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A B S T R A C T

Background

Human milk is the best enteral nutrition for preterm infants. However, human milk, given at standard recommended volumes, is not
adequate to meet the protein, energy, and other nutrient requirements of preterm or low birth weight infants. One strategy that may be
used to address the potential nutrient deficits is to give a higher volume of enteral feeds. High volume feeds may improve nutrient accretion
and growth, and in turn may improve neurodevelopmental outcomes. However, there are concerns that high volume feeds may cause feed
intolerance, necrotising enterocolitis, or complications related to fluid overload such as patent ductus arteriosus and chronic lung disease.

This is an update of a review published in 2017.

Objectives

To assess the eKect on growth and safety of high versus standard volume enteral feeds in preterm or low birth weight infants. In infants
who were fed fortified human milk or preterm formula, high and standard volume feeds were defined as > 180 mL/kg/day and ≤ 180 mL/
kg/day, respectively. In infants who were fed unfortified human milk or term formula, high and standard volume feeds were defined as >
200 mL/kg/day and ≤ 200 mL/kg/day, respectively.

Search methods

We used the standard search strategy of Cochrane Neonatal to search Cochrane Central Register of Controlled Trials (CENTRAL; 2020 Issue
6) in the Cochrane Library; Ovid MEDLINE (1946 to June 2020); Embase (1974 to June 2020); and CINAHL (inception to June 2020); Maternity
& Infant Care Database (MIDIRS) (1971 to April 2020); as well as previous reviews, and trial registries.

Selection criteria

We included randomised controlled trials (RCTs) that compared high versus standard volume enteral feeds for preterm or low birth weight
infants.

Data collection and analysis

Two review authors assessed trial eligibility and risk of bias and independently extracted data. We analysed treatment eKects in individual
trials and reported risk ratio (RR) and risk diKerence for dichotomous data, and mean diKerence (MD) for continuous data, with respective
95% confidence intervals (CIs). We used the GRADE approach to assess the certainty of evidence. The primary outcomes were weight gain,
linear and head growth during hospital stay, and extrauterine growth restriction at discharge.
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Main results

We included two new RCTs (283 infants) in this update. In total, we included three trials (347 infants) in this updated review.

High versus standard volume feeds with fortified human milk or preterm formula

Two trials (283 infants) met the inclusion criteria for this comparison. Both were of good methodological quality, except for lack of
masking. Both trials were performed in infants born at < 32 weeks' gestation. Meta-analysis of data from both trials showed high volume
feeds probably improves weight gain during hospital stay (MD 2.58 g/kg/day, 95% CI 1.41 to 3.76; participants = 271; moderate-certainty
evidence). High volume feeds may have little or no eKect on linear growth (MD 0.05 cm/week, 95% CI -0.02 to 0.13; participants = 271; low-
certainty evidence), head growth (MD 0.02 cm/week, 95% CI -0.04 to 0.09; participants = 271; low-certainty evidence), and extrauterine
growth restriction at discharge (RR 0.71, 95% CI 0.50 to 1.02; participants = 271; low-certainty evidence). We are uncertain of the eKect
of high volume feeds with fortified human milk or preterm formula on the risk of necrotising enterocolitis (RR 0.74, 95% CI 0.12 to 4.51;
participants = 283; very-low certainty evidence).

High versus standard volume feeds with unfortified human milk or term formula

One trial with 64 very low birth weight infants met the inclusion criteria for this comparison. This trial was unmasked but otherwise of
good methodological quality. High volume feeds probably improves weight gain during hospital stay (MD 6.2 g/kg/day, 95% CI 2.71 to
9.69; participants = 61; moderate-certainty evidence). The trial did not provide data on linear and head growth, and extrauterine growth
restriction at discharge. We are uncertain as to the eKect of high volume feeds with unfortified human milk or term formula on the risk of
necrotising enterocolitis (RR 1.03, 95% CI 0.07 to 15.78; participants = 61; very low-certainty evidence).

Authors' conclusions

High volume feeds (≥ 180 mL/kg/day of fortified human milk or preterm formula, or ≥ 200 mL/kg/day of unfortified human milk or term
formula) probably improves weight gain during hospital stay. The available data is inadequate to draw conclusions on the eKect of high
volume feeds on other growth and clinical outcomes. A large RCT is needed to provide data of suKicient quality and precision to inform
policy and practice.

P L A I N   L A N G U A G E   S U M M A R Y

High versus standard volume feeds to promote growth in preterm or low birth weight infants

Review question
Does giving preterm (born at < 37 weeks) or low birth weight (< 2500 grams) infants a greater volume of feeds than is usually given, promote
growth without causing feeding problems or other side eKects?

Background
Infants born early (preterm) need extra nutrients for growth. One way to deliver extra nutrition is to give infants a greater volume of feeds
than usual (high volume feeds, equal to or greater than 180 to 200 mL/kg/day of milk). Although giving high volumes of milk to preterm
or low birth weight infants might increase growth rates, there are concerns that infants may not tolerate high volume feeds and may
experience side eKects including severe bowel problems. We have looked for evidence from clinical trials that assessed whether high
volume feeds are beneficial or harmful for preterm or low birth weight infants.

Study characteristics
Search is up-to-date as of June 2020. We found three studies that addressed this question.

Key results
Evidence from two studies showed that high volume feeds (≥ 180 mL/kg/day) with fortified human milk (human milk with added human
milk fortifier) or preterm formula probably improves weight gain during hospital stay, when compared to standard volume of the same.
Similarly, evidence from one small study showed that high volume feeds (≥ 200 mL/kg/day) with unfortified human milk or preterm formula
probably improves weight gain during hospital stay. The evidence is insuKicient to comment on the eKect of high volume feeds on increase
in length or head size during hospital stay, long-term growth and development, and the eKect on gut problems or other side eKects.

Conclusions

High volume feeds probably improve weight gain during hospital stay. The available data is inadequate to draw conclusions on the eKect
of high volume feeds on other growth and clinical outcomes.

High versus standard volume enteral feeds to promote growth in preterm or low birth weight infants (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   High compared to standard volume of fortified human milk or preterm formula in preterm or low birth weight infants

High compared to standard volume of fortified human milk or preterm formula in preterm or low birth weight infants

Patient or population: preterm or low birth weight infants
Setting: neonatal intensive care unit (Australia and United States)
Intervention: high volume feeds with fortified human milk or preterm formula
Comparison: standard volume feeds with fortified human milk or preterm formula

Anticipated absolute effects* (95% CI)Outcomes

Risk with standard vol-
umes of fortified human
milk or preterm formula

Risk with High vol-
umes of fortified hu-
man milk or preterm
formula

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Weight gain during hospital
stay (g/kg/day)

Follow-up: Until discharge or
35-36 weeks PMA

The mean weight gain dur-
ing hospital stay varied from
16.5 to 17.9 g/kg/day

MD 2.58 higher
(1.41 higher to 3.76
higher)

- 271
(2 RCTs)

⊕⊕⊕⊝

MODERATE 1
Probably improves
weight gain during
hospital stay

Linear growth during hospital
stay (cm/week)

Follow-up: Until discharge or
35-36 weeks PMA

The mean linear growth
during hospital stay varied
from 0.64 to 0.89 cm/week

MD 0.05 higher
(0.02 lower to 0.13
higher)

- 271
(2 RCTs)

⊕⊕⊝⊝

LOW 1 2

May or may not im-
prove linear growth
during hospital stay

Head growth during hospital
stay (cm/week)

Follow-up: Until discharge or
35-36 weeks PMA

The mean head growth dur-
ing hospital stay varied from
0.59 to 0.83 cm/week

MD 0.02 higher
(0.04 lower to 0.09
higher)

- 271
(2 RCTs)

⊕⊕⊝⊝

LOW 1 2

May or may not im-
prove linear growth
during hospital stay

Study populationExtrauterine growth restric-
tion at discharge

Follow-up: Until discharge
312 per 1,000 222 per 1,000

(156 to 318)

RR 0.71
(0.50 to 1.02)

271
(2 RCTs)

⊕⊕⊝⊝

LOW 1 2

May or may not reduce
extrauterine growth
restriction at discharge

Study populationNecrotising enterocolitis

Follow-up: Until discharge 14 per 1,000 10 per 1,000

RR 0.74
(0.12 to 4.51)

283
(2 RCTs)

⊕⊝⊝⊝

VERY LOW 2 3

Uncertainty regarding
the effect on the risk of
NEC

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



H
ig

h
 v

e
rsu

s sta
n

d
a

rd
 v

o
lu

m
e

 e
n

te
ra

l fe
e

d
s to

 p
ro

m
o

te
 g

ro
w

th
 in

 p
re

te
rm

 o
r lo

w
 b

irth
 w

e
ig

h
t in

fa
n

ts (R
e

v
ie

w
)

C
o

p
yrig

h
t ©

 2021 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

4

(2 to 62)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: Confidence interval; MD: Mean difference; PMA: Postmenstrual age; RR: Risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1 Downgraded one level for serious imprecision due to small sample size
2 Downgraded one level for serious risk of bias due to lack of masking
3Downgraded by two levels for very serious imprecision due to small sample size and wide confidence interval
 
 

Summary of findings 2.   High compared to standard volume of unfortified human milk or term formula in preterm or low birth weight infants

High compared to standard volume of unfortified human milk or term formula in preterm or low birth weight infants

Patient or population: preterm or low birth weight infants
Setting: neonatal intensive care units (India)
Intervention: high volume feeds with unfortified human milk or term formula
Comparison: standard volume feeds with unfortified human milk or term formula

Anticipated absolute effects* (95% CI)Outcomes

Risk with standard
volume of unfortified
human milk or term
formula

Risk with High volumes
of unfortified human
milk or term formula

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Weight gain during hospital
stay (g/kg/day)

Follow-up: Until babies reach
1700 g weight

The mean weight gain
during hospital stay
was 18.7 g/kg/day

MD 6.2 higher
(2.71 higher to 9.69 high-
er)

- 61
(1 RCT)

⊕⊕⊕⊝

MODERATE 1
Probably improves
weight gain during hos-
pital stay

Linear growth (cm/week) - see comment - (0 studies) - We found no data on this
outcome.
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Head growth (cm/week) - see comment - (0 studies) - We found no data on this
outcome.

Study populationExtrauterine growth restriction
at discharge

see comment see comment

- (0 studies) - We found no data on this
outcome.

Study populationNecrotising enterocolitis

Follow-up: Until discharge 32 per 1,000 33 per 1,000
(2 to 509)

RR 1.03
(0.07 to 15.78)

61
(1 RCT)

⊕⊝⊝⊝

VERY LOW 2 3

Uncertainty regarding
the effect on the risk of
NEC

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: Confidence interval; MD: Mean difference; RR: Risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1 Downgraded one level for serious imprecision due to small sample size
2 Downgraded one level for serious risk of bias due to lack of masking
3 Downgraded two levels for very serious imprecision due to small sample size and wide confidence intervals
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B A C K G R O U N D

Description of the condition

The optimal growth rate of infants born preterm or with low birth
weight (LBW) is not known (Higgins 2012). Consensus guidelines
suggest that caregivers should aim to achieve a postnatal growth
rate similar to the gestation-equivalent foetal growth rate (Agostoni
2010). Many preterm or LBW infants, especially those who are
very low birth weight (VLBW) or extremely low birth weight
(ELBW), do not achieve these rates of growth and are growth
restricted at the time of hospital discharge (Clark 2003; Cooke 2004;
Ehrenkranz 1999; Horbar 2015; Lima 2014; Sakurai 2008; Shan 2009;
Stevens 2016; Steward 2002;). Growth deficits can persist through
childhood and adolescence and into adulthood (Brandt 2005;
Dusick 2003; Euser 2008; Hack 2003; Stein 2013). Slow postnatal
growth is associated with neurodevelopmental impairment and
with poorer cognitive and scholastic outcomes (Brandt 2003; Franz
2009; Leppanen 2014; Neubauer 2013). Furthermore, there are
concerns that nutritional deficiency and growth restriction during
infancy may have adverse eKects on long-term metabolic and
cardiovascular health (Embleton 2013; Higgins 2012; Lapillonne
2013).

Preterm infants have higher nutritional requirements than term
infants. An energy intake of 110 to 135 Kcal/kg/day and protein
intake of 3.5 to 4 g/kg/day in infants with 1000 to 1499 grams birth
weight and 4 to 4.5 g/kg/day in infants with < 1000 grams birth
weight are recommended to meet the higher nutrients requirement
of preterm infants.

Description of the intervention

Human milk is the best enteral nutrition for newborn infants
(Johnston 2012). However, human milk alone, given at volumes
that meet the nutritional needs of term infants, may not meet
the higher nutritional requirements of preterm or LBW infants
(AAP 2004; Agostoni 2010; CPS 1995; Embleton 2007) (Table 1).
The strategy most commonly employed to address these potential
nutrient deficits is to supplement human milk with a multi-
component human milk fortifier (Cormack 2013; Dutta 2015;
Klingenberg 2012; Uhing 2009). A Cochrane Review of randomised
controlled trials provides evidence that feeding preterm infants
with multi-nutrient fortified human milk rather than unfortified
human milk increases growth rates during the initial hospitalisation
period (Brown 2020). However, despite fortification, the rates of
extrauterine growth restriction in VLBW or ELBW infants is still
high (Lee 2020; Stevens 2016). This signifies the need for further
improvement in nutritional intake in these infants.

