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A B S T R A C T

Background

Nutritional support is an essential component of critical care. Malnutrition has been associated with poor outcomes among patients in
intensive care units (ICUs). Evidence suggests that in patients with a functional gut, nutrition should be administered through the enteral
route. One of the main concerns regarding use of the enteral route is the reduction in gastric motility that is oIen responsible for limited
caloric intake. This increases the risk of aspiration pneumonia as well. Post-pyloric feeding, in which the feed is delivered directly into the
duodenum or the jejunum, could solve these issues and provide additional benefits over routine gastric administration of the feed.

Objectives

To evaluate the eJectiveness and safety of post-pyloric feeding versus gastric feeding for critically ill adults who require enteral tube
feeding.

Search methods

We searched the following databases: Cochrane Central Register of Controlled Trials (CENTRAL;2013 Issue 10), MEDLINE (Ovid) (1950 to
October 2013), EMBASE (Ovid) (1980 to October 2013) and the Cumulative Index to Nursing and Allied Health Literature (CINAHL) via EBSCO
host (1982 to October 2013). We reran the search on 4 February 2015 and will deal with the one study of interest when we update the review.

Selection criteria

Randomized or quasi-randomized controlled trials comparing post-pyloric versus gastric tube feeding in critically ill adults.

Data collection and analysis

We extracted data using the standard methods of the Cochrane Anaesthesia, Critical and Emergency Care Group and separately evaluated
trial quality and data extraction as performed by each review author. We contacted trials authors to request missing data.

Main results

We pooled data from 14 trials of 1109 participants in a meta-analysis. Moderate quality evidence suggests that post-pyloric feeding is
associated with low rates of pneumonia compared with gastric tube feeding (risk ratio (RR) 0.65, 95% confidence interval (CI) 0.51 to 0.84).
Low-quality evidence shows an increase in the percentage of total nutrient delivered to the patient by post-pyloric feeding (mean diJerence
(MD) 7.8%, 95% CI 1.43 to 14.18).

Post-pyloric versus gastric tube feeding for preventing pneumonia and improving nutritional outcomes in critically ill adults (Review)
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Evidence of moderate quality revealed no diJerences in duration of mechanical ventilation or in mortality. Intensive care unit (ICU) length
of stay was similar between the two groups. The eJect on the time required to achieve the full nutrition target was uncertain (MD -1.99
hours 95% CI -10.97 to 6.99) (very low-quality evidence). We found no evidence suggesting an increase in the rate of complications during
insertion or maintenance of the tube in the post-pyloric group (RR 0.51, 95% CI 0.19 to 1.364; RR1.63, 95% CI 0.93 to 2.86, respectively);
evidence was assessed as being of low quality for both.

Risk of bias was generally low in most studies, and review authors expressed concern regarding lack of blinding of the caregiver in most
trials.

Authors' conclusions

We found moderate-quality evidence of a 30% lower rate of pneumonia associated with post-pyloric feeding and low-quality evidence
suggesting an increase in the amount of nutrition delivered to these participants. We do not have suJicient evidence to show that other
clinically important outcomes such as duration of mechanical ventilation, mortality and length of stay were aJected by the site of tube
feeding.

Low-quality evidence suggests that insertion of a post-pyloric feeding tube appears to be safe and was not associated with increased
complications when compared with gastric tube insertion. Placement of the post-pyloric tube can present challenges; the procedure is
technically diJicult, requiring expertise and sophisticated radiological or endoscopic assistance.

We recommend that use of a post-pyloric feeding tube may be preferred for ICU patients for whom placement of the post-pyloric feeding
tube is feasible. Findings of this review preclude recommendations regarding the best method for placing the post-pyloric feeding tube.
The clinician is leI with this decision, which should be based on the policies of institutional facilities and should be made on a case-by-
case basis. Protocols and training for bedside placement by physicians or nurses should be evaluated.

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

Post-pyloric versus gastric tube feeding for critically ill adult patients

Review question.

We reviewed the evidence on benefits and complications of passing a feeding tube into the small bowel instead of placing it in the stomach
to feed critically ill adults admitted to the intensive care unit (ICU).

Background

Providing early nutritional support for participants in the ICU is very important. Nutrition is supplied in a special liquid form, which is
delivered through a tube placed in the mouth or nose of the person and extended into the stomach (gastric), or the tube may be advanced
more distally to reach the small bowel (duodenum or jejunum), in which case it is called a post-pyloric feeding tube. We wanted to learn
about the safety and potential benefits associated with post-pyloric feeding, as well as potential complications.

Study characteristics

We searched the databases until October 2013 and identified 14 studies (randomized controlled trials) with a total of 1109 participants. We
reran the search on 4 February 2015 and will deal with the one study of interest when we update the review. We investigated the benefits
of post-pyloric tube feeding for reducing the rate of pneumonia, decreasing the number of days that a person needs to be dependent on
a breathing machine, increasing the percentage of nutrients that can be provided to the participant and reducing the number of deaths.
We also investigated potential complications that may occur during insertion of the tube, such as bleeding from the gastrointestinal tract,
and complications arising during maintenance of the tube, such as the need to replace the tube.

Key results

We found that post-pyloric feeding appeared to reduce the rate of pneumonia and increase the amount of nutrition delivered to the patient.
Its use did not result in fewer days that a person needed to be dependent on a breathing machine nor in fewer deaths. The target amount
of feeding for a person fed with a post-pyloric tube was reached without delay. Insertion of a post-pyloric feeding tube appears safe and
did not increase the likelihood of complications.

Quality of the evidence

We found evidence of moderate quality for the outcomes of rate of pneumonia, duration of dependency on a breathing machine and rate
of death, mainly because identified studies were poorly conducted. With regard to the total quantity of nutrients that can be delivered to
patients and complications related to insertion and maintenance of the tube, the quality of evidence was assessed as low. Evidence for the
time required to reach the target amount of feeding was very low in that results were not similar across studies and study design issues
hindered assessment.

We recommend that a post-pyloric feeding tube should be used routinely for all ICU patients, when this approach is feasible.

Post-pyloric versus gastric tube feeding for preventing pneumonia and improving nutritional outcomes in critically ill adults (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Post-pyloric tube feeding compared with gastric tube feeding for critically ill adult patients

Post-pyloric tube feeding compared with gastric tube feeding for critically ill adult patients

Patient or population: critically ill adult patients
Settings: critical care
Intervention: post-pyloric tube feeding
Comparison: gastric tube feeding

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Gastric tube
feeding

Post-pyloric tube feeding

Relative effect
(95% CI)

Number of par-
ticipants
(studies)

Quality of the
evidence
(GRADE)

Comments

Study population

285 per 1000 185 per 1000
(145 to 239)

Moderate

Pneumonia

(follow-up from time of enrolment in
the study until discontinued enteral nu-
tritional support and commenced con-
current oral nutrition, participant death
or discharge from ICU)

204 per 1000 133 per 1000
(104 to 171)

RR 0.65 
(0.51 to 0.84)

819
(9 studies)

⊕⊕⊕⊝

Moderatea
 

Study population

218 per 1000 225 per 1000
(181 to 281)

Moderate

Mortality

(follow-up from time of enrolment in
the study until participant death)

261 per 1000 269 per 1000
(217 to 337)

RR 1.03 
(0.83 to 1.29)

977
(11 studies)

⊕⊕⊕⊝

Moderatea
 

Percentage of total nutrition delivered
to participant 

(follow-up from time of insertion of the
tube until discontinued enteral nutri-

  Mean percentage of nutri-
tional targets delivered to
participants in the interven-
tion groups was
7.8 higher
(1.43 to 14.18 higher)

  692
(7 studies)

⊕⊕⊝⊝

Lowa,b
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tional support and commenced concur-
rent oral nutrition)

Time required to achieve full nutritional
target (in hours) 

(follow-up from time of insertion of the
tube until discontinued enteral nutri-
tion support and commenced concur-
rent oral nutrition)

Mean time re-
quired to achieve
full nutrition-
al target (in
hours) in control
groups was 226
hours

Mean time required to
achieve full nutritional tar-
get (in hours) in interven-
tion groups was
1.99 lower
(10.97 lower to 6.99 higher)

  432
(5 studies)

⊕⊝⊝⊝

Very lowa,c,d

 

Duration of mechanical ventilation in
days

(follow-up from the day of start of me-
chanical ventilation until discontinued
mechanical ventilation)

Mean duration of
mechanical ven-
tilation in days
in control groups
was
279 days

Mean duration of mechani-
cal ventilation in days in in-
tervention groups was 0.92
lower
(2.11 lower to 0.28 higher)

  549
(5 studies)

⊕⊕⊕⊝

Moderatea
 

Study population

61 per 1000 31 per 1000
(12 to 83)

Moderate

Complications related to tube insertion

(follow-up from time of tube insertion
until removal of the tube)

26 per 1000 13 per 1000
(5 to 35)

RR 0.51 
(0.19 to 1.36)

324
(4 studies)

⊕⊕⊝⊝

Lowa,e

 

Study population

158 per 1000 258 per 1000
(147 to 453)

Low

0 per 1000 0 per 1000
(0 to 0)

High

Complications related to tube mainte-
nance

(follow-up from time of tube insertion
until removal of the tube)

0 per 1000 0 per 1000
(0 to 0)

RR 1.63 
(0.93 to 2.86)

638
(7 studies)

⊕⊕⊝⊝

Lowa,f

 

*The basis for the assumed risk (e.g. median control group risk across studies) is provided in footnotes. The corresponding risk (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).
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CI: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence.
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

aThe quality of evidence was downgraded one level because of serious risk of bias (no blinding of caregiver or outcome assessor for most of the study).
bThe quality of evidence was downgraded one level because of serious inconsistency (I2 = 89%).
cThe quality of evidence was downgraded one level because of serious inconsistency (I2 = 85%).
dThe quality of evidence was downgraded one level because of serious imprecision (95% CI ranged from -10.97 to 6.99).
eThe quality of evidence was downgraded one level because of serious imprecision, total number of events was very small (only one event) and confidence interval was very wide.
fThe quality of evidence was downgraded one level because of serious inconsistency (I2 =58%).
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B A C K G R O U N D

Description of the condition

Providing nutritional support for critically ill patients is a complex
and important task. A paradigm shiI has occurred regarding
the true value of nutritional support in the intensive care unit
(ICU) setting. In the past, the goals of nutritional support were
to provide adjunctive therapy to support the stress response, to
deliver exogenous nutrients to reduce depletion of lean body mass
and to prevent the consequences of protein caloric malnutrition.
Today, early feeding provided to a critically ill patient is seen
as a therapeutic tool or strategy that can attenuate disease
severity, modulate the immune response, reduce complications
and favourably impact patient outcomes (ASPEN 2009; Kudsk
2007).

For patients who require nutritional support, early feeding
(within 24 to 48 hours of admission to ICU) may be provided
by the enteral or parenteral route. According to European,
Canadian and American guidelines for enteral and parenteral
nutrition, enteral feeding is the preferred method for patients
who have a functioning gastrointestinal (GI) tract but who cannot
maintain adequate oral intake (ASPEN 2009; Canadian Guidelines
2013; ESPEN 2006). Advantages of enteral nutrition include
prevention of gastrointestinal mucosal atrophy; maintenance of
intestinal integrity; and prevention of bacterial adherence to
the gut wall by stimulated release of secretory immunoglobulin
(Ig)A immunoglobulin, which results in prevention of bacterial
translocation from the gastrointestinal lumen to the
rest of the body (Groos 1996; Jabbar 2003; Kudsk 2001; Kudsk
2002). In addition, enteral nutrition has been reported to reduce
infectious complications and is more cost-eJective than parenteral
nutrition (Heyland 2003).

Description of the intervention

For short-term enteral nutrition (for a period less than 30 days),
the feeding tube is passed via the nose to the stomach (gastric), or
it may be advanced more distally into the duodenum or jejunum
(post-pyloric). Debate continues regarding the best route of enteral
nutrition and the true risks and benefits derived by the use of post-
pyloric tube feeding over gastric feeding.

How the intervention might work

Successful enteral feeding of critically ill patients involves the
challenges of intolerance and potential adverse eJects, which are
caused mainly by the gastrointestinal tract dysfunction commonly
seen in these patients. Predominant motility abnormalities
seen in these patients include antral hypomotility and delayed
gastric emptying (Heyland 1996; Ritz 2001; Ukleja 2010). Antral
hypomotility and loss of peristaltic activity in the stomach result
from disturbed motor function of the proximal and distal stomach
(Chapman 2005; Nguyen 2006). Loss of peristaltic activity is not
as great in the duodenum as it is in the stomach (Dive 1994). A
prospective case series study of critically ill patients showed that
motor activity persisted in the duodenum in many circumstances
when gastric motility was profoundly suppressed (Bosscha 1998),
but the real prevalence of abnormal motility in the small bowel
is not known. Mechanisms of abnormal gastrointestinal motility
in critically ill patients are not fully understood but could be
related to impaired enteric nerve and smooth muscle function;
inflammation mediated by cytokines and nitric oxide; surgery

leading to gut injury and hypoperfusion; medications, including
opioids, dopamine, catecholamines and pressor agents; and
hyperglycaemia, electrolyte disturbances, sepsis and increased
intracranial pressure (Ukleja 2010l).

The first challenge associated with enteral feeding is increased
risk of aspiration pneumonia. A nasoenteric tube can interfere
with function of the upper and lower oesophageal sphincters and
may predispose a patient to gastroesophageal reflux (GER) and
aspiration (Uklaja 2007). Another factor contributing to higher risk
of GER is the high volume of gastric contents and gastric distention
that results from decreased gastric emptying, which leads to
relaxation of the lower oesophageal sphincter and more frequent
episodes of GER. It has been found that aspiration of gastric
contents is common in critically ill tube-fed patients and is a major
risk factor for pneumonia (Metheny 2006). Advancement of the
feeding tube beyond the pylorus should, theoretically, overcome
the risk of GER because the pylorus acts as a protective barrier
against reflux of nutrient contents back into the stomach. Heyland
found that feeding beyond the pylorus was associated with a
significant reduction in gastroesophageal regurgitation, suggesting
that this location may provide additional antireflux protection
(Heyland 2001).

The second important challenge of providing enteral feeding is
the inability to ensure that critically ill patients will have the
energy that they need, because gastric intolerance and high gastric
residual volumes result in frequent interruption of feeding and
cessation of delivery of food. Studies have shown that only 50% to
64% of estimated daily energy requirements are actually delivered
through enteral feeding (De Jonghe 2001; Elpern 2004; O'Leary
2005; O'Meara 2008; Woodcock 2001). Delivering feedings in a
timely manner is an important goal because failure to deliver
adequate nutrition, especially to malnourished patients, has been
shown to correlate with significantly longer ICU stay, additional
days on mechanical ventilation and more frequent infectious
complications (Rubinson 2004; Villet 2005). The larger percentage
of caloric requirements provided by post-pyloric feeding may be
related to significantly reduced gastric residual volume with the
perception of improved tolerance and thus fewer interruptions in
delivery of formula than occur with intragastric feeds. Post-pyloric
feeding has been used successfully to maintain enteral nutrition in
patients who otherwise would have required parenteral nutrition
(Boulton 2004).

Why it is important to do this review

The primary goal of nutritional support for critically ill patients is
to provide adequate nutrients while avoiding complications related
to the technique of providing nutritional support. Unfortunately,
the best way of feeding the critically ill patient is still a topic of
debate, including the best route for providing enteral nutrition and
the true risks and benefits derived when post-pyloric tube feeding
is selected over gastric feeding.

At least seven previously published meta-analyses have compared
gastric versus post-pyloric feeding in the critical care setting
(Alhazzani 2013; Deane 2013; Heyland 2002; Ho 2006; Jiyong
2013; Marik 2003; Zhang 2013). These meta-analyses have reached
diJerent conclusions regarding the benefits and complications
that may result from use of a post-pyloric feeding tube; this
conflict aJects both clinical practice and published guidelines.
The Canadian Clinical Practice Guidelines recommend routine use

Post-pyloric versus gastric tube feeding for preventing pneumonia and improving nutritional outcomes in critically ill adults (Review)
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of small bowel feeding in clinical units in which small bowel
access is feasible (Canadian Guidelines 2013), but American Society
for Parenteral and Enteral Nutrition (ASPEN) guidelines state
that gastric or small bowel feeding of the critically ill patient is
acceptable and recommend small bowel feeding only for patients
with high risk of aspiration or with intolerance of gastric feeding
(ASPEN 2009).

