
Cochrane
Library

 

Cochrane Database of Systematic Reviews

 
Routine monitoring of gastric residual for prevention of necrotising
enterocolitis in preterm infants (Review)

 

  Abiramalatha T, Thanigainathan S, Ninan B  

  Abiramalatha T, Thanigainathan S, Ninan B. 
Routine monitoring of gastric residual for prevention of necrotising enterocolitis in preterm infants. 
Cochrane Database of Systematic Reviews 2019, Issue 7. Art. No.: CD012937. 
DOI: 10.1002/14651858.CD012937.pub2.

 

  www.cochranelibrary.com  

Routine monitoring of gastric residual for prevention of necrotising enterocolitis in preterm infants (Review)
 

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

https://doi.org/10.1002%2F14651858.CD012937.pub2
https://www.cochranelibrary.com


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

T A B L E   O F   C O N T E N T S

HEADER......................................................................................................................................................................................................... 1

ABSTRACT..................................................................................................................................................................................................... 1

PLAIN LANGUAGE SUMMARY....................................................................................................................................................................... 2

SUMMARY OF FINDINGS.............................................................................................................................................................................. 4

BACKGROUND.............................................................................................................................................................................................. 6

OBJECTIVES.................................................................................................................................................................................................. 7

METHODS..................................................................................................................................................................................................... 7

RESULTS........................................................................................................................................................................................................ 9

Figure 1.................................................................................................................................................................................................. 10

Figure 2.................................................................................................................................................................................................. 12

Figure 3.................................................................................................................................................................................................. 13

Figure 4.................................................................................................................................................................................................. 13

Figure 5.................................................................................................................................................................................................. 13

Figure 6.................................................................................................................................................................................................. 14

Figure 7.................................................................................................................................................................................................. 14

DISCUSSION.................................................................................................................................................................................................. 16

AUTHORS' CONCLUSIONS........................................................................................................................................................................... 17

ACKNOWLEDGEMENTS................................................................................................................................................................................ 17

REFERENCES................................................................................................................................................................................................ 18

CHARACTERISTICS OF STUDIES.................................................................................................................................................................. 20

DATA AND ANALYSES.................................................................................................................................................................................... 25

Analysis 1.1. Comparison 1 Routine monitoring of gastric residuals versus no monitoring of gastric residuals, Outcome 1
Number of infants with NEC stage 2 or 3............................................................................................................................................

26

Analysis 1.2. Comparison 1 Routine monitoring of gastric residuals versus no monitoring of gastric residuals, Outcome 2 Time
to reach full enteral feeds....................................................................................................................................................................

27

Analysis 1.3. Comparison 1 Routine monitoring of gastric residuals versus no monitoring of gastric residuals, Outcome 3
Number of infants with surgical NEC..................................................................................................................................................

27

Analysis 1.4. Comparison 1 Routine monitoring of gastric residuals versus no monitoring of gastric residuals, Outcome 4 Time
to regain birth weight (days)................................................................................................................................................................

27

Analysis 1.5. Comparison 1 Routine monitoring of gastric residuals versus no monitoring of gastric residuals, Outcome 5
Number of infants with extrauterine growth restriction at discharge...............................................................................................

27

Analysis 1.6. Comparison 1 Routine monitoring of gastric residuals versus no monitoring of gastric residuals, Outcome 6
Number of infants with episodes of interruption of feeds (lasting ≥ 12 hours)................................................................................

28

Analysis 1.7. Comparison 1 Routine monitoring of gastric residuals versus no monitoring of gastric residuals, Outcome 7
Number of TPN days.............................................................................................................................................................................

28

Analysis 1.8. Comparison 1 Routine monitoring of gastric residuals versus no monitoring of gastric residuals, Outcome 8
Number of infants with parenteral nutrition-associated liver disease..............................................................................................

28

Analysis 1.9. Comparison 1 Routine monitoring of gastric residuals versus no monitoring of gastric residuals, Outcome 9
Number of days of CVL usage..............................................................................................................................................................

29

Analysis 1.10. Comparison 1 Routine monitoring of gastric residuals versus no monitoring of gastric residuals, Outcome 10
Number of infants with invasive infection..........................................................................................................................................

29

Analysis 1.11. Comparison 1 Routine monitoring of gastric residuals versus no monitoring of gastric residuals, Outcome 11 All-
cause mortality before discharge........................................................................................................................................................

29

Analysis 1.12. Comparison 1 Routine monitoring of gastric residuals versus no monitoring of gastric residuals, Outcome 12
Duration of hospital stay (days)...........................................................................................................................................................

30

Analysis 2.1. Comparison 2 Using two diEerent criteria of gastric residual for feed interruption while monitoring gastric residual,
Outcome 1 Number of infants with NEC stage 2 or 3.........................................................................................................................

31

Analysis 2.2. Comparison 2 Using two diEerent criteria of gastric residual for feed interruption while monitoring gastric residual,
Outcome 2 TIme to reach full enteral feeds.......................................................................................................................................

31

Analysis 2.3. Comparison 2 Using two diEerent criteria of gastric residual for feed interruption while monitoring gastric residual,
Outcome 3 Number of infants with surgical NEC...............................................................................................................................

31

Analysis 2.4. Comparison 2 Using two diEerent criteria of gastric residual for feed interruption while monitoring gastric residual,
Outcome 4 Time to regain birth weight (days)...................................................................................................................................

32

Routine monitoring of gastric residual for prevention of necrotising enterocolitis in preterm infants (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

i



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 2.5. Comparison 2 Using two diEerent criteria of gastric residual for feed interruption while monitoring gastric residual,
Outcome 5 Number of infants with extrauterine growth restriction at discharge............................................................................

32

Analysis 2.6. Comparison 2 Using two diEerent criteria of gastric residual for feed interruption while monitoring gastric residual,
Outcome 6 Number of infants with episodes of interruption of feeds (lasting ≥ 12 hours).............................................................

32

Analysis 2.7. Comparison 2 Using two diEerent criteria of gastric residual for feed interruption while monitoring gastric residual,
Outcome 7 Number of TPN days.........................................................................................................................................................

32

Analysis 2.8. Comparison 2 Using two diEerent criteria of gastric residual for feed interruption while monitoring gastric residual,
Outcome 8 Number of infants with Invasive Infection.......................................................................................................................

33

Analysis 2.9. Comparison 2 Using two diEerent criteria of gastric residual for feed interruption while monitoring gastric residual,
Outcome 9 All-cause mortality before discharge................................................................................................................................

33

APPENDICES................................................................................................................................................................................................. 33

CONTRIBUTIONS OF AUTHORS................................................................................................................................................................... 35

DECLARATIONS OF INTEREST..................................................................................................................................................................... 35

SOURCES OF SUPPORT............................................................................................................................................................................... 35

DIFFERENCES BETWEEN PROTOCOL AND REVIEW.................................................................................................................................... 35

Routine monitoring of gastric residual for prevention of necrotising enterocolitis in preterm infants (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

ii



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

[Intervention Review]

Routine monitoring of gastric residual for prevention of necrotising
enterocolitis in preterm infants

Thangaraj Abiramalatha1, Sivam Thanigainathan2, Binu Ninan1

1Neonatology, Sri Ramachandra Institute of Higher Education and Research, Chennai, India. 2Neonatology, Jawaharlal Institute of
Postgraduate Medical Education and Research Puducherry, Puducherry, India

Contact address: Thangaraj Abiramalatha, Neonatology, Sri Ramachandra Institute of Higher Education and Research, Chennai, Tamil
Nadu, India. abi_paeds@yahoo.com.

Editorial group: Cochrane Neonatal Group.
Publication status and date: New, published in Issue 7, 2019.

Citation:  Abiramalatha T, Thanigainathan S, Ninan B. Routine monitoring of gastric residual for prevention of necrotising enterocolitis in
preterm infants. Cochrane Database of Systematic Reviews 2019, Issue 7. Art. No.: CD012937. DOI: 10.1002/14651858.CD012937.pub2.

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

A B S T R A C T

Background

Routine monitoring of gastric residual in preterm infants on gavage feeds is a common practice that is used to guide initiation and
advancement of feeds. Some literature suggests that an increase in/or an altered gastric residual may be predictive of necrotising
enterocolitis. Withholding monitoring of gastric residual may take away the early indicator and thus may increase the risk of necrotising
enterocolitis. However, routine monitoring of gastric residual as a guide, in the absence of uniform standards, may lead to unnecessary
delay in initiation and advancement of feeds and delay in reaching full enteral feeds. This in turn may increase the duration of parenteral
nutrition and central venous line usage, increasing their complications. Delay in achieving full enteral feeds increases the risk of
extrauterine growth restriction and neurodevelopmental impairment.

Objectives

• To assess the eEicacy and safety of routine monitoring of gastric residual versus no monitoring of gastric residual in preterm infants

• To assess the eEicacy and safety of routine monitoring of gastric residual based on two diEerent criteria for interrupting feeds or
decreasing feed volume in preterm infants

We planned to undertake subgroup analysis based on gestational age (≤ 27 weeks, 28 weeks to 31 weeks, ≥ 32 weeks), birth weight (< 1000
g, 1000 g to 1499 g, ≥ 1500 g), small for gestational age versus appropriate for gestational age infants (classified using birth weight relative to
the reference population), type of feed the infant is receiving (human milk or formula milk), and frequency of monitoring of gastric residual
(before every feed, before every third feed, etc.) (see "Subgroup analysis and investigation of heterogeneity").

Search methods

We used the standard search strategy of Cochrane Neonatal to search the Cochrane Central Register of Controlled Trials (CENTRAL; 2018,
Issue 1), MEDLINE via PubMed (1966 to 19 February 2018), Embase (1980 to 19 February 2018), and the Cumulative Index to Nursing and
Allied Health Literature (CINAHL; 1982 to 19 February 2018). 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

We selected randomised and quasi-randomised controlled trials that compared routine monitoring of gastric residual versus no monitoring
or two diEerent criteria of gastric residual to interrupt feeds in preterm infants.
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Data collection and analysis

Two review authors assessed trial eligibility and risk of bias and independently extracted data. We analysed treatment eEects in individual
trials and reported the risk ratio and the risk diEerence for dichotomous data, and the mean diEerence for continuous data, with respective
95% confidence intervals. We used the GRADE approach to assess the quality of evidence.

Main results

Two randomised controlled trials with a total of 141 preterm infants met the inclusion criteria for the comparison of routine monitoring
versus no monitoring of gastric residual in preterm infants. Both trials were done in infants with birth weight < 1500 g.

Routine monitoring of gastric residual may have little or no eEect on the incidence of necrotising enterocolitis (risk ratio (RR) 3.07, 95%
confidence interval (CI) 0.50 to 18.77; participants = 141; studies = 2; low-quality evidence). Routine monitoring may increase the risk of
feed interruption episodes (RR 2.07, 95% CI 1.39 to 3.07; participants = 141; studies = 2; low-quality evidence); the number needed to treat
for an additional harmful outcome (NNTH) was 3 (95% CI 2 to 6).

Routine monitoring of gastric residual may increase time taken to establish full enteral feeds (mean diEerence (MD) 3.92, 95% CI 2.06 to 5.77
days; participants = 141; studies = 2; low-quality evidence), time taken to regain birth weight (MD 1.70, 95% CI 0.01 to 3.39 days; participants
= 80; studies = 1; low-quality evidence), and number of total parenteral nutrition days (MD 3.29, 95% CI 1.66 to 4.92 days; participants =
141; studies = 2; low-quality evidence).