The maximum volume of enteral feeds used in many centres across
the world is 150 to 180 mL/kg/day (Klingenberg 2012). Fortified
human milk or preterm formula (which usually gives 80 Kcal and
2 grams protein per 100 mL) given at this standard volume meets
only the calorie requirement and not the protein requirement
of preterm, especially ELBW infants. Increasing the volume of
feeds could meet these nutrient deficits. Further, multi-component
fortifiers and nutrient-enriched preterm formula are expensive and
unaKordable in resource-limited settings (Chawla 2008; Kler 2015).
Unfortified human milk or standard term formula is still used as the
sole source of enteral nutrition in such settings, where increasing
the volume of feeds could be the only way to improve nutrient
intake in preterm infants.

Feeding preterm or LBW infants with daily volumes of milk in excess
of 180 mL/kg (high volume feeds) has been proposed as a safe and
eKective growth-enhancement strategy (Klingenberg 2019; Kuschel
2000; Lewis 1984; Thomas 2012; Valman 1974; Zecca 2014). In order
to provide 4 to 4.5 g/kg protein, fortified human milk or preterm
formula has to be fed at a volume of 200 to 225 mL/kg/day and
unfortified human milk or term formula has to be fed at a volume of
270 to 300 mL/kg/day. However, due to concerns about the risk of
necrotising enterocolitis (NEC), feed intolerance and complications
of fluid overload patent ductus arteriosus (PDA) and chronic lung
disease (CLD), high volume enteral feeding has not become an
established practice (Bertino 2009; Chawla 2008; Klingenberg 2012;
Raban 2013; Sankar 2008).

How the intervention might work

Feeding preterm or LBW infants higher volumes of milk (more than
180 mL/kg/d) may promote nutrient accretion and improve growth.
Higher levels of nutrient intake during this critical period may be
important for optimising long-term growth and neurodevelopment
(Embleton 2013). The potential disadvantages of high volume feeds
also are known. High volumes of milk may add to the physiological
and metabolic stress of the immature gastrointestinal tract and
its blood supply, thus increasing the risk of NEC. High volume
feeds may result in or worsen gastro-oesophageal reflux, increasing
risk of apnoea or aspiration. High volume feeds may lead to
fluid overload and associated complications such as peripheral or
pulmonary oedema, PDA and CLD. Furthermore, enteral feeding
that is ceased owing to intolerance may reduce total nutrient intake
over time, thus adversely aKecting growth.

Why it is important to do this review

Given the potential of high volume feeds to increase nutrient
accretion and improve growth and developmental outcomes in
preterm or LBW infants, as well the potential risks of this feeding
strategy, we undertook a systematic review to identify and appraise
data from randomised controlled trials and to provide a synthesis
of evidence that could inform practice and research.

O B J E C T I V E S

To assess the eKect on growth and safety of high versus standard
volume enteral feeds in preterm or LBW infants. In infants who were
fed fortified human milk or preterm formula, high and standard
volume feeds were defined as > 180 mL/kg/day and ≤ 180 mL/kg/
day, respectively. In infants who were fed unfortified human milk
or term formula, high and standard volume feeds were defined as >
200 mL/kg/day and ≤ 200 mL/kg/day, respectively.

To conduct subgroup analyses based on gestational age (< 28
weeks, 28 weeks to 31 weeks, ≥ 32 weeks), birth weight (< 1000
grams, 1000 grams to 1499 grams, ≥ 1500 grams), type of milk
(human milk vs formula) and presence of intrauterine growth
restriction (using birth weight relative to the reference population
as a surrogate). (See Subgroup analysis and investigation of
heterogeneity.)

High versus standard volume enteral feeds to promote growth in preterm or low birth weight infants (Review)
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M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs), quasi- and
cluster-RCTs.

Types of participants

We included preterm (< 37 weeks' gestational age) or low birth
weight (< 2500 grams birth weight) infants.

Types of interventions

Comparison 1: In infants who were fed fortified human milk or
preterm formula

Intervention

High volume feeds, defined as > 180 mL/kg/day

Control

Standard volume feeds, defined as ≤ 180 mL/kg/day

Comparison 2: In infants who were fed unfortified human milk
or term formula

Intervention

High volume feeds defined as > 200 mL/kg/day

Control

Standard volume feeds, defined as ≤ 200 mL/kg/day

See DiKerences between protocol and review.

Infants might have been randomised to the allocated intervention
at any stage up to the time of achieving full enteral feeding volumes.
The prescribed feeding regimen should have been followed until
the infant was able to self-regulate intake.

Types of outcome measures

Primary outcomes

• Rates of weight gain (g/kg/d), linear growth (cm/week), or head
growth (cm/week) during hospital stay

• Proportion of infants with extrauterine growth restriction at
discharge (weight less than 10th percentile for the index
population)

Secondary outcomes

• Number of infants with NEC (modified Bell stage 2 or 3; Walsh
1986)

• Proportion of infants with feed interruption episodes (lasting ≥
12 hours)

• Time to regain birth weight (days)

• Growth measures, namely weight, length and head
circumference, measured at a specified postmenstrual age prior
to discharge

• Number of infants with PDA treated pharmacologically or
surgically

• Number of infants with aspiration pneumonia or pneumonitis
(clinical or radiological evidence of lower respiratory tract

compromise that has been attributed to covert or evident
aspiration of gastric contents)

• Number of infants with gastro-oesophageal reflux diagnosed by
clinical features; post-feed (if bolus-fed) apnoea, desaturation,
irritability, or vomiting; or oesophageal pH monitoring, multiple
intraluminal impedance, or endoscopy

• Frequency of apnoea (no respiratory eKort > 20 seconds) or
bradycardia (< 100 beats per minute), or apnoea/bradycardia
necessitating stimulation, oxygen administration increase, or
positive-pressure ventilation (number of episodes per day)

• Frequency of episodes of spontaneous fall in oxygen saturation
(SpO2) to 85% or less (number of episodes per day)

• Number of infants with CLD (requirement of oxygen
supplementation at 36 weeks' postmenstrual age)

• All-cause mortality before discharge or up to 44 weeks'
postmenstrual age

• Duration of hospital stay (days)

• Growth measures following discharge from hospital to latest
follow-up

• Neurodevelopmental outcomes assessed aWer 12 months post-
term: neurological evaluations; developmental scores; and
classifications of disability, including auditory and visual
disability. We defined neurodevelopmental impairment as the
presence of one or more of the following: non-ambulant cerebral
palsy; developmental quotient greater than two standard
deviations below the population mean; and blindness (visual
acuity < 6/60) or deafness (any hearing impairment requiring, or
unimproved by, amplification)

See DiKerences between protocol and review.

Search methods for identification of studies

We used the standard search strategy of Cochrane Neonatal
(neonatal.cochrane.org/resources-review-authors).

Electronic searches

We conducted a comprehensive search including Cochrane Central
Register of Controlled Trials (CENTRAL 2020, Issue 6) in the
Cochrane Library; Ovid MEDLINE(R) (1946 to 5 June 2020); Embase
(1974 to 5 June 2020); CINAHL (inception to 8 June 2020); Maternity
& Infant Care Database (MIDIRS), Ovid (1971 to April 2020). We have
included the search strategies for each database in Appendix 1. We
did not apply language restrictions.

We searched ClinicalTrials.gov for completed or ongoing trials.

This search updates the searches conducted for previous versions
of the review (Abiramalatha 2017; Appendix 2).

Searching other resources

We also searched the reference lists of any articles selected for
inclusion in this review in order to identify additional relevant
articles.

Data collection and analysis

We used standard methods of Cochrane and Cochrane Neonatal
(Higgins 2020).

High versus standard volume enteral feeds to promote growth in preterm or low birth weight infants (Review)
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Selection of studies

We screened the title and abstract of all studies identified by
the above search strategy, and two review authors (TA and ST)
independently assessed the full articles for all potentially relevant
trials. We excluded studies that did not meet all of the inclusion
criteria, and we stated the reason for exclusion. We discussed
disagreements until we achieved consensus or by consulting a third
author (NT).

We recorded the selection process in suKicient detail to complete
a Characteristics of excluded studies table and a PRISMA flow
diagram (Moher 2009).

Data extraction and management

Two review authors (TA and ST) extracted data independently using
a data collection form to aid extraction of information on design,
methods, participants, interventions, outcomes and treatment
eKects from each included study. We discussed disagreements until
we achieved consensus or by consulting a third author (NT). If data
from trial reports were insuKicient, we contacted trialists to request
further information.

Assessment of risk of bias in included studies

Two review authors (TA and ST) independently assessed the risk of
bias (low, high, or unclear) of all included trials using the Cochrane
‘Risk of bias’ tool (Higgins 2011), for the following domains.

• Sequence generation (selection bias)

• Allocation concealment (selection bias)

• Blinding of participants and personnel (performance bias)

• Blinding of outcome assessment (detection bias)

• Incomplete outcome data (attrition bias)

• Selective reporting (reporting bias)

• Any other bias

We resolved any disagreements by discussion or by consulting a
third author (NT). See Appendix 3 for a more detailed description of
risk of bias for each domain.

Measures of treatment e9ect

We analysed treatment eKects in individual trials using Review
Manager 5 and reported risk ratios (RRs) and risk diKerences
(RDs) for dichotomous data, and mean diKerences (MDs) for
continuous data, with respective 95% confidence intervals (CIs)
(Review Manager 2020).

Unit of analysis issues

The unit of analysis was the participating infant in RCTs. We
combined study results where there was little heterogeneity
between study designs, and we considered interactions between
eKects of the intervention and the choice of randomisation unit to
be unlikely.

Dealing with missing data

We requested and obtained additional data from trialists if
information on important outcomes was missing or was reported
unclearly.

Assessment of heterogeneity

We examined treatment eKects of individual trials and
heterogeneity between trial results by inspecting forest plots.
We calculated the I2 statistic for each RR analysis to quantify
inconsistency across studies and to describe the percentage of
variability in eKect estimates that may be due to heterogeneity
rather than to sampling error. If we detected moderate or high
heterogeneity (I2 ≥ 50%), we planned to explore possible causes
(e.g. diKerences in study design, participants, interventions, or
completeness of outcome assessments).

Assessment of reporting biases

As we included only two trials in the meta-analysis, we could not
examine a funnel plot for possible publication bias.

Data synthesis

We analysed all infants randomised on an intention-to-treat basis
and treatment eKects in individual trials using a fixed-eKect model
to combine the data.

Certainty of evidence

We used the GRADE approach, as outlined in the GRADE Handbook
(Schünemann 2013), to assess the certainty of evidence of the
following (clinically relevant) outcomes: weight gain, linear and
head growth during hospital stay, extrauterine growth restriction at
discharge, and necrotising enterocolitis.

Two review authors (TA and ST) independently assessed the
certainty of the evidence for each of the outcomes above. We
considered evidence from RCTs as high certainty but downgraded
the evidence one level for serious (or two levels for very serious)
limitations based upon the following: design (risk of bias),
consistency across studies, directness of the evidence, precision of
estimates, and presence of publication bias. We used the GRADEpro
GDT Guideline Development Tool to create Summary of findings 1
and Summary of findings 2 to report the certainty of the evidence.

The GRADE approach results in an assessment of the certainty of a
body of evidence as one of four grades.

• High certainty: further research is very unlikely to change our
confidence in the estimate of eKect.

• Moderate certainty: further research is likely to have an
important impact on our confidence in the estimate of eKect and
may change the estimate.

• Low certainty: further research is very likely to have an
important impact on our confidence in the estimate of eKect and
is likely to change the estimate.

• Very low certainty: we are very uncertain about the estimate.

Subgroup analysis and investigation of heterogeneity

We planned to undertake these subgroup analyses, when possible.

• Based on gestational age: < 28 weeks, 28 to 31 weeks, ≥ 32 weeks

• Based on birth weight: < 1000 grams, 1000 to 1499 grams, ≥ 1500
grams

• Type of milk: human milk versus formula

• Infants with birth weight below the 10th percentile for the
reference population ('small for gestational age') versus infants
with birth weight 'appropriate for gestational age

High versus standard volume enteral feeds to promote growth in preterm or low birth weight infants (Review)
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See DiKerences between protocol and review.

Sensitivity analysis

We planned to undertake sensitivity analyses to determine whether
findings were aKected when only studies using adequate methods
were included (low risk of bias); adequate methods were defined as
adequate randomisation and allocation concealment, blinding of
intervention and measurement, and less than 10% loss to follow-
up. However, we did not conduct any sensitivity analysis, as it was
not required.

R E S U L T S

Description of studies

See Characteristics of included studies and Characteristics of
excluded studies tables.

Results of the search

The results of the updated search are shown in Figure 1. We
screened 5858 titles and abstracts that were identified via the
search strategy. We carried out full-text review of four articles. We
excluded two new studies, and we reported details of the excluded
studies. We identified two new eligible studies. Thus, we included
a total of three studies in this review.
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Figure 1.   Updated study flow diagram.
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Included studies

We included three RCTs with a total of 347 infants (See
Characteristics of included studies table).

We included two trials for the comparison of high versus standard
volume feeds with fortified human milk or preterm formula
(Kuschel 2000; Travers 2020), and one trial for the comparison of
high versus standard volume feeds with unfortified human milk or
term formula (Thomas 2012).

