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Abstract Objective: To investigate
the potential beneficial and adverse
effects of early post-pyloric feed-
ing compared with gastric feeding
in critically ill adult patients with
no evidence of impaired gastric
emptying. Design: Randomised
controlled studies comparing gastric
and post-pyloric feeding in critically
ill adult patients from Cochrane
Controlled Trial Register (2005 is-
sue 3), EMBASE and MEDLINE
databases (1966 to 1 October 2005)
without any language restriction were
included. Two reviewers reviewed
the quality of the studies and per-
formed data extraction independently.
Measurements and results: Eleven
randomised controlled studies with
a total of 637 critically ill adult pa-
tients were considered. The mortality
(relative risk [RR] 1.01, 95% CI
0.76–1.36, p = 0.93; I2 = 0%) and risk
of aspiration or pneumonia (RR 1.28,
95% CI 0.91–1.80, p = 0.15; I2 = 0%)
were not significantly different be-
tween patients treated with gastric or
post-pyloric feeding. The effect of

post-pyloric feeding on the risk of
pneumonia or aspiration was similar
when studies were stratified into
those with and those without the use
of concurrent gastric decompression
(RR ratio 0.95, 95% CI 0.48–1.91,
p = 0.89). The risk of diarrhoea and
the length of intensive care unit
stay (weighted mean difference in
days –1.46, 95% CI –3.74 to 0.82,
p = 0.21; I2 = 24.6%) were not statis-
tically different. The gastric feeding
group had a much lower risk of
experiencing feeding tube place-
ment difficulties or blockage (0 vs
9.6%, RR 0.13, 95% CI 0.04–0.44,
p = 0.001; I2 = 0%). Conclusions:
Early use of post-pyloric feeding
instead of gastric feeding in critically
ill adult patients with no evidence of
impaired gastric emptying was not
associated with significant clinical
benefits.

Keywords Small bowel · Nutrition ·
Prevention · Pneumonia

Introduction

Nutrition support has significant effects on morbidity
and mortality in critically ill patients [1], and early
aggressive enteral nutrition has been demonstrated to
reduce infective complications and improve recovery of
head-injured patients [2]. However, intolerance to gastric
feeding due to impaired gastric emptying is common,
and large gastric residual volumes may contribute to

bacterial colonisation of the stomach and aspiration
pneumonia in critically ill patients [3, 4]. Feeding via
a fine-bore feeding tube that is placed beyond the pylorus
can bypass the problem of impaired gastric emptying
and may improve the amount of enteral nutrition de-
livered to the patients [1]. However, two meta-analyses
evaluating the benefits of post-pyloric feeding come to
different conclusions [1, 5]. The meta-analysis demon-
strating the beneficial effect of post-pyloric feeding on
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pneumonia depended critically on the results of one
study [2]. This study was not a direct comparison of
gastric and post-pyloric feeding. Rather, it compared
early aggressive enteral feeding with standard enteral
feeding, and as part of the feeding protocol patients
randomised to aggressive enteral feeding group could
require a post-pyloric tube to achieve the feeding pro-
tocol targets. The different and more aggressive feeding
protocol is potentially a significant confounding factor.
Also, only 34% of the patients in the aggressive feeding
group had a post-pyloric tube inserted, but all patients in
the group were included in the ‘post-pyloric’ group for
meta-analysis.

Evidence from neonatal studies suggests post-pyloric
feeding is associated with an increase in mortality and
gastrointestinal disturbance [6]. Placement of a feeding
tube beyond the pylorus can be difficult, and serious com-
plications due to malpositioning have been reported when
endoscopic or fluoroscopic guidance was not used [7].
In addition, feeding through a post-pyloric tube without
concurrent gastric decompression can result in significant
undrained gastric residual volumes and may potentially
increase the risk of aspiration [8]. The previous meta-
analyses did not evaluate the potential adverse effects
of post-pyloric feeding. We conducted a meta-analysis
to re-evaluate both the potential beneficial and adverse
effects of early post-pyloric feeding in critically ill adult
patients with no evidence of impaired gastric emptying.
We also assessed the potential confounding effects of
concurrent gastric decompression, prokinetic agents,
and the targeted location of the post-pyloric tube on the
beneficial effect of post-pyloric feeding on pneumonia or
aspiration.

