rapid 
advancement [19]. Similar results were found by SIFT group [10] 
for slow versus rapid feed increments, RR (95%CI) were 1.41 (0.81-
2.47] for all-cause mortality and 0.97 (0.54-1.74) for risk of NEC.

Meta-analysis [21] of 3753 infants comprising mostly of stable 
very preterm infants with birth weight appropriate for gestation, 
one-third (1200) extremely preterm or ELBW (750-1000 grams) 
and one-fifth (n=600) were SGA, growth-restricted neonates, 
or compromised in utero with absent or reversed end-diastolic 
flow velocity (AREDFV, n=440). Trials typically defined slow 
advancement as daily increments of 15 to 20 mL/kg, and faster 
advancement as daily increments of 30 to 40 mL/kg. Meta-analyses 
[22] did not show effects on risk of all-cause mortality (RR 1.15, 
95% CI 0.93 to 1.42) or NEC (RR 1.07, 95% CI 0.83 to 1.39). 
Slow feed advancement delayed the achievement of full enteral 
nutrition and brought out borderline increased risk of invasive 
infection (RR 1.15, 95% CI 1.00 to 1.32). Subgroup analyses of 

extremely preterm or ELBW infants, or of SGA or growth-restricted 
or growth-compromised infants also did not show any increase in 
mortality or NEC [22] nor in very preterm or VLBW [23].

Recommendation 4: Increase feed volume by 30-40 ml/kg/
day in very low birth weight neonates (1000-1500 grams), extreme 
low birth weight (750-1000 grams), very preterm, extreme preterm, 
SGA and babies with AREDF.

Maximum Volume of Feeds

ESPHGAN 2010 recommendations [24] for preterm neonates 
are as follows: energy: 110–135 kcal/kg/d, protein: 4.0–4.5 g/kg/d 
(<1 kg) and 3.5–4.0 g/kg/d (1-1.8 kg), carbohydrate: 11.6–13.2 g/
kg/d, fat: 4.8–6.6 g/kg/d). Recommended volume range is 135-200 
ml/kg/day [24]. The volume of feeds which should be prescribed also 
depends on whether feeds have been fortified or unfortified. 

Also, for best neurodevelopmental outcomes as per the 
ESPHGAN recommendations [24], weight gain of 18 grams/kg/d 
and occipito-frontal circumference (OFC) of 0.9 cm/week is desired. 
If adequate weight gain is not documented, then fortification is 
recommended, so that in addition to calories which do increase the 
weight of the neonate, proteins and other micronutrients which play 
a crucial role in neurodevelopmental outcome, are being provided as 
per Recommended Daily Allowances (RDA) for a preterm neonate. 

To achieve the recommended 4 g/kg/day of protein in ELBW, 
babies need to be fed 290-340 ml/kg/day of unfortified breast milk or 
210 ml/kg/day of HMF fortified breast milk (4 g/100 ml expressed 
breast milk) or 170 ml/kg/day to 190 ml/kg/day of preterm formula. 

Cochrane update review [25] including 3 randomized trials 
comparing high volume feeds (defined as ≥ 180 mL/kg/day of 
fortified human milk or  preterm  formula or ≥ 200 mL/kg/day of 
unfortified human milk or term formula) showed improved weight 
gain during hospital stay mean difference in g/kg/day (95%CI) 2.58 
(1.41-3.76) with fortified and 6.2 (2.71 to 9.69) with unfortified 
milk. However, evidence for other outcomes (NEC, feed intolerance, 
hypoglycemia, all-cause mortality) was inconclusive [25].

In case of evolving BPD at around 3 weeks of life, if baby is 
on respiratory support, fluids are to be restricted at 160 ml/kg/day. 
One study [26] showed that infants with CLD/BPD who were fed 
formula enriched with protein and minerals calorie >135/kg/day as 
compared to standard 98-135 kcal/kg/day showed improved growth 
parameters. 60 neonates with persistent oxygen requirement at 28 
days of life were randomized to either 180 mL/kg/day of standard 
formula or 145 mL/kg/day of concentrated formula did not provide 
data regarding mortality or oxygen need at 36 weeks PMA and no 
effects were found on any secondary outcomes like weight gain [26].

