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Abstract

Introduction: Enteral feeding can be given either through the nasogastric or the nasojejunal route. Studies have
shown that nasojejunal tube placement is cumbersome and that nasogastric feeding is an effective means of providing
enteral nutrition. However, the concern that nasogastric feeding increases the chance of aspiration pneumonitis and
exacerbates acute pancreatitis by stimulating pancreatic secretion has prevented it being established as a standard of
care. We aimed to evaluate the differences in safety and tolerance between nasogastric and nasojejunal feeding by
assessing the impact of the two approaches on the incidence of mortality, tracheal aspiration, diarrhea, exacerbation of
pain, and meeting the energy balance in patients with severe acute pancreatitis.

Method: We searched the electronic databases of the Cochrane Central Register of Controlled Trials, PubMed, and
EMBASE. We included prospective randomized controlled trials comparing nasogastric and nasojejunal feeding in
patients with predicted severe acute pancreatitis. Two reviewers assessed the quality of each study and collected
data independently. Disagreements were resolved by discussion among the two reviewers and any of the other
authors of the paper. We performed a meta-analysis and reported summary estimates of outcomes as Risk Ratio
(RR) with 95% confidence intervals (CIs).

Results: We included three randomized controlled trials involving a total of 157 patients. The demographics of the
patients in the nasogastric and nasojejunal feeding groups were comparable. There were no significant differences
in the incidence of mortality (RR = 0.69, 95% CI: 0.37 to 1.29, P = 0.25); tracheal aspiration (RR = 0.46, 95% CI: 0.14
to 1.53, P = 0.20); diarrhea (RR = 1.43, 95% CI: 0.59 to 3.45, P = 0.43); exacerbation of pain (RR = 0.94, 95% CI: 0.32
to 2.70, P = 0.90); and meeting energy balance (RR = 1.00, 95% CI: 0.92 to 1.09, P = 0.97) between the two groups.
Nasogastric feeding was not inferior to nasojejunal feeding.

Conclusions: Nasogastric feeding is safe and well tolerated compared with nasojejunal feeding. Study limitations
included a small total sample size among others. More high-quality large-scale randomized controlled trials are
needed to validate the use of nasogastric feeding instead of nasojejunal feeding.
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Introduction
Severe acute pancreatitis (SAP) is characterized by high
mortality rates and is a potentially lethal disease requiring
nutritional support [1]. Nutritional support is considered a
key issue in the management of the hypercatabolism sec-
ondary to extended pancreatic and extrapancreatic
inflammation.

Parenteral nutrition (PN), which has been associated
with a greater complication rate [2], was the preferred
route in the past. PN results in a major breakdown of the
gut mucosal defense barrier with subsequent bacterial/
endotoxin translocation, leading to sepsis and infections
locally and at distant sites. Clinical prospective studies
have shown that increased intestinal permeability corre-
lates with increased levels of endotoxin and also with the
grade of severity of pancreatitis [3,4].
Recently, convincing evidence has demonstrated that

compared with PN, enteral nutrition (EN) significantly
reduces infectious complications and mortality [5,6],
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results in decreased organ failure and surgical interven-
tion rate [2] and provides significantly better glycemic
control [7] in predicted SAP. EN may improve outcomes
in these patients if given early [8]. Nutritional support
using EN should be the preferred method in patients
with SAP [2,9,10] as recommended by current guidelines
[11].
EN can be given through either the nasogastric (NG)

or the nasojejunal (NJ) route. While most studies have
shown that NJ feeding is an effective method of provid-
ing EN for patients with SAP, there are also successful
studies using NG feeding [12-14].
NJ tube placement is cumbersome because, although

both fluoroscopy and endoscopy are highly effective for
placement of small bowel feeding tubes, it can take an
experienced operator up to 30 minutes to achieve post-
pyloric placement of a small bowel feeding tube [15]. In
contrast, NG tube placement is an easy bedside proce-
dure. Therefore, NJ tube placement is expensive and
inconvenient compared with NG tube placement.
Traditionally, it was believed that stimulation of pan-

creatic secretion by EN is detrimental. NG or duodenal
feeding has been believed to increase the chances of
aspiration pneumonitis [16] and stimulate pancreatic
secretion [17] resulting in inefficient restoration of gut
mucosal integrity, whereas NJ feeding did not.
The aim of nutritional support is to meet the patient’s