Materials and methods

The literature search was performed on the Cochrane
Controlled Trials Register (2005 issue 3), EMBASE
and MEDLINE databases (1966 to 1 October 2005).
Only randomised control clinical trials comparing early
gastric feeding with post-pyloric feeding in critically ill
adult patients were included. Studies comparing pyloric
feeding with only intravenous hydration or parenteral
nutrition were excluded. Studies comparing different
feeding protocols in which some patients may require
post-pyloric feeding were excluded. During the electronic
database search, the following exploded MeSH terms
were used: ‘post-pyloric’, ‘trans-pyloric’, ‘duoden*’, ‘je-
jun*’, ‘nasojejun*’, ‘nasoduoden*’, or ‘small bowel’ with
‘feed*’ or ‘nutrition’, and with ‘critically ill’, ‘intensive
care’, ‘trauma’, ‘pancreatitis’, ‘peritonitis’ or ‘burns’.
The reference lists of related reviews and original articles
identified were searched for relevant trials. Finally, the
web sites of the International Network of Agencies of
Health Technology Assessment and the International

Society of Technology Assessment in Health Care were
searched to ensure all suitable studies were included.
The authors of two studies were contacted for additional
information and unpublished data that were important in
the analysis, and one of them responded to our request.
No studies published in languages other than English were
found in the literature search. Two independent reviewers
examined the titles and the abstracts of all identified
trials to confirm they fulfilled the inclusion criteria.
They examined and recorded the trial characteristics
and outcomes independently, using a pre-designed data
abstraction form. This abstraction form was used to record
information regarding the quality of the trial such as
allocation concealment, randomisation method, blinding
of treatment, and inclusion and exclusion criteria. The
quality of the study was scored according to the Jadad
scale (range from 0 to 5, with a higher score indicating
better study quality) [9], but the individual component that
constitutes the quality of the study was also described.
The grading of allocation concealment was based on
the Cochrane approach, i.e. adequate or uncertain or
clearly inadequate. Any disagreements between the two
independent reviewers were resolved by consensus. Any
duplicated publications were combined to represent one
single trial. Data were checked and entered into the
Review Manager (version 4.2.6 for Windows; Oxford,
UK: The Cochrane Collaboration, 2003) database for
further analyses.

The hospital mortality and the proportion of patients
with aspiration or pneumonia were chosen as main out-
comes of this meta-analysis because they are the most
relevant clinical outcomes of post-pyloric feeding. The
definitions of pneumonia varied among different studies,
but the common definition involved new and persistent
radiological changes with at least two other criteria.
These criteria included the presence of purulent sputum
or isolation of pathogenic bacteria in the sputum culture,
peripheral leucocytosis, and significant fever (38.5 °C).
Aspiration was defined as the presence of radioisotope-
labelled feeds in the lungs or in the sputum. The use of
dye-labelled feeds without clinical or radiological criteria
to detect aspiration is insensitive [10], and therefore these
‘aspirations’ were not included in this meta-analysis.
There were no missing data for these two main outcomes
in the studies included. The other outcomes assessed in
this meta-analysis included the proportion of patients
who developed diarrhoea and complications related to
the insertion of the feeding tube, including pneumo-
thorax or major cardiorespiratory complications such as
cardiopulmonary arrest. The proportion of patients who
had to change over to the other mode of enteral feeding
because of tube placement difficulties or blockage, and the
difference in the length of intensive care unit (ICU) stay,
were analysed. The percentage of daily nutritional targets
attained and the time to achieve full feeding targets were
also reported.
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Statistical analyses