In the light of recently published studies regarding this issue, a
systematic review with meta-analysis conducted to re-evaluate
potential benefits and adverse eJects of early post-pyloric feeding
for critically ill adult patients is warranted

O B J E C T I V E S

To evaluate the eJectiveness and safety of post-pyloric feeding
versus gastric feeding for critically ill adults who require enteral
tube feeding.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included all randomized and quasi-randomized controlled trials
(RCTs). We define quasi-randomized controlled trials as trials using
inadequate randomization methods such as date of birth; day of the
week or month of the year; a person's medical record number; or
allocation of alternate participants.

We excluded prospective cohort studies.

We considered inclusion of trials that report at least one of our
primary or secondary outcomes of interest; however, primary
outcomes will be the focus of the review.

Types of participants

We included adult participants 18 years of age and older
who received treatment in a critical care setting (including
participants with burns, head injury, trauma, brain haemorrhage
and cerebrovascular accident) and who were anticipated to require
enteral feeding for at least 48 hours aIer admission to the critical
care unit.

Types of interventions

We included trials comparing post-pyloric versus gastric tube
feeding with catheters passed via the nose or mouth. We excluded
the following.

1. Gastrostomy, duodenostomy or jejunostomy feeding.

2. Aspiration per se as the outcome (without clinical evidence of
pneumonia).

3. Abdominal surgery.

4. Gastrointestinal bleeding.

5. Intestinal obstruction.

Types of outcome measures

Primary outcomes

1. Pneumonia.

2. Mortality.

3. Percentage of total nutrition delivered to the participant, which
is calculated by comparing the mean estimated caloric need
versus the mean actual calories delivered to the participant.

4. Time required to achieve the full nutritional target: time from
participant enrolment in the study to time the nutritional goal
rate was reached and continued successfully for four hours.

Secondary outcomes

1. Intensive care unit (ICU) length of stay.

2. Duration of mechanical ventilation.

3. Gastrointestinal complications: vomiting, diarrhoea, high
gastric residual volume.

4. Complications related to tube insertion: epistaxis,
pneumothoraces, gastrointestinal bleeding.

5. Complications related to tube maintenance: need for tube
replacement, tube occlusion.   

6. Time required to start feeding: from participant enrolment in the
study to start of the feeding.

Search methods for identification of studies

Electronic searches

We searched the Cochrane Central Register of Controlled Trials
(CENTRAL; 2013 Issue 10); MEDLINE (Ovid) (1950 to October
2013); EMBASE (Ovid) databases (1980 to October 2013); and the
Cumulative Index to Nursing and Allied Health Literature (CINAHL)
via EBSCO host (1982 to October 2013). We reran the search on 4
February 2015 and will deal with studies of interest when we update
the review.

We employed the search strategy stated in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2008)
and developed a specific strategy for each database. Our detailed
search strategies for CENTRAL, MEDLINE, EMBASE and CINAHL are
displayed in Appendix 1, Appendix 2, Appendix 3 and Appendix 4,
respectively.

We applied no language or publication restrictions.

We searched the following major databases for ongoing trials.

1. http://www.controlled-trials.com/.

2. http://clinicaltrials.gov/.

3. http://clinicaltrials.ifpma.org.

4. http://www.centerwatch.com/.

Searching other resources

We identified further potential studies by examining the references
cited in previous relevant Cochrane reviews, other relevant studies,
review articles and standard textbooks. We sought relevant
information from expert informants on additional published and
unpublished studies. We tried to contact the authors of all relevant
identified studies to enquire about additional studies potentially
suitable for inclusion.
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Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

7

http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD007878/bibliography.html#CD007878-bbs2-0010
http://www.controlled-trials.com/
http://clinicaltrials.gov/
http://clinicaltrials.ifpma.org
http://www.centerwatch.com/


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Data collection and analysis

Selection of studies

Three review authors (SA, CM, RJB) independently assessed the
titles and abstracts (when available) of all reports identified by the
searches. We retrieved full-text versions and evaluated potentially
relevant studies chosen by at least one review author. We (SA, RJB,
CM) selected trials that met the inclusion criteria (see Appendix
5 for a copy of the Study Selection Form). Each review author
documented the reasons for exclusion of trials. We resolved
disagreements by discussion between review author groups. In
cases of insuJicient published information, to make a decision
about inclusion, we contacted the first author of the relevant
trial (SA). We compiled a list of eligible trials, along with unique
identifiers, on a Form for Eligible Trials (see Appendix 6 for a copy
of this form).

Data extraction and management

The first review author (SA) extracted and collected data on
all studies and reviewed this information against data extracted
independently by two other review authors (CM, RJB). A copy of
this paper form is provided in Appendix 7. The data extraction
form had been piloted before use; we resolved discrepancies in
the data extracted by discussion within the group. When additional
information was needed, one review author (SA) contacted the
first author of the relevant trial. Excluded trials and reasons for
exclusion are listed in the Characteristics of excluded studies table.
One review author (SA) entered all data into Review Manager
(RevMan 5.3), and the fourth author (FGS) checked all entries.

Quality assessment

We generated a 'Summary of findings' table consisting of
information concerning the quality of evidence, the magnitude
of eJect of the interventions examined and the sum of available
data from all studies included in the comparison of all important
outcomes. We evaluated the following outcomes.

1. Risk of pneumonia.

2. Percentage of nutrition delivered to the participant.

3. Time required to achieve the full nutritional target.

4. Duration of mechanical ventilation.

5. Mortality.

6. Complications related to tube insertion: epistaxis,
pneumothoraces, gastrointestinal bleeding.

7. Complications related to tube maintenance: need for tube
replacement, tube occlusion.

We used the Grades of Recommendation, Assessment,
Development and Evaluation (GRADE) approach to interpret
findings and the GRADE profiler (GRADEpro 3.6) to import data from
RevMan 5.3.

Assessment of risk of bias in included studies

Three review authors (SA, RB, CM) independently, and in duplicate,
assessed risk of bias of selected trials on the basis of information
provided in the articles. We resolved disagreements by discussion
among the group and performed the assessment as suggested
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011; Jüni 2001). A copy of the form that was used to carry
out this assessment is provided in Appendix 8.

We considered a trial as having low risk of bias if all of the criteria
listed below were assessed as adequate. We considered a trial as
having high risk of bias if one or more of the criteria listed below
were not assessed as adequate.

Generation of the allocation sequence of interventions

We considered allocation adequate if it was generated by a
computer or a random number table algorithm. We judged other
processes, such as tossing of a coin, adequate if the whole sequence
was generated before the start of the trial, and if the process
was performed by a person not otherwise involved in participant
recruitment.

We considered allocation inadequate if a non-random system, such
as dates, names or identification numbers, was used.

Concealment of allocation

We considered concealment adequate if the process used
prevented participant recruiters, investigators and participants
from knowing the intervention allocation for the next participant to
be enrolled in the study.

Acceptable systems include a central allocation system, sealed
opaque envelopes or an on-site locked computer.

We considered concealment inadequate if the allocation method
allowed participant recruiters, investigators or participants to know
the treatment allocation for the next participant to be enrolled
in the study, for example, alternate medical record numbers,
reference to case record numbers or date of birth, an open
allocation sequence or unsealed envelopes.

Blinding

Blinding of the participant is not important because it cannot
aJect the outcome, but blinding of the caregiver is important
for all outcomes because diJerent ways of managing groups can
aJect the results. Blinding of the outcome assessor is important
in trials in which pneumonia is one of the measured outcomes, as
the diagnosis of pneumonia is more subjective and depends on
interpretation of the chest X-ray.

We considered blinding adequate if caregivers and outcome
assessors for pneumonia were blinded to the intervention.
We considered blinding inadequate if caregivers and outcome
assessors for pneumonia were not blinded to the intervention.

Incomplete outcome data

We considered incomplete outcome data to be adequately
addressed  if no outcome data were missing; reasons for missing
outcome data were unlikely to be related to a true outcome;
or missing outcome data were balanced in quantity across
intervention groups, with similar reasons for missing data across
groups.

We considered incomplete outcome data to be inadequately
addressed if the reason for missing outcome data was likely to be
related to true outcome; an imbalance in numbers or reasons for
missing data was noted across intervention groups; or ‘as-treated’
analysis was done with substantial departure of the intervention
received from that assigned at randomization.

Post-pyloric versus gastric tube feeding for preventing pneumonia and improving nutritional outcomes in critically ill adults (Review)
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Selective outcome reporting 

We considered the study free of selective reporting bias if the study
protocol was available and all of the study’s prespecified (primary
and secondary) outcomes of interest for the review were reported
in the pre-specified way; or the study protocol was not available,
but it is clear that published reports include all expected outcomes,
including those that were pre-specified.

We considered a study as having risk of selective reporting bias if
any of the following applied.

1. Not all of the study’s pre-specified primary outcomes were
reported.

2. One or more primary outcomes were reported as measurements
or analysis methods that were not pre-specified.

3. One or more reported primary outcomes were not pre-specified.

4. One or more outcomes of interest for the review were reported
incompletely, so data cannot be entered into a meta-analysis.

5. The study report failed to include results for a key outcome that
would be expected to have been reported for such a study.

Other potential threats to validity

We considered the study to be free of other bias if the study was
apparently free of other problems that could put it at risk of bias. We
considered the study as having risk of other bias if extreme baseline
imbalance was evident.

Measures of treatment e=ect

For continuous outcomes, we used mean diJerences and standard
deviations to summarize the data for each group. For dichotomous
outcomes, we estimated eJects of the intervention as risk ratios
with 95% confidence intervals (CIs).

Dealing with missing data

We attempted to contact the first author or the contact person
for all trials with missing data before we made a decision about
trial eligibility. If this was unsuccessful, we planned to perform
sensitivity analysis to compare the eJects of complete case analysis
and worst case scenario and last observation carried forward
options on the results of individual studies and meta-analyses. We
tolerated a maximum loss of 5% of data (Gamble 2005).

Assessment of heterogeneity

We assessed the clinical heterogeneity of included studies by
exploring clinical and methodological characteristics of these
studies (e.g. diJerences in study quality, participants, intervention
or outcome assessment). We pooled data in a meta-analysis, as
clinical heterogeneity among selected studies was negligible. We
assessed statistical heterogeneity with the I2 statistic, thereby
estimating the percentage of total variance across studies due to
heterogeneity rather than to chance (Higgins 2002), with a value
greater than 50% indicating substantial statistical heterogeneity.
We assessed possible sources of heterogeneity by performing
subgroup and sensitivity analyses when studies and data were
suJicient.

Assessment of reporting biases

Publication bias occurs when published studies are not
representative of all studies that have been done, usually

because positive results tend to be submitted and published
more oIen than negative results. Because detecting publication
bias is diJicult, we tried to minimize the bias by performing
a comprehensive literature search and by using study registries
(Glasziou 2001). When we had identified an adequate number of
trials for inclusion, we constructed funnel plots and examined them
visually to assess the presence of publication bias (Egger 1997),
which is associated with asymmetry (Light 1984).

Data synthesis

We generated a quantitative summary measure and performed
the analysis using Review Manager soIware (RevMan 5.3). As the
population was varied, we used the random-eJects model for
meta-analysis. For outcomes with a smaller value of the I2 statistic,
both random-eJects and fixed-eJect methods were carried out, but
no diJerence between random-eJects and fixed-eJect estimates
were reported for these outcome variables. We performed all
analyses according to the intention-to-treat (ITT) principle. We
reported a confidence interval at a level of 95%.

Subgroup analysis and investigation of heterogeneity

We performed subgroup analyses of participants, interventions
and outcomes for each of the following.

Subgroups of participants

1. Participants on mechanical ventilation.

Subgroups of the intervention

1. Participants for whom the tube was inserted into the jejunum
versus the duodenum.

2. Participants with regular monitoring of the position of the tube
versus no monitoring.

3. Participants for whom other preventive measures
for pneumonia, such as head elevation or chlorhexidene mouth
wash, were used.

Subgroups of the outcome

1. A clear and acceptable definition of pneumonia as a new
or progressive radiographic infiltrate on chest radiograph
associated with clinical features of pneumonia versus no clear
or inadequate definition.

Sensitivity analysis

We performed sensitivity analyses to determine the impact of
methodological quality on the overall eJect estimate. We excluded
two trials (Montecalvo 1992; White 2009) because no standardized
protocol was provided for management of tube feeding in both
groups (Montecalvo 1992), and because high cross-over and
baseline imbalance were noted between groups (White 2009). In
this latter trial, 4/45 (8.9%) from the gastric group were crossed
over to post-pyloric feeding because of high gastric residual, and
10/50 (20%) participants from the post-pyloric group did not receive
the intended treatment because it was not possible to insert the
feeding tube blindly. Also, baseline characteristics demonstrate
that the Acute Physiology and Chronic Health Evaluation (APACHE)
II score was higher in the post-pyloric group.

We will not use results obtained from subgroup and sensitivity
analyses to form conclusions. They are provided for hypothesis
generation and for testing in future adequately designed studies.

Post-pyloric versus gastric tube feeding for preventing pneumonia and improving nutritional outcomes in critically ill adults (Review)
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No diJerence between random-eJects and fixed-eJect estimates
was provided for each outcome variable. In cases of missing data,
we tolerated 5% maximum loss of data (Gamble 2005).

R E S U L T S

Description of studies

Full study details are provided in Characteristics of included
studies, Characteristics of excluded studies and Characteristics of
studies awaiting classification.

Results of the search

We reran the search on 4 February 2015. The search yielded 4195
studies; aIer removal of duplicates, we identified 2920 studies.

We performed initial screening by reading the abstract; when it was
not clear from the abstract whether a study should be included,
or when no abstract was available, we obtained the full paper.
We took a total of 53 papers forward for detailed assessment; one
paper (Huang 2012) was a secondary publication of Hsu 2009. We
excluded a total of 15 papers and included 14 studies in the meta-
analysis, one study is awaiting classification.(see Figure 1).
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Figure 1.   Study flow diagram. We reran the search on 4 Febuary 2015. We found one study of interest and will deal
with this study (Couto 2014) when we update the review.
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Figure 1.   (Continued)

 
Included studies

See Characteristics of included studies.

We included 14 studies (Acosta-Escribano 2010; Boivin 2001; Davies
2002; Davies 2012; Day 2001; Esparza 2001; Hsu 2009; Kearns
2000; Kortbeek 1999; Montecalvo 1992; Montejo 2002; Neumann
2002; White 2009; Zeng 2010). Theses are described in detail
in the Characteristics of included studies. The oldest study was
undertaken in 1992, and the most recent one in 2012

Excluded studies

See Characteristics of excluded studies

AIer inspecting the full report, we excluded 15 studies (Bao 2006;
Eatock 2005; Graham 1989; Heyland 2001; Kumar 2006; Lin 2006;

Minard 2000; Nayak 2008; Olah 1996; Singh 2012; Spain 1995; Strong
1992; Taylor 1998; Taylor 1999; Treux 1995).

Awaiting classification

See Characteristics of studies awaiting classification.

One study (Couto 2014) is awaiting classification. We will deal with
this study when we update the review.

Ongoing studies

We identified no ongoing studies.

Risk of bias in included studies

We provided full details in Figure 2, in Figure 3 and in the risk of bias
tables (found below Characteristics of included studies).

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Most trials had low risk of selection bias. Random sequence
generation was adequate in all but three trials (Acosta-Escribano
2010; Davies 2002; Esparza 2001), in which assessment of risk of bias
was not possible. Allocation concealment was adequate in most
trials, with the exception of six trials (Acosta-Escribano 2010; Boivin
2001; Esparza 2001; Montecalvo 1992; Montejo 2002; Zeng 2010) in
which it was not possible to judge whether it was adequate.

Blinding

Concern has been expressed regarding blinding in most trials. No
blinding of participants occurred in any of the studies, but this is
unlikely to aJect study results. Caregivers were not blinded in all
trials, with the exception of two trials (Hsu 2009; Kearns 2000). This
was considered to introduce high risk of bias because diJerences in
care provided for the two groups may aJect outcomes.

Outcome assessors were not blinded in most studies. We consider
this to present high risk of bias only in trials in which pneumonia is
one of the outcomes, as the other outcomes are more objective and
are less likely to be aJected by blinding of the outcome assessor.

Incomplete outcome data

Complete follow-up was reported for all outcomes. No participant
was lost to follow-up. All trials performed statistical analyses in
accordance with ITT, with the exception of three trials (Boivin 2001;
Montecalvo 1992; Zeng 2010) in which it was uncertain whether
they had used ITT in their analysis or not . In two trials (Boivin
2001; Esparza 2001), no standard deviations were reported for
the percentage of goal rates achieved. In Boivin 2001, time from
enrolment to insertion of a feeding tube and time from enrolment
to initiation of feeding were not available. In two trials (Day 2001;
Kortbeek 1999), duration of mechanical ventilation and length of
stay were calculated as median and interquartile range (IQR) -
not as mean and standard deviation. In Singh 2012, no standard
deviations were reported for total length of hospital stay. We failed
to get these results even aIer we contacted the first study author;
accordingly these data were not entered into the analysis.

