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A B S T R A C T

Background

Feeding preterm infants in response to their hunger and satiation cues (responsive, cue-based, or infant-led feeding) rather than at

scheduled intervals might enhance infants’ and parents’ experience and satisfaction, help in the establishment of independent oral

feeding, increase nutrient intake and growth rates, and allow earlier hospital discharge.

Objectives

To assess the effect of a policy of feeding preterm infants on a responsive basis versus feeding prescribed volumes at scheduled intervals

on growth rates, levels of parent satisfaction, and time to hospital discharge.

Search methods

We used the standard search strategy of the Cochrane Neonatal Review group to search the Cochrane Central Register of Controlled

Trials (CENTRAL 2016, Issue 1), MEDLINE via PubMed (1966 to 17 February 2016), Embase (1980 to 17 February 2016), and

CINAHL (1982 to 17 February 2016). We also searched clinical trials’ databases, conference proceedings, and the reference lists of

retrieved articles for randomised controlled trials and quasi-randomised trials.

Selection criteria

Randomised controlled trials (RCTs) or quasi-RCTs that compared a policy of feeding preterm infants on a responsive basis versus

feeding at scheduled intervals.

Data collection and analysis

Two review authors assessed trial eligibility and risk of bias and undertook data extraction independently. We analysed the treatment

effects in the individual trials and reported the risk ratio and risk difference for dichotomous data and mean difference (MD) for

continuous data, with respective 95% confidence intervals (CIs). We used a fixed-effect model in meta-analyses and explored the

potential causes of heterogeneity in sensitivity analyses. We assessed the quality of evidence at the outcome level using the Grading of

Recommendations Assessment, Development and Evaluation (GRADE) approach.

Main results

We found nine eligible RCTs including 593 infants in total. These trials compared responsive with scheduled interval regimens in

preterm infants in the transition phase from intragastric tube to oral feeding. The trials were generally small and contained various

methodological weaknesses including lack of blinding and incomplete assessment of all randomised participants. Meta-analyses, although

limited by data quality and availability, suggest that responsive feeding results in slightly slower rates of weight gain (MD −1.36, 95%
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CI −2.44 to −0.29 g/kg/day), and provide some evidence that responsive feeding reduces the time taken for infants to transition from

enteral tube to oral feeding (MD −5.53, 95% CI −6.80 to −4.25 days). GRADE assessments indicated low quality of evidence. The

importance of this finding is uncertain as the trials did not find a strong or consistent effect on the duration of hospitalisation. None

of the included trials reported any parent, caregiver, or staff views.

Authors’ conclusions

Overall, the data do not provide strong or consistent evidence that responsive feeding affects important outcomes for preterm infants

or their families. Some (low quality) evidence exists that preterm infants fed in response to feeding and satiation cues achieve full oral

feeding earlier than infants fed prescribed volumes at scheduled intervals. This finding should be interpreted cautiously because of

methodological weaknesses in the included trials. A large RCT would be needed to confirm this finding and to determine if responsive

feeding of preterm infants affects other important outcomes.

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

Responsive feeding versus scheduled feeding for preterm infants

Review question: Does a policy of feeding preterm infants on a responsive basis compared to feeding prescribed volumes at scheduled

intervals improve growth, length of hospital stay and parent satisfaction?

Background: Feeding preterm infants in response to their hunger and satiation cues (responsive, cue-based, or infant-led feeding) rather

than at scheduled intervals might enhance infants’ and parents’ experience and satisfaction, help in the establishment of independent

oral feeding, increase nutrient intake and growth rates, and allow earlier hospital discharge.

Study characteristics: We searched for all available evidence up to January 2016. We found nine eligible randomised controlled trials

(including a total of 593 infants) that examined whether feeding preterm infants in response to their own feeding and satiation cues

(sometimes called ’demand’ feeding) is better than feeding set volumes of milk at predefined intervals. These trials compared responsive

with scheduled interval regimens in preterm infants in the transition phase from intragastric tube to oral feeding.

Results: Although the trials were generally small and most had some methodological weaknesses, analysis suggests that responsive

feeding results in slightly slower rates of weight gain and reduces the time taken for infants to transition from enteral tube to oral

feeding. The quality of this evidence is low, and the importance of this finding is uncertain as the trials did not find a strong or consistent

effect on the length of hospitalisation. None of the included trials reported any parent, caregiver, or staff views.

Conclusions: This Cochrane review does not provide strong or consistent evidence that responsive feeding improves outcomes for

preterm infants or their families. Responsive feeding might help infants transition more quickly to oral feeding, but more randomised

controlled trials would be needed to confirm this finding.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Patient or population: preterm infants

Setting: healthcare facility

Intervention: responsive feeding

Comparison: scheduled interval feeding

Outcomes Anticipated absolute effects∗ (95% CI) of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Risk with scheduled inter-

val feeding

Risk with Responsive

Weight change during study

period (g/ kg/ day)

Comparator Mean weight change during

study period in the interven-

t ion group was 1.36 g/ kg/

day lower (95%CI 0.29 to 2.

44 lower)

305

(4 studies)

⊕⊕©©

Lowa,b

3 trials that did not f ind any

evidence of ef fect on the

rate of weight gain did not

provide data for inclusion in

meta-analyses

Time to establishment of

full oral feeds (af ter trial en-

try)

Comparator Mean time to establishment

of full oral feeds (af ter trial

entry) in the intervent ion

group was 5.5 days shorter

(4.2 to 6.8 days shorter)

167

(2 studies)

⊕⊕©©

Lowa,b

Most trials did not report

this outcome.

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

CI: Conf idence interval

GRADE Working Group grades of evidence

High quality: we are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate quality: we are moderately conf ident in the ef fect est imate: the true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: our conf idence in the ef fect est imate is lim ited: the true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: we have very lit t le conf idence in the ef fect est imate: the true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

a Risk of bias - lack of blinding in trials
b Publicat ion and report ing bias probable
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B A C K G R O U N D

Description of the condition

The frequency of feeding and volume of milk intake of healthy

term infants is generally dictated by the infant’s appetite. Term

infants exhibit feeding and satiation cues and adjust their volume

of intake to compensate for differences in the nutrient density of

various milks (Fomon 1969; Fomon 1975). In contrast, enteral

feeds for preterm infants are usually given as prescribed volumes

at scheduled intervals (Siddell 1994). Some evidence exists that

preterm infants are also able to self-regulate their intake (Horton

1952; Tyson 1983). Furthermore, while feeding cues may be more

difficult to detect in preterm infants, they may be sufficiently ev-

ident for a parent or caregiver to recognise and respond to (Ross

2002). Caregivers and parents can use infants’ physiological and

behavioural channels of communication to inform their feeding

decisions and actions. Although studies have shown that respon-

sive (cue-based) feeding is feasible for preterm infants, the adop-

tion of responsive feeding has however been constrained by the

“schedule- and volume-driven culture” in many neonatal units

(Shaker 2013).

Description of the intervention

Alternatives to a strict scheduled interval feeding regimen for

preterm infants have been described (Crosson 2004). These strate-

gies aim to respond to infant feeding and satiation cues and are

particularly relevant to infants who are in the transition phase

from gastric tube feeding to oral feeding (either breast, bottle, or

cup-feeding) (Davanzo 2014). At this stage (from about 32 to 36

weeks’ postmenstrual age), preterm infants are usually developing

sustained alert activity and a coordinated suck-swallow-breathe

pattern (Bu’Lock 1990; Holditch-Davis 2003).

Responsive (cue-based or infant-led, and previously often referred

to as ’demand’) feeding is a co-regulated approach (Crosson 2004).

The enteral feeding process starts when the caregiver recognises

infant cues that indicate readiness to feed and ends when the infant

demonstrates satiation. The infant, therefore, determines the tim-

ing, duration, and volume of intake. In modifications of respon-

sive feeding, caregivers may preset a maximum permitted duration

of inactivity or sleep (generally up to five or six hours) between

feeds or a maximum (upper limit) volume of intake. This strategy

is more suited to infants who are receiving gastric tube feeds or

who are fed orally from a bottle or cup. It is much more difficult

to determine when the target volume of intake has been reached

in breast-fed infants.

Infant cues

An infant’s ability to feed well is closely related to the caregiver’s

ability to understand and respond to the infant’s behavioural com-

munication. Common cues include quiet wakefulness, hand-to-

mouth gestures, and finger or fist sucking. Crying is a late feed-

ing cue; mouthing, tongue-poking, arm waving, kicking, stretch-

ing, bicycling legs, and grunting are often exhibited before crying.

Waiting for an infant to cry before feeding may mean caregivers

have already missed key initial feeding cues and can lead to poor

latching (in breast-fed infants), and gulping and air-swallowing.