We are uncertain as to the eEect of routine monitoring of gastric residual on other outcomes such as incidence of surgical necrotising
enterocolitis, extrauterine growth restriction at discharge, parenteral nutrition-associated liver disease, duration of central venous line
(CVL) usage, incidence of invasive infection, mortality before discharge, and duration of hospital stay. We found no data for outcomes such
as aspiration pneumonia, gastroesophageal reflux, growth measures following discharge, and neurodevelopmental outcome.

Only one trial with 87 preterm infants met the inclusion criteria for the comparison of using two diEerent criteria of gastric residual to
interrupt feeds while monitoring gastric residual. The trial was done in infants with birth weight of 1500 to 2000 g. We are uncertain as to
the eEect of using two diEerent criteria of gastric residual on outcomes such as incidence of necrotising enterocolitis or surgical necrotising
enterocolitis, time to establish full enteral feeds, time to regain birth weight, number of total parenteral nutrition days, number of
infants experiencing feed interruption episodes, extrauterine growth restriction at discharge, parenteral nutrition-associated liver disease,
incidence of invasive infection, and mortality before discharge (very low quality evidence). We found no data on duration of CVL usage,
aspiration pneumonia, gastroesophageal reflux, duration of hospital stay, growth measures following discharge, and neurodevelopmental
outcome.

Authors' conclusions

Review authors found insuEicient evidence as to whether routine monitoring of gastric residual reduces the incidence of necrotising
enterocolitis because trial results are imprecise. Low-quality evidence suggests that routine monitoring of gastric residual increases the
risk of feed interruption episodes, increases the time taken to reach full enteral feeds and to regain birth weight, and increases the number
of total parenteral nutrition (TPN) days.

Available data are insuEicient to comment on other major outcomes such as incidence of invasive infection, parenteral nutrition-associated
liver disease, mortality before discharge, extrauterine growth restriction at discharge, number of CVL days, and duration of hospital stay.
Further randomised controlled trials are warranted to provide more precise estimates of the eEects of routine monitoring of gastric residual
on important outcomes, especially necrotising enterocolitis, in preterm infants.

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

Routine monitoring of stomach aspirates for prevention of necrotising enterocolitis in preterm infants

Review question
Does routine monitoring of stomach aspirates in preterm infants prevent necrotising enterocolitis?

Background
Monitoring of stomach aspirates to diagnose feed intolerance and necrotising enterocolitis is a common practice in preterm infants who
are on tube feeds. No adequate evidence supports routine monitoring of stomach aspirates as a guide to initiating and increasing feeds in
otherwise healthy preterm infants. Withholding monitoring of stomach aspirates may take away the early indicator and thus may increase
the risk of necrotising enterocolitis. However, routine monitoring of stomach aspirates as a guide, in the absence of uniform standards,
may lead to unnecessary delay in initiation and advancement of feeds and delay in reaching full feeds. This in turn may increase the
duration of parenteral nutrition and central line usage, thus increasing their complications. Delay in achieving full feeds increases the risk
of growth restriction and neurodevelopmental impairment. We have looked for evidence from clinical trials that assessed whether routine
monitoring of stomach aspirates is beneficial or harmful in preterm infants.

Study characteristics

Routine monitoring of gastric residual for prevention of necrotising enterocolitis in preterm infants (Review)
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The literature searches are up-to-date as of 19 February 2018. We found two small randomised controlled trials with a total of 141 preterm
infant participants that compared routine monitoring versus no monitoring of stomach aspirates in preterm infants. We found one trial for
the comparison of using two diEerent criteria of aspirates to interrupt feeds while monitoring stomach aspirates in preterm infants.

Key results
There is uncertainty as to whether routine monitoring of stomach aspirates reduces necrotising enterocolitis because trial results are
imprecise. Preterm infants on routine monitoring of stomach aspirates may reach full feeds later, regain birth weight later, require longer
duration of parenteral nutrition, and may be at increased risk of feed interruption episodes.

There is uncertainty as to whether using two diEerent criteria of gastric residual to interrupt feeds has eEect on important outcomes in
preterm infants.

Conclusions
There is uncertainty as to whether routine monitoring of stomach aspirates has any benefits. Routine monitoring may increase the number
of feed interruption episodes and the time taken to reach full feeds.

Routine monitoring of gastric residual for prevention of necrotising enterocolitis in preterm infants (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

3



R
o
u
tin

e
 m
o
n
ito

rin
g
 o
f g
a
stric re

sid
u
a
l fo

r p
re
v
e
n
tio

n
 o
f n
e
cro

tisin
g
 e
n
te
ro
co
litis in

 p
re
te
rm

 in
fa
n
ts (R

e
v
ie
w
)

C
o
p
yrig

h
t ©

 2019 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

S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Routine monitoring of gastric residuals compared to no routine monitoring of gastric residuals for
prevention of necrotising enterocolitis in preterm infants

Routine monitoring of gastric residuals compared to no routine monitoring of gastric residuals for prevention of necrotising enterocolitis in preterm infants

Patient or population: prevention of necrotising enterocolitis in preterm infants
Setting: neonatal intensive care units
Intervention: routine monitoring of gastric residuals
Comparison: no routine monitoring of gastric residuals

Anticipated absolute effects* (95% CI)Outcomes

Risk with no routine
monitoring of gastric
residuals

Risk with routine monitoring
of gastric residuals

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationNumber of infants with NEC
stage 2 or 3

14 per 1000 43 per 1000
(7 to 264)

RR 3.07
(0.50 to 18.77)

141
(2 RCTs)

⊕⊕⊝⊝

LOWa

 

Study populationNumber of infants with
episodes of interruption of
feeds (lasting ≥ 12 hours) 296 per 1000 612 per 1000

(411 to 908)

RR 2.07
(1.39 to 3.07)

141
(2 RCTs)

⊕⊕⊝⊝

LOWb,c

 

Time to reach full enteral
feeds (days)

Mean time to reach full en-
teral feeds (days) was 0

MD 3.92 higher
(2.06 higher to 5.77 higher)

- 141
(2 RCTs)

⊕⊕⊝⊝

LOWc

 

Time to regain birth weight
(days)

Mean time to regain birth
weight (days) was 0

MD 1.7 higher
(0.01 higher to 3.39 higher)

- 80
(1 RCT)

⊕⊕⊝⊝

LOWc

 

Number of TPN days Mean number of TPN days
was 0

MD 3.29 higher
(1.66 higher to 4.92 higher)

- 141
(2 RCTs)

⊕⊕⊝⊝

LOWc

 

Study populationNumber of infants with ex-
trauterine growth restriction
at discharge 925 per 1000 823 per 1000

(694 to 971)

RR 0.89
(0.75 to 1.05)

80
(1 RCT)

⊕⊕⊝⊝

LOWc

 

All-cause mortality before dis-
charge

Study population RR 1.25
(0.36 to 4.32)

80
(1 RCT)

⊕⊕⊝⊝  
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100 per 1000 125 per 1000
(36 to 432)

LOWc

*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; RCT: randomised controlled trial; 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.

aImprecise due to small sample size and low event rate.
bPossibility of bias due to lack of blinding.
cImprecise due to small sample size.
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B A C K G R O U N D

Description of the condition

Providing adequate nutrition is a key component of the healthcare
of preterm neonates. There is increasing emphasis on early
initiation and appropriate advancement of enteral feeds with
the aim of achieving full-volume enteral feeds at the earliest
(Dutta 2015; Stevens 2016). Major hindrances to advancing feed
volumes in preterm infants include feed intolerance and the risk of
necrotising enterocolitis (NEC).

Feed intolerance is a common problem in preterm infants and
is due to structural and functional immaturity of the gut of
preterm infants. The preterm gut has decreased length, immature
motility patterns, and inadequate digestive and absorptive
capacity compared to the gut of term infants (Lucchini 2011).
Feed intolerance causes frequent interruption and delayed
advancement of enteral feeds, resulting in protracted use of
total parenteral nutrition (TPN) and central venous lines (CVLs),
increasing their complication rates (Hermansen 2005; Duro 2011;
Kaur 2015). Delay in establishing full enteral feeds is a significant
contributor to growth failure in preterm infants, resulting
in neurodevelopmental impairment and long-term metabolic
complications (Franz 2009; Embleton 2013; Stevens 2016).

Description of the intervention

Feed intolerance is variously defined by signs such as increased
volume of gastric residual, altered gastric residual (bilious- or
blood-stained), abdominal distension, and/or emesis (Moore 2011).
The use of gastric residual as an indicator of feed intolerance is
controversial (Li 2014; Parker 2015).

Gastric residual is the measure of the volume of milk along with
gastrointestinal secretions remaining in the stomach aTer a certain
time interval. Increased gastric residual is common in preterm
infants due to the inherent immaturity of the gastrointestinal
system in the form of delayed gastric emptying, slower intestinal
transit, inadequate secretion of gut hormones and enzymes, and
possible duodeno-gastric reflux (Ittmann 1992; Riezzo 2000). Apart
from these intrinsic factors, some extrinsic factors such as formula
feeds; certain drugs such as theophyllines, mydriatics, and opioids;
body position; and sickness of the baby further delay gastric
emptying, thus contributing to increased gastric residual (Malhotra
1992; Cohen 2004; Li 2014).

Routine monitoring of gastric residual (volume and/or colour)
in preterm infants on gavage feeds is a common practice in
many neonatal intensive care units (NICUs) and is used to
guide advancement of gavage feeds (Gregory 2012). An increase
in or altered gastric residual is putatively considered a sign
of feed intolerance or an early sign of NEC (Li 2014). Gastric
residual becomes important when accompanied by other signs
such as bilious vomiting, decreased bowel sounds, abdominal
distension, abdominal wall erythema (redness of the skin), gross
or occult blood in the stool, apnoea, bradycardia, and temperature
instability. The significance of increased gastric residual as an
isolated finding is uncertain.

The volume and/or colour of the gastric residual that definitively
indicates feed intolerance, or is predictive of NEC, is unclear
(Malhotra 1992; Cobb 2004; Kenton 2004; Bertino 2009; Dutta
2015; Parker 2015; Gephart 2017). As a consequence, there is wide

variation in practice across NICUs. The various cut-oEs used to
define significant volume of gastric residual are ≥ 2 mL/kg of
the infant’s weight, > 2 mL or 3 mL depending on the infant’s
weight, > 30% of the previous feed volume, and > 50% of the
cumulative feed volume given during the time interval (Mihatsch
2002; Kaur 2015; Torrazza 2015; Grino 2016). Similarly, there is
no standard recommendation for the frequency of assessment of
gastric residual.

Increase in abdominal girth is the other commonly used sign of feed
intolerance. An increase in abdominal girth greater than or equal
to 2 cm is considered significant (Malhotra 1992; Lucchini 2011;
Kaur 2015). However, measurement of abdominal girth is highly
prone to interobserver and intraobserver variability. Evidence is
inadequate to indicate that abdominal girth is a reliable measure
of feed tolerance (Dutta 2015).

How the intervention might work

Some literature suggests that an increase in/or an altered gastric
residual may be predictive of NEC (Cobb 2004; Bertino 2009; Grino
2016). Withholding monitoring of gastric residual may take away
the early indicator and thus may increase the risk of NEC and its
complications, including mortality. Without aspiration at regular
intervals, the gastric residual may accumulate in the stomach and
cause gastric distension, increasing the risk of gastroesophageal
reflux and aspiration pneumonia.