elevated metabolic demands as much as possible without
stimulating pancreatic secretion while maintaining gut
integrity [8]. The first meta-analysis and systemic review
by Petrov et al. [18] was encouraging by showing no sig-
nificant differences between NG and NJ feeding regard-
ing safety and tolerance. This study was expected to
contribute greatly to the establishment of an ideal nutri-
ent feeding approach in patients with SAP. However,
well-designed and sufficiently powered randomized con-
trolled trials (RCTs) on NG versus nasointestinal feeding
are required before early NG feeding can be established
as a standard of care [19]. It is believed that small-scale
clinical trials can lead to erroneous conclusions [20,21].
In order to compare tolerance and clinical outcomes

between NG and NJ feeding, we performed a meta-ana-
lysis because adequately powered data derived from
RCTs comparing NG and NJ feeding in SAP are scarce
[12] and the ideal route for EN remains to be estab-
lished. We used mortality, tracheal aspiration, diarrhea
and exacerbation of pain as the primary outcomes to
assess the impact of NG and NJ feeding in patients with
predicted SAP because tracheal aspiration, diarrhea and
exacerbation of pain are concerns in NG feeding and
mortality is an important variable used in evaluating (a
blank space should be deleted here) intervention effects
in therapy.

Materials and methods
Search strategy
We used a multi-method iterative approach to identify
relevant studies and we conducted a computerized lit-
erature search of the PubMed database from 1966 to
October 2012 using the following search terms: severe
acute pancreatitis AND nasogastric or nasojejunal AND
nutrition or feeding. We also searched the Cochrane
Central Register of Controlled Trials and the EMBASE
(1980 to 2012) databases with the same terms. Refer-
ences that included information on EN were screened in
an attempt to find other relevant articles. There were no
restrictions on publication language.

Study selection and data extraction
We defined the publications included in this meta-analysis
using the following selection criteria: 1) study design:
RCTs; 2) population: hospitalized patients with predicted
SAP; and 3) intervention: NG versus NJ feeding. We used
the following outcome variables: the primary outcome was
mortality and at least one of the following variables: inci-
dence of tracheal aspiration, diarrhea and exacerbation of
pain; the secondary outcome was achievement of energy
balance. A structured data abstraction form was used to
ensure completeness and consistency of appraisal for each
study. We extracted study characteristics, methodological
variables, intervention, participant characteristics, clinical
variables and outcome measures. Article selection and
data extraction were conducted independently by two
authors. All disagreements were resolved by discussion
among these two authors and any of the other authors of
the paper.

Quality assessment and statistical analysis
The quality of the included trials was assessed using a
Jadad score [22]. Meta-analysis was performed using the
Cochrane Collaboration’s Review Manager Software 5
(RevMan 5.0). The risk ratio outcomes are presented
with 95% confidence intervals. Heterogeneity between
trials was tested using the chi-square test, with P < 0.10
indicating significant heterogeneity (difference) [23]. A
random effects model and a fixed effects model were
used in the presence and absence of statistical heteroge-
neity, respectively. We used a funnel plot to uncover
potential publication bias.

Results
Sixty articles met the search criteria and 56 were
excluded after screening to include only the studies com-
paring NG versus NJ or nasointestinal feeding. Of the
four remaining articles, three were RCTs and one was a
non-randomized cohort study [19]; therefore, three eligi-
ble RCTs were included in the analysis (Figure 1) [12-14].
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The characteristics of the included studies are summar-
ized in Table 1 and the quality of the included RCTs is
shown in Table 2.
In the study by Eatock et al. [12], predicted SAP was

defined as both the clinical and biochemical signs of acute
pancreatitis and objective evidence of disease severity
(Glasgow prognostic score of three or more or an Acute
Physiology and Chronic Health Evaluation (APACHE) II
score of six or higher or a C-reactive protein level greater
than 150 mg/L). In the other two studies [13,14], predicted
SAP was defined as a diagnosis of acute pancreatitis and at
least one of three additional criteria: single or multiple
organ failure as defined by the Atlanta classification; an
APACHE II score of ≥8; and computed tomography sever-
ity index of ≥7. Overall, 157 patients with predicted SAP
were enrolled in the included studies. Of these, 82 were
randomly assigned to an NG group and 75 to an NJ
group. Baseline demographic parameters of all subjects in
the RCTs are shown in Table 3. There was no significant
difference between the NG and NJ feeding groups at

admission with respect to the demographic parameters,
including multiple organ failure (MOF) and infected pan-
creatic necrosis (IPN). The baseline demographic data of
the patients receiving the NG and NJ approaches were
comparable. The main clinical outcomes of the NG and
NJ groups in the included studies are shown in Tables 4
and 5, respectively. The severity of the patients at admis-
sion was comparable in the three included studies on the
basis of the APACHE II score. The length of hospital stay
(LOS) and duration of EN in the NG and NJ groups in all
of the included studies were comparable.
All the included RCTs reported the mortality, occur-

rence of diarrhea, exacerbation of pain and achievement of
energy balance. Two RCTs from a single center [13,14]
reported tracheal aspiration. Patients tolerating a rate of at
least 75% of the target calories within 60 hours were con-
sidered to have achieved energy balance in the study from
Scotland [12] with only one patient converted to intrave-
nous feeding from the NJ group. In contrast, in the study
by Kumar et al. [13], the achievement of energy balance