For a preterm infant, crying for feeds wastes effort and energy

as well as raising stress levels at such a vulnerable developmental

stage. If the quality of a feed takes priority over the quantity in-

gested, feeding skills may develop pleasurably and at the infant’s

own pace, enhancing the parents’ experience of nurturing their

child and satisfaction of neonatal care (Puntis 2006; Kirk 2007;

Shaker 2013; Briere 2014).

How the intervention might work

Responsive feeding may be considered a part of an integrated

approach to providing ’developmental care’ for preterm infants.

Infants are seen as individuals in their own right and caregivers

are guided by the needs of the infant. The Cochrane review of

other components of developmental care found some evidence

that interventions such as minimising unnecessary exposure to

external stimuli and clustering of care activities increase nutrient

intake and rates of growth, and decreases the length of hospital

stay (Symington 2006). Allowing preterm infants to dictate the

timing and duration of enteral feeding may result in longer rest

periods between some feeds, promote infant-determined sleep and

wake patterns that reduce unnecessary energy expenditure, and

increase growth rates (McCain 2003). It is also possible that al-

lowing the infant to determine the pattern of enteral feeding will

help in the development of organised behaviour states and the ear-

lier establishment of full oral feeding, a key criterion for hospital

discharge for preterm infants (AAP 2008; Rose 2008). This may

be particularly relevant for infants and their mothers transition-

ing to exclusive breastfeeding. Responsive feeding for preterm in-

fants in neonatal intensive care is now recommended as a method

to increase the duration of breastfeeding in the United Nations

Children’s Emergency Fund (UNICEF) Baby-Friendly Hospital

Initiative “Ten steps to successful breastfeeding” (Nyqvist 2013).

There may be other benefits for the family and caregivers, princi-

pally allowing parents to feel more directly involved with their in-

fant’s care and increasing their confidence and ability to recognise

and respond to their infant’s needs during their hospital stay and

beyond. Enhanced parental satisfaction is a key quality indicator

in measuring the effectiveness of family-centred care in neonatal

services (Nair 2014).
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Why it is important to do this review

Responsive feeding might help in the establishment of indepen-

dent oral feeding, allow earlier hospital discharge, and enhance

parent experience. Reducing length of hospital stay has a direct

effect on hospital costs and may also decrease cot occupancy in

neonatal units, thus reducing the need for inter-hospital transfer

of women and infants. Potential adverse effects of responsive feed-

ing for preterm infants are also recognised. These mainly relate to

whether such a regimen can guarantee metabolic stability, particu-

larly normoglycaemia, in this vulnerable group. Even at the point

of discharge from hospital, some preterm infants are known to be

susceptible to hypoglycaemia if a scheduled enteral feed is omitted

or delayed (Hume 1999; Mola-Schenzle 2015). There is concern

that repeated or prolonged episodes of hypoglycaemia may impair

longer term growth and development (Duvanel 1999). There may

be more acute problems relating to gastro-intestinal immaturity,

such as feeding intolerance and a higher risk of aspiration of gastric

contents into the lungs, as well as concerns that allowing unre-

strained volumes of enteral intake may increase the risk of gastro-

oesophageal reflux or feed intolerance.

O B J E C T I V E S

To assess the effect of a policy of feeding preterm infants on a

responsive basis versus feeding prescribed volumes at scheduled

intervals on growth rates, levels of parent satisfaction, and time to

hospital discharge.

M E T H O D S

Criteria for considering studies for this review

Types of studies

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

Cluster-RCTs where the unit of randomisation was a group of in-

fants (for example, all infants cared for in a participating neona-

tal unit) were also eligible for inclusion. We excluded cross-over

studies that assessed the use of two feeding strategies in the same

infant as this design would not permit a meaningful assessment of

the effect of the intervention on the important outcomes for this

Cochrane review (growth rates and time to hospital discharge).

Studies published as abstracts were eligible for inclusion only if

assessment of study quality was possible and if other criteria for

inclusion were fulfilled. We contacted the authors of studies pub-

lished as abstracts for further information if required.

Types of participants

Preterm infants (less than 37 weeks’ gestation) at least partially

enterally fed. Participating infants may have been fed with formula

or human breast milk (or both) via any enteral route including

tube, bottle, breast, or cup.

Types of interventions

• Responsive feeding: The enteral feed starts in response to

the infant’s feeding cues and ends when the infant exhibits

satiation cues. We accepted trials that assessed modifications or

variations of responsive feeding such as: (i) the feed starts in

response to the infant’s cues but ends when a prescribed volume

of intake is reached; (ii) the infant may be fed if he or she

remains asleep beyond a predefined interval for assessing cues.

• Scheduled interval feeding: Feeds are given at scheduled

intervals without regard to the infant’s sleep or wake status.

Orally fed infants who are asleep are awakened to feed or fed via

an enteral feeding tube if unable to be awoken sufficiently.

The infants in the comparison groups in each trial must have

received the same type(s) of milk. We excluded trials where the

type of milk is a co-intervention (unless as part of a factorial design

in the RCT).

Any feeding cues used in individual trials were acceptable provided

these were defined a priori. Trials that used the response to non-nu-

tritive sucking on a pacifier as a tool for assessing readiness to feed

in the intervention group were eligible for inclusion. However, we

planned to interpret the findings of these trials with caution since

the Cochrane review of non-nutritive sucking found evidence that

this intervention improves bottle-feeding performance and is asso-

ciated with a statistically significant decrease in length of hospital

stay for preterm infants (Pinelli 2005). We did not specify a mini-

mum trial duration as a primary eligibility criterion. However, we

planned only to include growth data in meta-analyses from trials

that allocated the intervention for a sufficient period (at least one

week) to allow measurable effects on growth.

Types of outcome measures

Primary outcomes

1. Growth: (a) weight gain (g/day or g/kg/day); linear growth

(mm/week); head circumference (mm/week); skinfold thickness

(mm/week) during the trial period. (b) Proportion of infants

who remain below the 10th percentile for the index population’s

distribution of weight, height, or head circumference when

assessed at hospital discharge, 40 weeks’ postmenstrual age,

during infancy, and beyond.

2. Duration of hospital admission: postmenstrual age or

chronological age (days from birth or from trial enrolment), or

both, to discharge to home from hospital.

5Responsive versus scheduled feeding for preterm infants (Review)
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3. Measures of parental satisfaction using validated assessment

tools.

Secondary outcomes

1. Age (postmenstrual age or days from birth) at establishment

of full oral feeding (independent of intragastric tube feeding).

2. Nutrient intake during trial period: mean volume of milk

and intake of energy or protein (per kg/day).

3. Duration of breastfeeding (time from start of trial until

infant stops receiving any human breast milk) and breastfeeding

prevalence (any and exclusive) on discharge and at three and six

months post term.

4. Milk aspiration: consistent clinical history and chest x-ray

findings.

5. Hypoglycaemia requiring treatment with unscheduled

enteral supplement or intravenous fluids or glucagon.

6. Feed intolerance defined as a requirement to cease enteral

feeds and commence parenteral nutrition.

7. Neurodevelopmental outcomes at more than 12 months’

corrected age measured using validated assessment tools such as

Bayley Scales of Infant Development, and classifications of

disability including auditory and visual disability. We defined the

composite outcome ’severe neurodevelopmental disability’ as any

one or combination of the following: non-ambulant cerebral

palsy, developmental delay (developmental quotient < 70),

auditory and visual impairment.

Search methods for identification of studies

We used the standard search strategy of the Cochrane Neonatal

Review Group.

Electronic searches

We used the criteria and standard methods of Cochrane and the

Cochrane Neonatal Review Group (see the Cochrane Neonatal

Group search strategy for specialized register).

We conducted a comprehensive search including: the Cochrane

Central Register of Controlled Trials (CENTRAL 2015, Issue 7)

in the Cochrane Library; MEDLINE via PubMed (1996 to cur-

rent); Embase (1980 to current); and CINAHL (1982 to current)

using the following search terms: (Feeding Behavior OR Suck-

ing Behavior OR Cues OR oral feeding OR demand feeding OR

semi-demand feeding OR self-regulatory feeding OR ad libitum

OR feeding cues OR satiation), plus database-specific limiters for

RCTs and neonates (see Appendix 1 for the full search strategies

for each database). We did not apply language restrictions.

We searched clinical trials’ registries for ongoing or recently com-

pleted trials (ClinicalTrials.gov; the World Health Organization’s

International Trials Registry and Platform www.who.int/ictrp/

search/en/; and the ISRCTN Registry (www.isrctn.com)).

Searching other resources

We examined the references in all studies identified as potentially

relevant.

We searched the abstracts from the annual meetings of the Pedi-

atric Academic Societies (1993 to 2014), the European Society

for Paediatric Research (1995 to 2014), the UK Royal College of

Paediatrics and Child Health (2000 to 2015), and the Perinatal

Society of Australia and New Zealand (2000 to 2014). Trials re-

ported only as abstracts were eligible if sufficient information was

available from the report, or from contact with the trial authors,

to fulfil the inclusion criteria.