The use of gastric residual as a guide in the absence of uniform
standards on its use may lead to unnecessary delay in initiation
and advancement of feeds or interruption of feeds in preterm
infants (Shulman 2011; Kaur 2015). This may result in delay in
reaching full enteral feeds, which in turn may increase the duration
of TPN and the risk of parenteral nutrition-associated liver disease
(Duro 2011; Kaur 2015). It may also increase the number of
days of CVL usage, thus increasing the risk of late-onset sepsis
and other CVL-related complications (Hermansen 2005). Delay
in achieving full enteral feeds increases the risk of extrauterine
growth restriction and neurodevelopmental impairment (Morris
1999; Franz 2009; Leppänen 2014). The negative pressure created
by repeated aspirations, especially when the tip of the nasogastric
(NG)/orogastric (OG) tube remains in close contact with the gastric
mucosa, has the potential to damage the gastric mucosa (Li 2014).
Moreoever, the volume of aspirated gastric residual may not be a
reliable and accurate measure of residual gastric content, and it
varies with baby's position, size of the nasogastric tube, aspiration
technique, and viscosity of feeds (Bartlett 2015; Parker 2015).

Other major confusion surrounds whether to discard or re-feed
the aspirated gastric residual (Juvé-Udina 2009; Williams 2010;
Dutta 2015). This question is addressed in another Cochrane Review
(Abiramalatha 2018).

The gastric residual contains milk, gastrointestinal enzymes, and
hormones that aid in digestion and promote gastrointestinal
motility and maturation; discarding this may have a negative
influence on the infant's gastrointestinal system.

Why it is important to do this review

Given the potential use of gastric residual as an early indicator
of NEC, as well as the possible risks of its routine monitoring, we
undertook a systematic review to identify and appraise data from
randomised controlled trials to provide a synthesis of evidence

Routine monitoring of gastric residual for prevention of necrotising enterocolitis in preterm infants (Review)
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to inform practice and research. We found no existing systematic
review of this topic.

O B J E C T I V E S

• To assess the eEicacy and safety of routine monitoring of gastric
residual versus no monitoring of gastric residual in preterm
infants

• To assess the eEicacy and safety of routine monitoring of gastric
residual based on two diEerent criteria for interrupting feeds or
decreasing feed volume in preterm infants

We planned to undertake subgroup analysis based on gestational
age (≤ 27 weeks, 28 weeks to 31 weeks, ≥ 32 weeks), birth weight
(< 1000 g, 1000 g to 1499 g, ≥ 1500 g), small for gestational age
versus appropriate for gestational age infants (classified using
birth weight relative to the reference population), type of feed the
infant is receiving (human milk or formula milk), and frequency of
monitoring of gastric residual (before every feed, before every third
feed, etc.) (Subgroup analysis and investigation of heterogeneity).

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised or quasi-randomised trials and cluster-randomised
trials were eligible for inclusion in the review.

Types of participants

Preterm (< 37 weeks' gestation) infants who did not have any
overt sign of feed intolerance/NEC such as bilious vomiting,
decreased bowel sounds, abdominal distension, abdominal wall
erythema, gross or occult blood in the stool, apnoea, bradycardia,
or temperature instability.

The infant should be on gavage feeds (nasogastric (NG) tube).
Randomisation should have been done at the time of initiation of
enteral feeds. Babies on respiratory support were also eligible, if
they did not have any sign of feed intolerance/NEC.

Types of interventions

Comparison 1

Intervention

Routine monitoring of gastric residual to decide advancement
of enteral feeds in infants who did not have any sign of feed
intolerance/NEC. Gastric residual monitoring could be done at any
time interval (e.g. before every feed, before every third feed) at the
investigator's discretion.

Note: The investigator could have had predefined criteria for the
quantity and quality of gastric residual to decide feed interruption
or to decrease the feed volume.

Control

No monitoring of gastric residual in otherwise healthy babies until
any sign of feed intolerance/NEC appeared. The control group could
receive 'no monitoring for any sign of feed intolerance' or 'routine
monitoring of other signs of feed intolerance such as increase in
abdominal girth'.

Comparison 2

Monitoring of gastric residual was done in both intervention
and control groups, and the decision on feeds (advancement/
continuation/decrease/interruption) was based on two diEerent
predefined criteria of gastric residual. The criteria for gastric
residual could be based on its quality and/or quantity.

Types of outcome measures

Primary outcomes

• Number of infants with necrotising enterocolitis (NEC) stage 2 or
3 (modified Bell’s staging; Walsh 1986)

• Time to establish full enteral feeds ≥ 150 mL/kg/d (days)

Secondary outcomes

• Number of infants with surgical NEC

• Time to regain birth weight (days) and subsequent rate of
weight gain (g/kg/d), linear growth (cm/week), and increase in
head circumference (cm/week) during the initial hospitalisation
period

• Number of infants with extrauterine growth restriction at
discharge (number of infants who remain below the 10th
percentile for the index population for weight, length, and head
circumference)

• Number of episodes of interruption of feeds (lasting ≥ 12 hours)

• Number of days of total parenteral nutrition (TPN)

• Number of infants with parenteral nutrition-associated liver
disease

• Number of days of central venous line (CVL) usage

• Incidence of invasive infection as determined by culture of
bacteria or fungus from blood, cerebrospinal fluid, or urine, or
from a normally sterile body space

• 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 gastroesophageal reflux diagnosed by
clinical features - postfeed (if bolus-fed) apnoea, desaturation,
irritability, vomiting; or oesophageal pH monitoring, multiple
intraluminal impedance, or endoscopy

• 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 (weight, length, and head circumference)

• Neurodevelopmental outcomes assessed aTer 12 months'
corrected age: neurological evaluations; developmental scores;
and classifications of disability, including auditory and visual
disability. We will define neurodevelopmental impairment as
the presence of one or more of the following: non-ambulant
cerebral palsy; developmental quotient more than two standard
deviations below the population mean; and blindness (visual
acuity < 6/60) or deafness (any hearing impairment requiring - or
unimproved by - amplification)
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Search methods for identification of studies

We used the criteria and standard methods of Cochrane and
Cochrane Neonatal (see the Cochrane Neonatal search strategy for
specialized register).

Electronic searches

We conducted a comprehensive search including the Cochrane
Central Register of Controlled Trials (CENTRAL; 2018, Issue 1) in
the Cochrane Library; MEDLINE via PubMed (1996 to 19 February
2018); Embase (1980 to 19 February 2018); and the Cumulative
Index to Nursing and Allied Health Literature (CINAHL; 1982 to 19
February 2018) using the following search terms: (gastric residual*
OR aspirate*), plus database-specific limiters for randomised
controlled trials (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 (clinicaltrials.gov; the World
Health Organization’s International Trials Registry and Platform,
and the ISRCTN Registry) for ongoing or recently completed trials.

Searching other resources

We also searched the reference lists of any articles selected for
inclusion in this review to identify additional relevant articles.
We searched the proceedings of the annual meetings of the
Pediatric Academic Societies (1993 to 2017), the European Society
for Paediatric Research (1995 to 2017), the Royal College of
Paediatrics and Child Health (2000 to 19 February 2018), and the
Perinatal Society of Australia and New Zealand (2000 to 2017). Trials
reported only as abstracts were eligible if suEicient information was
available from the report, or from contact with trial authors, to fulfil
the inclusion criteria.

Data collection and analysis

We used the standard methods of Cochrane Neonatal and Cochrane
(Higgins 2017).

Selection of studies

Two review authors (TA and ST) screened the title and abstract of all
studies identified by the above search strategy and independently
assessed the full-text articles for all potentially relevant trials.
We excluded those studies that did not meet all of the inclusion
criteria, and we stated the reasons for exclusion. We discussed any
disagreements until consensus was achieved.

We recorded the selection process in suEicient detail to complete
a PRISMA flow diagram and a Characteristics of excluded studies
table (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, methodology, participants, interventions, outcomes, and
treatment eEects from each included study. We discussed any
disagreements until we reached a consensus. If data from the
trial reports were insuEicient, we contacted the trialists for further
information.

Assessment of risk of bias in included studies

Two review authors (TA and ST) independently assessed risk of bias
(low, high, or unclear) of all included trials using the Cochrane ‘Risk
of bias’ tool for the following domains (Higgins 2017).

• 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 discussed any disagreements until we reached a consensus. See
Appendix 2 for a more detailed description of risk of bias for each
domain.

Measures of treatment e:ect

We analysed treatment eEects in the individual trials using RevMan
2014 and reported risk ratio (RR) and risk diEerence (RD) for
dichotomous data, and mean diEerence (MD) for continuous data,
with respective 95% confidence intervals (CIs). We determined
the number needed to treat for an additional beneficial outcome
(NNTB) or an additional harmful outcome (NNTH) for analyses with
a statistically significant diEerence in the RD.

Unit of analysis issues

The unit of analysis was the participating infant in individually
randomised trials. For cluster-randomised trials, we planned to
undertake analysis at the level of the individual while accounting
for clustering in the data using an estimate of the intracluster
correlation coeEicient (ICC) derived from the trial (if possible), or
from another source (Higgins 2017). If ICCs from other sources were
used, we planned to report this and to conduct sensitivity analyses
to investigate the eEect of variation in the ICC. If we identified both
cluster-randomised trials and individually randomised trials, we
planned to combine the results where there was little heterogeneity
between study designs and few interactions between eEects of
the intervention, and where the choice of randomisation unit was
considered unlikely.

Dealing with missing data

We requested additional data from the trialists if data on important
outcomes were missing or were reported unclearly. Where data
were still missing, we planned to examine the impact on eEect
size estimates in sensitivity analyses using the 'best-worst case
scenario' technique.

Assessment of heterogeneity

We examined treatment eEects of individual trials and
heterogeneity between trial results by inspecting the forest plots.
We calculated the I2 statistic for each RR analysis to quantify
inconsistency across studies and described the percentage of
variability in eEect estimates that might be due to heterogeneity
rather than to sampling error. Heterogeneity was classified as
none (< 25%); low (25% to 49%); moderate (50% to 74%); or
high (≥ 75%). If we detected moderate or high heterogeneity (I2 ≥
50%), we explored the possible causes (e.g. diEerences in study
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design, participants, interventions, or completeness of outcome
assessments).

Assessment of reporting biases

If 10 or more trials were included in a meta-analysis, we planned to
examine a funnel plot for asymmetry.

Data synthesis

We analysed all infants randomised on an intention-to-treat basis
and treatment eEects in the individual trials using a fixed-eEect
model to combine the data. For meta-analyses of categorical
outcomes, we calculated typical estimates of RR and RD, each
with 95% CIs; for continuous outcomes, we calculated the
mean diEerence (MD) if outcomes were measured in the same
way between trials, and standardised mean diEerence (SMD) to
combine trials measuring the same outcome using diEerent scales.
We determined the number needed to treat for an additional
beneficial outcome (NNTB) or an additional harmful outcome
(NNTH) for analyses with a statistically significant diEerence in
the RD. Where meta-analysis was judged to be inappropriate, we
planned to analyse and interpret individual trials separately.

Quality of evidence

We used the GRADE approach, as outlined in the GRADE Handbook
(Schünemann 2013), to assess the quality of evidence for the main
comparison at the outcome level.

Two review authors (TA and ST) independently assessed the quality
of the evidence for outcomes identified as critical or important
for decision-making. We considered evidence from RCTs as high
quality 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
a ‘Summary of findings’ table to report the quality of the evidence.