The differences in categorical outcomes between the treat-
ment and placebo groups were reported as relative risk
(RR) with 95% confidence intervals (CI), using a random
effect model. The effect on the frequency of pneumonia
from post-pyloric feeding was further stratified into stud-
ies with or without the use of concurrent gastric decom-
pression and the interaction was tested by RR ratio [11].
The differences in total length of ICU length of stay and
the nutritional outcomes between the post-pyloric and gas-
tric feeding group were reported as weighted mean differ-
ences (WMD), using a random effect model. The presence
of heterogeneity between trials was assessed by the chi-
square statistics, and the extent of inconsistency was as-
sessed by the I2 statistics [12]. Sensitivity analyses after
excluding patients who had aspiration but no pneumonia,
studies with the use of gastric prokinetic agents, and stud-
ies that placed the post-pyloric tube in the duodenum in-
stead of the jejunum were conducted. Publication bias was
assessed by funnel plot using pneumonia or aspiration as
an endpoint.

Results
We identified 28 potentially eligible investigations, of
which 11 studies [3, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22] fulfilled the inclusion criteria and were subject to
meta-analysis (Fig. 1). Five studies used a blind or tactile
technique to insert the post-pyloric feeding tube; in the
event of failure, repeated attempts were performed with
the assistance of fluoroscopy or endoscopy [3, 16, 17, 18,
19]. Three studies used endoscopy [14, 20, 21], one study
used fluoroscopy [15] and one study used electromagnetic
guidance for all patients [12]. One study used different
techniques for different patients without specifying the
criteria for the preference [22]. Five studies aimed at
placing the post-pyloric tube in the duodenum [3, 13, 15,
16, 17] and four studies aimed at placing the post-pyloric
tube in the jejunum [14, 20, 21, 22]. The exact targeted
location of the post-pyloric tube was not specified in two
studies [18, 19]. The size of the post-pyloric tube used
ranged from 7 to 12 Fr (mean = 10.2). In seven studies
prokinetic agents were not used in all patients [13, 15,
16, 17, 19, 20, 21]. Three studies performed concurrent
gastric decompression, using either a nasogastric tube or
the proximal port of the post-pyloric tube, in all patients
in the post-pyloric feeding group [3, 14, 22].

All studies included patients early in the course of
their ICU stay and before impaired gastric emptying was
diagnosed. Eight studies recruited patients in general
ICUs, one study recruited trauma patients [15], one
study recruited patients from a neurological ICU [17]

and one study recruited patients with acute pancreati-
tis [20]. The mean Acute Physiology and Chronic Health
Evaluation (APACHE) II and III scores ranged from
10 to 23 and from 45 to 52, respectively. The Jadad
score of the studies ranged from 2 to 4 (mean 3.1).
Allocation concealment was adequate in 10 studies but
only 2 studies used double blinding. The radiologists
who interpreted the chest radiography of the patients
were blinded to the clinical data and treatment allocation
in one study [16], and the investigators interpreting the
sputum results were blinded to the treatment allocation in
another study [21]. The proportion of patients who were
randomised but not able to complete the study was less
than 5% in 10 studies. The study details are summarised
in Table 1.

There was good overall consistency in most of the
results without significant heterogeneity. The use of
gastric feeding instead of post-pyloric feeding did not
increase hospital mortality (RR 1.01, 95% CI 0.76–1.36,
p = 0.93; I2 = 0%) (Fig. 2) or the risk of pneumonia or
aspiration (RR 1.28, 95% CI 0.91–1.80, p = 0.15; I2 = 0%)
(Fig. 3). The effect of post-pyloric feeding on pneumonia
or aspiration was not different with and without the use
of concurrent gastric decompression (RR ratio = 0.95,
95% CI 0.48–1.91, p = 0.89). The proportion of patients
requiring an alternative mode of enteral feeding because
of difficulties in tube placement or blockage was much
lower in the gastric feeding group (0% vs. 9.6%, RR
0.13, 95% CI 0.04–0.44, p = 0.001; I2 = 0%) (Fig. 4).
The proportion of patients with diarrhoea (RR 0.85, 95%
CI 0.57–1.27, p = 0.42; I2 = 0%) was not significantly
different. Complications related to the insertion of the
feeding tube were reported in five studies. With the
exception of one study [22], complications related to
the insertion of the gastric or post-pyloric feeding tube
were very rare (0.8%) and were not significantly different
between the two groups (RR 0.37, 95% CI 0.06–2.15,
p = 0.27; I2 = 22.5%). The total length of ICU stay was
also not significantly different (WMD –1.46 days, 95%
CI –3.74 to 0.82, p = 0.21; I2 = 24.6%) (Fig. 5). There
were no significant differences in the percentage of daily
nutritional targets delivered (WMD –9.1%, 95% CI–19.4
to 1.2, p = 0.08; I2 = 38.4%) (Fig. 6) and the time required
to achieve full feeding targets (WMD = –0.4 h, 95% CI
–7.8 to 6.9, p = 0.91; I2 = 79.3%) (Fig. 7) by either gastric
or post-pyloric feeding.