Selective reporting

We detected no reporting bias, and all prespecified outcomes were
reported in all studies. The funnel plot for main outcomes showed
no publication bias (Figure 4; Figure 5; Figure 6).

 

Figure 4.   Funnel plot of comparison: 1 Post-pyloric versus gastric tube feeding in critically ill adult patients,
outcome: 1.1 Pneumonia.
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Figure 5.   Funnel plot of comparison: 1 Post-pyloric versus gastric tube feeding in critically ill adult patients,
outcome: 1.5 Percentage of nutritional targets delivered to participants.
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Figure 6.   Funnel plot of comparison: 1 Post-pyloric versus gastric tube feeding in critically ill adult patients,
outcome: 1.3 Mortality.

 
Other potential sources of bias

Three trials described methodological issues, indicating possible
risk of bias (Esparza 2001; Montecalvo 1992; White 2009). For
one trial (Esparza 2001), inclusion and exclusion criteria were not
available. For Montecalvo 1992, no clear protocol was provided for
management of the feeding tube with regard to when the feeding
should be interrupted; this resulted in significant diJerences in
management in both groups and could have a significant eJect
on outcomes. For White 2009, 4/45 (8.9%) from the gastric group
were crossed over to post-pyloric feeding because of high gastric
residual, and 10/50 (20%) from the post-pyloric group did not
receive the intended treatment because the feeding tube could not
be inserted blindly. This was described in the protocol and involved
ITT analysis, but this cross-over might aJect the outcome.

E=ects of interventions

See: Summary of findings for the main comparison Post-pyloric
tube feeding compared with gastric tube feeding for critically ill
adult patients

Primary outcomes

Pneumonia

Nine of the 14 included trials, with a total of 819 participants,
reported this outcome (Acosta-Escribano 2010; Davies 2002; Davies
2012; Day 2001; Hsu 2009; Kortbeek 1999; Montecalvo 1992;
Montejo 2002; White 2009). Two studies (Acosta-Escribano 2010;

Hsu 2009) found that post-pyloric feeding was associated with a
statistically significantly lower rate of pneumonia. The remaining
seven trials found no statistically significant diJerences in the
incidence of pneumonia. When data from all trials were combined
in a meta-analysis, a statistically significantly lower rate of
pneumonia was noted in participants who were fed via the post-
pyloric route (RR 0.65, 95% CI 0.51 to 0.84; I2 = 0%) (Analysis 1.1).
The quality of evidence was moderate.

Subgroup analysis

Participants were mechanically ventilated in six trials (Acosta-
Escribano 2010; Davies 2002; Davies 2012; Hsu 2009; Kortbeek
1999; White 2009). Authors for the remaining three trials (Day
2001; Montecalvo 1992; Montejo 2002) did not mention whether
participants were mechanically ventilated; this prevented us from
performing a subgroup analysis for participants who were not on
mechanical ventilation.

Only one study provided no clear definition for pneumonia (Day
2001). Results of this subgroup analysis were not modified much by
removal of this study (RR 0.66, 95% CI 0.52 to 0.85; I2 = 0%).

Sensitivity analysis

Two of the nine trials (Montecalvo 1992; White 2009) were
excluded from the sensitivity analysis. Montecalvo 1992 was
excluded because no standardized protocol was available for the
management of tube feeding in both groups. White 2009 was
excluded because 10/50 participants in the post-pyloric group and
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4/54 participants in the gastric tube group did not receive the
intended treatment and were crossed over to the second group.
In addition, baseline characteristics show that the APACHE II score
was higher in the post-pyloric group. The result was modified very
little by removal of these two studies from the analysis (RR 0.67,
95% CI 0.52 to 0.87; I2 = 2%) (Analysis 1.2).

Mortality

Eleven of the included trials, with a total of 977 participants,
reported this outcome (Acosta-Escribano 2010; Boivin 2001; Davies
2002; Davies 2012; Esparza 2001; Hsu 2009; Kearns 2000; Kortbeek
1999; Montecalvo 1992; Montejo 2002; White 2009). Most studies
did not specify clearly whether they calculated ICU or hospital
mortality, with the exception of one trial (Davies 2012), for which
investigators specified mortality as hospital mortality. None of
the individual trials and no meta-analysis of studies revealed any
statistically significant diJerences in mortality (RR 1.03, 95% CI 0.83
to 1.29; I2 = 0%) (Analysis 1.3). The quality of evidence was moderate

Sensitivity analysis 

In a sensitivity analysis that excluded Montecalvo 1992 and White
2009, the result was not modified (RR .99, 95% CI 0.78 to 1.25; I2 =
0%) (Analysis 1.4).

Percentage of nutritional targets delivered to participants

The percentage of total nutritional targets delivered was reported in
10 of the included trials (Acosta-Escribano 2010; Boivin 2001; Davies
2012; Day 2001; Esparza 2001; Hsu 2009; Kearns 2000; Montecalvo
1992; Montejo 2002; White 2009).

Slight variation was evident in the description of nutritional intake.
It was specified as percentage of the target energy requirement
received during the whole study period in Davies 2012; Kearns
2000; and Montejo 2002); as percentage of the daily target energy
received during the whole study period in Boivin 2001; Esparza
2001; Day 2001; Hsu 2009; Montecalvo 1992; and White 2009; and as
"percentage of mean eJective volume of diet" in Acosta-Escribano
2010.

The standard deviation was not available for three trials (Boivin
2001; Day 2001; Esparza 2001); therefore these studies were not
included in the meta-analysis.

Four trials (Acosta-Escribano 2010; Hsu 2009; Kearns 2000;
Montecalvo 1992) showed a significantly higher percentage of
average intake in the post-pyloric group, and White 2009 reported
significantly lower average intake in the post-pyloric group. On the
other hand, results from two studies (Davies 2012; Montejo 2002)
revealed no significant diJerences between the two groups.

When data from the seven trials were combined in a meta-analysis,
with a total of 692 participants, a significantly greater percentage of
nutritional intake could be seen in the post-pyloric group (MD 7.80,
95% CI 1.43 to 14.18; I2 = 90%) (Analysis 1.5). The quality of evidence
was low.

Subgroup analysis

In trials with no regular monitoring of the position of the
feeding tube (Acosta-Escribano 2010; Davies 2012; Montecalvo
1992; Montejo 2002; White 2009), no significant diJerences between
groups in average daily intake were reported (MD 3.06, 95% CI -3.89
to 10.02; I2 = 74%).

The target location of the feeding tube was the duodenum in three
trials (Day 2001; Hsu 2009; Kearns 2000) and the jejunum in six trials
(Acosta-Escribano 2010; Davies 2002, Davies 2012; Esparza 2001;
Montecalvo 1992; Montejo 2002) the exact position was not clear in
five trials (Boivin 2001; Kortbeek 1999; Neumann 2002; White 2009;
Zeng 2010). Accordingly, we were not able to conduct a subgroup
analysis regarding the exact position of the feeding tube.

Sensitivity analysis

In a sensitivity analysis that excluded two studies (Montecalvo
1992; White 2009), significantly higher average daily intake was
noted in the post-pyloric group (MD 10.19, 95% CI 3.90 to 16.47; I2
= 92%) (Analysis 1.6).

Time required to achieve the full nutritional target (in hours)

Time from the first attempt to insert the feeding tube until
attainment of the full nutritional target was reported in six of the
14 included trials (Boivin 2001; Davies 2002; Hsu 2009; Kortbeek
1999; Neumann 2002; White 2009). The standard deviation was not
available for Boivin 2001; therefore, this trial was not included in
the meta-analysis. A total of 432 participants were included in the
six included trials.
Two trials (Hsu 2009; Kortbeek 1999) showed faster time to
reach target feed in the post-pyloric group, two trials (Neumann
2002; White 2009) reported the opposite result and one study
(Davies 2002) described no diJerences between the two groups.
When data from all trials were combined in a meta-analysis, no
significant diJerences were noted in time required to achieve the
full nutritional target in both groups (MD -1.99 hour, 95% CI -10.97 to
6.99; I2 = 85%) (Analysis 1.7). The quality of evidence was very low.

Subgroup analysis

No significant diJerences in time required to achieve the full
nutritional target were observed in trials in which the feeding tube
was inserted under fluoroscopic guidance/endoscopy (Davies 2002;
Kortbeek 1999) (MD -5.5 hour, 95% CI -15.2 to 4.2; I2 = 60%) and in
trials in which insertion was done blindly at the bedside (Hsu 2009;
Neumann 2002; White 2009) (MD -0.3 hour, 95% CI 15.0 to 24.3; I2
= 87%). These results signify the importance of regular monitoring
of the position of the feeding tube, because the tube might migrate
from the small intestine back to the stomach during the patient's
stay in the ICU.

Sensitivity analysis

In a sensitivity analysis that excluded White 2009, the result was not
modified (MD -3.994, 95% CI -17.16 to 9.19; I2 = 85%) (Analysis 1.8).

Secondary outcomes

ICU length of stay (in days)

Nine of the 14 included trials reported this outcome (Acosta-
Escribano 2010; Davies 2002; Davies 2012; Hsu 2009; Kearns 2000;
Kortbeek 1999; Montecalvo 1992; Montejo 2002; White 2009). Two
studies (Davies 2012; Kortbeek 1999) reported this outcome as a
median value; therefore it was not possible to include them in
the analysis. None of the individual trials found any statistically
significant diJerence in ICU length of stay, nor did the meta-analysis
of the seven included studies with a total of 585 participants (MD
-0.70 day, 95% CI -2.31 to 0.91; I2 =40%) (Analysis 1.9).
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Duration of mechanical ventilation (in days)

Six of the included trials reported this outcome (Acosta-Escribano
2010; Davies 2012; Hsu 2009; Kortbeek 1999; Montecalvo 1992;
White 2009). For Kortbeek 1999, this was reported as a median
value; therefore it was not possible to include this information in
the analysis. None of the individual trials found any statistically
significant diJerences in duration of mechanical ventilation, nor
did the meta-analysis of the five included studies with a total of 549
participants (MD -0.92 day, 95% CI -2.11 to 0.28; I2 = 10%) (Analysis
1.10). The quality of evidence was moderate.

Gastrointestinal complications

Vomiting

Six of the included trials reported this outcome, with a total of
543 participants (Boivin 2001; Davies 2012; Day 2001; Hsu 2009;
Montecalvo 1992; Montejo 2002). None of the individual trials found
statistically significant diJerences in vomiting between the two
groups, nor did the meta-analysis of studies report this finding (RR
1.01, 95% CI 0.54 to 1.89; I2 = 21%) (Analysis 1.11).

Diarrhoea

Eight of the included trials reported this outcome, with a total of 675
participants (Acosta-Escribano 2010; Davies 2002; Davies 2012; Day
2001; Hsu 2009; Montecalvo 1992; Montejo 2002; Zeng 2010). None
of the individual trials found any statistically significant diJerences
in diarrhoea between the two groups, nor did the meta-analysis of
studies (RR 0.96, 95% CI 0.74 0 to 1.25; I2 = 0%) (Analysis 1.12).

High gastric residual

We could not include this outcome in our analysis because diJerent
studies reported this outcome in diJerent ways. Some studies
reported the actual amount of gastric residual, other studies
determined how many times the participant had high gastric
residual and yet other studies reported the number of participants
with high gastric residual.

Complications related to tube insertion (epistaxis,
pneumothoraces, gastrointestinal bleeding)

Four of the included trials, with a total of 324 participants,
reported this outcome (Davies 2002; Davies 2012; Montecalvo
1992; Zeng 2010). The complication most commonly reported was
gastrointestinal bleeding. Montecalvo 1992 reported one case of
pneumothorax in the gastric group. None of the other studies
reported epistaxis as a complication. Analysis of the data showed
no significant diJerences in complications between the two groups
(RR 0.51, 95% CI 0.19 to 1.36; I2 = 0%) (Analysis 1.13). The quality of
evidence was low.

Complications related to tube maintenance (need for tube
replacement, tube occlusion)

This outcome includes complications such as the need for tube
replacement, repositioning and blockage. Seven of the included
trials, with a total of 638 participants, reported this outcome
(Boivin 2001; Davies 2002; Davies 2012; Esparza 2001; Hsu 2009;
Montecalvo 1992; Montejo 2002). Only one study (Montejo 2002)
showed a significantly higher complication rate in the post-pyloric
group. When data from all trials were combined in a meta-analysis,
no significant diJerence in complication rates was observed

between groups (RR 1.63, 95% CI 0.93 to 2.86; I2 = 58%) (Analysis
1.14). The quality of evidence was low.

Time required to start feeding (in hours)

Time from the first attempt to insert the feeding tube until the
start of feeding was reported in six trials (Boivin 2001; Davies 2002;
Montecalvo 1992; Montejo 2002; Neumann 2002; White 2009). The
standard deviation was not available for Boivin 2001; therefore
the result was not included in the meta-analysis. The feeding tube
was inserted blindly by the bedside nurse in two trials (Neumann
2002; White 2009); blindly by the physician in Montecalvo 1992; by
endoscopy in Davies 2002; and by endoscopy, under fluoroscopic
guidance, blindly or by echo in Montejo 2002. Three trials showed
a significant delay in time to start feeding in the post-pyloric group
(Montejo 2002; Neumann 2002; White 2009). When data from five
trials were combined in a meta-analysis with a total participant
count of 374, a significant delay in time to start feeding was
reported in the post-pyloric group (MD 11.05 hour, 95% CI 3.05 to
19.05; I2 = 90%) (Analysis 1.15).

D I S C U S S I O N

Summary of main results

Evidence from 14 studies with 1109 participants showed some
benefit for post-pyloric feeding compared with feeding by the
gastric route for critically ill adult patients. We found evidence of
moderate quality for a lower rate of pneumonia and evidence of
low quality for an increase in the percentage of nutrients delivered
to the participant. However, these outcomes were not reflected in
other important clinical outcomes such as duration of mechanical
ventilation, mortality and ICU length of stay, which did not diJer
between the two groups.

We found no evidence that participants fed by post-pyloric
tube reach their full nutritional target earlier than those fed
by gastric tube, regardless of whether the tube was inserted
under fluoroscopic guidance/endoscopy or blindly at the bedside.
Our results revealed no significant diJerences in adverse eJects
between the two groups. No evidence suggested that post-
pyloric feeding was associated with an increase in gastrointestinal
complications such as vomiting or diarrhoea, and no evidence
was found of an increase in the rate of complications related
to tube insertion, such as upper gastrointestinal bleeding, or of
complications related to tube maintenance, such as the need for
tube replacement, repositioning or blockage.

A significant delay in time to start feeding was reported in the post-
pyloric group; this was expected and was related to the time needed
for insertion of the tube. In spite of this delay, no increase in the
time required to achieve the full nutritional target was reported.
This could be explained by the fact that participants fed through the
small bowel may receive a greater percentage of nutritional intake
and can “catch up” with the participant fed through the stomach.

Overall completeness and applicability of evidence

In most of the included trials, the studied population was mixed
and included surgical and medical participants; this makes the
result applicable for most intensive care patients. Generalization
of our results is limited because most studies were conducted at
single centres and the total number of participants was small.
Most studies did not report all expected outcomes; this is why we
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analysed a limited number of studies for most of our reported
outcomes. In addition, the standard deviation was not available
for certain important outcomes, some of which were reported as
a median value and an IQR instead of a mean and a standard
deviation. Accordingly, all of these results were not entered into the
meta-analysis; thus, the results should be interpreted with great
caution.

Quality of the evidence

The quality of evidence is summarized in Summary of findings
for the main comparison. Included studies were relatively small,
ranging from 25 to 181 participants, with a total of 1109. The
small sample size might have created an inflated overall estimate
of treatment eJect. Although all studies were RCTs, blinding was
not properly done, and this is reflected in the moderate quality
of evidence for pneumonia, mortality and duration of mechanical
ventilation. The increase in the percentage of daily nutrients
delivered to the patient with post-pyloric feeding was judged
to be of low quality because of inconsistency and substantial
statistical heterogeneity, indicating that this observation should be
interpreted with caution. The heterogeneity may be explained in
part by the fact that slight variation was noted in the description of
nutrient intake among trials. Although time to reach full nutritional
target was equal in the two groups, this finding again should
be interpreted with caution, as the quality of evidence for this
outcome was judged to be very low because of inconsistency and
imprecision, which may reflect that insertion of a post-pyloric tube
can be technically diJicult and time consuming. The evidence
indicating that post-pyloric tube insertion is not associated
with more complications during insertion or maintenance when
compared with insertion of a gastric tube was judged to be of low
quality because of imprecision and inconsistency, respectively.

Potential biases in the review process

To the best of our knowledge, no potential biases arose from the
review process. We have identified all published studies that report
post-pyloric tube feeding.