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

• High: we are very confident that the true eEect lies close to that
of the estimate of the eEect.

• Moderate: we are moderately confident in the eEect estimate:
the true eEect is likely to be close to the estimate of the eEect,
but there is a possibility that it is substantially diEerent.

• Low: our confidence in the eEect estimate is limited: the true
eEect may be substantially diEerent from the estimate of the
eEect.

• Very low: we have very little confidence in the eEect estimate:
the true eEect is likely to be substantially diEerent from the
estimate of eEect.

Subgroup analysis and investigation of heterogeneity

• Based on gestational age: ≤ 27 weeks', 28 weeks' to 31 weeks', ≥
32 weeks'

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

• Small for gestational age versus appropriate for gestational age
infants (classified using birth weight relative to the reference
population)

• Type of feed the infant is receiving (human milk vs formula)

• Frequency of monitoring of gastric residual (before every feed,
before every third feed, etc.)

Sensitivity analysis

We planned to undertake sensitivity analyses to determine if
the findings were aEected by including only studies of adequate
methodology (low risk of bias), defined as adequate randomisation
and allocation concealment, blinding of intervention and
measurement, and less than 10% loss to follow-up.

R E S U L T S

Description of studies

See Characteristics of included studies, Characteristics of excluded
studies, and Characteristics of ongoing studies.

Three studies satisfied our inclusion criteria (Kaur 2015; Torrazza
2015; Singh 2018). Two studies had analysed routine monitoring
of gastric residual versus no monitoring of gastric residual and
were included in comparison 1 (Kaur 2015; Torrazza 2015). Both
studies were done in infants with birth weight < 1500 g. In one
study, routine monitoring of gastric residual had been done in both
groups and two diEerent criteria of gastric residual had been used
for interrupting feeds (Singh 2018). Hence, the study was included
in comparison 2 (Singh 2018). This study was done in infants with
birth weight ≥ 1500 g.

Results of the search

See Figure 1.
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Figure 1.   Study flow diagram.
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Included studies

Comparison 1. Routine monitoring of gastric residual versus no
monitoring of gastric residual in preterm infants

Kaur 2015

Trialists randomised 80 infants with birth weight < 1500 g into
the gastric residual volume monitoring group or the abdominal
circumference monitoring group at the time of initiation of
enteral feeds. In the gastric residual volume group, gastric
residuals were measured before each feed. Feed intolerance
was defined as presence of one or more of the following
features: bilious/haemorrhagic aspirates or volume of aspirates
> 50% of previous feed or > 3 mL, whichever was larger. In
the abdominal circumference monitoring group, abdominal girth
measurements were performed before each feed. An increase in
prefeed abdominal circumference by 2 cm from baseline was
considered a sign of feed intolerance. Infants in both groups who
experienced feed intolerance were kept nil per oral for the next 24
hours. Once abdominal girth was less than or equal to baseline
(abdominal circumference group) or gastric aspirates were clear
and < 10 mL/kg/d (gastric residual volume group), feeds were
restarted at 50% of the volume being delivered at the time of feed
interruption. The primary outcome was time taken to achieve full
feeds (180 mL/kg/d), which were tolerated for at least 24 hours.
Secondary outcomes were incidence of feed intolerance, time
taken to regain birth weight, feed interruption days, duration on
TPN, incidence of NEC (Bell stage 2), incidence of culture-positive
sepsis, duration of hospital stay, and mortality.

Torazza 2014

Sixty-one infants at 23 to 31 weeks' gestational age with birth
weight ≤ 1250 g who were receiving some enteral nutrition by
48 hours of age were recruited. These infants were randomised
to routine monitoring of gastric residuals before every feeding
or no monitoring of gastric residuals. Enteral feeds were started
at 20 mL/kg/d and were increased by 20 mL/kg/d. Both human
milk and preterm formula were used for feeding. Abdominal
distension/discolouration/tenderness, emesis, gastric residual >
50% of the feed volume or bilious aspirates were taken as signs
of feed intolerance and an abdominal radiograph was taken. If the
radiograph was normal, feeds were continued, and increasing the
length of feeds to 30 to 50 minutes, decreasing feed volume, or
changing to continuous feeds was considered. If the radiograph
was abnormal, feeds were withheld for 24 hours followed by
reassessment. Primary outcomes were enteral intake at two weeks
and days to reach 120 mL/kg/d of enteral feedings. Secondary
outcomes were enteral intake at three weeks, days to reach 150 mL/
kg/d, growth indices (weight, head circumference, and length) at

three weeks, TPN days, CVL days, and incidence of NEC, sepsis, and
parental nutrition-associated liver disease.

Comparison 2. Using two di�erent criteria of gastric residual for
feed interruption while monitoring gastric residual in preterm
infants

Singh 2018

Trialists recruited 87 infants with birth weight 1500 to 2000
g and postnatal age < 48 hours who required gavage feeds.
Routine assessment of gastric residual was done in both groups.
In the intervention group, only the quality of gastric residual
was assessed. A maximum of 0.5 mL of gastric contents was
aspirated before each feed. If the residual was haemorrhagic or
was repeatedly bilious (more than one time), feed interruption
was done. The volume of gastric residual was not assessed. In
the control group, both volume and quality of gastric residual
were assessed. The entire volume of gastric residual was aspirated
before every feed. If the aspirate was > 50% of feed volume or > 3
mL, whichever was greater, feeds were withheld. Also if the aspirate
was bloody or bile stained, feeds were withheld. Other signs such
as vomiting and abnormal abdominal examination were monitored
in both groups. The primary outcome was time to reach full enteral
feeding ≥ 120 mL/kg/d. Secondary outcomes were time to regain
birth weight, time to regain 120% of birth weight, incidence of late-
onset culture-proven sepsis (≥ 72 hours), NEC (Bell stage ≥ 2), and
number of occasions feedings either were discontinued or were not
increased for > 24 hours.

Excluded studies

We excluded five studies (see Characteristics of excluded studies).
Three were case-control studies (Cobb 2004; Bertino 2009; Riskin
2017). Bertino 2009 and Cobb 2004 matched infants with NEC with
control infants and studied the role of gastric residuals in early
identification of NEC. Riskin 2017 evaluated the time to full enteral
feedings and the incidence of NEC in preterm infants aTer a practice
change from routine evaluation of gastric residual volume before
each feeding to selective evaluation of gastric residual volume.

Two were observational studies (Malhotra 1992; Mihatsch 2002).
Malhotra 1992 studied the volume of gastric residual in healthy
preterm infants prospectively and analysed the various factors
influencing gastric residual such as postnatal age, position of
the baby, type of milk, and small for gestational age. Mihatsch
2002 evaluated whether the volume of gastric residual and bilious
gastric residual was a significant predictor of feeding intolerance in
extremely low birth weight infants.

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 each included study.

 
Allocation

All three included studies used computer-generated random
number sequence and used serially numbered opaque envelopes
to conceal the allocation (Kaur 2015; Torrazza 2015; Singh 2018).
However, allocation concealment was inadequate in one study due
to the fixed block size used (Kaur 2015). In this open-label trial, a
fixed block size of four made the allocation of every fourth infant
predictable.

Blinding

Due to the nature of the intervention, caregivers in all three trials
could not be masked (Kaur 2015; Torrazza 2015; Singh 2018).

Incomplete outcome data

All recruited infants were accounted for in all three studies (Kaur
2015; Torrazza 2015; Singh 2018).

Selective reporting

All proposed outcomes were reported in all three studies (Kaur
2015; Torrazza 2015; Singh 2018).

Other potential sources of bias

No other potential source of bias was noted in any of the included
studies (Kaur 2015; Torrazza 2015; Singh 2018).

E:ects of interventions

See: Summary of findings for the main comparison Routine
monitoring of gastric residuals compared to no routine monitoring
of gastric residuals for prevention of necrotising enterocolitis in
preterm infants

See Summary of findings for the main comparison. One hundred
forty-one infants from two randomised trials were included in
the meta-analysis to assess the eEects of routine monitoring of
gastric residual versus no monitoring on various outcomes in
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preterm infants. The quality of evidence was low for all outcomes,
downgraded for risk of bias and/or imprecise estimates.

One trial with 87 infants was included to assess the eEects of using
two diEerent criteria of gastric residual for feed interruption while
monitoring gastric residual in preterm infants.

Comparison 1. Routine monitoring of gastric residual versus
no monitoring of gastric residual

NEC stage 2 or 3

(Analysis 1.1; Figure 3)

 

Figure 3.   Forest plot of comparison: 1 Routine monitoring of gastric residuals versus no monitoring of gastric
residuals, outcome: 1.1 Number of infants with NEC stage 2 or 3.

 
Data were available from both trials and 141 participants for
analysis of this outcome (Kaur 2015; Torrazza 2015). The meta-
analysis did not show a diEerence in the incidence of NEC between
routine monitoring of gastric residual and no monitoring (RR 3.07,

95% CI 0.50 to 18.77; participants = 141; studies = 2). There was no
evidence of heterogeneity (I2 = 0%).

Time to establish full enteral feeds

(Analysis 1.2; Figure 4)
 

Figure 4.   Forest plot of comparison: 1 Routine monitoring of gastric residuals versus no monitoring of gastric
residuals, outcome: 1.2 Time to reach full enteral feeds.

 
Both trials reported the outcome of time to establish full enteral
feeds ≥ 150 mL/kg/d (Kaur 2015; Torrazza 2015). The meta-analysis
showed that routine monitoring of gastric residual delays the time
to establish full enteral feeds by 3.9 days (MD 3.92, 95% CI 2.06 to
5.77 days; participants = 141; studies = 2). There was no evidence of
heterogeneity (I2 = 0%).

Surgical NEC

(Analysis 1.3)

Data from one trial were available for assessment of this outcome
(Kaur 2015). The trial showed no diEerence in the incidence of
surgical NEC between routine monitoring and no monitoring (RR
1.25, 95% CI 0.36 to 4.32; participants = 80; studies = 1).

Time to regain birth weight

(Analysis 1.4; Figure 5)

 

Figure 5.   Forest plot of comparison: 1 Routine monitoring of gastric residuals versus no monitoring of gastric
residuals, outcome: 1.4 Time to regain birth weight (days).

 
Data from one trial showed that infants in the routine monitoring
group regained birth weight later by 1.7 days compared to the no
monitoring group (MD 1.70, 95% CI 0.01 to 3.39 days; participants =
80; studies = 1) (Kaur 2015).

Extrauterine growth restriction at discharge

(Analysis 1.5)

There was no diEerence in the incidence of extrauterine growth
restriction at discharge between groups based on data from one
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trial (RR 0.89, 95% CI 0.75 to 1.05; participants = 80; studies = 1)
(Kaur 2015).

Number of infants with episodes of feed interruption ≥ 12 hours

(Analysis 1.6; Figure 6)
 

Figure 6.   Forest plot of comparison: 1 Routine monitoring of gastric residuals versus no monitoring of gastric
residuals, outcome: 1.6 Number of infants with episodes of interruption of feeds (lasting ≥ 12 hours).

 
Data from both trials were available for this outcome (Kaur 2015;
Torrazza 2015). There was a significant increase in the episodes of
feed interruption in the routine monitoring group (RR 2.07, 95%
CI 1.39 to 3.07; participants = 141; studies = 2). Heterogeneity was
moderate (I2 = 66%).