Kuschel 2000, conducted in Australia, enrolled 59 infants born at
less than 30 weeks' gestation. Infants in high and standard volume
feeds groups received 200 and 150 mL/kd/day feeds respectively.
Either fortified human milk or preterm formula was used for
feeding. Fortification was continued until the baby reached 1800
to 2000 grams. The primary outcome was growth measures such
as weight, length, head circumference, arm area, arm muscle are,
arm fat area at 35 weeks' postmenstrual age (PMA), and mean
weight gain in g/kg/day. Secondary outcomes were PMA and
weight at which fortification or preterm formula was ceased, PMA
when reaching full sucking feeds, PMA and weight at discharge,
growth measures such as weight, length and head circumference
at 12 months' corrected age, and developmental assessment using
GriKiths Mental Development Scales at 12 months' corrected age.

Travers 2020, conducted in the USA, randomised 224 infants born
at less than 32 weeks' gestation with a birth weight 1001 to 2500
grams to high (180 to 200 mL/kg/day) and standard volume feeds
(140 to 160 mL/kd/day) groups. Either fortified human milk or
preterm formula was used for feeding. The primary outcome was
weight gain in g/kg/day from birth till 36 weeks' PMA. Secondary
outcomes were increase in length, head circumference and mid-
arm circumference, postnatal growth failure (weight less than 10th
percentile for PMA), CLD, NEC, haemodynamically significant PDA,
duration of respiratory support, culture proven sepsis aWer study
entry and mortality before hospital discharge.

Thomas 2012, conducted in India, enrolled 64 infants with
birth weight < 1500 grams. Both appropriate- and small-for-

gestational-age infants were eligible to participate. Infants in the
high volume group received 300 mL/kg/day, and those in the
standard volume group received 200 mL/kg/day. Participants were
fed with unfortified human milk plus individual micronutrient
supplementation for iron, calcium, and vitamins. Multi-nutrient
fortifiers, which supplement calories and protein, were not used.
The primary outcome was daily weight gain from enrolment until
the infant reached 1700 grams weight. Secondary outcomes were
feed intolerance, tachypnoea (respiratory rate > 60 breaths per
minute), PDA (diagnosed clinically or by echocardiography), NEC
(Bell stage 2A or greater), invasive infection (confirmed by blood
culture) and biochemical abnormalities.

Excluded studies

We excluded four studies in total (see Characteristics of excluded
studies).

We excluded two new studies (Klingenberg 2019; Zecca 2014), for
the following reasons.

Klingenberg 2019 was a retrospective observational study on 99
infants born at < 30 weeks' gestation, who were fed high volume (>
180 mL/kg/day) of fortified human milk.

Zecca 2014 was an RCT. The trial compared 200 mL/kg/day versus
170 mL/kg/day of unfortified human milk, both of which were
standard volume feeds. Further, the trial reported diKerent rates of
feed volume advancement in the intervention and control groups.

We excluded two studies in the original review (Abiramalatha 2017),
because they were not RCTs. One was an observational study of
LBW infants fed 250 mL/kg/d of milk (Lewis 1984). The other was a
cohort study comparing two enteral feed volumes; 180 and 230 mL/
kg/d (Valman 1974).

Risk of bias in included studies

See Figure 2.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for the included study.
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Allocation

All three included trials used computer-generated random
numbers for sequence generation and sealed opaque envelopes for
allocation concealment (Kuschel 2000; Thomas 2012; Travers 2020).

Blinding

All the three included studies were open-label trials.

Incomplete outcome data

Trialists of all the three trials have assessed all participants for
primary and secondary outcomes.

High versus standard volume enteral feeds to promote growth in preterm or low birth weight infants (Review)
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Selective reporting

The study protocol was published for Travers 2020 and all proposed
outcomes were reported. The study protocol was not published for
Kuschel 2000 and Thomas 2012; by personal communication with
the trialists, we found that all proposed outcomes were reported.

Other potential sources of bias

We did not identify any other bias in the three included trials.

E9ects of interventions

See: Summary of findings 1 High compared to standard volume
of fortified human milk or preterm formula in preterm or low birth

weight infants; Summary of findings 2 High compared to standard
volume of unfortified human milk or term formula in preterm or low
birth weight infants

High versus standard volume of fortified human milk or
preterm formula (Comparison 1)

Primary outcomes

Rate of weight gain during hospital stay

(Analysis 1.1; Figure 3)

 

Figure 3.   Forest plot of comparison: 1 High versus standard volume of fortified human milk or preterm formula,
outcome: 1.1 Weight gain during hospital stay (g/kg/day).

Study or Subgroup

Kuschel 2000
Travers 2020

Total (95% CI)
Heterogeneity: Chi² = 0.02, df = 1 (P = 0.88); I² = 0%
Test for overall effect: Z = 4.30 (P < 0.0001)
Test for subgroup differences: Not applicable

High volume feeds
Mean
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SD
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4.5

Total
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Standard volume feeds
Mean

16.5
17.9

SD
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4.5

Total
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Weight

3.5%
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100.0%

Mean Difference
IV, Fixed, 95% CI

2.10 [-4.20 , 8.40]
2.60 [1.40 , 3.80]

2.58 [1.41 , 3.76]

Mean Difference
IV, Fixed, 95% CI

-4 -2 0 2 4
Favours Standard volume Favours High volume

 
Both trials reported this outcome (Kuschel 2000; Travers 2020).
The rate of weight gain was greater in infants fed high volumes
compared to those fed standard volumes of fortified milk or
preterm formula (MD 2.58 g/kg/day, 95% CI 1.41 to 3.76;

participants = 271). There was no evidence of heterogeneity (I2 =
0%).

Linear growth during hospital stay

(Analysis 1.2)

Meta-analysis of data from both trials (Kuschel 2000; Travers 2020),
showed no diKerence in the outcome of linear growth during
hospital stay between high and standard volume feeds groups (MD
0.05 cm/week, 95% CI -0.02 to 0.13; participants = 271). There was

no evidence of heterogeneity (I2 = 0%).

Head growth during hospital stay

(Analysis 1.3)

Meta-analysis of data from both trials (Kuschel 2000; Travers 2020),
showed no diKerence in head growth during hospital stay between
the groups (MD 0.02 cm/week, 95% CI -0.04 to 0.09; participants =

271). There was no heterogeneity (I2 = 10%).

Extrauterine growth restriction at discharge

(Analysis 1.4)

Both trials (Kuschel 2000; Travers 2020), reported the outcome.
There was no diKerence in the incidence of extrauterine growth
restriction (weight less than 10th percentile) at discharge between
the high and standard volume feeds groups (RR 0.71, 95% CI 0.50

to 1.02; participants = 271). There was moderate heterogeneity (I2

= 60%).

Secondary outcomes

NEC stage 2 or 3

(Analysis 1.5; Figure 4)
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Figure 4.   Forest plot of comparison: 1 High versus standard volume of fortified human milk or preterm formula,
outcome: 1.5 Necrotising enterocolitis.
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Kuschel 2000
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Total (95% CI)
Total events:
Heterogeneity: Chi² = 1.34, df = 1 (P = 0.25); I² = 25%
Test for overall effect: Z = 0.32 (P = 0.75)
Test for subgroup differences: Not applicable
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Both trials (Kuschel 2000; Travers 2020) reported the outcome.
The meta-analysis showed no diKerence in the incidence of NEC
between the high and standard volume feeds groups (RR 0.74, 95%

CI 0.12 to 4.51; participants = 283). There was mild heterogeneity (I2

= 27%).

Feed interruption episodes

(Analysis 1.6)

One trial (Travers 2020), reported the outcome. There was no
diKerence in the proportion of infants with feed interruption
episodes ≥ 12 hours between the groups (RR 0.72, 95% CI 0.12 to
4.25; participants = 217).

Time to regain birth weight

(Analysis 1.7)

Both trials reported this outcome (Kuschel 2000; Travers 2020).
The meta-analysis showed a marginal diKerence, with infants given
high volume feeds regaining birth weight earlier than those given
standard volume feeds (MD -1.23 days, 95% CI -2.36 to -0.10;

participants = 271). There was no evidence of heterogeneity (I2 =
0%).

Weight at a specified PMA

(Analysis 1.8; Figure 5)

 

Figure 5.   Forest plot of comparison: 1 High versus standard volume of fortified human milk or preterm formula,
outcome: 1.8 Weight at a specified postmenstrual age (g).

Study or Subgroup

Kuschel 2000
Travers 2020

Total (95% CI)
Heterogeneity: Chi² = 1.04, df = 1 (P = 0.31); I² = 4%
Test for overall effect: Z = 3.71 (P = 0.0002)
Test for subgroup differences: Not applicable
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Both trials reported the outcome. Kuschel 2000 reported the
growth measures when fortification was stopped, which had a
median of 34 to 35 weeks' (range 32 to 40 weeks') PMA. Travers
2020 reported growth measures at discharge or 36 weeks' PMA
whichever was earlier. Meta-analysis showed that babies who were
given high volume feeds had reached greater weight at a specified
PMA compared to those given standard volume feeds (MD 152.10 g,
95% CI 71.67 to 232.53; participants = 271). There was no evidence

of heterogeneity (I2 = 4%).

Length at a specified PMA

(Analysis 1.9)

Meta-analysis of data from both trials (Kuschel 2000; Travers 2020)
showed no diKerence in the length attained at a specified PMA
between the two groups (MD 0.50 cm, 95% CI -0.04 to 1.04;

participants = 271). There was no heterogeneity (I2 = 0%).

Head circumference at a specified PMA

(Analysis 1.10; Figure 6)
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Figure 6.   Forest plot of comparison: 1 High versus standard volume of fortified human milk or preterm formula,
outcome: 1.10 Head circumference at a specified postmenstrual age (cm).
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Heterogeneity: Chi² = 0.14, df = 1 (P = 0.71); I² = 0%
Test for overall effect: Z = 2.81 (P = 0.005)
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High volume feeds
Mean

32.1
31.9

SD

3.9
1.3

Total

26
104

130

Standard volume feeds
Mean

32
31.4

SD

3.9
1.3

Total

28
113

141

Weight

2.7%
97.3%

100.0%

Mean Difference
IV, Fixed, 95% CI

0.10 [-1.98 , 2.18]
0.50 [0.15 , 0.85]

0.49 [0.15 , 0.83]

Mean Difference
IV, Fixed, 95% CI

-2 -1 0 1 2
Favours Standard volume Favours High volume

 
Meta-analysis of data from both trials (Kuschel 2000; Travers 2020)
showed that infants in the high volume feeds group attained greater
head circumference at a specified PMA than those in the standard
volume feeds group (MD 0.49 cm, 95% CI 0.15 to 0.83; participants

= 271). There was no evidence of heterogeneity (I2 = 0%).

PDA requiring treatment

(Analysis 1.11)

Both trials (Kuschel 2000; Travers 2020), reported the outcome and
there was no diKerence in the incidence of PDA requiring treatment
(RR 0.77, 95% CI 0.28 to 2.12; participants = 271). There was no

heterogeneity (I2 = 0%).

Aspiration pneumonia or pneumonitis

This outcome was not reported in the trials.

Gastro-oesophageal reflux

This outcome was not reported in the trials.

Frequency of apnoea

This outcome was not reported in the trials.

Frequency of desaturation episodes

This outcome was not reported in the trials.

Chronic lung disease

(Analysis 1.12)

Both trials (Kuschel 2000; Travers 2020), reported this outcome.
There was no diKerence in the incidence of chronic lung disease
between the groups (RR 1.01, 95% CI 0.57 to 1.81; participants =

271). There was no evidence of heterogeneity (I2 = 0%).

All-cause mortality before discharge

(Analysis 1.13)

Data was available from both the trials (Kuschel 2000; Travers 2020).
Meta-analysis showed no diKerence in the outcome between the
high and standard volume feeds groups (RR 0.24, 95% CI 0.01 to

4.71; participants = 283). There was no evidence of heterogeneity

(I2 = 0%).

Duration of hospital stay

(Analysis 1.13)

Meta-analysis of data from both the trials showed no diKerence in
the duration of hospital stay between the groups (MD 1.00 day, 95%
CI -3.54 to 5.54 days; participants = 271). There was no evidence of

heterogeneity (I2 = 0%).

Growth measures at 12 months' corrected age

(Analysis 1.15; Analysis 1.16; Analysis 1.17)

One trial (Kuschel 2000), reported growth measures at 12 months'
corrected age. The trial showed no diKerence in the proportion of
infants with weight for age less than 10th percentile (RR 0.70, 95% CI
0.23 to 2.15; participants = 47), length less than 10th percentile (RR
0.35, 95% CI 0.08 to 1.55; participants = 47) or head circumference
less than 10th percentile (RR 0.35, 95% CI 0.01 to 8.11; participants
= 47) at 12 months' corrected age between the high and standard
volume feeds groups.

Neurodevelopmental outcomes assessed at 12 months' corrected age

(Analysis 1.18)

One trial (Kuschel 2000), reported neurodevelopmental outcomes
at 12 months' corrected age. The trial showed no diKerence in
the proportion of infants with neurodevelopmental impairment
(which included cerebral palsy, severe developmental delay and/
or deafness) at 12 months' corrected age between the high and
standard volume feeds groups (RR 0.52, 95% CI 0.15 to 1.84;
participants = 47).