Agreements and disagreements with other studies or
reviews

Over the past decade, seven systematic reviews have compared
gastric versus post-pyloric feeding (Alhazzani 2013; Deane 2013;
Heyland 2002; Ho 2006; Jiyong 2013; Marik 2003; Zhang 2013).
Of the older meta-analyses, two (Ho 2006; Marik 2003) failed to
demonstrate any clinical benefit derived from post-pyloric tube
feeding, and Heyland 2002 suggested that post-pyloric tube feeding
reduced the risk of pneumonia.

The more recently published analyses concluded that post-pyloric
feeding was able to deliver a greater proportion of the estimated
energy requirement (Deane 2013; Zhang 2013), and it reduced
the risk of pneumonia (Alhazzani 2013; Deane 2013; Jiyong 2013)
without aJecting other clinically important outcomes. One of the
latest analyses (Jiyong 2013) has some limitations in that studies
of both adult and paediatric populations were included, along with
a study in which participants received care outside the critical care

environment. Consistent with previous meta-analyses, our analysis
confirmed that post-pyloric feeding may improve nutritional intake
and reduce the incidence of pneumonia.

Our analysis incorporated all recent trials that met our inclusion
criterion for clinical evidence of pneumonia and excluded studies
that considered aspiration per se as their outcome without clinical
evidence of pneumonia.

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

Implications for practice

We found evidence of moderate quality suggesting that post-
pyloric feeding reduces the rate of pneumonia by 30% and low-
quality evidence suggesting that post-pyloric feeding may lead
to an increase in the amount of nutrition delivered to these
participants when compared with gastric tube feeding. We do not
have suJicient evidence to show that other clinically important
outcomes such as duration of mechanical ventilation, mortality
and length of stay were aJected by the site of tube feeding. Low-
quality evidence shows that Insertion of a post-pyloric feeding tube
appears to be safe and was not associated with complications
such as epistaxis, pneumothoraces and gastrointestinal bleeding
when compared with gastric tube insertion. Placement of the post-
pyloric tube can be challenging and technically diJicult, requiring
expertise and sophisticated radiological or endoscopic assistance.

Given the findings of this review, the best method for placement
of the post-pyloric feeding tube remains unclear. The clinician is
leI with this decision, which should be based on the policies of
institutional facilities and should be made on a case-by-case basis.
Protocols and training for bedside placement by physicians or
nurses should be evaluated.

Implications for research

In view of conflicting data on the benefits of post-pyloric
feeding, further adequately powered multi-centre trials are
needed. Measurement of clinically important outcomes such as
pneumonia and nutritional administration should be well defined
and standardised among future studies. Regular monitoring of
tube position must be documented, as the tube might migrate
during routine patient care. Further studies should target selected
critically ill patients with intolerance to gastric feeding.
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Participants Severe traumatic brain injury patient

Mechanically ventilated

Mean age: 38 years

Male: 86%

Median APACHE II score: 17

Inclusion criteria

1-Age between 18 and 80 years

2-Glasgow coma scale score < 9

3-Apache II score between 15 and 30

4-Sequential organ failure assessment (SOFA) index < 6 (excluding the neurological variable)

5-Mechanical ventilation required on admission

6-Artificial nutrition required for at least 5 days

Exclusion criteria

1-Chronic renal failure (plasma creatinine > 2 mg/dL)

2-Hepatic failure (bilirubin > 3 mg/dL)

3-Contraindication for enteral nutrition: intestinal inflammatory disease, past history of gastric resec-
tion, abdominal surgery within 2 months before inclusion, facial trauma

4-Treatment with steroid or immunosuppressive drugs

5-Traumatic spinal cord injury

6-Pregnancy

7-Body mass index (BMI) > 35 kg/m2

8-Severe malnutrition with BMI < 18 kg/m2

9-Life expectancy less than 5 days

10-Encephalic death on admission

11-Refusal to participate

12-Participation in another clinical study

Number of participants randomly assigned: 104

Number of participants who received intended treatment (50 post-pyloric; 54 gastric)

Number of participants analysed (50 post-pyloric; 54 gastric)

Interventions Post-pyloric group: double-lumen tube (Compat Stay-Put 9/18) was placed in the jejunum through
spontaneous placement or in the radiological suite

Position was confirmed by plain abdominal film. No regular monitoring for position of the tube

Same feeding protocol was used in both groups

Preventive measures were used to reduce risk of pneumonia: head elevation
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Duration of follow-up was not mentioned

Outcomes Primary outcome

1-Incidence of nosocomial pneumonia (score > 6 using Clinical Pulmonary Infection Score criteria)

Secondary outcomes

1-Enteral feeding, gastrointestinal complications: abdominal distension, increased gastric residual vol-
ume, diarrhoea, aspiration

2-Achievement of nutritional goal measured in mean efficacious volume (mean volume of diet adminis-
tered daily)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Patient[s] were randomized in 1:1 ratio to one of two treatment
group[s]"

Method of randomization was not mentioned

Information was insufficient to permit judgement of ’high risk’ or ’low risk’

Allocation concealment
(selection bias)

Unclear risk Not mentioned by study authors

Information was insufficient to permit judgement of ’high risk’ or ’low risk’

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

High risk Quote: "open-label trial"

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

High risk Quote: "open-label trial"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No missing outcome data

Intention-to-treat analysis

Selective reporting (re-
porting bias)

Low risk Study protocol is available, and all primary and secondary outcomes have
been reported

Other bias Low risk Study appears to be free of other sources of bias

Acosta-Escribano 2010  (Continued)

 
 

Methods Randomized controlled trial with 2 parallel groups

1 centre

Country: New Mexico, USA

Participants Medical, surgical and neuroscience intensive care unit
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99% mechanically ventilated

Age, years: 49 post-pyloric; 48 gastric

APACHE II score: 17 post-pyloric; 16 gastric

Inclusion criteria

1-Patients 18 years of age or older needing enteral feed as decided by treating team

Exclusion criteria

1-Patients who were already being fed

2-Pancreatitis

3-Burns

4-Severe head injury (Glasgow Coma Score < 6)

5-Pregnant

6-Prisoners

7-Patients with previous gastric surgery

8-Ongoing gastrointestinal bleeding

9-Expected need for tube feeding was < 72 hours

Number of participants randomly assigned: 80

Number of participants who received intended treatment: 39 post-pyloric; 39 gastric

Number of participants analysed: 39 post-pyloric; 39 gastric 

Interventions Post-pyloric group: 10-Fr weighted feeding tube (Flexiflo, Ross Product Div., Abbott Laboratories) was
placed blindly by investigator. Target location was not mentioned, and placement was confirmed and-
 monitored by chest and abdominal radiographs 

Gastric group: nasogastric or orogastric tube placed into the stomach, position confirmed by abdomi-
nal radiograph, patients receiving erythromycin (200 mg) every 8 hours to increase gastric motility 

Same feeding protocol was used in both groups

Partiicpants were studied until they were able to tolerate oral intake or until 96 hours had elapsed

Outcomes Primary outcome

1-Percentage of recommended calories received by participant 

Secondary outcomes

1-Time required to achieve full nutritional target

2-Daily percentage of goal rate

3-Change in albumin, pre-albumin

4-PaO2/FIO2 index (partial pressure of arterial oxygen tension/fraction of inspired oxygen)

5-Mortality

Notes No standard deviations were reported for percentage of goal rate achieved; time from enrolment to in-
sertion of feeding tube; and time from enrolment to initiation of feeding. E-mail was sent to study au-
thor, who replied but did not provide further data until November 2013 
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Duration of mechanical ventilation was not reported; study authors reported ventilator-free days;
therefore this outcome was not included in our analysis

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "random number table in blocks of ten"

Allocation concealment
(selection bias)

Unclear risk Information was insufficient to permit judgement of ’high risk’ or ’low risk’

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

High risk Participants were not blinded, but outcome was not likely to be influenced

Personnel: blinding not mentioned by study authors

Comments: personnel probably were not blinded; otherwise this would be
mentioned

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

Low risk Not mentioned by study authors

Comments: outcome not likely to be influenced, as incidence of pneumonia
was not reported

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No missing outcome data

Uncertain whether analysis was done by intention-to-treat

Standard deviation was not available for some outcomes

Selective reporting (re-
porting bias)

Low risk Study protocol available, and all primary and secondary outcomes reported

Other bias Low risk Study appears to be free of other sources of bias

Boivin 2001  (Continued)

 
 

Methods Randomized controlled trial with 2 parallel groups

1 centre

Country: Australia

Participants Medical and surgical intensive care unit

Age, years: 55 post-pyloric; 53 gastric

90% mechanically ventilated

APACHE II score: 17.6 post-pyloric; 18.6 gastric

Inclusion criteria

1-Patient expected to require nutritional and critical care support for at least 3 days

Exclusion criteria

1-Patients unsuitable for passage of a nasoenteral tube (e.g. facial fractures, coagulopathy)

Davies 2002 
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2-Patient already receiving nutritional support

3-Patient expected to die within 48 hours

4-Recent abdominal surgery was not an exclusion criterion

Number of participants randomly assigned: 73

Number of participants who received intended treatment: 34 post-pyloric; 39 gastric

Number of participants analysed: 31 post-pyloric; 35 gastric 

Interventions Post-pyloric group: 126 cm long, 2.1 mm diameter tube (ENTRAL 204–09, Mallinckrodt, St Louis, MO)
was inserted into jejunum by endoscopy over a guidewire. Placement was confirmed and monitored by
chest and abdominal radiograph every third day 

Gastric group: nasogastric or orogastric tube placed into the stomach, with position confirmed by ab-
dominal radiograph 

Same feeding protocol used in both groups

Preventive measure to reduce risk of pneumonia: not mentioned

Study ceased when participant discontinued enteral nutritional support, commenced concurrent oral
nutrition or was discharged from ICU

Outcomes Primary outcome

1-Tolerance of enteral nutrition, which was measured by gastric residual volume 

Secondary outcomes

1-New onset of pneumonia: according to consensus conference definition (clinical criteria, chest X-ray,
changes and microbiological data)

2-New onset of systemic inflammatory response

3-New onset of severe sepsis

4-New onset of septic shock

5-New onset of acute renal failure

6-Gastrointestinal bleeding

7-Diarrhoea

8-Mortality

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Randomization was by sealed envelope"

Comment: insufficient information to permit judgement of ’high risk’ or ’low
risk’

Allocation concealment
(selection bias)

Low risk Quote: "Randomization was by sealed envelope"
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Participants not blinded, but outcomes not likely to be influenced

Personnel: not mentioned by study authors

Comments: personnel probably not blinded, otherwise this would be men-
tioned

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

High risk Not mentioned by study authors

Comments: probably outcome assessments not blinded; otherwise this would
be mentioned

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No missing outcome data

Intention-to-treat analysis

Selective reporting (re-
porting bias)

Low risk Study protocol is available, and all primary and secondary outcomes have
been reported

Other bias Low risk Study appears to be free of other sources of bias

Davies 2002  (Continued)

 
 

Methods Randomized controlled trial with 2 parallel groups

Multi-centre

Country: Australia

Participants Multidisciplinary, medical-surgical ICU patient

Mechanically ventilated patients on narcotic infusion

Mean age: 52 years

Male: 74%

Median APACHE II score: 20

Inclusion criteria

1-Age ≥ 18 years

2-ICU stay < 48 hours

3-Receiving mechanical ventilation with ≥ 48 hours anticipated duration

4-Receiving narcotic infusion (morphine ≥ 2 mg/h, fentanyl ≥ 20 mcg/h or meperidine ≥ 20 mg/h)

5-Elevated GRV (single measurement > 150 mL or 12 hour cumulative volume > 500 mL)

Exclusion criteria

1-Previous anatomy-altering upper gastrointestinal surgery

2-Gastric malignancy

3-Esophageal varices

4-Current peptic ulceration

Davies 2012 
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5-Mechanical bowel obstruction

6-Presence of gastrostomy or jejunostomy

7-Nutrition therapy before ICU admission

8-Severe coagulopathy

9-Pregnancy

10-Suspected brain death

11-Death expected within 24 hours

12-Suspected hypoxic-ischaemic encephalopathy

Number of participants randomly assigned: 181

Number of participants who received intended treatment (91 post-pyloric; 89 gastric)

Number of participants analysed (91 post-pyloric; 89 gastric)

Interventions Post-pyloric group: spontaneously migrating frictional nasojejunal tube (Tiger Tube, Cook Critical Care,
Bloomington, IN) inserted using a standardized method

Position confirmed radiologically

No regular monitoring of position

Same feeding protocol used in both groups

Preventive measure to reduce risk of pneumonia: head elevation

Study nutrition period continued until 28 days after enrolment, death or ICU discharge, or until partici-
pant began to eat, whichever came first

Outcomes Primary outcome

1-Energy delivery from enteric feeding,calculated as proportion of estimated energy requirements from
enrolment to end of ICU stay (up to 28 days)

Secondary outcomes

1-Incidence of ventilator-associated pneumonia; consensus panel of 3 clinicians, pneumonia diag-
nosed by at least 2 members on the basis of temperature, white blood cell count, sputum, PO2/FIO2 ra-

tio and chest X-ray

2-Duration of mechanical ventilation

3-Duration of hospitalizations

4-In-hospital mortality rate

Notes Duration of assisted ventilation and hospital and ICU length of stay were calculated as median and IQR;
therefore this was not added to the result. E-mail was sent to study author to request further informa-
tion, but no reply until November 2013

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "computer-generated randomizations schedule with variable block"
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Allocation concealment
(selection bias)

Low risk Quote: "Treatment assignments were concealed before randomizations using
a centralized
voice-recognition phone system"

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

High risk Quote: "There was no blinding after randomizations"

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

High risk Not mentioned by study authors

Comments: probably outcome assessment, not blinded; otherwise this would
be mentioned

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No missing outcome data

Intention-to-treat analysis

Selective reporting (re-
porting bias)

Low risk Study protocol is available, and all primary and secondary outcomes have
been reported

Other bias Low risk Study appears to be free of other sources of bias

Davies 2012  (Continued)

 
 

Methods Randomized controlled trial with 2 parallel groups

1 centre

Country: USA

Participants Neurological intensive care unit

Age, years: 53 post-pyloric; 60 gastric

Not stated whether participants were mechanically ventilated

APACHE III score: 44.5 post-pyloric; 51.7 gastric

Inclusion criteria

1-Patient with primary neurological diagnosis

2-Expected to require enteral feeding for at least 72 hours

3-Approved for inclusion by their primary physician

Exclusion criteria

1-Patient with documented gastroparesis

2-Pre-existing gastrointestinal bleeding

3-Contraindication to head elevation of at least 30 degrees

4-Absence of gag reflex

Number of participants randomly assigned: 25

Number of participants who received intended treatment: 14 post-pyloric; 11 gastric

Day 2001 
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Number of participants analysed: 14 post-pyloric; 11 gastric 

Interventions All participants had a 10 French, 3 gram weighted tip Corflow Ultra NG enteral feeding tube (Corpak
Med Syatem) placed in stomach or duodenum. Tube was inserted blindly and position was confirmed
by abdominal X-ray 

Same feeding protocol was used in both groups

Study nutrition period was continued until 10 days after enrolment or participant death

Outcomes Primary outcome

1-Percentage of recommended calories and protein received by participant

Secondary outcomes

1-Physiological effect of feeding

2-Reasons for delay in feeding

3-Volume of feeding residual

4-Number of feeding tubes replaced

5-Cost of feeding

6-Numbers and types of complications

7-Aspiration pneumonia: no definition provided 

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Group assignment was performed using a software-generated ran-
domization schedule"

Allocation concealment
(selection bias)

Low risk Quote: "the number generated were placed into sealed envelopes"

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

High risk Participants not blinded, but outcome not likely to be influenced

Personnel: not mentioned by study authors

Comments: probably personnel not blinded, otherwise this would be men-
tioned

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

Low risk Not mentioned by study authors

Comments: outcome not likely to be influenced, as incidence of pneumonia
was not reported

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No missing outcome data

Intention-to-treat analysis

Selective reporting (re-
porting bias)

Low risk Study protocol is available, and all primary and secondary outcomes have
been reported

Other bias Low risk Study appears to be free of other source of bias

Day 2001  (Continued)
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Methods Randomized controlled trial with 2 parallel groups

1 centre

Country: New Mexico, USA

Participants Medical intensive care unit

Age, years: 45 post-pyloric; 50 gastric

Mechanically ventilated: 96.3% post-pyloric; 92.6% gastric

APACHE II score: 15.8 post-pyloric; 17.1 gastric

Inclusion criteria

Not mentioned

Exclusion criteria

Not mentioned 

Number of participants randomly assigned: 54

Number of participants who received intended treatment: 24 post-pyloric; 27 gastric