Data collection and analysis

We used the standard methods of the Cochrane Neonatal Review

Group (neonatal.cochrane.org/).

Selection of studies

Two review authors screened the title and abstract of all studies

identified by the above search strategy. We assessed the full text of

any potentially eligible reports and excluded those studies that did

not meet all of the inclusion criteria. We discussed any disagree-

ments until consensus was achieved.

Data extraction and management

We used a data collection form to aid extraction of relevant infor-

mation from each included study. Two review authors extracted

the data separately. Any disagreements were discussed until con-

sensus was achieved. We contacted the trial authors for further

information if data from the trial reports were insufficient.

Assessment of risk of bias in included studies

We used the criteria and standard methods of the Cochrane

Neonatal Review Group to assess the methodological quality of

any included trials. Additional information from the trial authors

was requested to clarify methodology and results as necessary. We

evaluated and reported the following issues in the ’Risk of bias’

tables:

1. Sequence generation: we categorised the method used to

generate the allocation sequence as:

i) low risk: any random process e.g. random number

table; computer random number generator;

ii) high risk: any non-random process e.g. odd or even

date of birth; patient case-record number;

iii) unclear.

2. Allocation concealment: we categorised the method used to

conceal the allocation sequence as:

i) low risk: e.g. telephone or central randomisation;

consecutively numbered sealed opaque envelopes;
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ii) high risk: open random allocation; unsealed or non-

opaque envelopes; alternation; date of birth;

iii) unclear.

3. Blinding: we assessed blinding of participants, clinicians

and caregivers, and outcome assessors separately for different

outcomes and categorised the methods as:

i) low risk;

ii) high risk;

iii) unclear.

4. Incomplete outcome data: we described the completeness of

data including attrition and exclusions from the analysis for each

outcome and any reasons for attrition or exclusion where

reported. We assessed whether missing data were balanced across

groups or were related to outcomes. Where sufficient information

was reported or supplied by the trial authors, we re-included

missing data in the analyses. We categorised completeness as:

i) low risk: less than 10% data missing;

ii) high risk: 10% or more data missing;

iii) unclear.

Measures of treatment effect

We calculated risk ratio (RR) and risk difference (RD) for dichoto-

mous data and mean difference (MD) for continuous data, with

respective 95% confidence intervals (CIs). When it was deemed

appropriate to combine two or more study arms, we obtained the

treatment effects from the combined data using the methods de-

scribed in the Cochrane Handbook for Systematic Reviews of Inter-
ventions (Higgins 2011). We determined the number needed to

treat for an additional beneficial outcome (NNTB) or number

needed to treat for an additional harmful outcome (NNTH) for

a statistically significant difference in the RD.

Unit of analysis issues

The unit of analysis was the participating infant in individual

RCTs and the neonatal unit (or sub-unit) for cluster-RCTs.

Dealing with missing data

We requested additional data from the trial investigators if data

on important outcomes were missing or reported unclearly.

Assessment of heterogeneity

We examined the treatment effects of individual trials and hetero-

geneity between trial results by inspecting the forest plots. We cal-

culated the I² statistic for each analysis to quantify inconsistency

across studies and describe the percentage of variability in effect

estimates that may be due to heterogeneity rather than sampling

error. If moderate or high heterogeneity was detected (I² statistic

> 50%), we explored the possible causes (for example, differences

in study design, participants, interventions, or completeness of

outcome assessments) in sensitivity analyses.

Data synthesis

We used a fixed-effect model for meta-analyses.

Quality of evidence

We assessed the quality of evidence for the main comparison at

the outcome level using the Grading of Recommendations Assess-

ment, Development and Evaluation (GRADE) approach (Guyatt

2011a). This considers evidence from randomised controlled trials

as high quality that may be downgraded on the basis of consider-

ation of any of five areas.

• Design (risk of bias).

• Consistency across studies.

• Directness of the evidence.

• Precision of estimates.

• Presence of publication bias.

The GRADE approach results in assessment of the quality of a

body of evidence according to four grades (Schünemann 2013).

• High: We are very confident that the true effect lies close to

the estimate of effect.

• Moderate: We are moderately confident in the effect

estimate: the true effect is likely to be close to the estimate of

effect but may be substantially different.

• Low: Our confidence in the effect estimate is limited: the

true effect may be substantially different from the estimate of

effect.

• Very low: We have very little confidence in the effect

estimate: the true effect is likely to be substantially different from

the estimate of effect.

Two review authors assessed independently the quality of the ev-

idence found for outcomes identified as critical or important for

clinical decision making (growth, time to oral feeding).

In cases where we considered risk of bias arising from inadequate

concealment of allocation, poorly randomised assignment, incom-

plete follow-up or inadequate blinding of outcome assessment

reduced our confidence in the effect estimates, we downgraded

the quality of evidence accordingly (Guyatt 2011b). We evaluated

consistency on the basis of similarity of point estimates, extent of

overlap of confidence intervals, and statistical criteria, including

measurement of heterogeneity (I²). We downgraded the quality

of evidence when inconsistency across study results was large and

unexplained (i.e. some studies suggested important benefit, and

others no effect or harm with no explanation) (Guyatt 2011c). We

assessed precision accordingly with the 95% confidence interval

(CI) around the pooled estimation (Guyatt 2011d). When trials

were conducted in populations other than the target population,

we downgraded the quality of evidence because of indirectness

(Guyatt 2011e).

We entered data (pooled estimates of effects and corresponding

95% CIs) and explicit judgements for each of the above aspects

assessed into the Guideline Development Tool, the software used
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to create ’Summary of findings’ (SoF) tables (GRADEpro 2008).

We explained our assessment of study characteristics in footnotes

in the SoF table.

Subgroup analysis and investigation of heterogeneity

If sufficient data were available, we planned to undertake addi-

tional subgroup analyses of:

1. trials where all participating infants were exclusively fed

from the breast versus trials where participants were formula-fed;

2. trials where the infants’ responses to non-nutritive sucking

were used to assess hunger versus trials that did not included

assessments using non-nutritive sucking.

R E S U L T S

Description of studies

Results of the search

We included nine trials and excluded six studies (Figure 1).
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Figure 1. Study flow diagram: review update
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Included studies

These are described in detail in the Characteristics of included

studies section (Collinge 1982; Saunders 1991; Waber 1998;

Pridham 1999; McCain 2001; Pridham 2001; Kansas 2004;

Puckett 2008; McCain 2012).

Participants

All of the included trials were undertaken since 1980 by inves-

tigators attached to neonatal units in North America. The trials

were small: 582 infants in total participated. The participants in

all of the trials were clinically stable preterm infants who were fully

enterally fed and at transition from intragastric tube feeds to oral

feeds (generally between 32 and 36 weeks’ postmenstrual age).

Most trials excluded infants who were small for gestational age

at birth and infants with congenital anomalies or gastrointestinal

or neurological problems. The balance of oral versus tube feeding

at enrolment differed between trials. One trial enrolled infants at

the start of transition to oral feeding when infants were mainly

fed via an intragastric tube (McCain 2001). In the other trials,

infants were enrolled later in the transition phase when they were

receiving most of their feeds orally. In six trials, intragastric feeding

tubes were removed when infants were allocated to the interven-

tion group (Collinge 1982; Waber 1998; Pridham 1999; Pridham

2001; Kansas 2004; Puckett 2008). The most recently reported

trial recruited only preterm infants with a history of bronchopul-

monary dysplasia, defined as receipt of supplemental oxygen ther-

apy at 28 days postnatally (McCain 2012). The mean gestational

age of infants in this trial was 25 weeks, and infants were recruited

at an average postmenstrual age of 35 to 36 weeks.

Interventions

Most trials described responsive feeding as allowing the infant to

feed orally in response to cues such as crying, sucking on fingers/

pacifier, or rooting. Feeding was ceased only in response to satiation

cues, such as sleep or failure to maintain sucking. In three trials,

infants who did not demonstrate feeding cues within five hours

were aroused to feed orally or given a prescribed volume of milk via

an intragastric tube (Saunders 1991; Waber 1998; Puckett 2008).

In two trials, the infant’s readiness to feed was assessed every three

hours by the response to non-nutritive sucking (McCain 2001;

McCain 2012). Oral feeds were stopped when the infant stopped

sucking or fell asleep. If the minimum prescribed amount was not

taken the infants received a prescribed volume via the intragastric

tube.

Scheduled interval feeding was generally defined as regular feeding

either orally or via an intragastric feeding tube at three- to four-

hourly intervals to achieve a prescribed intake. The target volume

of intake in the trials varied from 100 to 160 mL/kg/day. In all

of the trials the infants in the intervention and control groups

received the same type(s) of milk. Most trial protocols permitted

infants to receive either breast milk or formula milk or a mixture of

these. One trial recruited only formula milk-fed infants (Saunders

1991).