High versus standard volume of unfortified milk or term
formula (Comparison 2)

Primary outcomes

Rate of weight gain during hospital stay

(Analysis 2.1; Figure 7)
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Figure 7.   Forest plot of comparison: 2 High versus standard volume of unfortified human milk or term formula,
outcome: 2.1 Weight gain during hospital stay (g/kg/day).
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Test for overall effect: Z = 3.48 (P = 0.0005)
Test for subgroup differences: Not applicable

High volume feeds
Mean

24.9

SD

7.6

Total

30

30

Standard volume feeds
Mean

18.7

SD

6.2

Total

31

31

Weight

100.0%

100.0%

Mean Difference
IV, Fixed, 95% CI

6.20 [2.71 , 9.69]

6.20 [2.71 , 9.69]

Mean Difference
IV, Fixed, 95% CI

-20 -10 0 10 20
Favours Standard volume Favours High volume

 
Thomas 2012 showed that the rate of weight gain was greater in
infants fed higher volume compared to those fed standard volumes
of unfortified milk or term formula (MD 6.20 g/kg/day, 95% CI 2.71
to 9.69; participants = 61).

Linear growth during hospital stay

This outcome was not reported on in the included trial.

Head growth during hospital stay

This outcome was not reported on in the included trial.

Extrauterine growth restriction at discharge

This outcome was not reported on in the included trial.

Secondary outcomes

NEC stage 2 or 3

(Analysis 2.2)

Thomas 2012 showed no diKerence in the incidence of NEC
between the high and standard volume feeds groups (RR 1.03, 95%
CI 0.07 to 15.78; participants = 61).

Feed interruption episodes

This outcome was not reported on in the included trial.

Time to regain birth weight

(Analysis 2.3)

Thomas 2012 showed no diKerence in the time to regain birth
weight between the groups (MD -0.50 days, 95% CI -2.61 to 1.61;
participants = 61).

Weight at a specified PMA

This outcome was not reported on in the included trial.

Length at a specified PMA

This outcome was not reported on in the included trial.

Head circumference at a specified PMA

This outcome was not reported on in the included trial.

PDA requiring treatment

This outcome was not reported on in the included trial.

Aspiration pneumonia or pneumonitis

This outcome was not reported on in the included trial.

Gastro-oesophageal reflux

This outcome was not reported on in the included trial.

Frequency of apnoea

This outcome was not reported on in the included trial.

Frequency of desaturation episodes

This outcome was not reported on in the included trial.

Chronic lung disease

This outcome was not reported on in the included trial.

All-cause mortality before discharge

This outcome was not reported on in the included trial.

Duration of hospital stay

This outcome was not reported on in the included trial.

Growth measures at 12 months of age

This outcome was not reported on in the included trial.

Neurodevelopmental outcomes assessed at 12 months' corrected age

This outcome was not reported on in the included trial.

Subgroup analyses

Based on gestational age or birth weight

This subgroup analysis was not possible. Both the trials on fortified
human milk (Kuschel 2000; Travers 2020), were performed in infants
< 32 weeks' gestation. The trial on unfortified human milk (Thomas
2012), was performed in infants with < 1500 grams birth weight.

Human milk-fed versus formula-fed infants

This was not possible. Either fortified human milk or preterm
formula was used in Kuschel 2000 and Travers 2020, and subgroup
data were not reported. Thomas 2012 used only unfortified human
milk.

Small-for-gestational-age infants

Kuschel 2000 did not report data on infants who were small-for-
gestational age. Travers 2020 recruited small-for-gestational age
infants, but did not report outcomes separately. Thomas 2012
reported rate of weight gain in small-for-gestational age infants and
showed no diKerence in the rate of weight gain in the subgroup:
high volume (n = 10) 22.5 g/kg/d versus standard volume (n = 14)
17.6 g/kg/d. Trialists did not report standard deviations (SDs) and
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did not report data for appropriate-for-gestational-age infants, so a
subgroup comparison was not possible (Thomas 2012).

Trials conducted in low- or middle-income versus high-income
countries

This subgroup analysis was not possible. Both trials on fortified
human milk (Kuschel 2000; Travers 2020), were conducted in high-
income countries (Australia and USA respectively), whereas the
trial on unfortified human milk (Thomas 2012), was conducted in a
middle-income country (India).

D I S C U S S I O N

Summary of main results

High versus standard volume feeds with fortified human milk
or formula feeds (Comparison 1)

Two trials (Kuschel 2000; Travers 2020), with a total of 283 infants,
met the inclusion criteria for this comparison. Both trials were of
good methodological quality, except for lack of masking. Meta-
analysis of data from both the trials showed that high volume
feeds (≥ 180 mL/kg/day) probably improves weight gain (2.6 g/kg/
day more, which amounts to 18.2 g/kg/week and 78 g/kg/month)
and weight at a specified postmenstrual age (152 grams more,
72 to 233 grams more). The certainty of evidence was moderate.
High volume feeds may have little or no eKect on linear growth or
length attained at a specified PMA (low-certainty evidence). Though
high volume feeds may slightly increase the head circumference
attained (~ 0.5 cm more) at a specified PMA, the analysis did not
show a diKerence in the rate of head growth between the groups
(low-certainty evidence).

High volume feeds may marginally reduce the time taken to
regain birth weight. Infants given high volume feeds regained
birth weight 1.23 days earlier (2.36 to 0.10 days earlier) (low-
certainty of evidence). High volume feeds may have little or no
eKect on time to duration of hospital stay and proportion of infants
with extrauterine growth restriction at discharge (low-certainty
evidence). We are uncertain whether high volume feeds improve
growth or neurodevelopmental outcomes at 12 months' corrected
age (very low-certainty evidence).

We are uncertain as to the eKect of high volumes of fortified human
milk or preterm formula on adverse eKects such as necrotising
enterocolitis stage 2 or 3, feed interruption episodes, patent ductus
arteriosus requiring treatment, chronic lung disease and all-cause
mortality before discharge (low- to very low-certainty evidence).
The included trials did not report outcomes such as aspiration
pneumonia, gastro-oesophageal reflux, apnoea and desaturation
episodes.

High versus standard volume feeds with unfortified human
milk or term formula (Comparison 2)

One trial (Thomas 2012), met the inclusion criteria for this
comparison. This trial was unmasked, but otherwise of good
methodological quality. High volume feeds probably improves
weight gain during hospital stay (moderate-certainty evidence).
The mean diKerence of 6.2 g/kg/day amounts to 43 g/kg/week and
186 g/kg/month.

We are uncertain as to the eKect of high volume feeds with
unfortified human milk on the risk of necrotising enterocolitis (very

low-certainty evidence). The trial did not provide data on other
growth and clinical outcomes.

Overall completeness and applicability of evidence

Both trials on fortified milk or preterm formula (Kuschel 2000;
Travers 2020), have been performed on infants < 32 weeks'
gestation and the trial on unfortified milk (Thomas 2012), has been
performed on infants < 1500 grams. Thus, all three trials included
very preterm or VLBW infants, the population that is at high risk
of extrauterine growth restriction. The results are applicable to
small-for-gestational-age infants, since all the trials have included
this population. However, there were no clear data on intrauterine
growth restriction and antenatal Doppler abnormalities in the
included trials. Hence, we are unable to decide whether the findings
are applicable to infants with compromised fetal blood flow, who
are at high risk for developing NEC. Both the trials in comparison
one have used either fortified human milk or preterm formula for
feeding (Kuschel 2000; Travers 2020). The trial in comparison two
has used only unfortified human milk (Thomas 2012). Hence, the
results are not applicable to cow's milk or term formula, which are
frequently used in low- and middle-income countries.

The meta-analysis gave moderate certainty of evidence that high
volume feeds improve in-hospital weight gain. The mean diKerence
between the high and standard volume feed groups was 2.6 g/
kg/day in fortified human milk or preterm formula and 6.2 g/kg/
day in unfortified human milk or term formula. The diKerence was
greater in the latter, since even 200 mL/kg/day of unfortified milk
is nutritionally inferior (providing ~ 3 g/kg of protein only). Though
the head circumference attained at a specified PMA was greater and
the time to regain birth weight was less in infants given high volume
feeds with fortified human milk or preterm formula, the available
data is limited by a low-certainty evidence for both the outcomes.

The major concern while giving high volume feeds is the risk of
NEC. Though the meta-analysis did not find a diKerence in the
incidence of NEC between the groups, we are unable to draw any
conclusion since the certainty of evidence was very low for this
outcome. Similarly, the available data were insuKicient to comment
on the eKect of high volume feeds on all the other important clinical
outcomes.

Quality of the evidence

For the comparison of high versus standard volumes of fortified
human milk or preterm formula, the certainty of evidence was
moderate for rate of weight gain and weight at a specified
postmenstrual age. The evidence was downgraded for serious
imprecision due to small sample size. The evidence was not
downgraded for lack of masking, as weight is an objective outcome.
The certainty of evidence was low for linear growth, head growth,
length and head circumference at a specified postmenstrual age.
The evidence was downgraded for serious imprecision due to
small sample size and serious risk of bias due to lack of masking.
Though length and head circumference are objective outcomes, the
outcome was downgraded for lack of masking, as the measurement
is observer-dependent and prone to bias.

The certainty of evidence was low for extrauterine growth
restriction at discharge, downgraded for small sample size and lack

of masking. Though I2 was 60% for extrauterine growth restriction,
the outcome was not downgraded for inconsistency, since the
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heterogeneity was due to diKerence between small and large
beneficial eKects. The certainty of evidence was very low for NEC,
downgraded for serious risk of bias due to lack of masking and very
serious imprecision due to small sample size and a wide confidence
interval.

For the comparison of high versus standard volumes of unfortified
human milk or term formula, the certainty of evidence was
moderate for weight gain during hospital stay, downgraded for
serious imprecision due to small sample size. The certainty of
evidence was very low for necrotising enterocolitis, downgraded
for very serious imprecision due to small sample size and a wide
confidence interval and serious risk of bias due to lack of masking.

Potential biases in the review process

We found only three trials for inclusion in this review. Although
we conducted a comprehensive search, including a search of
conference proceedings, we could not exclude fully the possibility
of publication bias because we do not know whether other
published (but not indexed) or unpublished trials have been
conducted.

NT was the principal investigator in one included study in the
review (Thomas 2012). However, TA performed the 'Risk of bias'
assessment and data extraction for the trial.

Agreements and disagreements with other studies or
reviews

We are not aware of other systematic reviews on the use of high
volume feeds to promote growth in preterm or low birth weight
infants.

Zecca 2014 showed that proactive feeding and higher volume feeds
(200 versus 170 mL/kg/day) improve weight and length z-scores
at discharge in small-for-gestational-age infants. Klingenberg 2019
showed that infants who received high volume feeds with ≥ 180
mL/kg/day had a lower rate of extrauterine growth restriction at
discharge (14%) and lower risk of cerebral palsy (9%); the incidence
of both was less compared to incidence data reported in other
studies. Lewis 1984 showed that high volume feeds with ~ 250 mL/
kg/day of unfortified human milk or term formula achieves a weight
gain comparable to in utero growth in preterm infants. Valman 1974
compared 230 versus 180 mL/kg/day feeds and showed that high
volume feeds improve weight gain due to calorie, nitrogen and fat
retention and not due to fluid accumulation.

Thus, the results of other studies were consistent with those of our
meta-analysis. High volume feeds improves in-hospital weight gain.

Data were insuKicient to draw conclusions on other growth and
clinical outcomes.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

High volume feeds (≥ 180 mL/kg/day of fortified human milk or
preterm formula, or ≥ 200 mL/kg/day of unfortified human milk
or term formula) probably improves weight gain during hospital
stay. The available data were inadequate to draw conclusions on
the eKect of high volume feeds on other growth outcomes such
as linear and head growth during hospital stay and post-discharge
growth, or clinical outcomes such as NEC, feed interruption
episodes, PDA requiring treatment, chronic lung disease, duration
of hospital stay, all-cause mortality before discharge and long-term
neurodevelopmental outcomes.

Implications for research

A large RCT is needed to assess whether high volume versus
standard volume enteral feeds improve important clinical
outcomes for preterm or LBW infants. Such a trial should
assess weight and linear and head growth, post-discharge
growth, neurodevelopmental outcomes, and risk of potential
complications of high-volume enteral feeds. A trial of this
intervention may be regarded as a research priority, since the
incidence of extrauterine growth restriction in VLBW or ELBW
infants has not improved much despite multi-nutrient fortification
of feeds in high-income countries. Further, multi-nutrient fortifiers
are less frequently used in low- and middle-income countries due
to cost constraints, and high volume feeds may be a suitable
alternative to ensure adequate nutrition in preterm or low birth
weight infants in such countries.
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Study characteristics

Methods Randomised controlled trial

Participants Inclusion criteria: infants less than 30 weeks' gestation at birth

Exclusion criteria: babies who did not survive until reaching full enteral feeds, babies with congenital
malformations that are associated with poor postnatal growth

Interventions Intervention: 200 mL/kg/day enteral feeds

Control: 150 mL/kg/day feeds

Randomisation was done when baby was approaching 150 mL/kg per day feed volume.