Number of TPN days

(Analysis 1.7; Figure 7)

 

Figure 7.   Forest plot of comparison: 1 Routine monitoring of gastric residuals versus no monitoring of gastric
residuals, outcome: 1.7 Number of TPN days.

 
There was a significant increase in the number of TPN days in the
routine monitoring group compared to the no monitoring group
based on data from both trials (MD 3.29, 95% CI 1.66 to 4.92 days;
participants = 141; studies = 2) (Kaur 2015; Torrazza 2015).

Parenteral nutrition-associated liver disease

(Analysis 1.8)

Data from one trial showed no diEerence in the incidence of
parenteral nutrition-associated liver disease between groups (RR
1.03, 95% CI 0.28 to 3.76; participants = 61; studies = 1) (Torrazza
2015).

Duration of central venous line (CVL) usage

(Analysis 1.9)

Data were available from one trial (Torrazza 2015). There was no
significant diEerence in the duration of CVL usage between routine
monitoring of gastric residual and no monitoring (MD 5.70, 95% CI
-1.99 to 13.39 days; participants = 61; studies = 1).

Incidence of invasive infection

(Analysis 1.10)

Data were available from both trials for analysis of this outcome
(Kaur 2015; Torrazza 2015; Singh 2018). There was no significant
diEerence in the incidence of invasive infection between routine
monitoring of gastric residual and no monitoring (RR 1.46, 95% CI
0.85 to 2.52; participants = 141; studies = 2) .

Aspiration pneumonia

Neither of the trials reported aspiration pneumonia as an outcome.

Gastroesophageal reflux

Neither of the trials reported gastroesophageal reflux as an
outcome.

All-cause mortality before discharge

(Analysis 1.11)

One trial showed no significant diEerence in mortality before
discharge between the routine monitoring and no monitoring
groups (RR 3.21, 95% CI 0.13 to 76.67; participants = 87; studies = 1)
(Kaur 2015).

Duration of hospital stay

(Analysis 1.12)

Data were available from only one trial (Kaur 2015). There was no
significant diEerence in the duration of hospital stay between the
routine monitoring and no monitoring groups (MD 3.20, 95% CI
-4.45 to 10.85 days; participants = 80; studies = 1).

Growth measures following discharge

Neither of the trials assessed growth measures following discharge.
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Neurodevelopmental outcomes

Neither of the trials assessed neurodevelopmental outcomes.

Comparison 2. Using two di:erent criteria of gastric residual
for feed interruption while monitoring gastric residual

NEC stage 2 or 3

(Analysis 2.1)

The trial did not show a diEerence in the incidence of NEC between
groups with interruption of feeds based on quality and volume and
based on quality alone (RR 5.35, 95% CI 0.26 to 108.27; participants
= 87; studies = 1) (Singh 2018).

Time to establish full enteral feeds

(Analysis 2.2)

The trial did not show a significant diEerence in time to reach full
enteral feeds (MD -0.10, 95% CI -0.91 to 0.71 days; participants = 87;
studies = 1) (Singh 2018).

Surgical NEC

(Analysis 2.3)

The trial showed no diEerence in surgical NEC (RR 5.35, 95% CI 0.26
to 108.27; participants = 87; studies = 1) (Singh 2018).

Time to regain birth weight

(Analysis 2.4)

There was no diEerence in time to regain birth weight between
groups (MD 1.00, 95% CI -0.37 to 2.37 days; participants = 87; studies
= 1) (Singh 2018).

Extrauterine growth restriction at discharge

(Analysis 2.5)

There was no diEerence in the incidence of extrauterine growth
restriction between two groups (RR 0.54, 95% CI 0.14 to 2.01;
participants = 87; studies = 1) (Singh 2018).

Number of infants with episodes of feed interruption ≥ 12 hours

(Analysis 2.6)

There was no diEerence in the number of infants with episodes of
feed interruption between groups (RR 3.21, 95% CI 0.13 to 76.67;
participants = 87; studies = 1) (Singh 2018).

Number of TPN days

(Analysis 2.7)

Trial data showed no diEerence in the number of TPN days between
groups (MD 0.80, 95% CI -0.78 to 2.38 days; participants = 87; studies
= 1) (Singh 2018).

Parenteral nutrition-associated liver disease

None of the infants in either group developed parenteral nutrition-
associated liver disease (Singh 2018).

Duration of central venous line (CVL) usage

The trial did not report CVL days as an outcome (Singh 2018).

Incidence of invasive infection

(Analysis 2.8)

There was no significant diEerence in the incidence of invasive
infection between groups (RR 5.35, 95% CI 0.26 to 108.27;
participants = 87; studies = 1) (Singh 2018).

Aspiration pneumonia

The trial did not report aspiration pneumonia as an outcome (Singh
2018).

Gastroesophageal reflux

The trial did not report gastroesophageal reflux as an outcome
(Singh 2018).

All-cause mortality before discharge

(Analysis 2.9)

Trial data did not show any diEerence in mortality before discharge
(RR 3.21, 95% CI 0.13 to 76.67; participants = 87; studies = 1) (Singh
2018).

Duration of hospital stay

The trial did not report duration of hospital stay as an outcome
(Singh 2018).

Growth measures following discharge

The trial did not assess growth measures following discharge (Singh
2018).

Neurodevelopmental outcomes

The trial did not assess neurodevelopmental outcomes (Singh
2018).

Subgroup analyses

Based on gestational age (≤ 27 weeks, 28 weeks to 31 weeks, ≥
32 weeks): this subgroup analysis was not possible. One trial for
comparison 1 included infants at 23 to 32 weeks' gestational age
(Torrazza 2015), and the other included infants at 27 to 34 weeks'
gestational age (Kaur 2015). The only trial in comparison 2 used only
birth weight and did not use gestational age criteria for recruitment
(Singh 2018).

Based on birth weight (< 1000 g, 1000 g to 1499 g, ≥ 1500 g): this
subgroup analysis was not possible. Both trials for comparison 1
included babies with < 1500 g birth weight (Kaur 2015; Torrazza
2015), and the only trial for comparison 2 included only infants at ≥
1500 g birth weight (Singh 2018).

Small for gestational age versus appropriate for gestational age
infants (classified using birth weight relative to the reference
population): this subgroup analysis was not possible. Both trials
for comparison 1 did not provide data on SGA infants separately
(Kaur 2015; Torrazza 2015), and the trial for comparison 2 excluded
infants with birth weight below the third percentile (Singh 2018).
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Type of feed the infant is receiving (human milk vs formula): this
subgroup analysis was not possible. All included trials used human
milk and/or formula to feed the infants (Kaur 2015; Torrazza 2015;
Singh 2018).

Frequency of monitoring of gastric residual (before every feed,
before every third feed, etc.): this subgroup analysis was not
possible. All included trials monitored gastric residual before every
feed (Kaur 2015; Torrazza 2015; Singh 2018).

D I S C U S S I O N

Summary of main results

Two randomised controlled trials (RCTs) met the inclusion criteria
for the comparison of routine monitoring versus no monitoring of
gastric residual in preterm infants (Kaur 2015; Torrazza 2015); both
trials were done in infants < 1500 g. These trials were unblinded
but otherwise of good methodological quality. However, estimates
were imprecise due to the small sample size.

Routine monitoring of gastric residual may have little or no eEect on
the incidence of necrotising enterocolitis (risk ratio (RR) 3.07, 95%
confidence interval (CI) 0.50 to 18.77; participants = 141; studies
= 2; low-quality evidence). Routine monitoring may increase the
risk of feed interruption episodes (RR 2.07, 95% CI 1.39 to 3.07;
participants = 141; studies = 2; low-quality evidence); the number
needed to treat for an additional harmful outcome (NNTH) was 3
(95% CI 2 to 6).

Routine monitoring of gastric residual may increase time taken to
establish full enteral feeds (mean diEerence (MD) 3.92, 95% CI 2.06
to 5.77 days; participants = 141; studies = 2; low-quality evidence),
time taken to regain birth weight (MD 1.70, 95% CI 0.01 to 3.39 days;
participants = 80; studies = 1; low-quality evidence), and number of
total parenteral nutrition days (MD 3.29, 95% CI 1.66 to 4.92 days;
participants = 141; studies = 2; low-quality evidence).

We are uncertain as to the eEect of routine monitoring
of gastric residual on other outcomes such as incidence of
surgical necrotising enterocolitis, extrauterine growth restriction at
discharge, parenteral nutrition-associated liver disease, duration
of central venous line (CVL) usage, incidence of invasive infection,
mortality before discharge, and duration of hospital stay. We
found no data for outcomes such as aspiration pneumonia,
gastroesophageal reflux, growth measures following discharge,
and neurodevelopmental outcome. The three ongoing trials could
provide more data on important outcomes of routine monitoring
of gastric residual versus no monitoring in preterm infants (Parker
2013; Aljariry 2017; GRASS 2017).

One trial met the inclusion criteria for the comparison of using
two diEerent criteria of gastric residual for interrupting feeds, while
gastric residual monitoring was done in both groups (Singh 2018).
The trial was done in infants ≥ 1500 g. The trial was unblinded but
otherwise of good methodological quality. In this trial, both quality
and volume of gastric residual were monitored in the intervention
group; interruption of feeds and/or decreasing the feed volume was
done considering both quality and volume of the residual. In the
control group, only the quality of gastric residual was monitored
and considered for feed interruption; the volume of gastric residual
was not monitored.

We are uncertain as to the eEect of using two diEerent criteria
of gastric residual on outcomes such as incidence of necrotising
enterocolitis or surgical necrotising enterocolitis, time to establish
full enteral feeds, time to regain birth weight, number of total
parenteral nutrition days, number of infants experiencing feed
interruption episodes, extrauterine growth restriction at discharge,
parenteral nutrition-associated liver disease, incidence of invasive
infection, and mortality before discharge (very low quality
evidence). We found on data on duration of CVL usage, aspiration
pneumonia, gastroesophageal reflux, duration of hospital stay,
growth measures following discharge, and neurodevelopmental
outcome.

Overall completeness and applicability of evidence

For the comparison of routine monitoring versus no monitoring
of gastric residual, both included trials were done in infants with
birth weight < 1500 g (Kaur 2015; Torrazza 2015). One trial excluded
infants with absent or reversed end-diastolic flow in antenatal
doppler and infants with perinatal asphyxia (Kaur 2015). Study
infants were given intermittent gavage feeds with human milk
or formula milk in both trials. Trials had predefined criteria to
interrupt feeds, although these criteria varied slightly between
trials.

In one trial, there was no proactive monitoring for feed intolerance
in the 'no monitoring' group (Torrazza 2015). Kaur 2015 monitored
the prefeed abdominal circumference proactively and checked
gastric residual whenever there was an increase in abdominal
circumference > 2 cm. Hence the comparison group was not similar
in the two included trials.

The meta-analysis shows that routine monitoring of gastric residual
may increase the time taken to reach full enteral feeds ≥ 150 mL/
kg/d, the time taken to regain birth weight, and the number of TPN
days, and may increase the number of infants experiencing feed
interruption episodes. Although not shown in this meta-analysis, a
decrease in the number of TPN days would decrease the number
of days of CVL usage, risk of invasive infection, parenteral nutrition-
associated liver disease, and duration of hospital stay.

The major concern in not monitoring gastric residual is that it takes
away an early indicator of NEC and hence may increase the risk of
NEC. However, this meta-analysis shows a trend towards increased
risk of NEC in the routine monitoring group. This could be due
to over-diagnosis of NEC in the routine monitoring group based
on bloody aspirates caused by mucosal trauma due to repeated
aspirations or based on benign bilious aspirates in preterm infants.
In any case, there is no evidence to say that not monitoring gastric
residual in preterm infants would increase the risk of NEC.