Outcomes

The trials assessed only short-term outcomes, principally volume

and energy intake, and growth parameters (usually weight) during

the study period. The duration of study period was less than a

week in six of the trials. In the other three trials the intervention

was continued until the infants were assessed as being ready for

discharge home, typically 10 to 14 days (Kansas 2004; Puckett

2008; McCain 2012).

Excluded studies

We excluded Horton 1952, Anderson 1990, Chang 2004, and

Kirk 2007, and have listed the reasons for exclusion in the

Characteristics of excluded studies section. Anderson 1990 as-

sessed the effect of a range of nipples for bottle feeding and for non-

nutritive sucking but did not specifically assess responsive feeding

versus scheduled interval feeding. Chang 2004 described a ran-

domised cross-over study in which 11 preterm infants were ran-

domly allocated to receive responsive feeds for 48 hours followed

by scheduled interval feeds for 48 hours or vice versa. As this study

design does not allow the collection of meaningful data on growth

and time to hospital discharge - the primary outcomes of this

Cochrane review - the trial was not considered eligible for inclu-

sion. Horton 1952 reported a case series of low birth weight infants

who received demand oral feeds. Kirk 2007 reported an epoch-

comparison of outcomes for infants demand-fed versus scheduled

interval-fed controls.

Risk of bias in included studies

The methodological quality of the included trials varied (Figure

2).
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Figure 2. ’Risk of bias’ graph: review authors’ judgements about each ’Risk of bias’ item presented as

percentages across all included studies.

Allocation

Seven reports described a randomisation procedure that is likely

to have achieved satisfactory allocation concealment.

Blinding

Due to the nature of the intervention, parents and caregivers were

not blinded in any of the trials. It is unlikely that outcome as-

sessment was blinded in any of the trials as the primary outcomes

(nutrient intake and weight gain) were assessed by caregivers.

Incomplete outcome data

Follow-up was complete or near-complete in seven of the trials, but

not in Pridham 1999 and Pridham 2001 where 46% of enrolled

infants were discharged home before completing the prespecified

five days’ study period. Outcome data were not recorded for these

infants.

Effects of interventions

See: Summary of findings for the main comparison Responsive

versus scheduled feeding for preterm infants

Growth

Eight trials reported data on this outcome. Four trials (305 infants)

reported rates of weight gain during the trial period (McCain

2001; Kansas 2004; Puckett 2008; McCain 2012). Meta-analysis

showed a statistically significantly lower rate of weight gain in the

responsive feeding group: MD −1.36, 95% CI −2.44 to −0.29 g/

kg/day; four trials, 305 participants; I² = 35%; Analysis 1.1; Figure

3.

Figure 3. Forest plot of comparison: 1 Responsive versus scheduled interval feeding, outcome: 1.1 Growth:

weight change during study period (g/kg/day).

Three other trials reported that there was not a statistically signif-

icant difference in the rate of weight gain during the trial period,

but the duration of intervention in these trials was less than one

week (Saunders 1991; Pridham 1999; Pridham 2001).

Waber 1998 reported that the average daily weight gain in the
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intervention group was 26.4 g versus 34.1 g in the control group.

The trial authors did not state whether this difference was sta-

tistically significant. Standard deviation (SD) values were not re-

ported. We sought but did not obtain further data from the trial

authors.

None of the trials provided data on linear growth, head circum-

ference growth, or changes in skinfold thickness during the trial

period.

None of the trials reported any data on longer-term growth pa-

rameters.

Duration of hospital admission

Seven trials reported data on this outcome. McCain 2012 and

Kansas 2004 individually, and a meta-analysis of data from both

trials, did not find a statistically significant difference in the total

length of hospitalisation (Analysis 1.2; Figure 4).

Figure 4. Forest plot of comparison: 1 Responsive versus scheduled interval feeding, outcome: 1.2 Duration

of hospital admission (days).

Waber 1998 reported that the duration of hospital stay was 31 days

in the intervention group versus 33 days in the control group. The

trial authors did not state whether this difference was statistically

significant, and did not report SD values. We sought but did not

obtain further data from the trial authors.

Pridham 1999 and Pridham 2001 stated that there was not a

statistically significant difference in the duration of hospital stay

following randomisation (numerical data not available).

Postmenstrual age at discharge

Two trials (138 infants) reported postmenstrual age at discharge

(Kansas 2004; Puckett 2008). Meta-analysis showed a borderline

statistically significantly lower age at discharge in infants in the

intervention group: MD −0.48, 95% CI −0.94 to −0.01 weeks;

two trials, 138 participants; I² = 49%; Analysis 1.3; Figure 5.

Figure 5. Forest plot of comparison: 1 Responsive versus scheduled interval feeding, outcome: 1.3

Postmenstrual age at discharge (weeks).
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Time from trial enrolment until hospital discharge

Collinge 1982 reported a statistically significant difference in the

number of days from study enrolment until infants were ready for

hospital discharge: 2.7 days versus 8.9 days. The trial authors did

not report or provide SD values.

Saunders 1991 did not report age at hospital discharge but did

state that there was not a statistically significant difference in the

duration of hospital stay following randomisation: 7.2 days in the

intervention group versus 8.4 days in the control group. The trial

authors did not report the SD values. Further data are no longer

available from the trial authors.

Parental satisfaction

This outcome was not reported in any of the included trials.

Time to establishment of full oral feeds

Two trials reported data on this outcome. McCain 2001 and

McCain 2012 , and a meta-analysis of data from both trials,

showed a statistically significant reduction in the time taken to

achieve full oral feeding after trial entry: MD −5.53, 95% CI

−6.80 to −4.25 days; two trials, 167 participants; I² = 8%; Anal-

ysis 1.4; Figure 6).

Figure 6. Forest plot of comparison: 1 Responsive versus scheduled interval feeding, outcome: 1.3 Time to

establishment of full oral feeds (after trial entry).

Collinge 1982 reported that the intervention group achieved es-

tablishment of full oral feeds independently of tube feeding earlier

than the control group but did not comment on statistical signif-

icance or provide data to assess statistical significance.

Nutrient intake during trial period

Five trials reported on this outcome. Four trials reported daily

volume of intake during the study period for those infants who

were not breast-fed, since it was not possible to measure nutrient

intake of breastfeeding infants (Collinge 1982; McCain 2001;

Kansas 2004; Puckett 2008). Meta-analysis showed a borderline

statistically significantly lower volume in infants fed responsively:

MD −5.75, 95% CI −12.12 to 0.62 mL/kg/day; four trials, 208

participants; Analysis 1.5.

Three trials reported daily energy intake during the study period

(McCain 2001; Kansas 2004; McCain 2012). Meta-analysis did

not show a statistically significant difference: MD 0.52, 95% CI

−2.33 to 3.37 kCal/kg/day; three trials, 208 participants; Analysis

1.5.

Pridham 1999 and Pridham 2001 both reported that energy intake

was lower in the responsive group than the control group during

the five days’ study period. The reports do not state whether this

difference was statistically significant.

Waber 1998 reported lower average levels of fluid, energy, and

protein intake in the responsive group but did not state whether

any of these differences were statistically significant. SD values

were not reported and are not available from the trial authors.

Duration of breast-feeding

This outcome was not reported in any of the included trials.

Milk aspiration

This outcome was not reported in any of the included trials.

Hypoglycaemia

This outcome was not reported in any of the included trials.

Feed intolerance

This outcome was not reported in any of the included trials.

Neurodevelopmental outcomes

This outcome was not reported in any of the included trials.
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Subgroup analyses

1. Trials where all participating infants were exclusively fed

from the breast: none of the trials belonged to this subgroup.

2. Trials where the infants’ responses to non-nutritive sucking

were used to assess hunger: two trials belonged to this subgroup

(McCain 2001; McCain 2012). See above for trial description

and findings.

D I S C U S S I O N

Summary of main results

Nine small RCTs including a total of 593 infants met the inclu-

sion criteria of this Cochrane review. The data from these trials do

not provide strong evidence that responsive feeding affects impor-

tant outcomes for preterm infants or their families. Meta-analyses

suggest that responsive feeding results in slightly lower levels of

milk intake and rates of weight gain, but these findings should be

interpreted cautiously because of methodological weaknesses in

the included trials. Although the trials provide some evidence that

responsive feeding reduces the time taken for infants to transition

from enteral tube to oral feeding - a key criterion for determin-

ing readiness for discharge from hospital - the importance of this

finding is uncertain as the trials did not find a strong or consistent

effect on the duration of hospitalisation.

Overall completeness and applicability of
evidence

All but one of the included trials assessed the rate of weight gain

but none reported data on change in length or head circumference.