Outcomes Primary outcome

• Growth measures such as weight, length, head circumference, arm area, arm muscle, arm fat area at
35 weeks' PMA, and mean weight gain in g/kg/day

Secondary outcomes

• PMA and weight at which fortification or preterm formula is ceased

• PMA when reaching full sucking feeds

• PMA and weight at the time of discharge

• Growth measures such as weight, length and head circumference at 12 months' corrected age, devel-
opmental assessment using Griffiths Mental Development Scales at 12 months' corrected age

Notes Setting: Australia

Study period: 1995 to 1996

Infants with < 1500 grams birth weight received human milk fortified with human milk fortifier or
preterm formula. The fortification was continued until the infant reached 1800 to 2000 grams.

If a minimum weight gain of 8 g/kg/day was not achieved, feed volume was increased beyond 150 mL/
kg/day in the control group and caloric supplement was added in the intervention group.

If infants in the intervention group developed feed intolerance, feed volume was decreased to the max-
imum tolerated volume. If feed volume was decreased, every effort was made to increase the volume
back to 200 mL/kg/day.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Personal communication: (quote:) "computer-generated random sequence"

Allocation concealment
(selection bias)

Low risk Quote: "Opaque sealed envelopes"

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: "Clinicians and nursing staK were not blinded to the intervention".

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Quote: "Anthropometric measurements were performed by investigators un-
masked to the infant’s volume allocation".

Kuschel 2000 
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Incomplete outcome data
(attrition bias)
All outcomes

Low risk All babies enrolled in the study were accounted for.

Selective reporting (re-
porting bias)

Low risk Personal communication (quote:) "all proposed outcomes reported"

Other bias Low risk None

Kuschel 2000  (Continued)

 
 

Study characteristics

Methods RCT

Participants 64 newborn VLBW infants were enrolled when they achieved 200 mL/kg/d enteral feeds. Both appropri-
ate-for-gestational-age and small-for-gestational-age infants were included. Only birth weight (not ges-
tational age) criteria were used for enrolment.

Interventions Intervention arm (N = 32): *feeds were graded up by 20 mL/kg/d up to 300 mL/kg/d

Control arm (N = 32): *feeds were continued at 200 mL/kg/d

Babies in both intervention and control arms were given expressed breast milk along with individual
micronutrient supplements for calcium, iron, and vitamins. Multi-nutrient milk fortifiers, which supple-
ment calories and proteins, were not used. Feeds were given by nasogastric tube at 2- to 3-hourly inter-
vals.

Outcomes Primary outcome

• Weight gain (g/kg/d) from enrolment until baby reached weight of 1700 grams

Secondary outcomes

• Feed intolerance

• Tachypnoea

• NEC (stage 2a or greater)

• Bacteraemia or fungaemia

• Biochemical abnormalities

Notes Setting: India

Study period: 2010

*12 infants in the high-volume group did not achieve the targeted 300 mL/kg/d (although all achieved
feed volumes > 250 mL/kg/d), and 6 infants in the standard-volume group received higher volumes
than targeted (up to 215 mL/kg/d), but analyses were done by (quote:) "intention-to-treat".

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Personal communication (quote:) "computer-generated random sequence"

Thomas 2012 
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Allocation concealment
(selection bias)

Low risk Personal communication (quote:) "sealed opaque envelopes opened by the
principal investigator only at the time of allocation"

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Unblinded

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Unblinded

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 3 (of 64) randomised infants were removed from the study by parents, did not
complete the intervention, and were not included in analyses.

Selective reporting (re-
porting bias)

Low risk Personal communication (quote:) "all proposed outcomes reported"

Other bias Low risk None

Thomas 2012  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial

Participants Inclusion criteria: infants born at < 32 weeks' gestation with birth weight of 1001 to 2500 grams and had
achieved a feeding volume of > 120 mL/kg/day

Exclusion criteria: haemodynamically significant PDA, NEC ≥ stage 2, known gastrointestinal or neuro-
logical malformation, terminal illness, or decision to withdraw or limit support.

Interventions Intervention: high volume feeds of 180 to 200 mL/kg/day

Control: standard volume feeds of 140 to 160 mL/kg/day

Outcomes Primary outcome

• Weight gain in g/kg/day from birth till 36 weeks' PMA

Secondary outcomes

• Increase in length, head circumference and mid-arm circumference

• Postnatal growth failure (weight < 10th percentile for PMA)

• CLD

• NEC

• Haemodynamically significant PDA

• Duration of respiratory support

• Culture-proven sepsis after study entry

• Mortality before hospital discharge

Notes Setting: USA

Study period: 2015-8

Travers 2020 
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Fortified human milk or preterm formula was used as enteral feeds. Feeds were advanced at the rate of
20 to 30 mL/kg/day. Additional increases in caloric density of feedings was done in infants with inade-
quate growth in either group.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "computer generated random-block sequences of 2, 4, 6 and 8"

Allocation concealment
(selection bias)

Low risk Quote: "placed in sequentially numbered, opaque, sealed envelopes"

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: "masking could not be performed as staK were aware of volumes or-
dered and received".

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Quote: "masking: none (open label) in the study protocol"

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All babies enrolled in the study were accounted for.

Selective reporting (re-
porting bias)

Low risk Quote: "All proposed outcomes reported". Trial protocol available

Other bias Low risk None

Travers 2020  (Continued)

CLD: chronic lung disease
NEC: necrotising enterocolitis
PDA: patent ductus arteriosus
PMA: postmenstrual age
RCT: randomised controlled trial
VLBW: very low birth weight
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Klingenberg 2019 Retrospective observational study

Lewis 1984 Retrospective observational study

Valman 1974 Cohort study

Zecca 2014 Randomised trial on unfortified human milk at 170 versus 200 mL/kg/day, both being standard vol-
ume feeds according to our protocol.
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Comparison 1.   High versus standard volume of fortified human milk or preterm formula

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Weight gain during hospital stay (g/
kg/day)

2 271 Mean Difference (IV, Fixed,
95% CI)

2.58 [1.41, 3.76]

1.2 Linear growth during hospital stay
(cm/week)

2 271 Mean Difference (IV, Fixed,
95% CI)

0.05 [-0.02, 0.13]

1.3 Head growth during hospital stay
(cm/week)

2 271 Mean Difference (IV, Fixed,
95% CI)

0.02 [-0.04, 0.09]

1.4 Extrauterine growth restriction at
discharge

2 271 Risk Ratio (M-H, Fixed, 95%
CI)

0.71 [0.50, 1.02]

1.5 Necrotising enterocolitis 2 283 Risk Ratio (M-H, Fixed, 95%
CI)

0.74 [0.12, 4.51]

1.6 Feed interruption episodes 1 217 Risk Ratio (M-H, Fixed, 95%
CI)

0.72 [0.12, 4.25]

1.7 Time to regain birth weight (days) 2 271 Mean Difference (IV, Fixed,
95% CI)

-1.23 [-2.36, -0.10]

1.8 Weight at a specified postmenstru-
al age (g)

2 271 Mean Difference (IV, Fixed,
95% CI)

152.10 [71.67,
232.53]

1.9 Length at a specified postmenstru-
al age (cm)

2 271 Mean Difference (IV, Fixed,
95% CI)

0.50 [-0.04, 1.04]

1.10 Head circumference at a specified
postmenstrual age (cm)

2 271 Mean Difference (IV, Fixed,
95% CI)

0.49 [0.15, 0.83]

1.11 PDA requiring treatment 2 271 Risk Ratio (M-H, Fixed, 95%
CI)

0.77 [0.28, 2.12]

1.12 Chronic lung disease 2 271 Risk Ratio (M-H, Fixed, 95%
CI)

1.01 [0.57, 1.81]

1.13 All-cause mortality before dis-
charge

2 283 Risk Ratio (M-H, Fixed, 95%
CI)

0.24 [0.01, 4.71]

1.14 Duration of hospital stay (days) 2 271 Mean Difference (IV, Fixed,
95% CI)

1.00 [-3.54, 5.54]

1.15 Weight < 10th percentile at 12
months' corrected age

1 47 Risk Ratio (M-H, Fixed, 95%
CI)

0.70 [0.23, 2.15]

1.16 Length < 10th percentile at 12
months' corrected age

1 47 Risk Ratio (M-H, Fixed, 95%
CI)

0.35 [0.08, 1.55]

1.17 Head circumference < 10th per-
centile at 12 months' corrected age

1 47 Risk Ratio (M-H, Fixed, 95%
CI)

0.35 [0.01, 8.11]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.18 Neurodevelopmental impairment
at 12 months' corrected age

1 47 Risk Ratio (M-H, Fixed, 95%
CI)

0.52 [0.15, 1.84]

 
 

Analysis 1.1.   Comparison 1: High versus standard volume of fortified human
milk or preterm formula, Outcome 1: Weight gain during hospital stay (g/kg/day)

Study or Subgroup

Kuschel 2000
Travers 2020

Total (95% CI)
Heterogeneity: Chi² = 0.02, df = 1 (P = 0.88); I² = 0%
Test for overall effect: Z = 4.30 (P < 0.0001)
Test for subgroup differences: Not applicable

High volume feeds
Mean

18.6
20.5

SD

10.9
4.5

Total

26
104

130

Standard volume feeds
Mean

16.5
17.9

SD

12.7
4.5

Total

28
113

141

Weight

3.5%
96.5%

100.0%

Mean Difference
IV, Fixed, 95% CI

2.10 [-4.20 , 8.40]
2.60 [1.40 , 3.80]

2.58 [1.41 , 3.76]

Mean Difference
IV, Fixed, 95% CI

-4 -2 0 2 4
Favours Standard volume Favours High volume

 
 

Analysis 1.2.   Comparison 1: High versus standard volume of fortified human milk
or preterm formula, Outcome 2: Linear growth during hospital stay (cm/week)

Study or Subgroup

Kuschel 2000
Travers 2020

Total (95% CI)
Heterogeneity: Chi² = 0.02, df = 1 (P = 0.90); I² = 0%
Test for overall effect: Z = 1.41 (P = 0.16)
Test for subgroup differences: Not applicable

High volume feeds
Mean

0.95
0.69

SD

0.21
0.39

Total

26
104

130

Standard volume feeds
Mean

0.89
0.64

SD

0.2
0.41

Total

28
113

141

Weight

48.6%
51.4%

100.0%

Mean Difference
IV, Fixed, 95% CI

0.06 [-0.05 , 0.17]
0.05 [-0.06 , 0.16]

0.05 [-0.02 , 0.13]

Mean Difference
IV, Fixed, 95% CI

-1 -0.5 0 0.5 1
Favours Standard volume Favours High volume

 
 

Analysis 1.3.   Comparison 1: High versus standard volume of fortified human milk
or preterm formula, Outcome 3: Head growth during hospital stay (cm/week)

Study or Subgroup

Kuschel 2000
Travers 2020

Total (95% CI)
Heterogeneity: Chi² = 1.11, df = 1 (P = 0.29); I² = 10%
Test for overall effect: Z = 0.78 (P = 0.44)
Test for subgroup differences: Not applicable

High volume feeds
Mean

0.83
0.66

SD

0.15
0.48

Total

26
104

130

Standard volume feeds
Mean

0.83
0.59

SD

0.14
0.27

Total

28
113

141

Weight

64.6%
35.4%

100.0%

Mean Difference
IV, Fixed, 95% CI

0.00 [-0.08 , 0.08]
0.07 [-0.03 , 0.17]

0.02 [-0.04 , 0.09]

Mean Difference
IV, Fixed, 95% CI

-1 -0.5 0 0.5 1
Favours Standard volume Favours High volume
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Analysis 1.4.   Comparison 1: High versus standard volume of fortified human
milk or preterm formula, Outcome 4: Extrauterine growth restriction at discharge

Study or Subgroup

Kuschel 2000
Travers 2020

Total (95% CI)
Total events:
Heterogeneity: Chi² = 2.50, df = 1 (P = 0.11); I² = 60%
Test for overall effect: Z = 1.86 (P = 0.06)
Test for subgroup differences: Not applicable

High volume feeds
Events

17
12

29

Total

26
104

130

Standard volume feeds
Events

20
24

44

Total

28
113

141

Weight

45.6%
54.4%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.92 [0.64 , 1.32]
0.54 [0.29 , 1.03]

0.71 [0.50 , 1.02]

Risk Ratio
M-H, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours High volume Favours Standard volume

 
 

Analysis 1.5.   Comparison 1: High versus standard volume of fortified
human milk or preterm formula, Outcome 5: Necrotising enterocolitis

Study or Subgroup

Kuschel 2000
Travers 2020

Total (95% CI)
Total events:
Heterogeneity: Chi² = 1.34, df = 1 (P = 0.25); I² = 25%
Test for overall effect: Z = 0.32 (P = 0.75)
Test for subgroup differences: Not applicable

High volume feeds
Events

0
1

1

Total

27
110

137

Standard volume feeds
Events

2
0

2

Total

32
114

146

Weight

82.4%
17.6%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.24 [0.01 , 4.71]
3.11 [0.13 , 75.49]

0.74 [0.12 , 4.51]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours High volume Favours Standard volume

 
 

Analysis 1.6.   Comparison 1: High versus standard volume of fortified
human milk or preterm formula, Outcome 6: Feed interruption episodes

Study or Subgroup

Travers 2020

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.36 (P = 0.72)
Test for subgroup differences: Not applicable

High volume feeds
Events

2

2

Total

104

104

Standard volume feeds
Events

3

3

Total

113

113

Weight

100.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.72 [0.12 , 4.25]

0.72 [0.12 , 4.25]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours High volume Favours Standard volume

 
 