Recommendation 5: Maximal fluid volume can be upto-200/
kg/day and if there is no adequate weight gain or evolving BPD, 
restrict the volume to 160 ml/kg/day and use fortified human milk.

Feeding Interval in Preterm Neonates 

Feeding a preterm neonate takes up to 25% of the time of 
nursing staff in neonatal intensive care units. Preterm neonates more 
than 1250 grams can be safely fed at three hourly feeding intervals 
with no difference in time to reach full feeds and without increasing 
risk of NEC, hypoglycemia, or feed intolerance whereas lower weight 
babies should be fed two hourly [27]. A recent systematic review and 
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meta-analysis [28] on feeding interval in preterm neonates which 
included 7 studies (4 randomized trials and 3 observational trials) 
found no significant differences in the outcomes of time to reach 
full enteral feeding, necrotizing enterocolitis, feed intolerance, and 
hypoglycemia. But conclusive evidence for the same outcomes was 
lacking in ELBW neonates [27]. Another Cochrane review [29] 
found similar results for neonates above 1000 grams for all of these 
outcomes, the only difference was that they found ELBW neonates 
fed at short (1-2 hourly) feeding intervals had lesser number of days 
to reach full enteral feeds as compared to long intervals (3-4 hourly).

Recommendation 6: Feeding 3-hourly is comparable to 
2-hourly feeding in preterm infants. However, ELBW neonates reach 
full enteral feeds earlier when fed 2-hourly compared with 3-hourly.

Monitoring for Feed Intolerance, How to Ensure 
Transition of Enteral Feeds to Breastfeeds and 
Recommendations for Fortification of Feeds

Feed intolerance

Presence of two or more of following classify as feed intolerance: 
pre-feed aspirate >50% of feed volume to be checked after 3 feeds, 
bilious or altered or fresh bleed in pre-feed aspirate, >one vomitus 
with yellow or green color or altered blood, abdominal girth more 
than 2 cm increased over baseline in 24 hours. If feed intolerance is 
present, then withhold feeds and evaluate for NEC/sepsis. If pre-
feed aspirate is <25%, reefed the residual and subtract the same 
from the next feed volume. If >25-50% and milky, feeds should be 
interrupted for 6 hours and then reassess. 

Few studies reported the benefit of re-feeding the aspirates, 
as they may replace partially digested milk and gastrointestinal 
secretions that are essential for gastrointestinal maturation. There is 
insufficient evidence to support the decision [30].

There is no role of routine monitoring of abdominal girth or 
gastric residuals in absence of other signs of feed intolerance [31]. 
Routine monitoring of gastric residual [32] may have little or no 
effect on the incidence of NEC (risk ratio (RR) 3.07, 95%CI 0.50 
to 18.77; participants=141, 2 studies). Routine monitoring increases 
the risk of feed interruption episodes (RR 2.07, 95% CI 1.39 to 3.07; 
participants=141; studies=2; low-quality evidence); the number 
needed to treat for an additional harmful outcome (NNTH) was 3 
(95% CI 2 to 6).

Recommendation 7: Routine abdominal girth measurements 
may increase the risk of feed interruptions. Pre feed aspirates are to 
be measured only in the presence of abdominal distension. 

Transition of feeding

Neonates above 34 weeks gestation have good coordination 
sucking and swallowing and can be breast-fed directly. Neonates 
who are unable to take direct breast feeds should be fed with a cup. 
Meta-analysis [33] of five trials showed better breastfeeding rates at 
three months (three studies) (typical RR 0.83, 95% CI 0.71 to 0.97) 
with cup feeds as compared to bottle feeding, though there was no 
difference in weight gain. 

VLBW neonates who are not able to accept cup/spoon/paladai 
feeds should be given orogastric or nasogastric tube feeding. 
Position of feeding tube (NG/OG) after placement and before 
commencement of first feed is recommended in LBW infants. 

Intragastric route of tube feeding is preferred over trans-pyloric route 
in preterm infants [34]. 