Number of participants analysed: 27 post-pyloric; 27 gastric 

Interventions 10 French feeding tube was placed in upper jejunum with the aid of an electromyographic (EMG) elec-
trode 4 cm from the tip (Modified Flexiflo, Ross Product Division, Abbott Laboratories, Columbus, OH,
USA), placement was confirmed by a typical gastric or duodenal EMG pattern. Abdominal X-ray con-
firmed position of the tube before that start of the feeding. EMG was recorded continuously to monitor
correct position

Same feeding protocol was used in both groups

Participants were studied for up to 8 days, until enteral feeding was no longer required or until isotopic
aspiration occurred

Outcomes Primary outcome

1-Difference in aspiration rate between gastric and post-pyloric fed participants

Secondary outcomes

1-Average daily percentage of goal fed

2-Mortality

Notes No standard deviations were reported for average daily percentage of recommended calories received
by participant. E-mail was sent to study author in May, but no reply was received until July 13, 2011

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "feeding tube was placed in the randomly assigned position"

Comment: insufficient information to permit judgement of ’high risk’ or ’low
risk’

Esparza 2001 
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Allocation concealment
(selection bias)

Unclear risk Quote: "feeding tube was placed in the randomly assigned position"

Comment: insufficient information to permit judgement of ’high risk’ or ’low
risk’

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

High risk Participants not blinded, but outcome not likely to be influenced

Personnel: not mentioned by study authors

Comments: probably personnel not blinded, otherwise this would be men-
tioned

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

Low risk Not mentioned by study authors

Comments: probably not blinded, but outcome is not likely to be influenced

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No missing outcome data

Intention-to-treat analysis

Selective reporting (re-
porting bias)

Low risk Study protocol is available, and all primary and secondary outcomes have
been reported

Other bias Unclear risk Exclusion and Inclusion criteria not mentioned

Esparza 2001  (Continued)

 
 

Methods Randomized controlled trial with 2 parallel groups

1 centre

Country: Taiwan

Participants Medical intensive care unit

Age, years: 70 post-pyloric; 67.9 gastric

All participants were mechanically ventilated

APACHE II score: 20.5 post-pyloric; 20.3 gastric

Inclusion criteria

1-Patient without intractable vomiting, severe diarrhoea and paralytic ileus

2-Anticipated to require enteral feeding  for at least 3 days

Exclusion criteria

1-Abdominal surgery

2-Acute pancreatitis

3-Gastrointestinal bleeding

4-Intestinal obstruction

5-Short bowel syndrome

6-Chronic renal disease with creatinine > 2.5 mg/dL or liver disease with hepatic encephalopathy re-
quiring protein intake restriction

Hsu 2009 
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Number of participants randomly assigned: 121

Number of participants who received intended treatment: 59 post-pyloric; 62 gastric

Number of participants analysed: 59 post-pyloric; 62 gastric 

Interventions Both groups received a 114 cm long, 12 French enteral feeding tube (Flexiflo, Abbott, Chicago, IL),
which was placed by resident doctors in stomach (gastric group) or duodenum (post-pyloric group)

Position confirmed by radiograph and by checking pH of aspirated juice, tube position was monitored
by chest radiograph or residual volume 

Same feeding protocol was used in both groups

Study observations continued from placement of nasoenteric tube until 1 of the following events oc-
curred: enteral tube was removed, participant commenced concurrent oral nutrition, participant was
discharged from ICU or he or she expired

Outcomes Primary outcomes

1-Mean daily caloric and protein intake and mean percentage of daily goal caloric fed

2-Time to achieve nutritional goal rate

Secondary outcomes

1-Duration of ICU and hospital stays

2-Duration of mechanical ventilation

3-Blood glucose level

4-Vomiting

5-Diarrhoea

6-Gastrointestinal bleeding

7-Tube replaced

8- Tube clogged

9-Episodes of residual volume > 100 mL

10-Fever

11-Bacteraemia

12-Ventilator-associated pneumonia: requires agreement of 2 pulmonologists without knowledge of
clinical details. Criteria include:new CXR changes and 1 of the following: A-Temperature > 38 ° C or < 36
° C with no other recognized causes

B-White blood cell count > 12,000/cm3 or < 4,000/cm3

C-For adults > 70 years and altered mental status, need at least 2 of the following: change in respiratory
secretions, new or worsening cough or dyspnoea, worsening gas exchange, bronchial breath sound

13-Mortality

 

Notes  

Risk of bias

Hsu 2009  (Continued)
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "group assignment was performed using a software-generated ran-
domization schedule"

Allocation concealment
(selection bias)

Low risk Quote: "all care givers were blinded to the randomization sequence"

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

Low risk Participants not blinded, but outcome not likely to be influenced

Personnel, quote: "resident doctor insert all feeding tubes to avoid awareness
of tube position by nurses"

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

Low risk Quote: "all radiographs were reviewed by pulmonologist without the knowl-
edge of clinical details"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No missing outcome data

Intention-to-treat analysis

Selective reporting (re-
porting bias)

Low risk Study protocol is available, and all primary and secondary outcomes have
been reported

Other bias Low risk Study appears to be free of other sources of bias

Hsu 2009  (Continued)

 
 

Methods Randomized controlled trial with 2 parallel groups

1 centre

Country: California, USA

Participants Medical intensive care unit

Age, years: 54 post-pyloric; 49 gastric

All participants were mechanically ventilated

APACHE II score: 22 postpyloric; 20 gastric

Inclusion criteria

1-People who tolerate enteral feeding

2-Anticipated to need enteral feeding for 3 days

Exclusion criteria

1-Hypotension

2-Abdominal surgery

3-Pancreatitis

4-Gastrointestinal bleeding

5-Ileus

Kearns 2000 
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Number of participants randomly assigned: 44

Number of participants who received intended treatment: 21 post-pyloric; 23 gastric

Number of participants analysed: 21 post-pyloric; 23 gastric 

Interventions Post-pyloric group: 1 of the study authors passed a 104 cm, 12 French polyurethane, styletted feeding
tube in the duodenum by manipulating tube using tactile cues until feeling the tip was in position. Ra-
diograph was used to confirm tip location, and positions were monitored by radiograph and by length
of exposed feeding tube

Gastric group: same feeding tube but placed entirely within the stomach

Same feeding protocol was used in both groups

Preventive measure to reduce risk of pneumonia: head elevation

Study observations continued from placement of nasoenteric tube until the earlier of 2 events: Endo-
tracheal tube was removed or participant was discharged from ICU

Duration of follow-up was not mentioned

Outcomes Primary outcomes

1-Achievement of caloric goal: percentage of energy expenditures

2-Incidence of ventilator-associated pneumonia; defined as presence of new infiltrate on CXR in the
presence of 2 of the following:

A-White blood cell count > 10,000/cm3

B-Temperature > 38.5° C

C-Positive glucose test or blue discolorations in endotracheal secretion

Secondary outcomes

1-Mortality

2-Duration of tube feeding

3-Duration of ICU and hospital stays

4-Number of feeding tubes placed

5-Incidence of gastrointestinal bleeding

6-Feeding intolerance

7-Number of positive blood cultures

8-Days with diarrhoea

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "computer generated random number"

Allocation concealment
(selection bias)

Low risk Quote: "sealed envelope"

Kearns 2000  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Participants not blinded, but outcomes not likely to be influenced

Personnel, quote: "nurses were unaware of the location of the tube's tip"

Comments: probably done

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

Low risk Quote: "all radiographs were reviewed by pulmonologist without the knowl-
edge of clinical details"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No missing outcome data

Intention-to-treat analysis

Selective reporting (re-
porting bias)

Low risk Study protocol is available, and all primary and secondary outcomes have
been reported

Other bias Low risk Study appears to be free of other sources of bias

Kearns 2000  (Continued)

 
 

Methods Randomized controlled trial with 2 parallel groups

2 centres

Country: Calgary, Canada

Participants Trauma intensive care unit

Age, years: 33.6 post-pyloric; 34.7 gastric

All participants were mechanically ventilated

APACHE III score: 18 post-pyloric; 18 gastric

Inclusion criteria

1-Major trauma with injury severity score ≥ 16

2-Requires mechanical ventilator for at least 48 hours

Exclusion criteria

1-Disruption of gastrointestinal tract

2-Traumatic pancreatitis

3-Severe physiological instability precluding transportation for fluoroscopy

4-Prognosis considered to be hopeless

5-Enrolment in another trial

6-Prior initiation of nutritional support

7-Failure of attending physician to enrol participant within 72 hours of admission 

Number of participants randomly assigned: 80

Number of participants who received intended treatment: 37 post-pyloric; 40 gastric

Kortbeek 1999 
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Number of participants analysed: 37 post-pyloric; 40 gastric 

Interventions Nasal or oral transpyloric feeding tube was placed in radiology by using fluoroscopy. Target position of
the tube was not mentioned. No regular monitoring for position of the tube

Same feeding protocol was used in both groups

Preventive measure to reduce risk of pneumonia: not mentioned

Outcomes Primary outcomes

1-Time from initiation of tube feed to tolerance of full caloric feeding

2-Ventilator-associated pneumonia:diagnosed by new chest X-ray changes and 2 of the following:

A-Temperature > 38.5 °

B-White blood cell count > 10,000/cm3 or < 3000 /cm3

C-Purulent sputum

D-Bacterial culture from bronchoalveolar lavage

Secondary outcomes

1-ICU length of stay

2-Duration of mechanical ventilation

3-Hospital length of stay

4-Mortality 

Notes ICU length of stay and duration of mechanical ventilation were reported as median values; therefore
the result could not be included in the meta-analysis

E-mail was sent to study author, but no reply was received until June 13, 2011 

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "software generated randomizations schedule"

Allocation concealment
(selection bias)

Low risk Quote:"All caregivers were unaware of the randomization sequence"

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

High risk Participants not blinded, but outcome not likely to be influenced

Personnel: not mentioned by study authors

Comments: probably personnel were not blinded, otherwise this would be
mentioned

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

High risk Not mentioned by study authors

Comments: probably outcome assessment not blinded, otherwise this would
be mentioned

Incomplete outcome data
(attrition bias) 

Low risk No missing outcome data

Intention-to-treat analysis

Kortbeek 1999  (Continued)
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All outcomes

Selective reporting (re-
porting bias)

Low risk Study protocol is available, and all primary and secondary outcomes have
been reported

Other bias Low risk Study appears to be free of other sources of bias

Kortbeek 1999  (Continued)

 
 

Methods Randomized controlled trial with 2 parallel groups

Multi-centre

Country: Boston, USA

Participants Surgical and medical intensive care unit

Age, years: 50.5 post-pyloric; 44.8 gastric

Not clear what percentage of participants were mechanically ventilated

APACHE II score: 17.4 post-pyloric; 16.4 gastric

Inclusion criteria

1-Patient requires tube feeding for at least 3 days

2-No contraindication to tube feeding or elective endoscopy

3-No evidence of gastrointestinal bleeding

Exclusion criteria

Not mentioned

Number of participants randomly assigned: 38

Number of participants who received intended treatment: 19 post-pyloric; 19 gastric

Number of participants analysed: 19 post-pyloric; 19 gastric 

 

Interventions Post-pyloric group: 60 inch, 12 French feeding tube (Biosearch Medical Products, Somerville) was
placed in jejunum endoscopically over guide wire, tube placement was confirmed by X-ray

Gastric group: 43 inch,12 French, radiopaque  polyurethane feeding tube was inserted into the stomach

Baseline nutritional assessments were similar in both groups, but no standardized protocol was avail-
able for management of tube feeding

No regular monitoring of tube position

Preventive measure to reduce risk of pneumonia: not mentioned

Participants were followed for 72 hours after completing tube feeding or for a maximum of 6 weeks of
hospitalization

Outcomes 1-Duration of ICU stay

2-Duration of mechanical ventilation

Montecalvo 1992 
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3-Days of antibiotic therapy

4-Days of fever

5-Percentage of daily goal caloric intake

6-Increase in serum pre-albumin concentration

7-Days of diarrhoea

8-Number of participants with vomiting

9-Number of participants with pneumonia: Pneumonia was diagnosed by presence of infiltrate on CXR
plus 3 of the following:

A-Purulent sputum > 25 leucocytes, < 10 epithelial and numerous bacteria

B-Purulent sputum > 25 leucocytes < 10 epithelial and nosocomial pathogens

C-Fever > 38.6 ° C

D-Periphral leucocytosis > 10.000 cells/mm3

10-Number of times tube was clogged

11-Number of participants with tube replaced

12-Gastrointestinal bleeding

13-Tube insertion complication

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "patient randomly assigned according to computer generated random-
izations code"

Allocation concealment
(selection bias)

Unclear risk Nothing mentioned by study author

Comment: insufficient information to permit judgement of ’high risk’ or ’low
risk’

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

High risk Participants not blinded, but outcomes not likely to be influenced

Personnel: not mentioned by study authors

Comments: Probably personnel were not blinded, otherwise this would be
mentioned

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

Low risk Quote: "all culture were reviewed ina blinded fashion"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No missing outcome data

Uncertain whether analysis was done according to intention-to-treat

Selective reporting (re-
porting bias)

Low risk Study protocol is available, and all primary and secondary outcomes have
been reported

Montecalvo 1992  (Continued)
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Other bias Unclear risk Baseline nutritional assessments were similar in both groups, but no standard-
ized protocol was available for management of tube feeding

Comment: insufficient information to permit judgement of ’high risk’ or ’low
risk’

Montecalvo 1992  (Continued)

 
 

Methods Randomized controlled trial with 2 parallel groups

14 centres

Country:

Spain

Participants Type of  intensive care unit not mentioned

Age, years: 57 post-pyloric; 59 gastric

Not clear whether participants were mechanically ventilated

APACHE II score: post-pyloric:18; gastric 19

Inclusion criteria

1-Over 18 years old

2-Need enteral feeding for longer than 5 days

3-No contraindication for enteral feed

Exclusion criteria

1-Anatomical disruption of gastrointestinal tract

2-Previous gastrointestinal surgery

3-Contraindication to enteral feeding

4-Contraindication to gastric endoscopy

Number of participants randomly assigned: 101

Number of participants who received intended treatment: 50 post-pyloric; 51 gastric

Number of participants analysed: 50 post-pyloric; 51 gastric 

Interventions Post-pyloric group: Feeding tube (Stay-Put, Novartis) was placed in jejunum by endoscopy, fluoroscopy
guidance, blind technique or echography. Tube placement was confirmed by abdominal X-ray

Gastric group: Standard nasogastric tube was inserted on admission

No regular monitoring of tube position

Same feeding protocol was used in both groups

Preventive measure to reduce risk of pneumonia: not mentioned

Participants were followed up prospectively until ICU discharge or after 28 days follow-up

Montejo 2002 
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Outcomes 1-Gastrointestinal complications: abdominal distension, vomiting, diarrhoea, constipation, high gastric
residual

2-Efficacy of diet administration: expressed as ratio between administered and prescribed volumes

3-Incidence of nosocomial pneumonia: diagnosis according to criteria described by the Centers for Dis-
ease Control and Prevention

4-ICU length of stay

5-Mortality

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Random numbers were generated by computer for group assignment"

Allocation concealment
(selection bias)

Unclear risk Not mentioned by study author

Comment: insufficient information to permit judgement of ’high risk’ or ’low
risk’

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

High risk Participants were blinded, but outcomes were not likely to be influenced

Personnel: not mentioned by study authors

Comments: probably personnel not blinded, otherwise this would be men-
tioned

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

High risk Not mentioned by study authors

Comments: probably outcome assessment not blinded, otherwise this would
be mentioned

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No missing outcome data

Intention-to-treat analysis

Selective reporting (re-
porting bias)

Low risk Study protocol is available, and all primary and secondary outcomes have
been reported

Other bias Low risk Study appears to be free of other sources of bias

Montejo 2002  (Continued)

 
 

Methods Randomized controlled trial with 2 parallel groups

1 centre

Country: California, USA

Participants Medical intensive care unit

Age, years: (59.6 Post-pyloric; 58.1Gastric)

Neumann 2002 
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Not clear if patient were mechanically ventilated or not 

Inclusion Criteria

Candidate for enteral feeding

Exclusion criteria

1-Gastrointestinal obstruction

2-Ileus

3-Pancreatitis

4-Documented gastroparesis

5-Inability to obtain informed consent

Number of participants who were randomized: 60

Number of participants who received intended treatment: (30 Post-pyloric; 30 Gatric)

Number of participants who were analysed: (30 Post-pyloric; 30 Gastric) 

Interventions Standard 12-French feeding tube (Dobhoff, Biosearch Medical Products, Somerville, NJ) was placed
gastric or post-pyloric by nursing staJ

Target position in post-pyloric group was not clear. Placement was confirmed by X-ray