Analysis 1.7.   Comparison 1: High versus standard volume of fortified human
milk or preterm formula, Outcome 7: Time to regain birth weight (days)

Study or Subgroup

Kuschel 2000
Travers 2020

Total (95% CI)
Heterogeneity: Chi² = 0.09, df = 1 (P = 0.76); I² = 0%
Test for overall effect: Z = 2.13 (P = 0.03)
Test for subgroup differences: Not applicable

High volume feeds
Mean

17
12.54

SD

24.3
4.11

Total

26
104

130

Standard volume feeds
Mean

16.5
13.79

SD

16.3
4.45

Total

28
113

141

Weight

1.0%
99.0%

100.0%

Mean Difference
IV, Fixed, 95% CI

0.50 [-10.62 , 11.62]
-1.25 [-2.39 , -0.11]

-1.23 [-2.36 , -0.10]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours High volume Favours Standard volume

 
 

High versus standard volume enteral feeds to promote growth in preterm or low birth weight infants (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

28



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 1.8.   Comparison 1: High versus standard volume of fortified human
milk or preterm formula, Outcome 8: Weight at a specified postmenstrual age (g)

Study or Subgroup

Kuschel 2000
Travers 2020

Total (95% CI)
Heterogeneity: Chi² = 1.04, df = 1 (P = 0.31); I² = 4%
Test for overall effect: Z = 3.71 (P = 0.0002)
Test for subgroup differences: Not applicable

High volume feeds
Mean

1909
2365

SD

431
324

Total

26
104

130

Standard volume feeds
Mean

1893
2200

SD

587
307

Total

28
113

141

Weight

8.7%
91.3%

100.0%

Mean Difference
IV, Fixed, 95% CI

16.00 [-257.35 , 289.35]
165.00 [80.85 , 249.15]

152.10 [71.67 , 232.53]

Mean Difference
IV, Fixed, 95% CI

-500 -250 0 250 500
Favours Standard volume Favours High volume

 
 

Analysis 1.9.   Comparison 1: High versus standard volume of fortified human milk
or preterm formula, Outcome 9: Length at a specified postmenstrual age (cm)

Study or Subgroup

Kuschel 2000
Travers 2020

Total (95% CI)
Heterogeneity: Chi² = 0.00, df = 1 (P = 0.96); I² = 0%
Test for overall effect: Z = 1.82 (P = 0.07)
Test for subgroup differences: Not applicable

High volume feeds
Mean

43.3
44.9

SD

6.7
2.1

Total

26
104

130

Standard volume feeds
Mean

42.7
44.4

SD

8.3
2

Total

28
113

141

Weight

1.8%
98.2%

100.0%

Mean Difference
IV, Fixed, 95% CI

0.60 [-3.41 , 4.61]
0.50 [-0.05 , 1.05]

0.50 [-0.04 , 1.04]

Mean Difference
IV, Fixed, 95% CI

-4 -2 0 2 4
Favours Standard volume Favours High volume

 
 

Analysis 1.10.   Comparison 1: High versus standard volume of fortified human milk or
preterm formula, Outcome 10: Head circumference at a specified postmenstrual age (cm)

Study or Subgroup

Kuschel 2000
Travers 2020

Total (95% CI)
Heterogeneity: Chi² = 0.14, df = 1 (P = 0.71); I² = 0%
Test for overall effect: Z = 2.81 (P = 0.005)
Test for subgroup differences: Not applicable

High volume feeds
Mean

32.1
31.9

SD

3.9
1.3

Total

26
104

130

Standard volume feeds
Mean

32
31.4

SD

3.9
1.3

Total

28
113

141

Weight

2.7%
97.3%

100.0%

Mean Difference
IV, Fixed, 95% CI

0.10 [-1.98 , 2.18]
0.50 [0.15 , 0.85]

0.49 [0.15 , 0.83]

Mean Difference
IV, Fixed, 95% CI

-2 -1 0 1 2
Favours Standard volume Favours High volume

 
 

Analysis 1.11.   Comparison 1: High versus standard volume of fortified
human milk or preterm formula, Outcome 11: PDA requiring treatment

Study or Subgroup

Kuschel 2000
Travers 2020

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.51 (P = 0.61)
Test for subgroup differences: Not applicable

High volume feeds
Events

5
0

5

Total

26
104

130

Standard volume feeds
Events

7
0

7

Total

28
113

141

Weight

100.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.77 [0.28 , 2.12]
Not estimable

0.77 [0.28 , 2.12]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours High volume Favours Standard volume
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Analysis 1.12.   Comparison 1: High versus standard volume of fortified
human milk or preterm formula, Outcome 12: Chronic lung disease

Study or Subgroup

Kuschel 2000
Travers 2020

Total (95% CI)
Total events:
Heterogeneity: Chi² = 0.60, df = 1 (P = 0.44); I² = 0%
Test for overall effect: Z = 0.04 (P = 0.97)
Test for subgroup differences: Not applicable

High volume feeds
Events

12
3

15

Total

26
104

130

Standard volume feeds
Events

11
5

16

Total

28
113

141

Weight

68.8%
31.2%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

1.17 [0.63 , 2.18]
0.65 [0.16 , 2.66]

1.01 [0.57 , 1.81]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours High volume Favours Standard volume

 
 

Analysis 1.13.   Comparison 1: High versus standard volume of fortified human
milk or preterm formula, Outcome 13: All-cause mortality before discharge

Study or Subgroup

Kuschel 2000
Travers 2020

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.95 (P = 0.34)
Test for subgroup differences: Not applicable

High volume feeds
Events

0
0

0

Total

27
110

137

Standard volume feeds
Events

2
0

2

Total

32
114

146

Weight

100.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.24 [0.01 , 4.71]
Not estimable

0.24 [0.01 , 4.71]

Risk Ratio
M-H, Fixed, 95% CI

0.005 0.1 1 10 200
Favours High volume Favours Standard volume

 
 

Analysis 1.14.   Comparison 1: High versus standard volume of fortified
human milk or preterm formula, Outcome 14: Duration of hospital stay (days)

Study or Subgroup

Kuschel 2000
Travers 2020

Total (95% CI)
Heterogeneity: Chi² = 0.14, df = 1 (P = 0.70); I² = 0%
Test for overall effect: Z = 0.43 (P = 0.67)
Test for subgroup differences: Not applicable

High volume feeds
Mean

79.3
48.5

SD

29.9
16.6

Total

26
104

130

Standard volume feeds
Mean

80.9
47.2

SD

22.3
19.4

Total

28
113

141

Weight

10.3%
89.7%

100.0%

Mean Difference
IV, Fixed, 95% CI

-1.60 [-15.75 , 12.55]
1.30 [-3.49 , 6.09]

1.00 [-3.54 , 5.54]

Mean Difference
IV, Fixed, 95% CI

-20 -10 0 10 20
Favours High volume Favours Standard volume

 
 

Analysis 1.15.   Comparison 1: High versus standard volume of fortified human milk or
preterm formula, Outcome 15: Weight < 10th percentile at 12 months' corrected age

Study or Subgroup

Kuschel 2000

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.63 (P = 0.53)
Test for subgroup differences: Not applicable

High volume feeds
Events

4

4

Total

23

23

Standard volume feeds
Events

6

6

Total

24

24

Weight

100.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.70 [0.23 , 2.15]

0.70 [0.23 , 2.15]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours High volume Favours Standard volume
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Analysis 1.16.   Comparison 1: High versus standard volume of fortified human milk or
preterm formula, Outcome 16: Length < 10th percentile at 12 months' corrected age

Study or Subgroup

Kuschel 2000

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.38 (P = 0.17)
Test for subgroup differences: Not applicable

High volume feeds
Events

2

2

Total

23

23

Standard volume feeds
Events

6

6

Total

24

24

Weight

100.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.35 [0.08 , 1.55]

0.35 [0.08 , 1.55]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours High volume Favours Standard volume

 
 

Analysis 1.17.   Comparison 1: High versus standard volume of fortified human milk or preterm
formula, Outcome 17: Head circumference < 10th percentile at 12 months' corrected age

Study or Subgroup

Kuschel 2000

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.66 (P = 0.51)
Test for subgroup differences: Not applicable

High volume feeds
Events

0

0

Total

23

23

Standard volume feeds
Events

1

1

Total

24

24

Weight

100.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.35 [0.01 , 8.11]

0.35 [0.01 , 8.11]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours High volume Favours Standard volume

 
 

Analysis 1.18.   Comparison 1: High versus standard volume of fortified human milk or
preterm formula, Outcome 18: Neurodevelopmental impairment at 12 months' corrected age

Study or Subgroup

Kuschel 2000

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.01 (P = 0.31)
Test for subgroup differences: Not applicable

High volume feeds
Events

3

3

Total

23

23

Standard volume feeds
Events

6

6

Total

24

24

Weight

100.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.52 [0.15 , 1.84]

0.52 [0.15 , 1.84]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours High volume Favours Standard volume

 
 

Comparison 2.   High versus standard volume of unfortified human milk or term formula

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Weight gain during hospital stay
(g/kg/day)

1 61 Mean Difference (IV, Fixed, 95%
CI)

6.20 [2.71, 9.69]

2.2 Necrotising enterocolitis 1 61 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.07, 15.78]

2.3 Time to regain birth weight
(days)

1 61 Mean Difference (IV, Fixed, 95%
CI)

-0.50 [-2.61, 1.61]
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Analysis 2.1.   Comparison 2: High versus standard volume of unfortified human
milk or term formula, Outcome 1: Weight gain during hospital stay (g/kg/day)

Study or Subgroup

Thomas 2012

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 3.48 (P = 0.0005)
Test for subgroup differences: Not applicable

High volume feeds
Mean

24.9

SD

7.6

Total

30

30

Standard volume feeds
Mean

18.7

SD

6.2

Total

31

31

Weight

100.0%

100.0%

Mean Difference
IV, Fixed, 95% CI

6.20 [2.71 , 9.69]

6.20 [2.71 , 9.69]

Mean Difference
IV, Fixed, 95% CI

-20 -10 0 10 20
Favours Standard volume Favours High volume

 
 

Analysis 2.2.   Comparison 2: High versus standard volume of unfortified
human milk or term formula, Outcome 2: Necrotising enterocolitis

Study or Subgroup

Thomas 2012

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.02 (P = 0.98)
Test for subgroup differences: Not applicable

High volume feeds
Events

1

1

Total

30

30

Standard volume feeds
Events

1

1

Total

31

31

Weight

100.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

1.03 [0.07 , 15.78]

1.03 [0.07 , 15.78]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours High volume Favours Standard volume

 
 

Analysis 2.3.   Comparison 2: High versus standard volume of unfortified
human milk or term formula, Outcome 3: Time to regain birth weight (days)

Study or Subgroup

Thomas 2012

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.46 (P = 0.64)
Test for subgroup differences: Not applicable

High volume feeds
Mean

12.5

SD

4.2

Total

30

30

Standard volume feeds
Mean

13

SD

4.2

Total

31

31

Weight

100.0%

100.0%

Mean Difference
IV, Fixed, 95% CI

-0.50 [-2.61 , 1.61]

-0.50 [-2.61 , 1.61]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours High volume Favours Standard volume

 

 

A D D I T I O N A L   T A B L E S
 

Per 100 mL Expressed breast milk

(EBM)

EBM

+ fortifier

Term formula Preterm formu-
la

Energy (kCal) 67 80 67 80

Protein (g) 1.5 2.0 to 2.3 1.5 2.0

Table 1.   Typical energy and protein content of human milk or formula 
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A P P E N D I C E S

Appendix 1. Current search methods

The RCT filters have been created using Cochrane's highly sensitive search strategies for identifying randomised trials (Higgins 2020).
Melissa Harden, Information Specialist, Centre for Reviews and Dissemination, York, UK, designed and ran the literature searches.