Excluding the two studies that assessed aspiration
instead of pneumonia, the four studies using prokinetic
agents and the five studies targeting the post-pyloric tube
in the duodenum instead of jejunum did not change the ef-
fects of post-pyloric feeding on mortality and pneumonia.
One study reported cost analysis [17], but none included
a formal cost-effectiveness analysis.
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Fig. 1 Flow chart showing study
inclusion and exclusion in this
meta-analysis

Discussion

Significance of our findings

This meta-analysis shows that the early use of post-pyloric
feeding instead of gastric feeding was not associated
with any significant clinical benefits or adverse ef-
fects. It did not change the mortality, the proportion
of patients with pneumonia or aspiration, the length of
ICU stay, the proportion of patients with diarrhoea, the
amount of nutrition delivered or the time to achieve

the feeding targets. However, difficulties in post-pyloric
feeding tube placement and blockage were not un-
common.

Our results showed that the early use of post-pyloric
feeding instead of gastric feeding did not reduce mortality
or length of ICU stay when the same feeding protocol
was used. These results are consistent with the results
of previous systematic reviews [1, 5]. However, nutri-
tional guidelines have recommended the routine use of
small-bowel feeding in ICUs, when small-bowel access is
feasible, because of its potential beneficial effects on two



645

Fig. 2 Forest plot showing the effect of post-pyloric feeding on hospital mortality

Fig. 3 Forest plot showing the effect of post-pyloric feeding on proportion of patients with pneumonia or aspiration

Fig. 4 Forest plot showing the proportion of patients requiring other mode of enteral feeding because of problems in tube placement or
blockage
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Fig. 5 Forest plot showing the effect of post-pyloric feeding on length of ICU stay in days

Fig. 6 Forest plot showing the difference in the percentage of daily nutritional targets delivered by either early gastric or post-pyloric feeding

Fig. 7 Forest plot showing the difference in the time required (in hours) to achieve the full nutritional targets by either early gastric or
post-pyloric feeding

surrogate clinical outcomes, a reduced risk of pneumonia
and an improvement in nutritional intake [1]. After ex-
cluding the study that assessed different feeding protocols
and was not a direct comparison of gastric feeding with
post-pyloric feeding [2], we could not confirm the ben-
eficial effects of early post-pyloric feeding on these two
surrogate clinical outcomes. Using post-pyloric feeding
without concurrent gastric decompression can potentially
leave a large volume of gastric residuals undrained and
increase the risk of aspiration [8]. This may counteract
the beneficial effect of post-pyloric feeding on the risk

of pneumonia or aspiration. It is also possible that using
prokinetic agents in the gastric feeding group or placing
the post-pyloric feeding tube in the duodenum instead
of the jejunum may make the beneficial effect of post-
pyloric feeding on pneumonia or aspiration less apparent.
However, we could not find any significant benefit on the
risk of pneumonia or aspiration even when we considered
the ‘best-case scenarios’ in the use of post-pyloric feed-
ing. These scenarios included using concurrent gastric
decompression with the post-pyloric feeding, omitting
prokinetic agents in the gastric feeding group, and plac-
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Fig. 8 Funnel plot showing no significant publication bias

ing the post-pyloric tube in the jejunum instead of the
duodenum.