For the comparison of using two diEerent criteria of gastric residual
to interrupt feeds while monitoring gastric residual, the only
included trial was done in preterm infants with birth weight of
1500 to 2000 g. The trial excluded infants with perinatal asphyxia
and birth weight below the third percentile. The trial showed no
diEerence in any of the major outcomes such as NEC, time to reach
full enteral feeds, time taken to regain birth weight, number of
episodes of feed interruption, and number of TPN days. This could
be so because these larger preterm infants usually do not require
long duration of gavage feeds, TPN, or CVL usage, and they are at
lesser risk of NEC when compared to very low birth weight infants.
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Quality of the evidence

The methodological quality of the included trials was good; trialists
used randomisation and allocation concealment to avoid selection
bias, reported all intended outcomes, and there was no attrition.
However, none of the trials was blinded.

The quality of evidence was low for all outcomes: NEC (downgraded
for serious imprecision due to small sample size and low event
rate), time to establish full enteral feeds, time to regain birth weight,
and number of TPN days (downgraded for serious imprecision due
to small sample size), and number of feed interruption episodes
(downgraded for imprecision due to small sample size and lack of
blinding). Clinicians' assessment of feed intolerance and decision
to withhold feeds are subjective; hence there is always a risk of
surveillance and ascertainment bias in an unblinded trial.

For the comparison of two diEerent criteria of gastric residual to
interrupt feeds, the quality of evidence from the only included trial
was very low for all outcomes (downgraded for serious imprecision
due to the small sample size and wide confidence intervals and
indirectness because the trial was done in infants with 1500 to 2000
g birth weight).

Potential biases in the review process

We have no financial or other conflicts of interest.

We found only three small trials for inclusion in this review.
Although we conducted a comprehensive search, we cannot
exclude fully the possibility of publication bias because we do not
know whether other published (but not indexed) or unpublished
trials have been conducted. We did not have a suEicient number of
trials to explore symmetry of funnel plots as a means of identifying
possible publication or reporting bias.

Agreements and disagreements with other studies or
reviews

To the best of our knowledge, there is no other systematic review
on routine monitoring of gastric residual for prevention of NEC
in preterm infants. Riskin 2017 is a case-control study done in
472 preterm infants < 34 weeks' gestation on the eEects of
routine monitoring of gastric residual versus no monitoring. The
study showed no diEerence in the incidence of NEC with routine
monitoring of gastric residual. Routine monitoring increased the
risk of feed interruption episodes, increased the time to reach
full enteral feeds and number of TPN days, reduced weight gain
and weight at discharge and increased the postmenstrual age at
discharge. Thus, the results of the study were similar to our meta-
analysis.

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

Implications for practice

Review authors found insuEicient evidence as to whether routine
monitoring of gastric residual reduces the incidence of necrotising
enterocolitis because trial results are imprecise. Low-quality
evidence suggests that routine monitoring of gastric residual
increases the risk of feed interruption episodes, increases the time
taken to reach full enteral feeds and to regain birth weight, and
increases the number of total parenteral nutrition days. Available
data are insuEicient to comment on other major outcomes such
as incidence of invasive infection, parenteral nutrition-associated
liver disease, mortality before discharge, extrauterine growth
restriction at discharge, number of central venous line, days and
duration of hospital stay.

For the comparison of using two diEerent criteria of gastric residual
to interrupt feeds, available data are insuEicient to comment on any
of the major outcomes of preterm infants.

Implications for research

Further randomised controlled trials on routine monitoring of
gastric residuals versus no monitoring should be adequately
powered to detect significant diEerences in major outcomes such
as necrotising enterocolitis (NEC) and mortality before discharge.
These trials should provide more precise estimates on important
outcomes such as incidence of invasive infection, extrauterine
growth restriction at discharge, parenteral nutrition-associated
liver disease, number of central venous line (CVL) days, and
duration of hospital stay.

The trials should also provide data on long-term growth and
neurodevelopmental outcomes. Trialists should aim to include
infants with intrauterine growth restriction and perinatal asphyxia,
so that subgroup analyses can be planned for this population at
higher risk of NEC.

Further randomised controlled trials comparing two diEerent
criteria of gastric residual to interrupt feeds (based on quality
and/or quantity) are required to provide adequate data on major
outcomes in preterm infants. No uniform standards on the quality
or quantity of gastric residual can predict NEC; therefore, the
trialists could choose criteria from available evidence based on
observational studies. Trials should provide clear evidence on the
nature of gastric residual (based on quality and/or quantity) that
predicts NEC.
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Methods RCT

Participants Eighty infants with birth weight < 1500 g were included. Infants with major congenital abnormalities,
gestation < 27 or > 34 weeks, absent or reversed end-diastolic flow in antenatal doppler, or Apgar score
< 3 at 5 minutes were excluded

Interventions Infants were randomised into gastric residual volume monitoring group or abdominal circumference
monitoring group at the time of initiation of enteral feeds

Gastric residual volume monitoring group:

Gastric residual volume was measured before each feed. Feed intolerance was defined as presence of 1
or more of the following features: bilious/haemorrhagic aspirates or volume of aspirates > 50% of pre-
vious feed or > 3 mL, whichever was larger. If gastric residues were between 30% and 50% of previous
feeds, the same volume was continued without making a daily increment. Feeds were advanced as per
protocol if gastric residues were < 30% of previous feeds. The gastric residues aspirated were discarded

Abdominal circumference monitoring group:

Abdominal circumference measurement was performed before each feed using a standard, disposable
non-stretchable paper tape with minimum markings of 1 mm. The tape was positioned 1 cm above the
umbilicus and was read along its bottom edge. A mark was made along the lower edge as reference for
subsequent measurements. An increase in prefeed abdominal circumference by 2 cm from baseline
was considered a sign of feed intolerance. Gastric residual volume assessment was not routinely per-
formed unless the abdominal circumference increased by > 2 cm. The decision for feed interruption
was merely based on an increase in abdominal girth. The least abdominal circumference during the
previous 24 hours was used as the baseline reference

Infants in both groups who experienced feed intolerance were kept nil per oral for the next 24 hours.
Once abdominal circumference was less than or equal to baseline (abdominal circumference group) or
gastric aspirates were clear and < 10 mL/kg/d (gastric residual volume group), feeds were restarted at
50% of the volume being delivered at the time of feed interruption

Outcomes Primary outcome:

Time taken to achieve full feeds (180 mL/kg/d), which were tolerated for at least 24 hours

Secondary outcomes:

Kaur 2015 
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Incidence of feed intolerance, time taken to regain birth weight, feed interruption days, duration on
TPN, incidence of NEC (Bell stage 2), incidence of culture-positive sepsis, duration of hospital stay, and
mortality

Notes The enrolled infants were assessed daily from birth for feed initiation. Feeds were initiated when in-
fants were haemodynamically stable with soT abdomen and audible bowel sounds. Intermittent gav-
age feeds were given at 2-hourly intervals. Feed was started at 10 mL/kg in infants < 1250 g and 20
mL/kg in infants ≥ 1250 g. Subsequent advancements were made by 20 mL/kg/d as tolerated, to a
maximum volume of 180 mL/kg/d. Expressed mother’s milk was preferred; if not available, standard
preterm formula with a calorie content of 80 kcal/100 mL was used. Human milk fortifier was added
once infants tolerated 100 mL/kg/d feed volume

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A computer-generated block randomisation sequence with block size of 4 was
prepared by a person not involved in clinical care, measurement of outcomes,
or analysis of data

Allocation concealment
(selection bias)

High risk This randomisation sequence was kept in sequentially numbered sealed
opaque envelopes. However, a fixed block size of 4 gives the chance to guess
the allocation of every fourth infant in an unblinded study

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 All 80 randomised infants were included in the analysis

Selective reporting (re-
porting bias)

Low risk All proposed outcomes were reported

Other bias Low risk Nil

Kaur 2015  (Continued)

 
 

Methods RCT

Participants Infants with birth weight 1500 to 2000 g and postnatal age < 48 hours who required gavage feeds were
included. Exclusion criteria were perinatal asphyxia (cord blood gas or first blood gas after birth with
pH < 7.0 or base excess > –16 mmol/L and Apgar score < 5 at 10 minutes), major congenital malforma-
tions/surgical conditions that could interfere with feeding, and severe growth restriction (defined as
birth weight below the third percentile)

Interventions Routine assessment of gastric residual was done in both groups

Intervention group:

Singh 2018 
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Only the quality of gastric residual was assessed. A maximum of 0.5 mL of gastric contents was aspirat-
ed before each feed. If the residual was haemorrhagic or was repeatedly bilious (more than 1 time) with
or without vomiting or abnormal abdominal examination, feed interruption was done. The volume of
gastric residual was not assessed

Control group:

Both volume and quality of gastric residual were assessed. The entire volume of gastric residual was as-
pirated before every feed. If the aspirate was > 50% of feed volume or > 3 mL, whichever was greater,
feeds were withheld. Also if the aspirate was bloody or bile stained, feeds were withheld

Outcomes Primary outcome:

Time to reach full enteral feeding ≥ 120 mL/kg/d

Secondary outcomes:

Time to regain birth weight, time to regain 120% of birth weight, incidence of late-onset culture-proven
sepsis (≥ 72 hours), NEC (Bell stage ≥ 2), number of occasions feedings were discontinued for > 24 hours
or were not increased for > 24 hours

Notes Feeds were started on day 1 or later, once the infant was haemodynamically stable. Feeds were start-
ed at 3 mL every 3 hours and were increased by 3 mL every 9 hours in infants with birth weight 1500 to
1750 g. For infants with 1751 to 2000 g birth weight, feeds were started at 6 mL every 3 hours and were
increased by 3 mL every 6 hours. Infants were fed breast milk if available and preterm formula after
parental consent was obtained when breast milk was not available. Feeds were fortified when enteral
feeds of 150 mL/kg/d were achieved

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The randomisation sequence was computer generated and permuted, even
numbered; randomly varying block sizes were generated with a 1:1 allocation
ratio

Allocation concealment
(selection bias)

Low risk The allocation sequence was concealed using serially numbered opaque
sealed envelopes

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

High risk Unmasked trial

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

High risk Unmasked trial

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All 87 randomised infants were included in the analysis

Selective reporting (re-
porting bias)

Low risk Study protocol had been published. All proposed outcomes were reported

Other bias Low risk Nil

Singh 2018  (Continued)
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Methods RCT

Participants Sixty-one infants born at postmenstrual age > 23 weeks but ≤ 32 weeks with birth weight ≤ 1250 g and
without congenital or chromosomal anomalies or gastrointestinal malformations who were receiving
some enteral nutrition by 48 hours of age

Interventions Infants were randomised before 48 hours of life to:

- Routine monitoring of gastric residuals before every feeding

- No monitoring of gastric residuals

Outcomes Primary outcome:

Enteral intake at 2 weeks and days to reach 120 mL/kg/d of enteral feedings

Secondary outcomes:

Enteral intake at 3 weeks, days to reach 150 mL/kg/d, growth indices (weight, head circumference, and
length) at 3 weeks, TPN days, CVL days, incidence of NEC, sepsis, and parental nutrition-associated liv-
er disease