CENTRAL

Issue 6 of 12, June 2020

#1 MeSH descriptor: [Infant, Newborn] explode all trees 15600

#2 MeSH descriptor: [Premature Birth] this term only 1421

#3 (neonat* or neo next nat*):ti,ab,kw 21423

#4 (newborn* or new next born* or newly next born*):ti,ab,kw 26658

#5 (preterm or preterms or pre next term or pre next terms):ti,ab,kw 13136

#6 (preemie* or premie or premies):ti,ab,kw 50

#7 (prematur* near/3 (birth* or born or deliver*)):ti,ab,kw 2771

#8 (low near/3 (birthweight* or birth next weight*)):ti,ab,kw 5336

#9 (lbw or vlbw or elbw):ti,ab,kw 1630

#10 infan*:ti,ab,kw 60772

#11 (baby or babies):ti,ab,kw 8137

#12 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 76894

#13 MeSH descriptor: [Enteral Nutrition] this term only 1802

#14 ((enteral* or enteric*) near/2 (nutrition or feed* or fed*)):ti,ab,kw 5593

#15 ((enteral* or enteric*) near/2 (milk or breastmilk or formula*)):ti,ab,kw 579

#16 ((enteral* or enteric*) near/2 stimulat*):ti,ab,kw 18

#17 ((enteral* or enteric*) near/2 fast*):ti,ab,kw 26

#18 ((oral or sip or tube) near/2 (feed* or fed)):ti,ab,kw 2335

#19 ((nasogastric or gastrostomy or jejunostomy) near/2 tube*):ti,ab,kw 1775

#20 ((high* or increas* or increment* or excess* or full* or standard* or routine* or conventional* or conservative* or moderate* or low*
or minimal* or decreas* or reduc* or less* or small*) near/2 (volume* or quantit* or amount*) near/2 (feed* or fed or milk or breastmilk
or formula*)):ti,ab,kw 179

#21 ((advanc* or aggressive* or fast or faster or rapid* or slow*) near/3 feed*):ti,ab,kw 394

#22 ((advanc* or aggressive* or fast or faster or rapid* or slow*) near/3 volume*):ti,ab,kw 292

#23 (speed* near/4 (feed* or volume*)):ti,ab,kw 133

#24 (trophic near/2 (feed* or fed or nutrition)):ti,ab,kw 44

#25 ((hypocaloric or (hypo next caloric)) near/2 (feed* or fed or nutrition)):ti,ab,kw 95

#26 ((gut or gastrointestinal or GI) near/2 (priming or prime*)):ti,ab,kw 15

#27 #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 9238

#28 #12 and #27 in Trials 1987
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Ovid MEDLINE(R)

ALL <1946 to June 05, 2020>

1 exp Infant, Newborn/ (604669)

2 Premature Birth/ (13651)

3 (neonat$ or neo nat$).ti,ab. (262665)

4 (newborn$ or new born$ or newly born$).ti,ab. (165343)

5 (preterm or preterms or pre term or pre terms).ti,ab. (74485)

6 (preemie$ or premie or premies).ti,ab. (169)

7 (prematur$ adj3 (birth$ or born or deliver$)).ti,ab. (15620)

8 (low adj3 (birthweight$ or birth weight$)).ti,ab. (34515)

9 (lbw or vlbw or elbw).ti,ab. (8389)

10 infan$.ti,ab. (434517)

11 (baby or babies).ti,ab. (69811)

12 or/1-11 (1052354)

13 Enteral Nutrition/ (19588)

14 ((enteral$ or enteric$) adj2 (nutrition or feed$ or fed$)).ti,ab. (14396)

15 ((enteral$ or enteric$) adj2 (milk or breastmilk or formula$)).ti,ab. (1278)

16 ((enteral$ or enteric$) adj2 stimulat$).ti,ab. (188)

17 ((enteral$ or enteric$) adj2 fast$).ti,ab. (84)

18 ((oral or sip or tube) adj2 (feed$ or fed)).ti,ab. (11231)

19 ((nasogastric or gastrostomy or jejunostomy) adj2 tube$).ti,ab. (8613)

20 ((high$ or increas$ or increment$ or excess$ or full$ or standard$ or routine$ or conventional$ or conservative$ or moderate$ or low
$ or minimal$ or decreas$ or reduc$ or less$ or small$) adj2 (volume$ or quantit$ or amount$) adj2 (feed$ or fed or milk or breastmilk
or formula$)).ti,ab. (1264)

21 ((advanc$ or aggressive$ or fast or faster or rapid$ or slow$) adj3 feed$).ti,ab. (3154)

22 ((advanc$ or aggressive$ or fast or faster or rapid$ or slow$) adj3 volume$).ti,ab. (3835)

23 (speed$ adj4 (feed$ or volume$)).ti,ab. (1758)

24 (trophic adj2 (feed$ or fed or nutrition)).ti,ab. (195)

25 ((hypocaloric or hypo caloric) adj2 (feed$ or fed or nutrition)).ti,ab. (230)

26 ((gut or gastrointestinal or GI) adj2 (priming or prime$)).ti,ab. (81)

27 or/13-26 (47698)

28 12 and 27 (7611)

29 randomized controlled trial.pt. (507002)

30 controlled clinical trial.pt. (93705)

31 randomized.ab. (481626)

32 placebo.ab. (208275)
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33 drug therapy.fs. (2208868)

34 randomly.ab. (334529)

35 trial.ab. (507758)

36 groups.ab. (2053908)

37 or/29-36 (4718557)

38 exp animals/ not humans.sh. (4705042)

39 37 not 38 (4092803)

40 28 and 39 (2165)

CINAHL via EBSCOhost

Inception to 08 June 2020

 

# Query Results

S1 MH "Infant, Newborn+" 145,766

S2 MH "Infant, Low Birth Weight+" 15,009

S3 MH "Infant, Premature" 24,076

S4 TI ( neonat* or neo-nat* ) OR AB ( neonat* or neo-nat* ) 69,698

S5 TI ( newborn* or new-born* or newly N1 born* ) OR AB ( newborn* or new-
born* or newly N1 born* )

32,800

S6 TI ( preterm or preterms or pre-term or pre-terms ) OR AB ( preterm or
preterms or pre-term or pre-terms)

34,099

S7 TI ( preemie* or premie or premies ) OR AB ( preemie* or premie or premies ) 329

S8 TI ( prematur* N3 (birth* or born or deliver*) ) OR AB ( prematur* N3 (birth* or
born or deliver*) )

4,895

S9 TI ( low N3 (birthweight* or birth-weight*) ) OR AB ( low N3 (birthweight* or
birth-weight*) )

13,011

S10 TI ( lbw or vlbw or elbw ) OR AB ( lbw or vlbw or elbw ) 3,565

S11 TI infan* OR AB infan* 120,057

S12 TI ( baby or babies ) OR AB ( baby or babies ) 35,040

S13 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 272,581

S14 (MH "Randomized Controlled Trials") 120,017

S15 (MH "Double-Blind Studies") 50,142

S16 (MH "Single-Blind Studies") 15,328

S17 (MH "Random Assignment") 68,436
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S18 (MH "Pretest-Posttest Design") 51,092

S19 (MH "Cluster Sample") 5,269

S20 TI randomised OR randomized 110,769

S21 AB random* 333,960

S22 TI trial 112,830

S23 MH (sample size) AND AB (assigned OR allocated OR control) 4,850

S24 MH (placebos) 13,734

S25 PT (randomized controlled trial) 132,192

S26 AB (control W5 group) 120,174

S27 MH (crossover design) OR MH (comparative studies) 354,078

S28 AB (cluster W3 RCT) 372

S29 S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR
S24 OR S25 OR S26 OR S27 OR S28

820,523

S30 (MH "Control Group") 14,106

S31 TI ( group or groups ) OR AB ( group or groups ) 808,208

S32 TI assign* OR AB assign* 82,495

S33 (MH "Multicenter Studies") 245,030

S34 TI ( multicentre* or multi-centre* or multicenter* or multi-center* ) OR AB
( multicentre* or multi-centre* or multicenter* or multi-center* )

53,577

S35 (MH "Controlled Before-After Studies") 167

S36 TI before N3 after OR AB before N3 after 83,436

S37 S30 OR S31 OR S32 OR S33 OR S34 OR S35 OR S36 1,078,716

S38 S29 OR S37 1,387,574

S39 (MH "Enteral Nutrition") 10,163

S40 TI ( (enteral* or enteric*) N2 (nutrition or feed* or fed*) ) OR AB ( (enteral* or
enteric*) N2 (nutrition or feed* or fed*) )

7,253

S41 TI ( (enteral* or enteric*) N2 (milk or breastmilk or formula*) ) OR AB ( (enteral*
or enteric*) N2 (milk or breastmilk or formula*) )

616

S42 TI ( (enteral* or enteric*) N2 stimulat* ) OR AB ( (enteral* or enteric*) N2 stimu-
lat* )

37

S43 TI ( (enteral* or enteric*) N2 fast* ) OR AB ( (enteral* or enteric*) N2 fast* ) 28

  (Continued)
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S44 TI ( (oral or sip or tube) N2 (feed* or fed) ) OR AB ( (oral or sip or tube) N2 (feed*
or fed) )

5,259

S45 TI ( (nasogastric or gastrostomy or jejunostomy) N2 tube* ) OR AB ( (nasogas-
tric or gastrostomy or jejunostomy) N2 tube* )

3,288

S46 TI ( (high* or increas* or increment* or excess* or full* or standard* or rou-
tine* or conventional* or conservative* or moderate* or low* or minimal* or
decreas* or reduc* or less* or small*) N2 (volume* or quantit* or amount*)
N2 (feed* or fed or milk or breastmilk or formula*) ) OR AB ( (high* or increas*
or increment* or excess* or full* or standard* or routine* or conventional*
or conservative* or moderate* or low* or minimal* or decreas* or reduc* or
less* or small*) N2 (volume* or quantit* or amount*) N2 (feed* or fed or milk or
breastmilk or formula*) )

340

S47 TI ( (advanc* or aggressive* or fast or faster or rapid* or slow*) N3 feed* ) OR AB
( (advanc* or aggressive* or fast or faster or rapid* or slow*) N3 feed* )

756

S48 TI ( (advanc* or aggressive* or fast or faster or rapid* or slow*) N3 volume* ) OR
AB ( (advanc* or aggressive* or fast or faster or rapid* or slow*) N3 volume* )

924

S49 TI ( speed* N4 (feed* or volume*) ) OR AB ( speed* N4 (feed* or volume*) ) 271

S50 TI ( trophic N2 (feed* or fed or nutrition) ) OR AB ( trophic N2 (feed* or fed or
nutrition) )

68

S51 TI ( (hypocaloric or hypo-caloric) N2 (feed* or fed or nutrition) ) OR AB
( (hypocaloric or hypo-caloric) N2 (feed* or fed or nutrition) )

90

S52 TI ( (gut or gastrointestinal or GI) N2 (priming or prime*) ) OR AB ( (gut or gas-
trointestinal or GI) N2 (priming or prime*) )

17

S53 S39 OR S40 OR S41 OR S42 OR S43 OR S44 OR S45 OR S46 OR S47 OR S48 OR
S49 OR S50 OR S51 OR S52

19,324

S54 S13 AND S53 3,327

S55 S38 AND S54 1,401

S56 TI (rat or rats or mouse or mice or swine or porcine or murine or pig or pigs or
piglets or rabbit or rabbits or cat or cats or dog or dogs)

96,133

S57 S55 NOT S56 1,367

  (Continued)

 
Embase via Ovid

<1974 to 2020 June 05>

1 newborn/ (523847)

2 prematurity/ (101320)

3 exp low birth weight/ (61651)

4 (neonat$ or neo nat$).ti,ab. (340459)

5 (newborn$ or new born$ or newly born$).ti,ab. (192461)
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6 (preterm or preterms or pre term or pre terms).ti,ab. (104368)

7 (preemie$ or premie or premies).ti,ab. (261)

8 (prematur$ adj3 (birth$ or born or deliver$)).ti,ab. (21473)

9 (low adj3 (birthweight$ or birth weight$)).ti,ab. (43508)

10 (lbw or vlbw or elbw).ti,ab. (11455)

11 infan$.ti,ab. (495460)

12 (baby or babies).ti,ab. (96465)

13 or/1-12 (1135142)

14 enteric feeding/ (31737)

15 ((enteral$ or enteric$) adj2 (nutrition or feed$ or fed$)).ti,ab. (23134)

16 ((enteral$ or enteric$) adj2 (milk or breastmilk or formula$)).ti,ab. (1742)

17 ((enteral$ or enteric$) adj2 stimulat$).ti,ab. (249)

18 ((enteral$ or enteric$) adj2 fast$).ti,ab. (99)

19 ((oral or sip or tube) adj2 (feed$ or fed)).ti,ab. (17060)

20 ((nasogastric or gastrostomy or jejunostomy) adj2 tube$).ti,ab. (13270)

21 ((high$ or increas$ or increment$ or excess$ or full$ or standard$ or routine$ or conventional$ or conservative$ or moderate$ or low
$ or minimal$ or decreas$ or reduc$ or less$ or small$) adj2 (volume$ or quantit$ or amount$) adj2 (feed$ or fed or milk or breastmilk
or formula$)).ti,ab. (1526)

22 ((advanc$ or aggressive$ or fast or faster or rapid$ or slow$) adj3 feed$).ti,ab. (3756)

23 ((advanc$ or aggressive$ or fast or faster or rapid$ or slow$) adj3 volume$).ti,ab. (5166)

24 (speed$ adj4 (feed$ or volume$)).ti,ab. (2183)

25 (trophic adj2 (feed$ or fed or nutrition)).ti,ab. (255)

26 ((hypocaloric or hypo caloric) adj2 (feed$ or fed or nutrition)).ti,ab. (282)

27 ((gut or gastrointestinal or GI) adj2 (priming or prime$)).ti,ab. (107)

28 or/14-27 (71577)

29 13 and 28 (10955)

30 randomized controlled trial/ (606861)

31 controlled clinical trial/ (464630)

32 random$.ti,ab. (1541142)

33 randomization/ (87000)

34 intermethod comparison/ (261115)

35 placebo.ti,ab. (307083)

36 (compare or compared or comparison).ti. (509950)

37 ((evaluated or evaluate or evaluating or assessed or assess) and (compare or compared or comparing or comparison)).ab. (2117373)

38 (open adj label).ti,ab. (79514)

39 ((double or single or doubly or singly) adj (blind or blinded or blindly)).ti,ab. (232612)
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40 double blind procedure/ (173436)

41 parallel group$1.ti,ab. (25603)

42 (crossover or cross over).ti,ab. (105321)

43 ((assign$ or match or matched or allocation) adj5 (alternate or group$1 or intervention$1 or patient$1 or subject$1 or participant
$1)).ti,ab. (330349)

44 (assigned or allocated).ti,ab. (388709)