No regular monitoring of feeding tube position

Same feeding protocol was used in both groups

Participants were followed-up for duration of enteral feeding, until leaving ICU or for a maximum of 14
days

Outcomes 1-Time of initial tube insertion

2-Onset of feeding

3-Achievement of goal rate:calculated as mL/h

4-Adverse outcomes: aspiration, vomiting

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "patients were randomized using a computer generated, individual
number"

Allocation concealment
(selection bias)

Low risk Quote: "sealed envelope"

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

High risk Participants were not blinded, but outcome is not likely to be influenced

Personnel: not mentioned by study authors

Comments: probably personnel not blinded, otherwise this would be men-
tioned

Neumann 2002  (Continued)
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Not mentioned by study authors

Comments: outcome not likely to be influenced, as incidence of pneumonia
was not reported

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No missing date

Intention-to-treat analysis

Selective reporting (re-
porting bias)

Low risk Study protocol is available, and all primary and secondary outcomes have
been reported

Other bias Low risk Study appears to be free of other sources of bias

Neumann 2002  (Continued)

 
 

Methods Randomized controlled trial with 2 parallel groups

1 centre

Country:

Australia

Participants Medical intensive care unit

Age, years: 50 post-pyloric; 54 gastric

All patients were mechanically ventilated

APACHE II score: post-pyloric: 30; gastric: 24.5

Inclusion criteria

1-18 years old

2-Expected to require mechanical ventilation for longer than 24 hours

Exclusion criteria

1-Ischaemic bowel

2-Bowel obstruction

3-Exacerbation of inflammatory bowel disease

4-Acute variceal bleeding

5-Patients at high risk of anastomotic leak

Number of participants randomly assigned: 108 

Number of participants who received intended treatment: 50 post-pyloric; 54 gastric

Number of participants analysed: 50 post-pyloric; 54 gastric 

Interventions Post-pyloric group received un weighted feeding tube 10 French (Corflo-Ultra Lite), 110 cm for partici-
pants < 80 kg, 140 cm for patients greater than 80 kg. Tube was inserted in duodenum or jejunum blind-
ly by ICU nursing staJ, and position was confirmed by abdominal X-ray

Nasogastric tube size of 12, 14 or 16 was inserted for all participants, regardless of the allocation

White 2009 
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No regular monitoring of tube position

Same feeding protocol was used in both groups

Preventive measure to reduce risk of pneumonia: head elevation

Participants remained in the study until enteral feeding was ceased, or they were discharged from ICU

Outcomes Primary outcomes

1-Success rate of nurse-initiated insertion of post-pyloric tubes

2-Time taken to insert tube

3-Time to reach goal feeds and total nutrition received over ICU stay as a proportion of calculated ideal

Secondary outcomes

1-Incidence of ventilator-associated pneumonia, diagnosis based on new onset of fever, leucocyto-
sis, new pulmonary infiltrate on CXR, increased pulmonary secretions and clinical pulmonary infection
score > 6

2-Gastric residual volume

3-Mortality

Notes Results were reported in median and IQR, e-mail was sent to study author and he provided us with all
results in means and standard deviations

Percentage of recommended calories received by participant was not reported in published paper but
was provided to us by study author himself

10/50 participants in post-pyloric group did not receive post-pyloric tube because of difficulty with in-
sertion; 4/54 participants in gastric tube group did receive post-pyloric tube because of high gastric
residual volume. Participants were analysed according to intention-to-treat

Baseline characteristics demonstrate that APACHE II score was higher in post-pyloric group

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "patients were randomized using a computer generated, random num-
ber sequence"

Allocation concealment
(selection bias)

Low risk Quote: "sealed envelope"

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

High risk Participants were not blinded, but outcomes were not likely to be influenced

Personnel: not mentioned by study authors

Comments: probably personnel not blinded, otherwise this would be men-
tioned

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

High risk Not mentioned by study authors

Comments: probably outcome assessment not blinded, otherwise this would
be mentioned

Incomplete outcome data
(attrition bias) 

Low risk No missing outcome data

Intention-to-treat analysis

White 2009  (Continued)
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All outcomes

Selective reporting (re-
porting bias)

Low risk Study protocol is available, and all primary and secondary outcomes have
been reported

Other bias Unclear risk 10/50 participants in post-pyloric group did not receive post-pyloric tube be-
cause of difficulty with insertion; 4/54 participants in gastric tube group did re-
ceive post-pyloric tube because of high gastric residual volume. Participants
were analysed according to intention-to-treat

Baseline characteristics demonstrate that APACHE II score was higher in post-
pyloric group

Comment: insufficient information to permit judgement of ’high risk’ or ’low
risk’

Comment: insufficient information to permit judgement of ’high risk’ or ’low
risk’

White 2009  (Continued)

 
 

Methods Randomized controlled trial with 2 parallel groups

1 centre

Country: China

Participants Patients with severe craniocerebral injury

Mean age: 41 years

Male: 63%

Median APACHE II score: not mentioned

Not mentioned whether participants were on mechanical ventilation

Inclusion criteria

1-Length of hospital stay > 14 days

2-Glasgow coma scale (GCS) score ≤ 8

3-No history of liver, kidney or other vital organ disease, without diabetes and other metabolic disease

Exclusion criteria

Not mentioned

Number of participants randomly assigned: 40

Number of participants who received intended treatment: 20 post-pyloric; 20 gastric

Number of participants analysed: 20 post-pyloric; 20 gastric

Interventions Nose jejunal tube or nasogastric tube was placed immediately after patients were admitted to ICU

No details available about size of tube, method of insertion, target location, confirmation of placement
or monitoring of position of the tube

Same feeding protocol was used in both groups

Zeng 2010 
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Duration of follow-up was not mentioned

Outcomes 1-Serum albumin at 7 and 14 days after nutritional support

2-Blood glucose at 7 and 14 days after nutritional support

3-Lymphocyte count at 7 and 14 days after nutritional support

4-Complications: gastrointestinal bleeding, reflux, diarrhoea, bloating

Notes Article was published in Chinese and was translated with the help of another Chinese author

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "patients were randomly divided by random table method"

Allocation concealment
(selection bias)

Unclear risk Not mentioned

Comment: insufficient information to permit judgement of ’high risk’ or ’low
risk’

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

High risk Participants were not blinded, but outcome was not likely to be influenced

Personnel: not mentioned by study authors

Comments: probably personnel not blinded, otherwise this would be men-
tioned

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

Low risk Not mentioned by study authors

Comments: outcome not likely to be influenced, as incidence of pneumonia
was not reported

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No missing data

Uncertain whether analysis was done according to intention-to-treat

Selective reporting (re-
porting bias)

Low risk Study protocol is available, and all outcomes have been reported

Other bias Low risk Study appears to be free of other sources of bias

Zeng 2010  (Continued)

APACHE II = Acute Physiology and Chronic Health Evaluation II.
BMI = body mass index.
CXR = chest X-ray.
EMG = electromyographic.
GCS = Glasgow coma scale.
GRV = gastric residual volume.
ICU = intensive care unit.
IQR = interquartile range.
SOFA = Sequential Organ Failure Assessment.
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Study Reason for exclusion

Bao 2006 Interventions out of area of interest: comparing enteral nutrition (EN) group and total parenteral
nutrition (TPN) group in severe acute pancreatitis

Eatock 2005 Participants were not receiving treatment in critical care setting

Graham 1989 Participants were not randomly assigned

Heyland 2001 Not measuring any relevant outcomes

Kumar 2006 Participants were not receiving treatment in critical care setting

Lin 2006 Retrospective review

Minard 2000 Interventions out of area of interest: Study examined the effects of early vs delayed enteral feeding
on outcomes in participants with severe head injury

Nayak 2008 Interventions out of area of interest: Study was comparing time taken for insertion of nasoduode-
nal tube with metoclopramide or cisapride

Olah 1996 Interventions out of area of interest: Study was comparing jejunal vs parenteral feeding

Feeding in treatment of acute pancreatitis

Singh 2012 Irrelevant outcomes; only outcome relevant to our review was total length of hospital stay, but no
standard deviations were reported for this outcome

Pneumonia was not an outcome; investigators reported positive tracheal aspirate without correlat-
ing it with radiological findings or the clinical picture

Spain 1995 Retrospective study

Strong 1992 Participants were not receiving treatment in a critical care setting

Taylor 1998 Observational study

Taylor 1999 Interventions out of area of interest: Study was comparing aggressive enteral feeding vs standard
enteral feeding, and as part of feeding protocol, participants in intervention group could require a
post-pyloric tube to achieve feeding target

Treux 1995 Interventions out of area of interest: Study was comparing continued enteral feeding vs intermit-
tent bolus delivery

EN = enteral nutrition.
TPN = total parenteral nutrition.
 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Not known

Participants Not known

Interventions Not known

Couto 2014 
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Outcomes Not known

Notes Not known

Couto 2014  (Continued)

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Post-pyloric versus gastric tube feeding in critically ill adult patients

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

Statistical method Effect size

1 Pneumonia 9 819 Risk Ratio (M-H, Random,
95% CI)

0.65 [0.51, 0.84]

1.1 clear acceptable definition for
pneumonia

8 794 Risk Ratio (M-H, Random,
95% CI)

0.66 [0.52, 0.85]

1.2 no clear definition for pneumonia 1 25 Risk Ratio (M-H, Random,
95% CI)

0.16 [0.01, 3.03]

2 Pneumonia (excluding Montecalvo
and White)

7 677 Risk Ratio (M-H, Random,
95% CI)

0.67 [0.52, 0.87]

3 Mortality 11 977 Risk Ratio (M-H, Random,
95% CI)

1.03 [0.83, 1.29]

4 Mortality (excluding Montecalvo
and White)

9 835 Risk Ratio (M-H, Random,
95% CI)

0.99 [0.78, 1.25]

5 Percentage of nutritional targets
delivered to participants 

7 692 Mean Difference (IV, Random,
95% CI)

7.80 [1.43, 14.18]

5.1 regular monitoring of position of
the tube

2 165 Mean Difference (IV, Random,
95% CI)

16.83 [7.03, 26.62]

5.2 no regular monitoring of position
of the tube

5 527 Mean Difference (IV, Random,
95% CI)

3.06 [-3.89, 10.02]

6 Percentage of nutritional targets
delivered to participants (excluding
Montaclevo and White) 

5 550 Mean Difference (IV, Random,
95% CI)

10.19 [3.90, 16.47]

7 Time required to achieve full nutri-
tional target (in hours) 

5 432 Mean Difference (IV, Random,
95% CI)

-1.99 [-10.97, 6.99]

7.1 fluoroscopic guidance or endo-
scopic insertion of feeding tube

2 153 Mean Difference (IV, Random,
95% CI)

-5.48 [-15.19, 4.23]

7.2 blind insertion of feeding tube 3 279 Mean Difference (IV, Random,
95% CI)

-0.33 [-15.04,
14.37]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

8 Time required to achieve full nu-
tritional target (in hours) (excluding
White)

4 328 Mean Difference (IV, Random,
95% CI)

-3.99 [-17.16, 9.19]

9 ICU length of stay (in days) 7 585 Mean Difference (IV, Random,
95% CI)

-0.70 [-2.31, 0.91]

10 Duration of mechanical ventilation
(in days)

5 549 Mean Difference (IV, Random,
95% CI)

-0.92 [-2.11, 0.28]

11 Vomiting 6 543 Risk Ratio (M-H, Random,
95% CI)

1.01 [0.54, 1.89]

12 Diarrhoea 8 675 Risk Ratio (M-H, Random,
95% CI)

0.96 [0.74, 1.25]

13 Complications related to tube in-
sertion

4 324 Risk Ratio (M-H, Random,
95% CI)

0.51 [0.19, 1.36]

14 Complications related to tube
maintenance

7 638 Risk Ratio (M-H, Random,
95% CI)

1.63 [0.93, 2.86]

15 Time required to start feeding (in
hours)

5 374 Mean Difference (IV, Random,
95% CI)

11.05 [3.05, 19.05]

 
 

Analysis 1.1.   Comparison 1 Post-pyloric versus gastric tube
feeding in critically ill adult patients, Outcome 1 Pneumonia.

Study or subgroup Post-pyloric Gastric Risk Ratio Weight Risk Ratio

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

1.1.1 clear acceptable definition for pneumonia  

Acosta-Escribano 2010 16/50 31/54 28.47% 0.56[0.35,0.89]

Davies 2002 2/31 1/35 1.11% 2.26[0.22,23.71]

Davies 2012 18/91 19/89 18.63% 0.93[0.52,1.65]

Hsu 2009 5/59 15/62 6.86% 0.35[0.14,0.9]

Kortbeek 1999 10/37 18/43 15.21% 0.65[0.34,1.22]

Montecalvo 1992 0/19 2/19 0.7% 0.2[0.01,3.91]

Montejo 2002 16/50 20/51 21.97% 0.82[0.48,1.39]

White 2009 5/50 11/54 6.34% 0.49[0.18,1.31]

Subtotal (95% CI) 387 407 99.29% 0.66[0.52,0.85]

Total events: 72 (Post-pyloric), 117 (Gastric)  

Heterogeneity: Tau2=0; Chi2=6.22, df=7(P=0.51); I2=0%  

Test for overall effect: Z=3.26(P=0)  

   

1.1.2 no clear definition for pneumonia  

Day 2001 0/14 2/11 0.71% 0.16[0.01,3.03]

Subtotal (95% CI) 14 11 0.71% 0.16[0.01,3.03]

Total events: 0 (Post-pyloric), 2 (Gastric)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.22(P=0.22)  

Favours Post-pyloric 500.02 100.1 1 Favours Gastric
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Study or subgroup Post-pyloric Gastric Risk Ratio Weight Risk Ratio

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

   

Total (95% CI) 401 418 100% 0.65[0.51,0.84]

Total events: 72 (Post-pyloric), 119 (Gastric)  

Heterogeneity: Tau2=0; Chi2=7.13, df=8(P=0.52); I2=0%  

Test for overall effect: Z=3.35(P=0)  

Test for subgroup differences: Chi2=0.89, df=1 (P=0.35), I2=0%  

Favours Post-pyloric 500.02 100.1 1 Favours Gastric

 
 

Analysis 1.2.   Comparison 1 Post-pyloric versus gastric tube feeding in critically
ill adult patients, Outcome 2 Pneumonia (excluding Montecalvo and White).

Study or subgroup Post-pyloric Gastric Risk Ratio Weight Risk Ratio

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

Acosta-Escribano 2010 16/50 31/54 30.26% 0.56[0.35,0.89]

Davies 2002 2/31 1/35 1.23% 2.26[0.22,23.71]

Davies 2012 18/91 19/89 20.1% 0.93[0.52,1.65]

Day 2001 0/14 2/11 0.79% 0.16[0.01,3.03]

Hsu 2009 5/59 15/62 7.54% 0.35[0.14,0.9]

Kortbeek 1999 10/37 18/43 16.5% 0.65[0.34,1.22]

Montejo 2002 16/50 20/51 23.58% 0.82[0.48,1.39]

   

Total (95% CI) 332 345 100% 0.67[0.52,0.87]

Total events: 67 (Post-pyloric), 106 (Gastric)  

Heterogeneity: Tau2=0; Chi2=6.12, df=6(P=0.41); I2=1.9%  

Test for overall effect: Z=2.97(P=0)  

Favours post-pyloric 500.02 100.1 1 Favours gastric

 
 

Analysis 1.3.   Comparison 1 Post-pyloric versus gastric tube
feeding in critically ill adult patients, Outcome 3 Mortality.

Study or subgroup Post-pyloric Gastric Risk Ratio Weight Risk Ratio

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

Acosta-Escribano 2010 6/50 9/54 5.36% 0.72[0.28,1.88]

Boivin 2001 7/39 7/39 5.47% 1[0.39,2.58]

Davies 2002 4/34 5/39 3.25% 0.92[0.27,3.14]

Davies 2012 13/91 12/89 9.29% 1.06[0.51,2.19]

Esparza 2001 10/27 11/27 10.97% 0.91[0.47,1.78]

Hsu 2009 26/59 24/62 27.25% 1.14[0.74,1.74]

Kearns 2000 5/21 6/23 4.65% 0.91[0.33,2.55]

Kortbeek 1999 4/37 3/43 2.41% 1.55[0.37,6.48]

Montecalvo 1992 5/19 5/19 4.35% 1[0.35,2.9]

Montejo 2002 19/50 22/51 21.92% 0.88[0.55,1.42]

White 2009 11/50 5/54 5.08% 2.38[0.89,6.36]

   

Total (95% CI) 477 500 100% 1.03[0.83,1.29]

Total events: 110 (Post-pyloric), 109 (Gastric)  

Heterogeneity: Tau2=0; Chi2=4.5, df=10(P=0.92); I2=0%  

Favours Post-pyloric 500.02 100.1 1 Favours Gastric
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Study or subgroup Post-pyloric Gastric Risk Ratio Weight Risk Ratio

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

Test for overall effect: Z=0.29(P=0.78)  

Favours Post-pyloric 500.02 100.1 1 Favours Gastric

 
 

Analysis 1.4.   Comparison 1 Post-pyloric versus gastric tube feeding in critically
ill adult patients, Outcome 4 Mortality (excluding Montecalvo and White).