56 excluded for not referring to 

comparison on NG and NJ feeding 

1 non randomized controlled trail 

was excluded 

60 Non duplicate records identified 

in initial database search 

4 studies remained for qualitative 

synthesis 

3 eligible studies included in the 

final analysis 

Figure 1 Search, inclusion, and exclusion flow diagram.

Table 1 Characteristics of included RCTs

Reference Country Design Feeding start Feeding formula ITT
method

Allocation
concealment

Eatock 2005 UK RCT < 72 hours after onset Semielemental Yes Adequate

Kumar 2006 India RCT 48 to 72 hours of admission Semielemental Unclear Unclear

Singh 2012 India RCT 48 hours of admission Semielemental Yes Adequate

ITT, intention-to-treat analysis; RCT, randomized controlled trial.

Chang et al. Critical Care 2013, 17:R118
http://ccforum.com/content/17/3/R118

Page 3 of 9



was defined by patients reaching a goal of 1,800 kcal
within seven days from the start of feeding. Partial PN was
necessary in only four and six patients in the NJ and NG
groups, respectively. Patients achieving the goal nutrient
requirement of 25 kcal/kg per day were considered to
have achieved energy balance in the study by Singh et al.
[14], and no additional PN was used. No heterogeneity
(P = 0.64, 0.76, 0.51, 0.85, 1.00, respectively) was observed
between the study results for all comparisons (Figures 2 to
6); therefore, a fixed effects model was used.
The number of deaths, tracheal aspiration, exacerbation

of pain, diarrhea, and achievement of energy balance was
14 (17.1%), 3 (5.5%), 6 (7.3%), 11 (13.4%) and 76 (92.7%) in
the early NG group, respectively. In the NJ group, the
numbers were 18 (24.0%), 7 (13.2%), 6 (8%), 7 (9.3%) and
70 (93.3%), respectively (Figure 7). The mortality rate is
consistent with previous reports. No cases required with-
drawal of the enteral feeding due to recurrent re-feeding
pain. There were no significant differences in the inci-
dence of mortality (RR = 0.69, 95% CI: 0.37 to 1.29, P =
0.25, Figure 2); tracheal aspiration (RR = 0.46, 95% CI:
0.14 to 1.53, P = 0.20, Figure 3); exacerbation of pain

(RR = 0.94, 95% CI: 0.32 to 2.70, P = 0.90, Figure 4); diar-
rhea (RR = 1.43, 95% CI: 0.59 to 3.45, P = 0.43, Figure 5);
or achievement of energy balance (RR = 1.00, 95% CI: 0.92
to 1.09, P = 0.97, Figure 6) between the NG and NJ feed-
ing groups.
There were differences between patients in the studies

from Scotland and India with respect to gender and etiol-
ogy (P = 0.02, 0.02, respectively) (Table 6).
Visual inspection of the funnel plot (Figure 8) did not

indicate a publication bias.

Discussion
Outcomes based on the analysis of the data from the
three included RCTs were within the expected range.
Eatock et al. [24] used early NG feeding in the nutritional
management of SAP, followed by oral re-feeding [25] in
patients with predicted SAP. It has been shown that NG
feeding is feasible in up to 80% of cases [12]. Similarly,
our meta-analysis showed that the safety and tolerance
were not significantly different between the NG and NJ
feeding groups, with no increase in mortality or nutri-
tion-associated adverse events. As shown in Table 3,
there was no significant difference between the NG and
NJ feeding groups at admission with respect to MOF and
IPN. Because primary or secondary infection of necro-
tized areas by enteral bacteria is considered a primary
cause of mortality in patients with SAP, which is charac-
terized by rapidly progressive MOF [26], we can conclude
that the severity of the disease in the NG and NJ feeding
groups was equivalent at admission, validating the com-
parison of NG and NJ feeding. APACHE II scores can
provide better prediction of mortality in patients with
SAP [27]. Similar to MOF and IPN, APACHE II scores in
the NG and NJ feeding groups at admission were com-
parable in all of the included studies (Table 4 and 5,
respectively), further validating our analysis.
NG or duodenal feeding has been believed to increase

the chances of aspiration pneumonitis [16], but our results
showed no significant difference between NG and NJ feed-
ing with respect to tracheal aspiration, suggesting that NG
feeding is as safe as NJ feeding. Also, Marik et al. [15]