The short duration of the intervention and follow-up (less than a

week) of many of the trials is unlikely to have allowed detection

of substantial effects on growth. Meta-analysis of data from four

trials which assessed weight gain for longer than one week (up to

between 10 and 14 days) indicated that infants fed responsively

gained weight slightly more slowly, gaining about 1.4 g/kg/day

fewer than scheduled interval-fed infants. This effect on the rate of

weight gain is consistent with a meta-analysis of data from the four

trials which showed that responsive feeding resulted in a borderline

statistically significantly lower volume of milk intake of about 6

mL/kg/day.

Three included trials reported that responsive feeding shortened

the duration of the transition phase from tube to full oral feeds.

Meta-analysis of data from two trials that recruited infants at the

start of the transition to the oral feeding phase indicated that

responsive feeding allows infants to establish oral feeding about

five days earlier. However, the findings from these trials should be

interpreted cautiously because the trial authors used non-nutritive

sucking on a pacifier to assess readiness to feed and some evidence

exists that non-nutritive sucking itself shortens the transition from

tube to oral feeds for preterm infants (Pinelli 2005).

Two trials reported that infants fed in response to feeding cues were

discharged home several days earlier than infants in the scheduled

interval feeding group (Collinge 1982; Puckett 2008). The other

trials did not confirm this finding. Meta-analysis of the effect of

the intervention on the duration of hospital stay was limited be-

cause the included trials reported this outcome in different ways

(total duration of hospital stay from birth, duration of stay post-

randomisation, postmenstrual age at hospital discharge), and be-

cause some trial reports did not provide sufficient data.

Acceptability and impact

It is unclear whether any of these marginal effects have any longer-

term impacts or are of substantial importance to infants and fam-

ilies. None of the trials assessed any measures of parental (or staff )

satisfaction with the intervention package. It is perhaps surpris-

ing that investigators have not assessed systematically the views

of parents and caregivers given that the intervention is part of an

integrated approach to providing ’developmental care’ for preterm

infants, an ethos that is relationship-based rather than protocol-

driven and task-orientated (Symington 2006). Similarly, none of

the trials reported any data on breastfeeding outcomes or on po-

tential harms or adverse consequences of responsive feeding, in-

cluding metabolic instability, milk aspiration, or feed intolerance.

Applicability

Most included trials recruited very stable preterm infants with-

out ongoing respiratory problems or other concerns. One trial re-

cruited extremely preterm infants with evidence of bronchopul-

monary dysplasia but these infants were enrolled when in a stable

phase, typically at around 35 weeks’ postmenstrual age (McCain

2012). The data therefore are most applicable to preterm infants

who are at the transition phase from enteral tube feeding to oral

feeding and who are stable and well.

All included trials were undertaken in neonatal care centres in

North America. Although the findings are likely to be applicable

to care practices in countries with similar types of perinatal health

care services, it is much less clear how applicable this evidence is to

care practices in low- and middle-income countries. In resource-

limited settings, lower levels of staff availability (lower nurse:in-

fant ratios) reduces the time available for assessment of individual

infants’ feeding cues. Conversely, if mothers rather than staff are

the primary caregivers in resource-limited healthcare settings then

responsive feeding regimens may be more feasible and practical,

provided mothers are able, or are trained and supported to be able,

to recognise feeding cues in preterm infants.

Quality of the evidence
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The GRADE assessment of quality of evidence for key outcomes

was low because of possible publication or reporting bias (trials

that did not show evidence of effect did not report numerical

data for inclusion in meta-analyses) as well as concerns about the

methodological rigour of the included trials. Although most trials

used randomisation and allocation methods to prevent selection

bias, none concealed the method of feeding from parents, care-

givers, assessors, or investigators (Figure 2). This may potentially

have resulted in performance or detection bias and knowledge of

the feeding method may have affected other parental or clinical

decisions, including those related to the timing of hospital dis-

charge. Attrition bias was likely to have affected outcome esti-

mates in two trials where almost half of all enrolled infants were

discharged home before completing the study. Outcome data for

inclusion in intention-to-treat (ITT) analyses were not reported

or available for these infants (Pridham 1999; Pridham 2001).

Potential biases in the review process

The main concern with the review process is the possibility that the

findings are subject to publication and other reporting biases. We

attempted to minimise this threat by screening the reference lists of

included trials and related reviews and searching the proceedings

of the major international perinatal conferences to identify trial

reports that are not (or not yet) published in full form in academic

journals. The meta-analyses that we performed did not contain a

sufficient number of trials to explore symmetry of funnel plots as

a means of identifying possible publication or reporting bias.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

The currently available data are not sufficient to determine

whether responsive feeding versus feeding prescribed enteral vol-

umes at scheduled intervals improves important outcomes for

preterm infants. Although some limited evidence exists that re-

sponsive feeding allows earlier attainment of full oral feeding, these

findings should be interpreted and applied cautiously because of

methodological weaknesses in the included trials.

Implications for research

There is a need for a large pragmatic RCT to assess whether re-

sponsive feeding (versus scheduled interval feeding) improves im-

portant clinical outcomes for preterm infants and their families.

Such a trial should probably focus first on those infants at the

transition from enteral tube to oral feeding. The involvement of

parent and infant support and advocacy groups in the trial de-

sign would inform the selection of the most relevant outcomes,

including those related to parental satisfaction. Trials could also

assess resource issues, such as the use of staff time to undertake

assessments and feeding, as these may have implications for an

economic analysis if responsive feeding is to have clinical benefits.

A C K N O W L E D G E M E N T S

We thank Kerri Turner, Gail McCain, Karen Pridham, Bar-

bara Puckett, Rebecca Saunders, and Brenda Waber for kindly

providing further information regarding their trials (Saunders

1991; Waber 1998; Pridham 1999; McCain 2001; Pridham 2001;

Kansas 2004; Puckett 2008).

We thank Felicia McCormick and Karen Tosh for contributions

to a previous version of this Cochrane review (McCormick 2010).

The Cochrane Neonatal Review Group has been funded in part

with Federal funds from the Eunice Kennedy Shriver National

Institute of Child Health and Human Development National In-

stitutes of Health, Department of Health and Human Services,

USA, under Contract No. HHSN267200603418C.

R E F E R E N C E S

References to studies included in this review

Collinge 1982 {published data only}

Collinge JM, Bradley K, Perks C, Rezny A, Topping P.

Demand vs. scheduled feedings for premature infants.

Journal of Obstetric, Gynecologic, and Neonatal Nursing 1982;

11(6):362–7.

Kansas 2004 {published data only}

Kansas KL, Mackley AB, Desai S, Leef KH, Paul DA,

Stefano JL. Self-regulation of feeding in the premature

infant; a randomised trial of ad lib vs. scheduled feedings.

Pediatric Research 2004;55:2493 (abstract).

McCain 2001 {published data only}

McCain GC, Gartside PS. Behavioral responses of preterm

infants to a standard-care and semi-demand feeding

protocol. Newborn and Infant Nursing Reviews 2002;2(3):

187-93.
∗ McCain GC, Gartside PS, Greenberg JM, Lott JW. A

feeding protocol for healthy preterm infants that shortens

time to oral feeding. Journal of Pediatrics 2001;139(3):

374–9.

McCain 2012 {published data only}

McCain GC, Moral TD, Duncan RC, Fontaine JL, Pino

LD. Transition from gavage to nipple feeding for preterm

15Responsive versus scheduled feeding for preterm infants (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



infants with bronchopulmonary dysplasia. Nursing Research

2012;61(6):380–7.

Pridham 1999 {published data only}

Pridham K, Kosorok MR, Greer F, Carey P, Kayata S, Sondel

S. The effects of prescribed versus ad libitum feedings and

formula caloric density on premature infant dietary intake

and weight gain. Nursing Research 1999;48(2):86–93.

Pridham 2001 {published data only}

Pridham KF, Kosorok MR, Greer F, Kayata S, Bhattacharya

A, Grunwald P. Comparison of caloric intake and weight

outcomes of an ad lib feeding regimen for preterm infants

in two nurseries. Journal of Advanced Nursing 2001;35(5):

751–9.

Puckett 2008 {published data only}

Puckett B, Grover VK, Holt T, Sankaran K. Cue-based

feeding for preterm infants: a prospective trial. American

Journal of Perinatology 2008;25(10):623–8.

Saunders 1991 {published data only}

Saunders RB, Friedman CB, Stramoski PR. Feeding

preterm infants. Schedule or demand?. Journal of Obstetric,

Gynecologic, & Neonatal Nursing 1991;20(3):212–8.

Waber 1998 {published data only}

Waber B, Hubler EG, Padden ML. A comparison of

outcomes in demand versus schedule formula-fed premature

infants. Nutrition in Clinical Practice 1998;13(3):132–5.

References to studies excluded from this review

Anderson 1990 {published data only}

Anderson GC, Behnke M, Gill NE, Conlon M, Measel

CP, McDonie TE. Self-regulatory gavage-to-bottle feeding

for preterm infants: Effects of behavioral state, energy

expenditure, and weight gain. In: Funk SG, Tornquist

EM, Champayne MT, Coop LA, Wiese RA editor(s). Key

Aspects of Recovery: Nutrition, Rest, and Mobility. New York:

Springer, 1990:83–97.