Study or subgroup Post-pyloric Gastric Risk Ratio Weight Risk Ratio

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

Acosta-Escribano 2010 6/50 9/54 5.92% 0.72[0.28,1.88]

Boivin 2001 7/39 7/39 6.04% 1[0.39,2.58]

Davies 2002 4/34 5/39 3.58% 0.92[0.27,3.14]

Davies 2012 13/91 12/89 10.26% 1.06[0.51,2.19]

Esparza 2001 10/27 11/27 12.12% 0.91[0.47,1.78]

Hsu 2009 26/59 24/62 30.09% 1.14[0.74,1.74]

Kearns 2000 5/21 6/23 5.14% 0.91[0.33,2.55]

Kortbeek 1999 4/37 3/43 2.66% 1.55[0.37,6.48]

Montejo 2002 19/50 22/51 24.21% 0.88[0.55,1.42]

   

Total (95% CI) 408 427 100% 0.99[0.78,1.25]

Total events: 94 (Post-pyloric), 99 (Gastric)  

Heterogeneity: Tau2=0; Chi2=1.58, df=8(P=0.99); I2=0%  

Test for overall effect: Z=0.11(P=0.91)  

Favours experimental 500.02 100.1 1 Favours control

 
 

Analysis 1.5.   Comparison 1 Post-pyloric versus gastric tube feeding in critically ill
adult patients, Outcome 5 Percentage of nutritional targets delivered to participants .

Study or subgroup Post-pyloric Gastric Mean Difference Weight Mean Difference

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

1.5.1 regular monitoring of position of the tube  

Hsu 2009 59 95 (5) 62 83 (6) 17.59% 12[10.04,13.96]

Kearns 2000 21 69 (7) 23 47 (7) 16.63% 22[17.86,26.14]

Subtotal *** 80   85   34.22% 16.83[7.03,26.62]

Heterogeneity: Tau2=47.27; Chi2=18.29, df=1(P<0.0001); I2=94.53%  

Test for overall effect: Z=3.37(P=0)  

   

1.5.2 no regular monitoring of position of the tube  

Acosta-Escribano 2010 50 92 (7) 54 84 (15) 16.46% 8[3.55,12.45]

Davies 2012 91 72 (21) 89 71 (19) 15.55% 1[-4.85,6.85]

Montecalvo 1992 19 61 (17) 19 46.9 (25.9) 9.65% 14.1[0.17,28.03]

Montejo 2002 50 80 (28) 51 75 (30) 11.44% 5[-6.31,16.31]

White 2009 50 76.3 (29.5) 54 87.1 (19.2) 12.69% -10.8[-20.45,-1.15]

Subtotal *** 260   267   65.78% 3.06[-3.89,10.02]

Heterogeneity: Tau2=42.5; Chi2=15.2, df=4(P=0); I2=73.68%  

Test for overall effect: Z=0.86(P=0.39)  

   

Total *** 340   352   100% 7.8[1.43,14.18]

Favours Gastric 5025-50 -25 0 Favours Post-pyloric
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Study or subgroup Post-pyloric Gastric Mean Difference Weight Mean Difference

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

Heterogeneity: Tau2=59.16; Chi2=61.63, df=6(P<0.0001); I2=90.26%  

Test for overall effect: Z=2.4(P=0.02)  

Test for subgroup differences: Chi2=5.04, df=1 (P=0.02), I2=80.17%  

Favours Gastric 5025-50 -25 0 Favours Post-pyloric

 
 

Analysis 1.6.   Comparison 1 Post-pyloric versus gastric tube feeding in critically ill adult patients,
Outcome 6 Percentage of nutritional targets delivered to participants (excluding Montaclevo and White) .

Study or subgroup Post-pyloric Gastric Mean Difference Weight Mean Difference

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

Acosta-Escribano 2010 50 92 (7) 54 84 (15) 21.43% 8[3.55,12.45]

Davies 2012 91 72 (21) 89 71 (19) 19.87% 1[-4.85,6.85]

Hsu 2009 59 95 (5) 62 83 (6) 23.46% 12[10.04,13.96]

Kearns 2000 21 69 (7) 23 47 (7) 21.74% 22[17.86,26.14]

Montejo 2002 50 80 (28) 51 75 (30) 13.5% 5[-6.31,16.31]

   

Total *** 271   279   100% 10.19[3.9,16.47]

Heterogeneity: Tau2=42.82; Chi2=40.57, df=4(P<0.0001); I2=90.14%  

Test for overall effect: Z=3.18(P=0)  

Favours Gastric 5025-50 -25 0 Favours Post-pyloric

 
 

Analysis 1.7.   Comparison 1 Post-pyloric versus gastric tube feeding in critically ill
adult patients, Outcome 7 Time required to achieve full nutritional target (in hours) .

Study or subgroup Post-pyloric Gastric Mean Difference Weight Mean Difference

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

1.7.1 fluoroscopic guidance or endoscopic insertion of feeding tube  

Davies 2002 34 23.2 (22.7) 39 23 (21.2) 19.24% 0.2[-9.94,10.34]

Kortbeek 1999 37 34 (7.1) 43 43.8 (22.6) 21.96% -9.8[-16.93,-2.67]

Subtotal *** 71   82   41.2% -5.48[-15.19,4.23]

Heterogeneity: Tau2=30; Chi2=2.5, df=1(P=0.11); I2=59.99%  

Test for overall effect: Z=1.11(P=0.27)  

   

1.7.2 blind insertion of feeding tube  

Hsu 2009 59 32.4 (27.1) 62 54.5 (51.4) 15.28% -22.1[-36.64,-7.56]

Neumann 2002 26 43 (24.1) 28 28.8 (15.9) 18.46% 14.2[3.22,25.18]

White 2009 50 14 (6.7) 54 10.5 (5.3) 25.06% 3.5[1.17,5.83]

Subtotal *** 135   144   58.8% -0.33[-15.04,14.37]

Heterogeneity: Tau2=142.47; Chi2=15.53, df=2(P=0); I2=87.12%  

Test for overall effect: Z=0.04(P=0.96)  

   

Total *** 206   226   100% -1.99[-10.97,6.99]

Heterogeneity: Tau2=82.35; Chi2=27.51, df=4(P<0.0001); I2=85.46%  

Test for overall effect: Z=0.43(P=0.66)  

Test for subgroup differences: Chi2=0.33, df=1 (P=0.57), I2=0%  

Favours post-pyloric 5025-50 -25 0 Favours gastric
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Analysis 1.8.   Comparison 1 Post-pyloric versus gastric tube feeding in critically ill adult
patients, Outcome 8 Time required to achieve full nutritional target (in hours) (excluding White).

Study or subgroup Post-pyloric Gastric Mean Difference Weight Mean Difference

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

Davies 2002 34 23.2 (22.7) 39 23 (21.2) 25.51% 0.2[-9.94,10.34]

Hsu 2009 59 32.4 (27.1) 62 54.5 (51.4) 22% -22.1[-36.64,-7.56]

Kortbeek 1999 37 34 (7.1) 43 43.8 (22.6) 27.62% -9.8[-16.93,-2.67]

Neumann 2002 26 43 (24.1) 28 28.8 (15.9) 24.87% 14.2[3.22,25.18]

   

Total *** 156   172   100% -3.99[-17.16,9.19]

Heterogeneity: Tau2=150.37; Chi2=19.7, df=3(P=0); I2=84.77%  

Test for overall effect: Z=0.59(P=0.55)  

Favours Poat-pyloric 5025-50 -25 0 Favours Gastric

 
 

Analysis 1.9.   Comparison 1 Post-pyloric versus gastric tube feeding
in critically ill adult patients, Outcome 9 ICU length of stay (in days).

Study or subgroup Post-pyloric Gastric Mean Difference Weight Mean Difference

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

Acosta-Escribano 2010 50 16 (9) 54 18 (7) 24.59% -2[-5.12,1.12]

Davies 2002 34 13.9 (10.5) 39 10.4 (7.5) 13.77% 3.5[-0.74,7.74]

Hsu 2009 59 18.2 (11.8) 62 18.2 (11.2) 14.66% 0[-4.1,4.1]

Kearns 2000 21 17 (9.2) 23 16 (9.6) 8.2% 1[-4.54,6.54]

Montecalvo 1992 19 11.7 (8.2) 19 12.3 (10.8) 6.81% -0.6[-6.7,5.5]

Montejo 2002 50 15 (10) 51 18 (16) 9.32% -3[-8.19,2.19]

White 2009 50 7.1 (6) 54 9.1 (10.5) 22.65% -2[-5.26,1.26]

   

Total *** 283   302   100% -0.7[-2.31,0.91]

Heterogeneity: Tau2=0.21; Chi2=6.28, df=6(P=0.39); I2=4.39%  

Test for overall effect: Z=0.85(P=0.39)  

Favours Post-pyloric 5025-50 -25 0 Favours gastric

 
 

Analysis 1.10.   Comparison 1 Post-pyloric versus gastric tube feeding in critically
ill adult patients, Outcome 10 Duration of mechanical ventilation (in days).

Study or subgroup Post-pyloric Gastric Mean Difference Weight Mean Difference

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

Acosta-Escribano 2010 50 7.3 (4) 54 8.9 (4) 44.64% -1.6[-3.14,-0.06]

Davies 2012 91 9.8 (6.2) 89 9.7 (6.3) 34.22% 0.1[-1.73,1.93]

Hsu 2009 59 28.5 (24.9) 62 23.8 (18.2) 2.3% 4.7[-3.1,12.5]

Montecalvo 1992 19 10.2 (7.1) 19 11.4 (10.8) 4.1% -1.2[-7.01,4.61]

White 2009 51 5.7 (5.3) 55 7.7 (9.8) 14.73% -2[-4.97,0.97]

   

Total *** 270   279   100% -0.92[-2.11,0.28]

Heterogeneity: Tau2=0.21; Chi2=4.46, df=4(P=0.35); I2=10.23%  

Test for overall effect: Z=1.51(P=0.13)  

Favours Post-pyloric 5025-50 -25 0 Favours gastric
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Analysis 1.11.   Comparison 1 Post-pyloric versus gastric tube
feeding in critically ill adult patients, Outcome 11 Vomiting.

Study or subgroup Post-pyloric Gastric Risk Ratio Weight Risk Ratio

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

Boivin 2001 2/39 1/39 6.5% 2[0.19,21.16]

Davies 2012 30/91 27/89 58.04% 1.09[0.71,1.67]

Day 2001 0/14 0/11   Not estimable

Hsu 2009 1/59 8/62 8.4% 0.13[0.02,1.02]

Montecalvo 1992 3/19 3/19 14.85% 1[0.23,4.34]

Montejo 2002 4/50 2/51 12.21% 2.04[0.39,10.64]

   

Total (95% CI) 272 271 100% 1.01[0.54,1.89]

Total events: 40 (Post-pyloric), 41 (Gastric)  

Heterogeneity: Tau2=0.13; Chi2=5.08, df=4(P=0.28); I2=21.31%  

Test for overall effect: Z=0.03(P=0.98)  

Favours Post-pyloric 500.02 100.1 1 Favours Gastric

 
 

Analysis 1.12.   Comparison 1 Post-pyloric versus gastric tube
feeding in critically ill adult patients, Outcome 12 Diarrhoea.

Study or subgroup Post-pyloric Gastric Risk Ratio Weight Risk Ratio

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

Acosta-Escribano 2010 4/50 8/54 5.32% 0.54[0.17,1.68]

Davies 2002 4/31 3/35 3.43% 1.51[0.37,6.21]

Davies 2012 26/91 27/89 33.61% 0.94[0.6,1.48]

Day 2001 7/14 5/11 9.92% 1.1[0.48,2.53]

Hsu 2009 11/59 14/62 13.85% 0.83[0.41,1.67]

Montecalvo 1992 12/19 9/19 20.08% 1.33[0.74,2.39]

Montejo 2002 7/50 7/51 7.28% 1.02[0.39,2.7]

Zeng 2010 4/20 8/20 6.51% 0.5[0.18,1.4]

   

Total (95% CI) 334 341 100% 0.96[0.74,1.25]

Total events: 75 (Post-pyloric), 81 (Gastric)  

Heterogeneity: Tau2=0; Chi2=4.52, df=7(P=0.72); I2=0%  

Test for overall effect: Z=0.31(P=0.75)  

Favours experimental 500.02 100.1 1 Favours control

 
 

Analysis 1.13.   Comparison 1 Post-pyloric versus gastric tube feeding in
critically ill adult patients, Outcome 13 Complications related to tube insertion.

Study or subgroup Post-pyloric Gastric Risk Ratio Weight Risk Ratio

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

Davies 2002 0/31 0/35   Not estimable

Davies 2012 2/91 2/89 25.12% 0.98[0.14,6.79]

Montecalvo 1992 0/19 1/19 9.57% 0.33[0.01,7.7]

Zeng 2010 3/20 7/20 65.3% 0.43[0.13,1.43]

Favours Post-pyloric 500.02 100.1 1 Favours Gastric
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Study or subgroup Post-pyloric Gastric Risk Ratio Weight Risk Ratio

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

   

Total (95% CI) 161 163 100% 0.51[0.19,1.36]

Total events: 5 (Post-pyloric), 10 (Gastric)  

Heterogeneity: Tau2=0; Chi2=0.58, df=2(P=0.75); I2=0%  

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

Favours Post-pyloric 500.02 100.1 1 Favours Gastric

 
 

Analysis 1.14.   Comparison 1 Post-pyloric versus gastric tube feeding in critically
ill adult patients, Outcome 14 Complications related to tube maintenance.

Study or subgroup Post-pyloric Gastric Risk Ratio Weight Risk Ratio

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

Boivin 2001 13/39 6/39 17.48% 2.17[0.92,5.12]

Davies 2002 1/31 2/35 4.81% 0.56[0.05,5.93]

Davies 2012 23/91 18/89 23.13% 1.25[0.73,2.15]

Esparza 2001 1/27 0/27 2.88% 3[0.13,70.53]

Hsu 2009 16/59 10/62 20.16% 1.68[0.83,3.4]

Montecalvo 1992 2/19 6/19 9.82% 0.33[0.08,1.45]

Montejo 2002 35/50 9/51 21.72% 3.97[2.13,7.37]

   

Total (95% CI) 316 322 100% 1.63[0.93,2.86]

Total events: 91 (Post-pyloric), 51 (Gastric)  

Heterogeneity: Tau2=0.28; Chi2=14.29, df=6(P=0.03); I2=58%  

Test for overall effect: Z=1.69(P=0.09)  

Favours Post-pyloric 500.02 100.1 1 Favours Gastric

 
 

Analysis 1.15.   Comparison 1 Post-pyloric versus gastric tube feeding in
critically ill adult patients, Outcome 15 Time required to start feeding (in hours).