Table 2 Quality of included RCTs

Reference Randomization
method

Blind
method

Withdrawal/drop-out Jadad
score

Eatock
2005

Computer
generate

random numbers

Not used One excluded in NJ for misdiagnosed and two in NJ received NG for failure of NJ tube
palcement

3

Kumar
2006

Computer
generate

random numbers

Not used One excluded in NJ for failure of NJ tube placement 3

Singh 2012 Statistician
generate

random numbers

Not used Two excluded in NJ for refusal of NJ tube re-insertion 3

The methodological quality of the randomized studies included was estimated using the criteria proposed by Jadad et al. [22]. NG, nasogastric; NJ, nasojejunal.

Table 3 Baseline demographic parameters of total
subjects in the RCTs

Parameters Nasogastric feeding
(number = 82)

Nasojejunal
feeding

(number = 75)

P

Gender

Male 56 48 0.57

Female 26 27

Etiology

Biliary 36 42

Alcohol 22 20 0.10

Idiopathic 16 12

Others 8 1

MOF 14 18 0.28

IPN 16 23 0.11

Mortality 14 18 0.25

IPN, infected pancreatic necrosis; MOF, multiple organ failure; RCTs,
randomized controlled trials.
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demonstrated no benefit from post-pyloric versus gastric
tube feeding in a mixed group of critically ill patients with
respect to tracheal aspiration. Delayed gastric emptying
leads to impaired upper digestion and results in some
degree of upper digestive intolerance [28]. Also, placement

of small bowel feeding tubes using the blind nasoenteric
approach is technically challenging and not as convenient
or as easy as the placement of gastric feeding tubes. Mis-
placement of small bore feeding tubes into the lung with
resultant pneumothorax is not a rare complication [15].

Table 4 Outcomes of patients receiving nasogastric feeding in the studies included

Study Number of patients Age
(years)

APACHE II score LOS
(days)

Duration of EN (days)

Eatock 2005 27 63 (47 to 74)a 10 (7 to 18)a 16 (10 to 22)a 5

Kumar 2006 16 43.3 ± 12.8b 10.5 ± 3.8b 24.1 ± 14.4b 7

Singh 2012 39 39.1 ± 16.7b 8.5 (2 to 19)a 17 (1 to 73)a 7 or longer

Total 82 - - - -
aValues are median (range); bValues are mean±standard deviation; APACHE, Acute

Physiology and Chronic Health Evaluation; LOS, length of hospital stay.

Table 5 Outcomes of nasojejunally-fed patients in the studies included

Study Number of patients Age
(years)

APACHE II score LOS
(days)

Duration of EN (days)

Eatock 2005 22 58 (48 to 64)a 12 (8 to 14)a 15 (10 to 24)a 5

Kumar 2006 14 35.6 ± 12.5b 9.6 ± 5.0b 29.9 ± 25.5b 7

Singh 2012 39 39.7 ± 12.3b 8 (2 to 24)a 18 (4 to 54)a 7 or longer

Total 75 - - - -
aValues are median (range); bValues are mean±standard deviation; APACHE, Acute

Physiology and Chronic Health Evaluation; EN, enteral nutrition; LOS, length of hospital stay.

Figure 2 Comparison of overall mortality between nasogastric feeding and nasojejunal feeding groups.

Figure 3 Comparison of tracheal aspiration between nasogastric feeding and nasojejunal feeding groups.
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Although both fluoroscopy and endoscopy are highly
effective for placement of small bowel feeding tubes, both
techniques are expensive and inconvenient [15].
The effect of nutrition on pancreatic exocrine function is

one of the most important issues concerning NG feeding
in acute pancreatitis because ‘pancreatic rest’ is believed to
promote healing, decrease pain, and reduce pancreatic
secretions [29]. It has been shown that significantly higher
secretions of trypsin (P < 0.01) and lipase (P <0.05) occur
in response to the elemental formula delivered into the
duodenum compared to the jejunum (40 cm or more dis-
tal to the ligament of Treitz) in healthy subjects [17].
However, convincing evidence has shown that pancreatic
exocrine function is significantly stronger in healthy sub-
jects compared with patients with acute pancreatitis and