Chang 2004 {published data only}

Chang SR, Chen KH. Demand feeding for healthy

premature newborns: a randomized crossover study. Journal

of the Formosan Medical Association 2004;103(2):112–7.

Horton 1952 {published data only}

Horton FH, Lubchenco LO, Gordon HH. Self-regulatory

feeding in a premature nursery. Yale Journal of Biology and

Medicine 1952;24(4):263–72.

Kirk 2007 {published data only}

Kirk AT, Alder SC, King JD. Cue-based oral feeding clinical

pathway results in earlier attainment of full oral feeding

in premature infants. Journal of Perinatology 2007;27(9):

572–8.

Pickler 2015 {published data only}

Pickler RH, Wetzel PA, Meinzen-Derr J, Tubbs-Cooley

HL, Moore M. Patterned feeding experience for preterm

infants: study protocol for a randomized controlled trial.

Trials 2015;16:255. PUBMED: 26041365]

Tubbs-Cooley 2015 {published data only}

Tubbs-Cooley HL, Pickler RH, Meinzen-Derr JK. Missed

oral feeding opportunities and preterm infants’ time to

achieve full oral feedings and neonatal intensive care unit

discharge. American Journal of Perinatology 2015;32(1):1–8.

PUBMED: 24683073]

Additional references

AAP 2008

American Academy of Pediatrics Committee on Fetus and

Newborn. Hospital discharge of the high-risk neonate.

Pediatrics 2008;122(5):1119–26.

Briere 2014

Briere CE, McGrath J, Cong X, Cusson R. State of the

science: a contemporary review of feeding readiness in the

preterm infant. Journal of Perinatal and Neonatal Nursing

2014;28(1):51–8.

Bu’Lock 1990

Bu’Lock F, Woolridge MW, Baum JD. Development of co-

ordination of sucking, swallowing and breathing: ultrasound

study of term and preterm infants. Developmental Medicine

and Child Neurology 1990;32(8):669–78.

Crosson 2004

Crosson DD, Pickler RH. An integrated review of the

literature on demand feedings for preterm infants. Advances

in Neonatal Care 2004;4(4):216–25.

Davanzo 2014

Davanzo R, Strajn T, Kennedy J, Crocetta A, De Cunto

A. From tube to breast: the bridging role of semi-demand

breastfeeding. Journal of Human Lactation 2014;30(4):

405–9. [PUBMED: 25172892]

Duvanel 1999

Duvanel CB, Fawer CL, Cotting J, Hohlfeld P, Matthieu

JM. Long-term effects of neonatal hypoglycemia on brain

growth and psychomotor development in small-for-

gestational-age preterm infants. Journal of Pediatrics 1999;

134(4):492–8.

Fomon 1969

Fomon SJ, Filer LJ Jr, Thomas LN, Rogers RR, Proksch

AM. Relationship between formula concentration and rate

of growth of normal infants. Journal of Nutrition 1969;98

(2):241–54.

Fomon 1975

Fomon SJ, Filer LJ Jr, Thomas LN, Anderson TA, Nelson

SE. Influence of formula concentration on caloric intake

and growth of normal infants. Acta Paediatrica Scandinavica

1975;64(2):172–81.

GRADEpro 2008 [Computer program]

Brozek J, Oxman A, Schünemann H. GRADEpro. Version

Version 3.2 for Windows. The GRADE Working Group,

2008.

Guyatt 2011a

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek

J, et al. GRADE guidelines: 1. Introduction - GRADE

evidence profiles and summary of findings tables. Journal

16Responsive versus scheduled feeding for preterm infants (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



of Clinical Epidemiology 2011;64(4):383–94. [PUBMED:

21195583]

Guyatt 2011b

Guyatt GH, Oxman AD, Vist G, Kunz R, Brozek J, Alonso-

Coello P, et al. GRADE guidelines: 4. Rating the quality of

evidence - study limitations (risk of bias). Journal of Clinical

Epidemiology 2011;64(4):407–15. [PUBMED: 21247734]

Guyatt 2011c

Guyatt GH, Oxman AD, Kunz R, Brozek J, Alonso-Coello

P, Rind D, et al. GRADE guidelines: 6. Rating the quality

of evidence - imprecision. Journal of Clinical Epidemiology

2011;64(12):1283–93. [PUBMED: 21839614]

Guyatt 2011d

Guyatt GH, Oxman AD, Kunz R, Woodcock J, Brozek J,

Helfand M, et al. GRADE guidelines: 7. Rating the quality

of evidence - inconsistency. Journal of Clinical Epidemiology

2011;64(12):1294–302. [PUBMED: 21803546]

Guyatt 2011e

Guyatt GH, Oxman AD, Kunz R, Woodcock J, Brozek J,

Helfand M, et al. GRADE guidelines: 8. Rating the quality

of evidence - indirectness. Journal of Clinical Epidemiology

2011;64(12):1303–10. [PUBMED: 21802903]

Higgins 2011

Higgins JPT, Green S (editors). Cochrane Handbook

for Systematic Reviews of Interventions Version 5.1.0

[updated March 2011]. The Cochrane Collaboration,

2011. Available from www.cochrane-handbook.org.

Holditch-Davis 2003

Holditch-Davis D, Brandon DH, Schwartz T. Development

of behaviors in preterm infants: relation to sleeping and

waking. Nursing Research 2003;52(5):307–17.

Hume 1999

Hume R, McGeechan A, Burchell A. Failure to detect

preterm infants at risk of hypoglycemia before discharge.

Journal of Pediatrics 1999;134(4):499–502.

McCain 2003

McCain GC. An evidence-based guideline for introducing

oral feeding to healthy preterm infants. Neonatal Network

2003;22(5):45–50.

Mola-Schenzle 2015

Mola-Schenzle E, Staffler A, Klemme M, Pellegrini F,

Molinaro G, Parhofer KG, et al. Clinically stable very low

birthweight infants are at risk for recurrent tissue glucose

fluctuations even after fully established enteral nutrition.

Archives of Disease in Childhood. Fetal and Neonatal Edition

2015;100(2):F126–31.

Nair 2014

Nair M, Yoshida S, Lambrechts T, Boschi-Pinto C, Bose

K, Mason EM, et al. Facilitators and barriers to quality

of care in maternal, newborn and child health: a global

situational analysis through metareview. BMJ Open 2014;4

(5):e004749.

Nyqvist 2013

Nyqvist KH, Häggkvist AP, Hansen MN, Kylberg E,

Frandsen AL, Maastrup R, et al. Expansion of the

baby-friendly hospital initiative ten steps to successful

breastfeeding into neonatal intensive care: expert group

recommendations. Journal of Human Lactation 2013;29(3):

300–9.

Pinelli 2005

Pinelli J, Symington A. Non-nutritive sucking for

promoting physiologic stability and nutrition in preterm

infants. Cochrane Database of Systematic Reviews 2005, Issue

4. [DOI: 10.1002/14651858.CD001071.pub2

Puntis 2006

Puntis JW. Nutritional support in the premature newborn.

Postgraduate Medical Journal 2006;82(965):192–8.

[PUBMED: 16517801]

Rose 2008

Rose C, Ramsay L, Leaf A. Strategies for getting preterm

infants home earlier. Archives of Disease in Childhood 2008;

93(4):271–3.

Ross 2002

Ross ES, Brown JV. Developmental progression of feeding

skills: an approach to supporting feeding in preterm infants.

Seminars in Neonatology 2002;7(6):469–75.

Schünemann 2013

Schünemann H, Bro ek J, Guyatt G, Oxman A,

editors. GWG. GRADE Handbook for Grading

Quality of Evidence and Strength of Recommendations.

www.guidelinedevelopment.org/handbook updated

October 2013.

Shaker 2013

Shaker CS. Cue-based feeding in the NICU: using the

infant’s communication as a guide. Neonatal Network 2013;

32(6):404–8.

Siddell 1994

Siddell EP, Froman RD. A national survey of neonatal

intensive-care units: criteria used to determine readiness for

oral feedings. Journal of Obstetric, Gynecologic, & Neonatal

Nursing 1994;23(9):783–9.

Symington 2006

Symington A, Pinelli J. Developmental care for promoting

development and preventing morbidity in preterm infants.

Cochrane Database of Systematic Reviews 2006, Issue 2.

[DOI: 10.1002/14651858.CD001814.pub2

Tyson 1983

Tyson JE, Lasky RE, Mize CE, Richards CJ, Blair SN,

Whyte R, et al. Growth, metabolic response, and

development in very-low-birth-weight infants fed banked

human milk or enriched formula. I. Neonatal findings.

Journal of Pediatrics 1983;103(1):95–104.