Study or subgroup Post-pyloric Gastric Mean Difference Weight Mean Difference

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

Davies 2002 34 81.2 (78.1) 39 54.5 (30.6) 6.34% 26.7[-1.26,54.66]

Montecalvo 1992 19 7.2 (21.6) 19 2.4 (9.6) 18.81% 4.8[-5.83,15.43]

Montejo 2002 50 21 (9.8) 51 5.3 (7.9) 26.73% 15.7[12.22,19.18]

Neumann 2002 28 27 (22.6) 30 11.2 (11) 20.46% 15.8[6.55,25.05]

White 2009 50 9.2 (6) 54 5.5 (4.3) 27.66% 3.7[1.68,5.72]

   

Total *** 181   193   100% 11.05[3.05,19.05]

Heterogeneity: Tau2=59.21; Chi2=39.86, df=4(P<0.0001); I2=89.97%  

Test for overall effect: Z=2.71(P=0.01)  

Favours Post-pyloric 5025-50 -25 0 Favours Gastric
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A P P E N D I C E S

Appendix 1. CENTRAL search

#1 MeSH descriptor Enteral Nutrition explode all trees
#2 MeSH descriptor Gastrostomy explode all trees
#3 MeSH descriptor Duodenostomy explode all trees
#4 MeSH descriptor Jejunostomy explode all trees
#5 MeSH descriptor Intubation, Gastrointestinal explode all trees
#6 (gastrostom* or duodenostom* or jejunostom* or PEG or g-tube* or ng-tube* or j-tube* or nj-tube* or PEJ):ab,ti
#7 ((nutrition* or fed or feed* or tube* or intub*) near (gastr* or nasogastr* or stomach or duoden* or nasoduoden* or jejun* or nasojejun*
or bowel* or intestine* or post?pylor* or trans?pylor* or nasoenter* or orogastric or gavage)):ab,ti
#8 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7)
#9 MeSH descriptor Pneumonia explode all trees
#10 MeSH descriptor Pneumonia, Aspiration explode all trees
#11 MeSH descriptor Intensive Care Units explode all trees
#12 MeSH descriptor Burn Units explode all trees
#13 MeSH descriptor Respiratory Care Units explode all trees
#14 MeSH descriptor Critical Care explode all trees
#15 MeSH descriptor Intensive Care explode all trees
#16 MeSH descriptor Critical Illness explode all trees
#17 MeSH descriptor Craniocerebral Trauma explode all trees
#18 MeSH descriptor Burns explode all trees
#19 MeSH descriptor Wounds and Injuries explode all trees
#20 MeSH descriptor Pancreatitis explode all trees
#21 (pneumonia* or critical* ill* or critical* care or intensive care or ICU or burn* or trauma* or head injur* or pancreatitis):ti,ab
#22 (#9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21)
#23 (#8 AND #22)
#24 (infant* or child* or adolescent*)
#25 (adult* or aged)
#26 (#24 AND NOT ( #25 AND #24 ))
#27 (#23 AND NOT #26)

Appendix 2. MEDLINE (Ovid SP) search

1. enteral nutrition/ or gastrostomy/ or duodenostomy/ or jejunostomy/ or intubation, gastrointestinal/ or (gastrostom* or duodenostom*
or jejunostom* or peg or g-tube* or ng-tube* or j-tube* or nj-tube* or pej).ab,ti. or ((nutrition* or fed or feed* or tube* or intub*) adj5 (gastr*
or nasogastr* or stomach or duoden* or nasoduoden* or jejun* or nasojejun* or bowel* or intestine* or post?pylor* or trans?pylor* or
nasoenter* or orogastric or gavage)).ab,ti.
2. pneumonia/ or pneumonia, aspiration/ or pneumonia, lipid/ or intensive care units/ or burn units/ or respiratory care units/ or critical
care/ or intensive care/ or critical illness/ or craniocerebral trauma/ or burns/ or "wounds and injuries"/ or pancreatitis/ or (pneumonia*
or critical* ill* or critical* care or intensive care or ICU or burn* or trauma* or head injur* or pancreatitis).ab,ti.
3. 1 and 2
4. (infant* or child* or adolescent*).af.
5. (adult* or aged).af.
6. 3 not (4 not (5 and 4))
7. ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or clinical trials as topic.sh. or randomly.ab.
or trial.ti.) not (animals not (humans and animals)).sh.
8. 6 and 7

Appendix 3. EMBASE (Ovid SP) search

1. enteric feeding/ or artificial feeding/ or nose feeding/ or nasogastric tube/ or stomach tube/ or stomach intubation/ or gastrostomy/
or percutaneous endoscopic gastrostomy/ or duodenum intubation/ or duodenostomy/ or jejunostomy/ or (g-tube* or ng-tube* or
gastrostom* or PEG or duodenostom* or jejunostom* or PEJ or j-tube* or nj-tube*).ti,ab. or ((nutrition* or fed or feed* or tube* or intub*)
adj5 (gastr* or nasogastr* or stomach or duoden* or nasoduoden* or jejun* or nasojejun* or bowel* or intestine* or post?pylor* or trans?
pylor* or nasoenter* or orogastric or gavage)).ab,ti.
2. exp pancreatitis/ or injury/ or burn/ or "head and neck injury"/ or multiple trauma/ or critical illness/ or intensive care/ or intensive care
unit/ or pneumonia/ or aspiration pneumonia/ or (pneumonia* or critical* ill* or critical* care or intensive care or ICU or burn* or trauma*
or head injur* or pancreatitis).ab,ti.
3. 1 and 2
4. (infant* or child* or adolescent*).af.
5. (adult* or aged).af.
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6. 3 not (4 not (5 and 4))
7. (placebo.sh. or controlled study.ab. or random*.ti,ab. or trial*.ti,ab.) not (animals not (humans and animals)).sh.
8. 6 and 7

Appendix 4. CINAHL (EBSCO host) search

S1 ( (MH "Enteral Nutrition") OR (MH "Feeding Tubes") OR (MH "Nasoenteral Tubes") OR (MH "Gastrostomy") OR (MH "Intubation,
Gastrointestinal") OR (MH "Jejunostomy Tubes") OR (MH "Jejunostomy") OR (MH "Gastrostomy Tubes") ) OR ( gastrostom* or
duodenostom* or jejunostom* or PEG or g-tube* or ng-tube* or j-tube* or nj-tube* or PEJ ) OR ( ((nutrition* or fed or feed* or tube* or
intub*) AND (gastr* or nasogastr* or stomach or duoden* or nasoduoden* or jejun* or nasojejun* or bowel* or intestine* or post?pylor* or
trans?pylor* or nasoenter* or orogastric or gavage)) )
S2 ( (MH "Critical Care") OR (MH "Intensive Care Units") OR (MH "Critical Illness") OR (MH "Critically Ill Patients") OR (MH "Trauma")
OR (MH "Head Injuries") OR (MH "Burn Patients") OR (MH "Pancreatitis") OR (MH "Pneumonia") OR (MH "Pneumonia, Aspiration") ) OR
( pneumonia* or critical* ill* or critical* care or intensive care or ICU or burn* or trauma* or head injur* or pancreatitis )
S3 S1 and S2
S4 infant* or child* or adolescent*
S5 adult* or aged
S6 S3 NOT (S4 NOT (S4 AND S5))
S7 ( (MH "Clinical Trials") OR (MH "Randomized Controlled Trials") OR (MH "Random Assignment") OR (MH "Placebos") ) OR PT clinical
trial OR AB ( random or placebo or groups or trial* )
S8 S6 and S7

Appendix 5. Study selection form

Study Selection Form

 

First author Journal/Conference proceedings, etc Year

     

 

 
Study eligibility

 

Type of study Relevant partici-
pants

Relevant interven-
tion

Relevant outcome

RCT or quasi-ran-
domized trial

• Age greater than
18

• Receiving treat-
ment in critical
care sitting)

Transpyloric vs
gastric tube feed-
ing with catheters
passed via nose or
mouth

• Pneumonia

• Achievement of target nutritional requirement

• ICU length of stay

• Hospital length of stay

• Duration of assisted mechanical ventilation

• Mortality

• Complications (vomiting, diarrhoea, high gastric resid-
ual, GI bleeding, need for tube replacement, tube occlu-
sion)                             

• Time to reach nutritional goal

Yes/No/Unclear Yes/No/Unclear Yes/No/Unclear Yes/No/Unclear

 

 
 

Do not proceed if any of the above answers is ‘No’. If study is to be included in ‘Excluded studies’ section of the review, record below
the information to be inserted into the ‘Table of excluded studies’..
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  (Continued)

 
Key

GI = Gastrointestinal.

ICU = Intensive care unit.

Appendix 6. Eligible trials form

Eligible Trials Form

 

Code each paper Author(s) Journal/Conference proceedings, etc Year

A      

B      

C      

 

 

Appendix 7. Data extraction form

Data Extraction Form

1-Participant characteristics

 

  Further details

Type of patient Medical/Surgical/Mixed

Age

(mean, median, range, etc)

 

Sex of participants

(numbers/%, etc)

 

 

 
2-Trial characteristics

 

  Further details

Single-centre/Multi-centre  

Country/Countries  

How was participant eligibility defined?  
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How many people were randomly assigned?  

Number of participants in each intervention group  

Number of participants who received intended treatment  

Number of participants who were analysed  

Duration of treatment (state weeks/months, etc; if cross-over trial, give length of time in each arm)  

Median (range) length of follow-up reported in this paper (state weeks, months or years, or if not
stated)

 

  (Continued)

 
3-Intervention details

 

    Nasogastric tube Post-pyloric tube

Feeding tube size and length    

Initial method of insertion blind/endoscopy/fluo-
roscopy

   

Number of attempts      

Person inserting tube doctor/nurse    

Target location duodenum/jejunum    

Confirmation of placement yes/no    

Monitoring position of the tube X-ray/residual volume

not done

   

Routine use of H2antagonist or proton pump inhibitor (PPI) yes/no    

Routine use of prokinetic (not for tube placement) yes/no    

Application of other intervention to prevent pneumonia
such as head elevation, chlorhexidene mouthwash, etc

(please specify)

yes/no    

 

 
4-Outcome

 

  Information available in paper

Outcome 1

Pneumonia

Yes/No
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Outcome 2

Mortality

Yes/No

Outcome 3

Achievement of target nutritional requirement

Yes/No

Outcome 4

Time required to achieve full nutritional target

Yes/No

Outcome 5

ICU length of stay

 

Outcome 6

Duration of mechanical ventilation

Yes/No

Outcome 7

Gastrointestinal complications: vomiting, diarrhoea, high gastric residual

Yes/No

Outcome 8

Complications related to tube insertion: epistaxis, pneumothoraces, gastrointestinal bleeding

Yes/No

Outcome 9

Complications related to tube maintenance: need for tube replacement, tube occlusion    

Yes/No

Outcome 10

Time required to start feeding: time from patient enrolment in the study to time the feeding was
started

Yes/No

  (Continued)

 

Post-pyloric versus gastric tube feeding for preventing pneumonia and improving nutritional outcomes in critically ill adults (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

62



P
o
st-p

y
lo
ric v

e
rsu

s g
a
stric tu

b
e
 fe
e
d
in
g
 fo
r p

re
v
e
n
tin

g
 p
n
e
u
m
o
n
ia
 a
n
d
 im

p
ro
v
in
g
 n
u
tritio

n
a
l o
u
tco

m
e
s in

 critica
lly
 ill a

d
u
lts (R

e
v
ie
w
)

C
o
p
yrig

h
t ©

 2018 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

.

6
3

For continuous data (with a separate copy for each relevant subgroup)

Code of paper Outcomes/Unit of measurement Unit of mea-
surement

Post-pyloric
group

Nasogastric group Details (if
outcome de-
scribed only
in text)

      n Mean (SD) n Mean (SD)  

  Outcome 3

Percentage of daily goal calorie fed

           

  Outcome 4

Time required to achieve full nutritional target

           

  Outcome 5

ICU length of stay

           

  Outcome 6

Duration of assisted ventilation

           

  Outcome 10

Time required to start feeding
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For dichotomous data (with a separate copy for each relevant subgroup)

Code of paper Outcomes Post-pyloric group
(n) n = number of
participants, not
number of events

Nasogastric group
(n)
n = number of par-
ticipants, not num-
ber
of events

  Outcome 1

Pneumonia

   

  Outcome 2

Mortality

   

  Outcome 7

Gastrointestinal complications: vomiting, diarrhoea, high gas-
tric residual

   

  Outcome 8

Complications related to tube insertion: epistaxis, pneumotho-
races, gastrointestinal bleeding

   

  Outcome 9

Complications related to tube maintenance: need for tube re-
placement, tube occlusion    

   

 

 
 

Other information that you believe is relevant to the results
Indicate if any data were obtained from the primary study author; if results were estimated from graphs, etc; or if they were calculat-
ed by you using a
formula (this should be stated and the formula given). In general, if results were not reported in paper(s) but were obtained, this
should be made
clear here to be cited in the review
Freehand

 

 

 
 

Freehand space for writing actions such as contact with study authors and changes

 

 

 
References to other trials
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Did this report include any references to published reports of potentially eligible trials not already identified for this review?

First study author Journal/Conference Year of publication

     

Did this report include any references to unpublished data from potentially eligible trials not already identified for this review? If yes,
give contact name and details

 

 

Appendix 8. Quality assessment of eligible trials form

Methodological quality

Trial:

 

Allocation of intervention

State here method used to generate allocation and reasons for grading Grade (circle)

Adequate (random)

Inadequate (e.g. alternate)

Comment on allocation by review authors or included study
Quote concerning allocation:

Unclear

 

 
 

Concealment of allocation
Process used to prevent foreknowledge of group assignment in an RCT, which should be seen as distinct from blinding

State here method used to conceal allocation and reasons for grading Grade (circle)

Adequate

Inadequate

Comment on allocation concealment by review authors or include
study quote concerning allocation:

Unclear

 

 
 

Blinding

Participants Yes/No/Unclear

Caregiver Yes/No/Unclear

Outcome assessor Yes/No/Unclear
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Other (please specify) Yes/No/Unclear

Comment on blinding by review authors or include study quote concerning allocation:

  (Continued)

 
 

 

Incomplete outcome data

Yes/No/Unclear

Discuss if appropriate

 

 
 

Selective outcome reporting Yes/No/Unclear

Discuss if appropriate

 

 
 

Other potential sources of bias Yes/No/Unclear

Discuss if appropriate

 

 

W H A T ' S   N E W

 

Date Event Description

17 December 2018 Amended Editorial team changed to Cochrane Emergency and Critical Care

 

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

Sana Alkhawaja (SA), Claudio Martin (CM), Ronald J Butler (RJB), Femida Gwadry-Sridhar (FGS).

Conceiving of the review: SA.

Designing the review: SA.

Co-ordinating the review: SA.

Undertaking manual searches: SA.

Screening search results:SA, CM, RJB.

Organizing retrieval of papers: SA.

Screening retrieved papers against inclusion criteria: SA, CM, RJB.

Appraising quality of papers: SA, CM, RJB.
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Abstracting data from papers: SA, CM, RJB.

Writing to authors of papers for additional information: SA.

Providing additional data on papers: SA.

Obtaining and screening data on unpublished studies: SA.

Managing data for the review: SA.

Entering data into Review Manager (RevMan 5.3): SA.

Analysing RevMan statistical data: SA, FGS.

Performing other statistical analyses not using RevMan: SA, FGS.

Performing double entry of data: SA, FGS.

Interpreting data: SA, CM, RJB, FGS.

Making statistical inferences: FGS.

Writing the review: SA.

Providing guidance on the review: CM, RJB.

Securing funding for the review: N/A.

Performing previous work that served as the foundation of the present study: SA.

Serving as guarantor for the review (one review author): SA.

Taking responsibility for reading and checking the review before submission: SA, CM, RJB.
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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

1. We removed the word 'patients' from the title.

2. In our protocol (Alkhawaja 2010), the third primary outcome was "Achievement of target nutritional requirement: We will calculate the
mean percentage of the caloric goal achieved by comparing the mean estimated caloric need versus the mean actual calories delivered
to the patient". During our review, we found that the mean percentage of the caloric goal was already mentioned in the studies, and
we did not need to calculate it by ourselves. Accordingly, we decided to rephrase the whole sentence in a more clear way: "Percentage
of total nutrition delivered to the patient, which is calculated by comparing the mean estimated caloric need versus the mean actual
calories delivered to the patient".

3. In the Background section, we made slight changes. We removed the last paragraph from "Description of the intervention" section and
modified and kept this section under a new subtitle ("How the intervention might work").

4. In the section "Why it is important to do the review", we added a brief description of four new meta-analyses.
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5. In the Methods section, under the "Data extraction and management" subheading, we added duration of mechanical ventilation to the
other important outcomes to be included in the quality assessment in the 'Summary of findings' table.

6. In the Methods section, under "Assessment of risk of bias in included studies", we modified the blinding criteria from the way they
appeared in the protocol. We reconsidered the importance of blinding the participant, and we agreed that blinding of participants is not
important in this kind of intervention because it cannot aJect the outcomes and accordingly cannot result in bias. Regarding blinding
of the outcome assessor, we found that the only subjective outcome that needed to be assessed for the diagnosis was pneumonia;
accordingly we considered blinding adequate if caregivers and outcome assessors for pneumonia were blinded to the intervention, and
blinding inadequate if caregivers and outcome assessors for pneumonia were not blinded to the intervention.

7. In the Methods section, under "Measurement of treatment eJect", we removed the last paragraph, as we did not calculate the number
needed to treat for an additional beneficial outcome (NNTB), the number needed to treat for an additional harmful outcome (NNTH)
and the eJect size (EFS) for each group on the basis of the standardized mean diJerence, because of the small number of participants.

8. In the Methods section, under "Data synthesis", we removed the last sentence as we did not need to use STATA for the analysis.
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for this systematic review.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Nutritional Status;  Critical Illness;  Duodenum;  Enteral Nutrition  [*methods];  Gastrointestinal Motility;  Hospital Mortality;  Jejunum; 
Length of Stay;  Malnutrition  [*therapy];  Pneumonia, Aspiration  [*prevention & control];  Randomized Controlled Trials as Topic

MeSH check words

Adult; Humans

Post-pyloric versus gastric tube feeding for preventing pneumonia and improving nutritional outcomes in critically ill adults (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

68