Notes Enteral feeds were started at 20 mL/kg/d and were increased by 20 mL/kg/d. Both human milk and
preterm formula were used for feeding. Abdominal distension/discolouration/tenderness, emesis, gas-
tric residual > 50% of the feed volume or bilious aspirates were taken as signs of feed intolerance, and
an abdominal radiograph was taken. If the radiograph was normal, feeds were continued; increasing
length of feeds to 30 to 50 minutes; decreasing feed volume, or changing to continuous feeds was con-
sidered. If the radiograph was abnormal, feeds were withheld for 24 hours followed by reassessment

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A computer-generated block randomisation sequence with variable block
sizes was used

Allocation concealment
(selection bias)

Low risk The randomisation sequence was kept in sequentially numbered sealed
opaque envelopes

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

High risk Open-label trial

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

High risk Open-label trial

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All 61 randomised infants were included in the analysis

Selective reporting (re-
porting bias)

Low risk Study protocol had been published. All proposed outcomes were reported

Other bias Low risk Nil

Torrazza 2015 

CVL: central venous line.
NEC: necrotising enterocolitis.
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RCT: randomised controlled trial.
TPN: total parenteral nutrition.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Bertino 2009 This is a case-control study

Cobb 2004 This is a case-control study

Malhotra 1992 This is a prospective observational study

Mihatsch 2002 This is a prospective observational study

Riskin 2017 This is a case-control study

 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Routine gastric residual aspiration in preterm infants and the effect on reaching full feed

Methods RCT

Participants Infants ≤ 32 weeks' gestational age

Interventions Routine gastric aspiration group: routine prefeed aspiration of gastric residuals every 6 hours

No aspiration group: no routine gastric residual aspiration

Outcomes Primary outcome: time taken to reach full enteral feeds (120 mL/kg/d)
Secondary outcomes: time taken to reach 150 mL/kg/d, duration of TPN, duration of CVL usage, in-
cidence of sepsis, incidence of NEC, and weight gain (g/kg/d)

Starting date December 2015

Contact information www.isrctn.com/ISRCTN98322846

Notes Study completion estimated for December 2018

Aljariry 2017 

 
 

Trial name or title Does routine assessment of gastric residuals in preterm neonates influence time taken to reach full
enteral feeding? (GRASS)

Methods RCT

Participants Infants born at 26 to 30 weeks' gestational age and birth weight < 1500 g

Interventions Intervention: no routine aspiration of prefeed gastric residuals. Opening of the nasogastric tube
once every 6 hours to relieve possible backflow of gastric content will be allowed

Comparison: routine monitoring of gastric residuals before each feed

GRASS 2017 
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Outcomes Primary outcome: time taken to achieve full enteral feeding (100 mL/kg/d)
Secondary outcomes: episodes of withholding of enteral feeding, duration of TPN, duration of CVL
usage, hypoglycaemia, late-onset sepsis, NEC, spontaneous intestinal perforation, bronchopul-
monary dysplasia, intraventricular haemorrhage, retinopathy of prematurity, and neurodevelop-
ment at 24 months

Starting date October 2017

Contact information www.clinicaltrials.gov/ct2/show/NCT03111329

Notes Study completion estimated for December 2018

GRASS 2017  (Continued)

 
 

Trial name or title Aspiration of residual gastric contents

Methods RCT

Participants Infants ≤ 32 weeks' gestational age and birth weight ≤ 1250 g receiving some enteral feeds by 72
hours of age

Interventions Intervention: no routine monitoring of gastric residuals

Comparison: routine monitoring of gastric residuals before each feed

Outcomes Primary outcome: 24-hour enteral feeding intake in mL/kg
Secondary outcomes: time to reach full feeds, duration of TPN, duration of CVL usage, NEC, aspira-
tion pneumonia, ventilator-associated pneumonia, and length of hospital stay

Starting date May 2013

Contact information www.clinicaltrials.gov/ct2/show/NCT01863043

Notes Study completion estimated for February 2019

Parker 2013 

CVL: central venous line.
NEC: necrotising enterocolitis.
RCT: randomised controlled trial.
TPN: total parenteral nutrition.
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Routine monitoring of gastric residuals versus no monitoring of gastric residuals

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

Statistical method Effect size

1 Number of infants with NEC stage 2
or 3

2 141 Risk Ratio (M-H, Fixed, 95%
CI)

3.07 [0.50, 18.77]

2 Time to reach full enteral feeds 2 141 Mean Difference (IV, Fixed,
95% CI)

3.92 [2.06, 5.77]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3 Number of infants with surgical NEC 1 80 Risk Ratio (M-H, Fixed, 95%
CI)

1.25 [0.36, 4.32]

4 Time to regain birth weight (days) 1 80 Mean Difference (IV, Fixed,
95% CI)

1.70 [0.01, 3.39]

5 Number of infants with extrauterine
growth restriction at discharge

1 80 Risk Ratio (M-H, Fixed, 95%
CI)

0.89 [0.75, 1.05]

6 Number of infants with episodes
of interruption of feeds (lasting ≥ 12
hours)

2 141 Risk Ratio (M-H, Fixed, 95%
CI)

2.07 [1.39, 3.07]

7 Number of TPN days 2 141 Mean Difference (IV, Fixed,
95% CI)

3.29 [1.66, 4.92]

8 Number of infants with parenteral
nutrition-associated liver disease

1 61 Risk Ratio (M-H, Fixed, 95%
CI)

1.03 [0.28, 3.76]

9 Number of days of CVL usage 1 61 Mean Difference (IV, Fixed,
95% CI)

5.70 [-1.99, 13.39]

10 Number of infants with invasive in-
fection

2 141 Risk Ratio (M-H, Fixed, 95%
CI)

1.46 [0.85, 2.52]

11 All-cause mortality before dis-
charge

1 80 Risk Ratio (M-H, Fixed, 95%
CI)

1.25 [0.36, 4.32]

12 Duration of hospital stay (days) 1 80 Mean Difference (IV, Fixed,
95% CI)

3.20 [-4.45, 10.85]

 
 

Analysis 1.1.   Comparison 1 Routine monitoring of gastric residuals versus no
monitoring of gastric residuals, Outcome 1 Number of infants with NEC stage 2 or 3.

Study or subgroup Routine
monitoring

No routine
monitoring

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Kaur 2015 1/40 0/40 33.7% 3[0.13,71.51]

Torrazza 2015 3/30 1/31 66.3% 3.1[0.34,28.17]

   

Total (95% CI) 70 71 100% 3.07[0.5,18.77]

Total events: 4 (Routine monitoring), 1 (No routine monitoring)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.99); I2=0%  

Test for overall effect: Z=1.21(P=0.23)  

Favours Routine monitor 1000.01 100.1 1 Favours No monitor
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Analysis 1.2.   Comparison 1 Routine monitoring of gastric residuals versus no
monitoring of gastric residuals, Outcome 2 Time to reach full enteral feeds.

Study or subgroup Routine monitoring No routine
monitoring

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Kaur 2015 40 15.3 (5.1) 40 11.8 (4.2) 81.86% 3.5[1.45,5.55]

Torrazza 2015 30 28.1 (3.9) 31 22.3 (11.7) 18.14% 5.8[1.45,10.15]

   

Total *** 70   71   100% 3.92[2.06,5.77]

Heterogeneity: Tau2=0; Chi2=0.88, df=1(P=0.35); I2=0%  

Test for overall effect: Z=4.14(P<0.0001)  

Favours Routine monitor 105-10 -5 0 Favours No monitor

 
 

Analysis 1.3.   Comparison 1 Routine monitoring of gastric residuals versus no
monitoring of gastric residuals, Outcome 3 Number of infants with surgical NEC.

Study or subgroup Routine
monitoring

No routine
monitoring

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Kaur 2015 5/40 4/40 100% 1.25[0.36,4.32]

   

Total (95% CI) 40 40 100% 1.25[0.36,4.32]

Total events: 5 (Routine monitoring), 4 (No routine monitoring)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.35(P=0.72)  

Favours Routine monitor 1000.01 100.1 1 Favours No monitor

 
 

Analysis 1.4.   Comparison 1 Routine monitoring of gastric residuals versus no
monitoring of gastric residuals, Outcome 4 Time to regain birth weight (days).

Study or subgroup Routine monitoring No routine
monitoring

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Kaur 2015 40 11.5 (3.5) 40 9.8 (4.2) 100% 1.7[0.01,3.39]

   

Total *** 40   40   100% 1.7[0.01,3.39]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.97(P=0.05)  

Favours Routine monitor 105-10 -5 0 Favours No monitor

 
 

Analysis 1.5.   Comparison 1 Routine monitoring of gastric residuals versus no monitoring of
gastric residuals, Outcome 5 Number of infants with extrauterine growth restriction at discharge.

Study or subgroup Routine
monitoring

No routine
monitoring

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Kaur 2015 33/40 37/40 100% 0.89[0.75,1.05]

Favours Routine monitor 1000.01 100.1 1 Favours No monitor
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Study or subgroup Routine
monitoring

No routine
monitoring

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

   

Total (95% CI) 40 40 100% 0.89[0.75,1.05]

Total events: 33 (Routine monitoring), 37 (No routine monitoring)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.34(P=0.18)  

Favours Routine monitor 1000.01 100.1 1 Favours No monitor

 
 

Analysis 1.6.   Comparison 1 Routine monitoring of gastric residuals versus no monitoring of gastric
residuals, Outcome 6 Number of infants with episodes of interruption of feeds (lasting ≥ 12 hours).

Study or subgroup Routine
monitoring

No routine
monitoring

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Kaur 2015 32/40 14/40 67.03% 2.29[1.46,3.58]

Torrazza 2015 11/30 7/31 32.97% 1.62[0.73,3.63]

   

Total (95% CI) 70 71 100% 2.07[1.39,3.07]

Total events: 43 (Routine monitoring), 21 (No routine monitoring)  

Heterogeneity: Tau2=0; Chi2=0.54, df=1(P=0.46); I2=0%  

Test for overall effect: Z=3.61(P=0)  

Favours Routine monitor 1000.01 100.1 1 Favours No monitor

 
 

Analysis 1.7.   Comparison 1 Routine monitoring of gastric residuals
versus no monitoring of gastric residuals, Outcome 7 Number of TPN days.

Study or subgroup Routine monitoring No routine
monitoring

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Kaur 2015 40 11.1 (4) 40 7.5 (4) 86.57% 3.6[1.85,5.35]

Torrazza 2015 30 15.1 (11) 31 13.8 (5.9) 13.43% 1.3[-3.15,5.75]

   

Total *** 70   71   100% 3.29[1.66,4.92]

Heterogeneity: Tau2=0; Chi2=0.89, df=1(P=0.35); I2=0%  

Test for overall effect: Z=3.95(P<0.0001)  

Favours Routine monitor 105-10 -5 0 Favours No monitor

 
 

Analysis 1.8.   Comparison 1 Routine monitoring of gastric residuals versus no monitoring of
gastric residuals, Outcome 8 Number of infants with parenteral nutrition-associated liver disease.

Study or subgroup Routine
monitoring

No routine
monitoring

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Torrazza 2015 4/30 4/31 100% 1.03[0.28,3.76]

   

Favours Routine monitor 1000.01 100.1 1 Favours No monitor
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Study or subgroup Routine
monitoring

No routine
monitoring

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total (95% CI) 30 31 100% 1.03[0.28,3.76]

Total events: 4 (Routine monitoring), 4 (No routine monitoring)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.05(P=0.96)  

Favours Routine monitor 1000.01 100.1 1 Favours No monitor

 
 

Analysis 1.9.   Comparison 1 Routine monitoring of gastric residuals versus
no monitoring of gastric residuals, Outcome 9 Number of days of CVL usage.