Non-nutritive sucking (NNS) is oro-motor sucking at emptied 
maternal breast or pacifier to and should be offered to preterm 
neonates less than 32 weeks gestation till they are on tube feeds and 
should be started as early as 30 weeks of gestation. Cochrane review 
[35] in 2016 including 12 eligible trials, 746 preterm neonates 
demonstrated benefits of NNS on transition from gavage to full oral 
feeding (MD −5.51 days, 95% CI −8.20 to −2.82; N=87), transition 
from start of oral feeding to full oral feeding (MD −2.15 days, 95% 
CI −3.12 to −1.17; N=100), and the length of hospital stay (MD 
−4.59 days, 95% CI −8.07 to −1.11; N=501). Meta-analysis revealed 
no significant effect of NNS on weight gain. One study [35] found 
that the NNS group had a significantly shorter intestinal transit time 
during gavage feeding compared to the control group (MD −10.50 
h, 95% CI −13.74 to −7.26; N=30]. 

Recommendation 8: VLBW neonates who are unable to accept 
cup/paladai feeds are to be given feeds through nasogastric/orogastric 
route. Breastfeeding rates are better with cup feeds compared to 
bottle feeds. For transition from cup feeds to breastfeeds, there is 
limited evidence to recommend nonnutritive sucking in preterm 
neonates. 

Fortification

Human milk fortification is now recommended [36] in all 
neonates less than 1800 grams once they reach 50-80 ml/kg/day 
of feeds. However, in in low-income settings, it is advised to start 
in baby not achieving adequate weight gain at full volume feeds of 
more than 200ml/kg/day. 

ESPHGAN [24] recommends following nutrient requirements 
for preterm infants (all per kg per day): Energy: 110-135kcal, 
protein 3.5-4.5g, fat 4.8-6.6 g, carbohydrates 11.6-13.2 g, calcium 
120-140mg, Phosphate 60-90 mg [37], vitamin D 800-1000IU till 
six months of age [38] and Iron 2-3 mg per kg per day till 6-12 
months of age [39]. Preterm need fortified human milk for adequate 
weight gain and prevent extra-uterine growth restriction defined by 
Goldberg et al [40]. 

Early start of fortification [41] offers no added advantage of 
starting early at 20-40 ml/kg/day of feeds, though well tolerated. 
Cochrane review [42] with 18 trials, 1456  preterm  infants show 
multi‐nutrient fortification of human milk increases in‐hospital rate 
of weight gain with no increased risk of NEC.

Standard fortification assumes uniform macronutrient 
composition of breast milk, individualized fortification can be 
adjusted which titrates protein supplementation to achieve target 
blood urea nitrogen (BUN) to 9-16mg/dl, measured twice weekly 
[43]. Targeted fortification depends on the breast milk analysis and 
individual component supplementation [44].

Fortification of post-discharge feeding: Most neonates 
are discharged at 35-36 weeks post-conception age (PCA) and 
can exclusively be breastfeed if weight has reached 1800 grams. 
ESPHGAN [24] recommends that babies who are AGA at their 
PCA, should be breast fed and if suboptimal weight for PCA, then 
fortified human milk should be given up to least 40 weeks and when 
SGA up to 52 weeks. If baby is on preterm formula milk, it may be 
used till baby reaches 3.5-4 kg weight and then limit use to some 
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feeds. Meta-analysis [45,46] of 11 trials compared feeding infants 
with ‘post discharge formula’ (energy density about 74 kcal/100 mL) 
versus standard term formula (about 67 kcal/100 mL), reported no 
evidence of effects on growth parameters up to 12 to 18 months 
post term.

Recommendation 9: Despite intake 200 ml/kg/day of expressed 
breast milk, if baby weighing less than 1800 grams is not gaining 
weight adequately (at 18g/kg/day), fortification with human milk 
fortifier is recommended. Routine fortification of breast milk and 
post-discharge formula are not recommended after discharge of the 
neonate unless baby has suboptimal weight for the post-conception 
age. 

Conclusion

This review has tried to comprehensively address the common 
daily challenges faced while enterally feeding preterm neonates. We 
summarize the recommendations as given below for uniformity in 
feeding practices (Table 1). 
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