References to other published versions of this review

McCormick 2010

McCormick FM, Tosh K, McGuire W. Ad libitum

or demand/semi-demand feeding versus scheduled

interval feeding for preterm infants. Cochrane Database

of Systematic Reviews 2010, Issue 2. [DOI: 10.1002/

14651858.CD005255.pub3

17Responsive versus scheduled feeding for preterm infants (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



∗ Indicates the major publication for the study

C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Collinge 1982

Methods RCT

Participants 36 preterm infants, birth weight less than 2500 g and appropriate for gestational age.

Infants were recruited when they weighed at least 1800 g and were fully enterally fed and

receiving at least 1 feed per day by gavage via an intragastric feeding tube. Breast milk-

fed and formula milk-fed infants (or mixed) participated in the trial. Formula-fed infants

received either standard term formula or nutrient-enriched ’preterm’ formula, or both.

There is no indication in the report that the choice of type of formula was associated

with the feeding regime allocation. Infants with severe gastrointestinal or neurological

problems were not eligible to participate

Interventions Intervention (N = 18): responsive feeding, defined as “allowing the infant to feed as

frequently as (s)he wishes, and to take as much as desired at each feeding”. Infants were

fed (orally or via a gastric feeding tube) in response to crying, sucking on fingers or

pacifier, activity and rooting. The trial report does not state which satiation cues were

assessed.

Control (N = 18) received prescribed volumes of milk (up to 160 mL/kg/day) either

orally or via a feeding tube at 3- to 4-hourly intervals

Outcomes *Volume of intake during trial period.

Total number of feeds per day, and number of feeds given via gastric feeding tube per

day.

Time from randomisation to discharge from hospital.

Notes Setting: Montreal Children’s Hospital, Canada. 1981 to 1982.

*Further information on methodology and results (SD) were not available from the trial

investigators. SD imputed from Puckett 2008 trial with most similar sample size and

effect size in the meta-analysis

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Not described.

Allocation concealment (selection bias) Unclear risk Not described.
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Collinge 1982 (Continued)

Blinding (performance bias and detection

bias)

All outcomes

High risk Blinding of intervention: no.

Blinding of outcome measurement: can’t tell.

Incomplete outcome data (attrition bias)

All outcomes

Low risk Complete follow-up.

Kansas 2004

Methods RCT

Participants 59 preterm infants (born before 33 weeks’ gestational age) who were able to take at least

half of their enteral feeds orally from a nipple (either bottle or breast)

Interventions Intervention (N = 29): at randomisation, enteral feeding tubes were removed and infants

were then fed in response to cues (no maximum or minimum feeding volume or interval)

via a nipple.

Control (N = 30): scheduled interval feeding with gavage feeding if infant did not ingest

prescribed volume from nipple

Outcomes Days (from birth) to discharge to home from hospital.

Daily weight gain.

Average daily volume of milk intake.

Notes Setting: duPont Hospital for Children, Philadelphia, USA. 2003.

Reported in abstract form only. Further information on methodology kindly provided

by trial investigators

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Not described.

Allocation concealment (selection bias) Low risk Sealed opaque envelopes.

Blinding (performance bias and detection

bias)

All outcomes

High risk Blinding of intervention: no.

Blinding of outcome measurement: no.

Incomplete outcome data (attrition bias)

All outcomes

Low risk Complete follow-up.
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McCain 2001

Methods RCT

Participants 81 preterm infants of postmenstrual age between 32 to 34 weeks who were fully enter-

ally fed. Infants with severe periventricular haemorrhage, congenital anomalies, or gas-

trointestinal or neurological problems were not eligible to participate. Infants were fed

fortified human milk or commercial formula at 105 to 130 kcal/kg/day as per nursery

standard of care. The infants had indwelling nasogastric tubes until they reached full

oral feeding

Interventions Intervention group (N = 40): responsive (’semi-demand’) feeding - infants received 10

minutes of non-nutritive sucking every 3 hours to assess wakefulness and behavioural

state. Infants who were wakeful were offered an oral feed. If the infant was not sufficiently

awake, (s)he was left to sleep a further 30 minutes and the process was repeated. If

the infant continued to sleep at that stage, (s)he was given a gavage feed of the full

prescribed volume. Feeds were stopped when the infant stopped sucking or fell asleep or

demonstrated clinical instability. If the minimum prescribed amount was not taken the

infants were supplemented by gavage.

Control infants (N = 41) received prescribed volumes of milk either orally or via a feeding-

tube at 3-hourly intervals. Feeding duration was restricted to a maximum of 30 minutes.

1 infant in the control group was transferred to another hospital after completing the

study protocol. The ’age at discharge home’ is not known

Outcomes Time taken from start of study to achieve full oral feeding.

Rate of weight gain during transition from enteral tube to oral feeds

Notes Setting: neonatal units affiliated to University of Cincinnati, Ohio, USA, late 1990s

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Pre-prepared random sequence unknown to investigators (per-

sonal communication from principal investigator)

Allocation concealment (selection bias) Low risk Sealed opaque envelopes (personal communication from prin-

cipal investigator)

Blinding (performance bias and detection

bias)

All outcomes

High risk Blinding of intervention: no.

Blinding of outcome measurement: no.

Incomplete outcome data (attrition bias)

All outcomes

Low risk Complete follow-up: yes.
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McCain 2012

Methods RCT

Participants 96 preterm infants with bronchopulmonary dysplasia (supplemental oxygen at 28 days)

Mean gestational age at birth: 25 weeks.

Interventions Intervention group (N = 48): responsive (’semi-demand’) feeding regulated by using

infant behavioural and cardiorespiratory signs, which determined the frequency, length

and volume of nipple/oral feeds. Infants offered three hourly feeds if awake

Control (N = 48): standard care increased in number of nipple to gavage feeds per day

Outcomes Time to achieve oral feeds.

Length of hospital stay.

*Weight gain.

Notes Setting: neonatal intensive care unit at Jackson Memorial Hospital, Miami, Florida (2006

to 2009)

Nurses were trained to recognise infants behaviour states and researchers carried out

reliability tests on a weekly basis for the first 3 months of the trial

*Mean PMA at study entry: 35 to 36 weeks. Estimated mean weight at study entry of 2

kg used to impute growth rates as g/kg/day (from reported g/day)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Computer generated (with minimisation for birth weight and

gestational age strata, sex, and ethnicity)

Allocation concealment (selection bias) Unclear risk Not described.

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk Blinding of intervention: no.

Blinding of outcome measurement: no.

Incomplete outcome data (attrition bias)

All outcomes

High risk 86 infants completed the trial protocol: 4 experimental group

and 6 control group infants withdrawn due to feeding intoler-

ance, sepsis, tachypnoea or maternal request (data not reported

or available for inclusion in ITT re-analyses)

Pridham 1999

Methods RCT

Participants 150 infants less than 35 weeks’ gestational age at birth and appropriate weight for

gestational age were enrolled and randomised. Infants were enrolled in the trial when

taking at least 80% of enteral feeds directly from a nipple (either breast or bottle), at

which point tube feeding was ceased and all feeds were offered by nipple. Most infants

received standard formula milk. As part of a factorial trial design, some infants were

randomly allocated to receive calorie-enriched formula milk
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Pridham 1999 (Continued)

Interventions Intervention (N = 94): responsive feeding initiated in response to infant hunger cues and

terminated in response to infant satiation.

Control (N = 56): prescribed feeding at 4-hourly intervals.

Outcomes Weight change, volume intake and calorie intake during the study period (5 days)

Notes Setting: Level III neonatal unit in Wisconsin, USA. 1992 to 1994

Further information on methodology kindly provided by trial investigators

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Blinding of randomisation: yes.

Allocation concealment (selection bias) Low risk Blinding of randomisation: yes.

Blinding (performance bias and detection

bias)

All outcomes

High risk Blinding of intervention: no.

Blinding of outcome measurement: no.

Incomplete outcome data (attrition bias)

All outcomes

High risk Failure to complete full 5 days’ study period: 69 of the 150 (46%)

enrolled infants were discharged home before completing the 5

days’ study period and no outcome data were presented for these

infants

Pridham 2001

Methods RCT

Participants 49 infants less than 35 weeks’ gestational age at birth and appropriate weight for gesta-

tional age. Infants were enrolled in the trial when taking at least 80% of enteral feeds

directly from a nipple (either breast or bottle), at which point tube feeding was ceased

and all feeds were offered by nipple. Most participating infants received breast milk

Interventions Intervention (N = 25): responsive, initiated in response to infant hunger cues and ter-

minated in response to infant satiation.

Control (N = 24): prescribed feeding at 3-hourly intervals.

Outcomes Weight change, volume intake and calorie intake during the study period (5 days)

Notes Setting: Level III neonatal unit in Wisconsin, USA. 1990 to 1993

Further information on methodology kindly provided by trial investigators

Risk of bias
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Pridham 2001 (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Blinding of randomisation: yes.