Study or subgroup Routine monitoring No routine
monitoring

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Torrazza 2015 30 21.3 (20.7) 31 15.6 (5.9) 100% 5.7[-1.99,13.39]

   

Total *** 30   31   100% 5.7[-1.99,13.39]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.45(P=0.15)  

Favours Routine monitor 10050-100 -50 0 Favours No monitor

 
 

Analysis 1.10.   Comparison 1 Routine monitoring of gastric residuals versus no
monitoring of gastric residuals, Outcome 10 Number of infants with invasive infection.

Study or subgroup Routine
monitoring

No routine
monitoring

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Kaur 2015 12/40 7/40 44.16% 1.71[0.75,3.9]

Torrazza 2015 11/30 9/31 55.84% 1.26[0.61,2.6]

   

Total (95% CI) 70 71 100% 1.46[0.85,2.52]

Total events: 23 (Routine monitoring), 16 (No routine monitoring)  

Heterogeneity: Tau2=0; Chi2=0.3, df=1(P=0.58); I2=0%  

Test for overall effect: Z=1.37(P=0.17)  

Favours Routine monitor 1000.01 100.1 1 Favours No monitor

 
 

Analysis 1.11.   Comparison 1 Routine monitoring of gastric residuals versus no
monitoring of gastric residuals, Outcome 11 All-cause mortality before discharge.

Study or subgroup Routine
monitoring

No routine
monitoring

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Kaur 2015 5/40 4/40 100% 1.25[0.36,4.32]

   

Total (95% CI) 40 40 100% 1.25[0.36,4.32]

Total events: 5 (Routine monitoring), 4 (No routine monitoring)  

Favours Routine monitor 1000.01 100.1 1 Favours No monitor
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Study or subgroup Routine
monitoring

No routine
monitoring

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=0.35(P=0.72)  

Favours Routine monitor 1000.01 100.1 1 Favours No monitor

 
 

Analysis 1.12.   Comparison 1 Routine monitoring of gastric residuals versus no
monitoring of gastric residuals, Outcome 12 Duration of hospital stay (days).

Study or subgroup Routine monitoring No routine
monitoring

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Kaur 2015 40 34.5 (16.9) 40 31.3 (18) 100% 3.2[-4.45,10.85]

   

Total *** 40   40   100% 3.2[-4.45,10.85]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.82(P=0.41)  

Favours Routine monitor 10050-100 -50 0 Favours No monitor

 
 

Comparison 2.   Using two di:erent criteria of gastric residual for feed interruption while monitoring gastric residual

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

Statistical method Effect size

1 Number of infants with NEC stage 2
or 3

1 87 Risk Ratio (M-H, Fixed, 95%
CI)

5.35 [0.26, 108.27]

2 TIme to reach full enteral feeds 1 87 Mean Difference (IV, Fixed,
95% CI)

-0.10 [-0.91, 0.71]

3 Number of infants with surgical NEC 1 87 Risk Ratio (M-H, Fixed, 95%
CI)

5.35 [0.26, 108.27]

4 Time to regain birth weight (days) 1 87 Mean Difference (IV, Fixed,
95% CI)

1.0 [-0.37, 2.37]

5 Number of infants with extrauterine
growth restriction at discharge

1 87 Risk Ratio (M-H, Fixed, 95%
CI)

0.54 [0.14, 2.01]

6 Number of infants with episodes
of interruption of feeds (lasting ≥ 12
hours)

1 87 Risk Ratio (M-H, Fixed, 95%
CI)

3.21 [0.13, 76.67]

7 Number of TPN days 1 87 Mean Difference (IV, Fixed,
95% CI)

0.80 [-0.78, 2.38]

8 Number of infants with Invasive In-
fection

1 87 Risk Ratio (M-H, Fixed, 95%
CI)

5.35 [0.26, 108.27]

9 All-cause mortality before discharge 1 87 Risk Ratio (M-H, Fixed, 95%
CI)

3.21 [0.13, 76.67]
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Analysis 2.1.   Comparison 2 Using two di:erent criteria of gastric residual for feed interruption
while monitoring gastric residual, Outcome 1 Number of infants with NEC stage 2 or 3.

Study or subgroup Quality+Vol-
ume of residua

Only quality
of residual

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Singh 2018 2/42 0/45 100% 5.35[0.26,108.27]

   

Total (95% CI) 42 45 100% 5.35[0.26,108.27]

Total events: 2 (Quality+Volume of residua), 0 (Only quality of residual)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.09(P=0.27)  

Favours [Quality+Volume] 1000.01 100.1 1 Favours [Only quality]

 
 

Analysis 2.2.   Comparison 2 Using two di:erent criteria of gastric residual for feed
interruption while monitoring gastric residual, Outcome 2 TIme to reach full enteral feeds.

Study or subgroup Quality+Vol-
ume of residua

Only quali-
ty of residual

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Singh 2018 42 7 (2.1) 45 7.1 (1.7) 100% -0.1[-0.91,0.71]

   

Total *** 42   45   100% -0.1[-0.91,0.71]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.24(P=0.81)  

Favours [Quality+Volume] 10050-100 -50 0 Favours [Only quality]

 
 

Analysis 2.3.   Comparison 2 Using two di:erent criteria of gastric residual for feed interruption
while monitoring gastric residual, Outcome 3 Number of infants with surgical NEC.

Study or subgroup Quality+Vol-
ume of residua

Only quality
of residual

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Singh 2018 2/42 0/45 100% 5.35[0.26,108.27]

   

Total (95% CI) 42 45 100% 5.35[0.26,108.27]

Total events: 2 (Quality+Volume of residua), 0 (Only quality of residual)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.09(P=0.27)  

Favours [Quality+Volume] 1000.01 100.1 1 Favours [Only Quality]
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Analysis 2.4.   Comparison 2 Using two di:erent criteria of gastric residual for feed
interruption while monitoring gastric residual, Outcome 4 Time to regain birth weight (days).

Study or subgroup Quality+Vol-
ume of residua

Only quali-
ty of residual

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Singh 2018 42 12 (4.2) 45 11 (1.8) 100% 1[-0.37,2.37]

   

Total *** 42   45   100% 1[-0.37,2.37]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.43(P=0.15)  

Favours [Quality+Volume] 10050-100 -50 0 Favours [Only Quality]

 
 

Analysis 2.5.   Comparison 2 Using two di:erent criteria of gastric residual for feed interruption while
monitoring gastric residual, Outcome 5 Number of infants with extrauterine growth restriction at discharge.

Study or subgroup Quality+Vol-
ume of residua

Only quality
of residual

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Singh 2018 3/42 6/45 100% 0.54[0.14,2.01]

   

Total (95% CI) 42 45 100% 0.54[0.14,2.01]

Total events: 3 (Quality+Volume of residua), 6 (Only quality of residual)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.93(P=0.35)  

Favours [Quality+Volume] 1000.01 100.1 1 Favours [Only Quality]

 
 

Analysis 2.6.   Comparison 2 Using two di:erent criteria of gastric residual for feed interruption while monitoring
gastric residual, Outcome 6 Number of infants with episodes of interruption of feeds (lasting ≥ 12 hours).

Study or subgroup Quality+Vol-
ume of residua

Only quality
of residual

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Singh 2018 1/42 0/45 100% 3.21[0.13,76.67]

   

Total (95% CI) 42 45 100% 3.21[0.13,76.67]

Total events: 1 (Quality+Volume of residua), 0 (Only quality of residual)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.72(P=0.47)  

Favours [Quality+Volume] 1000.01 100.1 1 Favours [Only Quality]

 
 

Analysis 2.7.   Comparison 2 Using two di:erent criteria of gastric residual for feed
interruption while monitoring gastric residual, Outcome 7 Number of TPN days.

Study or subgroup Quality+Vol-
ume of residua

Only quali-
ty of residual

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Singh 2018 42 5.2 (4.8) 45 4.4 (2.1) 100% 0.8[-0.78,2.38]

Favours [Quality+Volume] 10050-100 -50 0 Favours [Only Quality]
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Study or subgroup Quality+Vol-
ume of residua

Only quali-
ty of residual

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

   

Total *** 42   45   100% 0.8[-0.78,2.38]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.99(P=0.32)  

Favours [Quality+Volume] 10050-100 -50 0 Favours [Only Quality]

 
 

Analysis 2.8.   Comparison 2 Using two di:erent criteria of gastric residual for feed interruption
while monitoring gastric residual, Outcome 8 Number of infants with Invasive Infection.

Study or subgroup Quality+Vol-
ume of residua

Only quality
of residual

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Singh 2018 2/42 0/45 100% 5.35[0.26,108.27]

   

Total (95% CI) 42 45 100% 5.35[0.26,108.27]

Total events: 2 (Quality+Volume of residua), 0 (Only quality of residual)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.09(P=0.27)  

Favours [Quality+Volume] 1000.01 100.1 1 Favours [Only Quality]

 
 

Analysis 2.9.   Comparison 2 Using two di:erent criteria of gastric residual for feed interruption
while monitoring gastric residual, Outcome 9 All-cause mortality before discharge.

Study or subgroup Quality+Vol-
ume of residua

Only quality
of residual

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Singh 2018 1/42 0/45 100% 3.21[0.13,76.67]

   

Total (95% CI) 42 45 100% 3.21[0.13,76.67]

Total events: 1 (Quality+Volume of residua), 0 (Only quality of residual)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.72(P=0.47)  

Favours [Quality+Volume] 1000.01 100.1 1 Favours [Only Quality]

 

 

A P P E N D I C E S

Appendix 1. Cochrane Neonatal standard search strategy

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 (randomised controlled trial [pt] OR controlled clinical trial [pt] OR randomised [tiab] OR placebo [tiab] OR drug therapy [sh]
OR randomly [tiab] OR trial [tiab] OR groups [tiab]) NOT (animals [mh] NOT humans [mh]))

Embase: ((exp infant) OR (infan* OR newborn or neonat* OR premature or very low birth weight or low birth weight or VLBW or LBW).mp
AND (human not animal) AND (randomised controlled trial or controlled clinical trial or randomised or placebo or clinical trials as topic
or randomly or trial or clinical trial).mp
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CINAHL: (infan* OR newborn OR neonat* OR premature OR low birth weight OR VLBW OR LBW) AND (randomised controlled trial OR
controlled clinical trial OR randomised OR placebo OR clinical trials as topic OR randomly OR trial OR PT clinical trial)

CRS Web: (infan* or newborn or neonat* or premature or preterm or very low birth weight or low birth weight or VLBW or LBW)

Appendix 2. Risk of bias tool

1. 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.

2. 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.

3. 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 diEerent 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.

4. 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 diEerent
outcomes or classes of outcomes. We categorised the methods as:

· low risk for outcome assessors;

· high risk for outcome assessors; or

· unclear risk for outcome assessors.

5. 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, 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 suEicient information was reported or supplied by 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.

6. 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
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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 of 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.

7. 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 (e.g. whether there was a
potential source of bias related to the specific study design, 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.
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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

For the outcome of feed interruption, while we planned to analyse the number of episodes of feed interruption lasting ≥ 12 hours in each
group, trialists of the included trials reported the number of infants with episodes of feed interruption lasting ≥ 12 hours.

We did not pre-specify the outcomes for the Summary of findings table in the protocol.
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