Our results showed that post-pyloric feeding was
not associated with significant adverse events such as
diarrhoea, and the procedure of inserting the tube was
very safe. However, difficulties in post-pyloric tube
placement and blockage of the tube were not uncom-
mon; therefore, about 10% of the patients in the pooled
studies ‘crossed over’ to gastric feeding. This failure rate
included the patients in which the passage of the tube
beyond the pylorus proved to be impossible or clinically
not justifiable because of repeated blockage. The actual
proportion of patients with a blocked post-pyloric tube
requiring tube replacement was greater than 10%. The
tube placement difficulties or blockage can delay or
interrupt the delivery of enteral nutrition, and therefore
may reduce the amount of nutrition delivered in patients
without impaired gastric emptying. Nevertheless, a new
self-propelling post-pyloric tube (Tiger Tube™, Cook
Group Inc.) may potentially ameliorate the tube place-
ment problem [39], and prophylactic pancreatic enzymes
may reduce the risk of blockage of the post-pyloric
tube [40].

Cost analysis was reported in one study, and small
bowel feeding was about 10% more expensive than gastric
feeding [17]. However, placement of the post-pyloric
tube was successful by a blind technique in all patients in
this study. The cost of using post-pyloric feeding would
probably have been much higher than gastric feeding if en-
doscopy or fluoroscopy had been required. In the absence
of demonstrated beneficial effects on mortality and length
of ICU stay, the routine early use of post-pyloric feeding
without trying gastric feeding cannot be cost-effective. In
patients who have high gastric volumes despite repeated
attempts at gastric feeding, whether post-pyloric feeding is
more preferable to parenteral nutrition remains uncertain
and warrants further evaluation in large randomised
control studies.

Limitations of the study

Meta-analyses are prone to bias. The quality of trials can
affect the direction and magnitude of treatment effect in
meta-analyses. Although most of the included studies had
adequate allocation concealment, near-complete follow-
up, and a Jadad score of over 3, double blinding was used
in only two studies. The radiologists interpreting the chest
radiography or the investigators interpreting the sputum
culture were blinded to the clinical data and treatment
allocation in only two studies [16, 21]. These findings
confirm that the quality of many nutritional support studies
was not satisfactory [41], and this might have created bias.
Future nutritional support studies should consider the use
of double blinding in outcome assessment. Furthermore,
the number of patients included in this meta-analysis may
not be enough to exclude significant clinical benefits. With
the sample size of this meta-analysis (n = 500), a positive
protective effect of early post-pyloric feeding on the risk
of pneumonia can be demonstrated only if the associated
RR reduction exceeds 40%. If post-pyloric feeding can
reduce the RR of pneumonia by only 20%, a sample size
of over 2,600 patients will be required to demonstrate
such an effect if the baseline risk of pneumonia is 22%
in the gastric feeding group. Second, publication bias
can affect the direction and magnitude of the results of
a meta-analysis. The funnel plot showed that publication
bias was unlikely to be a significant cause of the negative
results of this meta-analysis (Fig. 8). Finally, although the
results of this meta-analysis were consistent across the
studies included, there were significant differences in the
technique used for placing the post-pyloric feeding tube
and the means of confirming whether the post-pyloric
tube remained in the targeted location. Evidence suggests
the risk of aspiration or regurgitation may be lower if
the post-pyloric tube is in the distal part of the small
bowel [3]. However, the position of the post-pyloric
feeding tube was not confirmed daily in some studies [14,
17, 19, 20]; therefore, some post-pyloric feeding tubes
might have been displaced into the proximal duodenum or
stomach, so reducing the potential benefits of post-pyloric
feeding.

Conclusions

The early use of post-pyloric feeding in critically ill adult
patients with no evidence of impaired gastric emptying
was not associated with significant clinical benefits. Dif-
ficulties in post-pyloric tube placement or blockage were
not uncommon. Routine early use of post-pyloric feeding
without trying gastric feeding in critically ill adult patients
is not recommended.

Acknowledgements. We would like to thank Dr. Navneet Kaur for
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