Allocation concealment (selection bias) Low risk Blinding of randomisation: yes.

Blinding (performance bias and detection

bias)

All outcomes

High risk Blinding of intervention: no.

Blinding of outcome measurement: no.

Incomplete outcome data (attrition bias)

All outcomes

High risk Failure to complete full 5 days’ study period: 23 of the 49 (47%)

enrolled infants were discharged home before completing the 5

days’ study period and no outcome data were presented for these

infants

Puckett 2008

Methods RCT

Participants 80 infants (including healthy moderately preterm infants and previously ventilated con-

valescing extremely low birth weight infants including those remaining oxygen depen-

dent) with current weight > 1500 g and tolerating full oral feeds were randomised at 32

to 36 weeks’ postmenstrual age

Infants being mechanically ventilated and those with congenital abnormalities, major

gastrointestinal surgery or severe intraventricular haemorrhage were excluded

Interventions Intervention (N = 40): at study entry, gavage feeds were discontinued and infants fed

orally on demand in response to hunger cues (crying, hand-to-mouth activity, finger/

fist/pacifier sucking, rooting, persistently ’unsettled’ following a diaper change or re-

positioning). 5-hour limit between feeds - if no cues the infant was woken for feeding

Control (N = 40): continued standard scheduled (schedule not reported) gavage and

bottle feeding

Both groups: “Breastfeedings were allowed as per parent’s request”. Type(s) of formula

used were not reported. Modes of interim feeding other than gavage and bottle not

reported

Outcomes Weight gain (g/kg/day), length of stay following enrolment, menstrual age at discharge,

adverse events (apnoea and bradycardia) during feeding, number of cues per feed in the

intervention group, and resource utilisation using nurse-infant ratios

Notes Setting: Level III neonatal unit in Saskatoon, Saskatchewan, Canada. 2001 to 2003.

Data collected until hospital discharge are reported.

Outcome data were presented for 79 of the 80 randomised infants (data missing for 1

infant in the intervention group)

Risk of bias
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Puckett 2008 (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Coin toss with subsequent infant allocated to opposite group

Allocation concealment (selection bias) High risk Coin toss with subsequent infant allocated to opposite group

Blinding (performance bias and detection

bias)

All outcomes

High risk Blinding of intervention: no.

Blinding of outcome measurement: no.

Incomplete outcome data (attrition bias)

All outcomes

Low risk Near-complete follow-up: outcome data were presented for 79

of the 80 randomised infants (data missing for 1 infant in the

intervention group)

Saunders 1991

Methods RCT

Participants 29 preterm infants without major neurological or gastrointestinal disorders. Infants were

enrolled when their weight was greater than 1500 g and they were fully enterally fed

with formula milk

Interventions Intervention (N = 15): responsive to hunger cues (crying, finger/fist sucking, rooting,

persistently ’unsettled’ following a diaper change or re-positioning). 5-hour limit between

feeds

Control (N = 14): prescribed feeding of set volumes at 3-hourly intervals to achieve at

least 120 mL/kg/day intake

Infants in either group who failed to take adequate amounts orally for two consecutive

feeds were fed a prescribed volume (to achieve a daily intake of 120 mL/kg/day) via an

intragastric feeding tube for the next feed

Outcomes Rate of weight gain during the 6-day trial period.

Length of hospitalisation.

Saunders 1991 did not collect data on nutrient intake (personal communication from

principal investigator)

Notes Setting: Level III neonatal unit at the Women’s Hospital, Greensboro, North Carolina,

USA

We gratefully received further information on methodology and results from the trial

investigator

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Not described.
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Saunders 1991 (Continued)

Allocation concealment (selection bias) Low risk Sealed opaque envelopes.

Blinding (performance bias and detection

bias)

All outcomes

High risk Blinding of intervention: no.

Blinding of outcome measurement: no.

Incomplete outcome data (attrition bias)

All outcomes

High risk 3 infants were withdrawn from the study, 1 for withdrawal of

parental consent, 1 because of infection, and 1 because of hypo-

glycaemia. It is not stated to which feeding group these infants

had been randomly allocated

Waber 1998

Methods Quasi-RCT

Participants 13 preterm infants born before 34 weeks’ gestation, and appropriate for gestational

age. Weight greater than 1500 g, postmenstrual age greater than 32 weeks at time of

enrolment and fully enterally fed

Interventions Intervention (N = 5): ’Demand’ oral feeding (intragastric tubes removed) in response to

hunger cues (crying, finger/hand/pacifier sucking, rooting, ’unsettled’). The feeds were

regarded as complete and ceased in response to infant satiation cues (refusal to suck and

sleep). If infant did not demonstrate hunger cues within 5 hours of a previous feed, then

infant gently aroused to a “feeding alert state”.

Control (N = 5): prescribed feeding of set volumes at 3- to 4-hourly intervals to achieve

intake of 140 to 150 mL/kg/day

Outcomes Growth: average weight gain during trial period.

Average volume of intake, and calorie and protein intake during trial period.

No SDs given.

Notes Setting: The Children’s Regional Hospital, Camden, New Jersey, USA

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk “Coin-toss” for alternate infants, with allocation to opposite

group for subsequently-enrolled infant

Allocation concealment (selection bias) High risk “Coin-toss” for alternate infants, with allocation to opposite

group for subsequently-enrolled infant

Blinding (performance bias and detection

bias)

All outcomes

High risk Blinding of intervention: no.

Blinding of outcome measurement: no.
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Waber 1998 (Continued)

Incomplete outcome data (attrition bias)

All outcomes

High risk 10 of 13 enrolled infants completed the trial, but the reasons for

withdrawal/drop-out were not stated

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Anderson 1990 This trial assessed the effect of a range of nipples for bottle feeding and for non-nutritive sucking but did not

specifically assess ad libitum or demand/semi-demand feeding versus scheduled interval feeding. This study

was reported only as a book chapter

Chang 2004 This is a two period cross-over study comparing ad libitum feeding with 3-hourly scheduled interval feeding.

Because this study design does not allow the collection of meaningful data on growth and time to hospital

discharge, the primary outcomes of this Cochrane review, the trial was not considered eligible for inclusion

Horton 1952 This is an observational study of demand feeding in low birth weight infants

Kirk 2007 This is an epoch-comparison study using a historic control cohort

Pickler 2015 This is a protocol for a RCT of “patterned” feeding for preterm infants, providing “tactile experiences [...

] with feeding to train and build neuronal networks supportive of normal infant feeding experience”. This

intervention does not meet the inclusion criteria for this review

Tubbs-Cooley 2015 This is a preliminary report of data from Pickler 2015.
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D A T A A N D A N A L Y S E S

Comparison 1. Responsive versus scheduled interval feeding

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Growth: weight change during

study period (g/kg/day)

4 305 Mean Difference (IV, Fixed, 95% CI) -1.36 [-2.44, -0.29]

2 Duration of hospital admission

(days)

2 145 Mean Difference (IV, Fixed, 95% CI) -1.03 [-9.41, 7.34]

3 Postmenstrual age at discharge

(weeks)

2 138 Mean Difference (IV, Fixed, 95% CI) -0.48 [-0.94, -0.01]

4 Time to establishment of full

oral feeds (after trial entry)

2 167 Mean Difference (IV, Fixed, 95% CI) -5.53 [-6.80, -4.25]

5 Nutrient intake during trial

period (non breast-fed infants

only)

5 Mean Difference (IV, Fixed, 95% CI) Subtotals only

5.1 Volume of milk (mL/kg/

day)

4 208 Mean Difference (IV, Fixed, 95% CI) -5.75 [-12.12, 0.62]

5.2 Energy intake (kCal/kg/

day)

3 208 Mean Difference (IV, Fixed, 95% CI) 0.52 [-2.33, 3.37]

W H A T ’ S N E W

Date Event Description

27 July 2016 New citation required but conclusions have not changed Search updated, but no new trials found.

27 June 2016 New search has been performed Summary of findings table included; updated search.

H I S T O R Y

Date Event Description

25 April 2015 New citation required but conclusions have not changed We modified the title and terminology to reflect current

infant- and family-centred approaches to care (type of

feeding now described as “responsive” rather than “ad

libitum or demand/semi-demand”)

The updated search identified one new study for inclu-

sion (McCain 2012).
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(Continued)

25 April 2015 New search has been performed This is an update of the Cochrane review “Ad libitum or

demand/semi-demand feeding versus scheduled interval

feeding for preterm infants” (McCormick 2010).

24 July 2008 Amended Converted to new review format.

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

Julie Watson screened the title and abstract of all studies identified by the updated search strategy. William McGuire and Julie Watson

screened the full text of the reports identified as of potential relevance, assessed the methodological quality of the included trials,

extracted the relevant information and data, and completed the review update.
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