45 (controlled adj7 (study or design or trial)).ti,ab. (349049)

46 (volunteer or volunteers).ti,ab. (246875)

47 human experiment/ (498692)

48 trial.ti. (300650)

49 or/30-48 (5021873)

50 (rat or rats or mouse or mice or swine or porcine or murine or sheep or lambs or pigs or piglets or rabbit or rabbits or cat or cats or dog
or dogs or cattle or bovine or monkey or monkeys or trout or marmoset$1).ti. and animal experiment/ (1064124)

51 Animal experiment/ not (human experiment/ or human/) (2246211)

52 50 or 51 (2294010)

53 49 not 52 (4709817)

54 29 and 53 (2628)

Maternity & Infant Care Database (MIDIRS) via Ovid

<1971 to April 2020>

1 ((enteral$ or enteric$) adj2 (nutrition or feed$ or fed$)).mp. (909)

2 ((enteral$ or enteric$) adj2 (milk or breastmilk or formula$)).mp. (18)

3 ((enteral$ or enteric$) adj2 stimulat$).mp. (2)

4 ((enteral$ or enteric$) adj2 fast$).mp. (6)

5 ((oral or sip or tube) adj2 (feed$ or fed)).mp. (530)

6 ((nasogastric or gastrostomy or jejunostomy) adj2 tube$).mp. (150)

7 ((high$ or increas$ or increment$ or excess$ or full$ or standard$ or routine$ or conventional$ or conservative$ or moderate$ or low$
or minimal$ or decreas$ or reduc$ or less$ or small$) adj2 (volume$ or quantit$ or amount$) adj2 (feed$ or fed or milk or breastmilk or
formula$)).mp. (111)

8 ((advanc$ or aggressive$ or fast or faster or rapid$ or slow$) adj3 feed$).mp. (158)

9 ((advanc$ or aggressive$ or fast or faster or rapid$ or slow$) adj3 volume$).mp. (58)

10 (speed$ adj4 (feed$ or volume$)).mp. (12)

11 (trophic adj2 (feed$ or fed or nutrition)).mp. (26)

12 ((hypocaloric or hypo caloric) adj2 (feed$ or fed or nutrition)).mp. (3)

13 ((gut or gastrointestinal or GI) adj2 (priming or prime$)).mp. (7)

14 or/1-13 (1622)

ClinicalTrials.gov

https://clinicaltrials.gov/ct2/
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12 June 2020

362 Studies found for: enteral OR enteric | Infant OR Preterm OR pre-term OR premature OR prematurity OR preemie OR premie OR low
birth weight OR low birthweight OR LBW OR VLBW OR ELBW OR neonate OR neo-nate OR newborn

Appendix 2. Previous search methods

Previous search methods for Abiramalatha 2017

Electronic searches

We searched the Cochrane Central Register of Controlled Trials (CENTRAL; 2017, Issue 2) in the Cochrane Library; MEDLINE (1946 to
November 2016); Embase (1974 to November 2016); the Cumulative Index to Nursing and Allied Health Literature (CINAHL; 1982 to
November 2016); and Maternity and Infant Care (1971 to November 2016). We limited search outputs with relevant search filters for clinical
trials, as recommended in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011b). We did not apply any language
restrictions.

We searched ClinicalTrials.gov, Current Controlled Trials, and the World Health Organization International Trials Registry and Platform
(www.whoint/ictrp/search/en/) for completed or ongoing trials.

Searching other resources

We examined reference lists in related reviews, included, and excluded studies. We searched the proceedings of annual meetings of the
Pediatric Academic Societies (1993 to 2016), the European Society for Paediatric Research (1995 to 2016), the Royal College of Paediatrics
and Child Health (2000 to 2017), and the Perinatal Society of Australia and New Zealand (2000 to 2016). Trials reported only as abstracts
were eligible if suKicient information was available from the report, or from contact with trial authors, to fulfil inclusion criteria.

We used the following search terms

De-duplicated search results from: PubMed, Embase, CINAHL, Cochrane Library (Search date: No limit – November 14, 2016)

Search terms: breast milk OR diet supplementation OR ((fortif* OR supplemented OR supplementation) near ((human OR breast OR
expressed) NEAR milk))

Plus the following database-specific terms:

PubMed: ((infant, newborn[MeSH] OR newborn OR neonate OR neonatal OR premature OR low birth weight OR VLBW OR LBW or infan*
or neonat*) AND (randomized controlled trial [pt] OR controlled clinical trial [pt] OR randomized [tiab] OR placebo [tiab] OR drug therapy
[sh] OR randomly [tiab] OR trial [tiab] OR groups [tiab]) NOT (animals [mh] NOT humans [mh]))

Embase: (infant, newborn or newborn or neonate or neonatal or premature or very low birth weight or low birth weight or VLBW or LBW
or Newborn or infan* or neonat*) AND (human not animal) AND (randomized controlled trial or controlled clinical trial or randomized or
placebo or clinical trials as topic or randomly or trial or clinical trial)

CINAHL: (infant, newborn OR newborn OR neonate OR neonatal OR premature OR low birth weight OR VLBW OR LBW or Newborn or infan*
or neonat*) AND (randomized controlled trial OR controlled clinical trial OR randomized OR placebo OR clinical trials as topic OR randomly
OR trial OR PT clinical trial)

Cochrane Library: (infant or newborn or neonate or neonatal or premature or very low birth weight or low birth weight or VLBW or LBW)

Appendix 3. 'Risk of bias' tool

Sequence generation (checking for possible selection bias). Was the allocation sequence adequately generated?

For each included study, we categorised the method used to generate the allocation sequence as:

• low risk (any truly random process e.g. random number table; computer random number generator);

• high risk (any non-random process e.g. odd or even date of birth; hospital or clinic record number); or

• unclear risk.

Allocation concealment (checking for possible selection bias). Was allocation adequately concealed?

For each included study, we categorised the method used to conceal the allocation sequence as:

• low risk (e.g. telephone or central randomisation; consecutively numbered sealed opaque envelopes);

• high risk (open random allocation; unsealed or non-opaque envelopes, alternation; date of birth); or

• unclear risk.
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Blinding of participants and personnel (checking for possible performance bias). Was knowledge of the allocated intervention
adequately prevented during the study?

For each included study, we categorised the methods used to blind study participants and personnel from knowledge of which intervention
a participant received. Blinding was assessed separately for diKerent outcomes or class of outcomes. We categorised the methods as:

• low risk, high risk or unclear risk for participants; and

• low risk, high risk or unclear risk for personnel.

Blinding of outcome assessment (checking for possible detection bias). Was knowledge of the allocated intervention adequately
prevented at the time of outcome assessment?

For each included study, we categorised the methods used to blind outcome assessment. Blinding was assessed separately for diKerent
outcomes or class of outcomes. We categorised the methods as:

• low risk for outcome assessors;

• high risk for outcome assessors; or

• unclear risk for outcome assessors.

Incomplete outcome data (checking for possible attrition bias through withdrawals, dropouts, protocol deviations). Were
incomplete outcome data adequately addressed?

For each included study and for each outcome, we described the completeness of data including attrition and exclusions from the analysis.
We noted whether attrition and exclusions were reported, the numbers included in the analysis at each stage (compared with the total
randomised participants), reasons for attrition or exclusion where reported, and whether missing data were balanced across groups or
were related to outcomes. Where suKicient information was reported or supplied by the trial authors, we re-included missing data in the
analyses. We categorised the methods as:

• low risk (< 20% missing data);

• high risk (≥ 20% missing data); or

• unclear risk.

Selective reporting bias. Are reports of the study free of suggestion of selective outcome reporting?

For each included study, we described how we investigated the possibility of selective outcome reporting bias and what we found. For
studies in which study protocols were published in advance, we compared prespecified outcomes versus outcomes eventually reported in
the published results. If the study protocol was not published in advance, we contacted study authors to gain access to the study protocol.
We assessed the methods as:

• low risk (where it is clear that all of the study's prespecified outcomes and all expected outcomes of interest to the review have been
reported);

• high risk (where not all the study's prespecified outcomes have been reported; one or more reported primary outcomes were not
prespecified outcomes of interest and are reported incompletely and so cannot be used; study fails to include results of a key outcome
that would have been expected to have been reported); or

• unclear risk.

Other sources of bias. Was the study apparently free of other problems that could put it at a high risk of bias?

For each included study, we described any important concerns we had about other possible sources of bias (for example, whether there
was a potential source of bias related to the specific study design or whether the trial was stopped early due to some data-dependent
process). We assessed whether each study was free of other problems that could put it at risk of bias as:

• low risk;

• high risk; or

• unclear risk.

If needed, we explored the impact of the level of bias through undertaking sensitivity analyses.

W H A T ' S   N E W
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Date Event Description

20 November 2020 New search has been performed We searched the literature in June 2020. We included two new
studies (Kuschel 2000; Travers 2020).

20 November 2020 New citation required and conclusions
have changed

High volume feeds probably improves weight gain during hospi-
tal stay (moderate certainty of evidence). There is insufficient da-
ta on other growth and clinical outcomes.

 

H I S T O R Y

Protocol first published: Issue 10, 2016
Review first published: Issue 9, 2017

C O N T R I B U T I O N S   O F   A U T H O R S

TA (along with NT and ST) revised the previous protocol (Abiramalatha 2016). TA, NT and ST revised the previous published review
(Abiramalatha 2017).

For this review update, TA and ST screened search outputs, assessed study eligibility, and extracted and synthesised data. TA and ST
assessed risk of bias across key domains and undertook GRADE assessment. All review authors revised the final review update.

D E C L A R A T I O N S   O F   I N T E R E S T

TA has no interest to declare.

NT was the principal investigator in one study included in this review (Thomas 2012). However, TA performed the 'Risk of bias' assessment
and data extraction for the trial. NT received no funding for Thomas 2012.

ST has no interest to declare.

Core editorial and administrative support for this review has been provided by a grant from The Gerber Foundation. The Gerber Foundation
is a separately endowed, private foundation, independent from the Gerber Products Company. The grantor has no input on the content
of the review or the editorial process (see Sources of support).

S O U R C E S   O F   S U P P O R T

Internal sources

• No sources of support supplied

External sources

• National Institute for Health Research, UK

This report is independent research funded by a UK National Institute of Health Research Grant (NIHR) Cochrane Programme Grant
(13/89/12). The views expressed in this publication are those of the authors and not necessarily those of the NHS, the NIHR, or the UK
Department of Health.

• The Gerber Foundation, USA

Editorial support for this review, as part of a suite of preterm nutrition reviews, has been provided by a grant from The Gerber
Foundation. The Gerber Foundation is a separately endowed, private, 501(c)(3) foundation not related to Gerber Products Company
in any way.

• Vermont Oxford Network, USA

Cochrane Neonatal Reviews are produced with support from Vermont Oxford Network, a worldwide collaboration of health
professionals dedicated to providing evidence-based care of the highest quality for newborn infants and their families.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

2020

We have done the following changes to the previous publication of the review (Abiramalatha 2017).
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• We compared high versus standard volume of 'fortified human milk or preterm formula' and 'unfortified human milk or term formula'
in two separate comparisons in this updated review. The volume cut-oKs for high and standard volume feeds for each comparison were
chosen based on the prevailing practice and nutritional requirements of preterm infants, as described in the background section.

• The objectives of this updated review have been modified. In infants who were fed fortified human milk or preterm formula, high and
standard volume feeds were defined as > 180 mL/kg/day and ≤ 180 mL/kg/day, respectively. In infants who were fed unfortified human
milk or term formula, high and standard volume feeds were defined as > 200 mL/kg/day and ≤ 200 mL/kg/day, respectively.

• Some of the outcomes of this review have been modified as follows:
◦ Changes to primary outcomes:

▪ "Z-scores of weight, length and head circumference" have been changed to "growth measures namely weight, length and
head circumference, measured at a specified postmenstrual age prior to discharge" and this outcome was moved to secondary
outcomes;

▪ Growth measures following discharge from hospital to latest follow-up: moved to secondary outcomes;

▪ "Number of infants with feed intolerance: vomiting, excessive gastric residual volumes (defined by investigators), or abdominal
distension that results in reduction or cessation of enteral feeding)" has been changed to "Proportion of infants with feed
interruption episodes (lasting ≥ 12 hours)".

◦ We have added one new secondary outcome: Time to regain birth weight (days).

• In subgroup analysis, "Very preterm (< 32 weeks' gestation) or VLBW (< 1500 grams) infants versus preterm infants born at between 32
and 36 weeks' gestation or with birth weight 1500 to 2499 grams": changed to "Based on gestational age: < 28 weeks, 28 to 31 weeks, ≥
32 weeks and 2. Based on birth weight: < 1000 grams, 1000 to 1499 grams, ≥ 1500 grams".

• We updated the 'Risk of bias' and the certainty of the evidence.

• For the 2020 update, we developed a new search strategy. The previous search methods are available in Appendix 2.

• We added new external sources of support.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Enteral Nutrition  [adverse eKects]  [*methods];  Enterocolitis, Necrotizing  [epidemiology];  Head  [growth & development];  *Infant
Formula;  Infant Nutritional Physiological Phenomena;  Infant, Low Birth Weight  [*growth & development];  Infant, Premature  [*growth
& development];  *Milk, Human;  Randomized Controlled Trials as Topic;  Weight Gain

MeSH check words

Humans; Infant, Newborn
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