suggests that the severity of acute pancreatitis is inversely
related to duodenal secretion of pancreatic enzymes [30].
Therefore, a more likely alternative explanation for our
findings that the safety and tolerance were not significantly
different between the two nutrient feeding routes is that
the pancreas becomes less responsive to NG stimulation
during an attack of predicted SAP. Increased pancreatic
secretion aggravates pancreatitis and leads to the exacer-
bation of pain. However, we found no significant differ-
ence between NG and NJ feeding with respect to the
exacerbation of pain. Also, only two patients in the NG
groups [12] in all of the included studies required non-opi-
ate analgesia for pain and the others required no analgesia
for re-feeding pain. Therefore, it is logical to speculate that
the degree of re-feeding pain was not high according to

Figure 4 Comparison of exacerbation of pain between nasogastric feeding and nasojejunal feeding groups.

Figure 5 Comparison of diarrhea between nasogastric feeding and nasojejunal feeding groups.

Figure 6 Comparison of achievement of energy balance between nasogastric feeding and nasojejunal feeding groups.
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the GRADE (Grading Assessment, Development and Eva-
luation) framework [31].
Hypermetabolism, with increased resting energy expen-

diture, has been demonstrated in patients with acute pan-
creatitis making nutritional supplements necessary along
with other treatments. No difference in the achievement
of energy balance in our analysis indicated that NG feed-
ing was not inferior to NJ feeding.
Our study has a number of limitations. First, similar to

the study by Petrov et al. [18], the number of subjects in
our meta-analysis was small. Given the absence of robust
power to confirm the results of their meta-analysis, Petrov
et al. systematically reviewed NG feeding in patients with
predicted SAP and demonstrated the necessity to support
the NG approach by adequately powered randomized trials

of NG versus NJ feeding. On the basis of our findings, fol-
lowing the recommendations of the study by Zhang et al.
[32], we calculated that the number of subjects required to
conduct an adequately powered non-inferiority trial was
864. Based on this calculation, our analysis was insufficient
to detect any difference or to prove equivalence between
the NG and NJ groups with respect to clinical outcomes.
However, using a multi-center investigation would provide
an adequate number of subjects. Also, given the large
number of patients in the RCT by Singh et al. [14] com-
pared with the other two RCTs [12,13], we believe that the
addition of the third RCT did substantially increase the
power and the precision of our meta-analysis. Second,
blinding was not performed in any of the trials due to the
nature of the interventions, which increased the bias. How-
ever, the assessed quality of the included RCTs was good.
Third, because two of the included studies [13,14] origi-
nated from the same center in India, we analyzed the dif-
ferences in gender and etiology between the centers in
Scotland and India and unfortunately, found differences.
However, we do not believe that this greatly decreased the
power of the analysis to substantiate the conclusion that
NG feeding is safe and well tolerated compared with NJ
feeding. Although the underlying cause of the pancreatitis
is important in determining the therapy, nutritional sup-
port is necessary in SAP regardless of etiology [33] and the
emphasis has now shifted to early EN [34]. A considerable
delay in commencing EN in each nutrient feeding route
occurred in the RCT from India [14], resulting in a

Figure 7 The number and rates of death, tracheal aspiration, exacerbation of pain, diarrhea, and achievement of energy balance in
the nasogastric and nasojejunal groups. Numbers above the bars indicate the number of incidences in the patients in each group. No
significant difference was found between the two groups.

Table 6 Gender parameters of patients and underlying
cause of pancreatitis in the two centers

Parameters Scotland
(number = 49)

India
(number = 108)

P

Gender 0.02

Male 26 78

Female 23 30

Etiology

Biliary 32 46

Alcohol 12 30 0.02

Idiopathic 3 25

Others 2 7
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potential selection bias. Finally, our funnel plot should be
interpreted with considerable caution given the small
number of studies and patients. Larger studies are required
to confirm our results, because plotting against precision
(1/standard error) emphasizes differences between larger
studies [35] and the capacity of funnel plots to detect bias
is limited when meta-analyses are based on a limited num-
ber of small trials.

Conclusions
In conclusion, although the evidence is not convincing,
our meta-analysis demonstrated that NG feeding is safe
and well tolerated compared with NJ feeding with
respect to the mortality rate, tracheal aspiration, diar-
rhea, exacerbation of pain, and achievement of energy
balance in patients with predicted SAP. EN by NG
appears to provide an alternative to NJ feeding consider-
ing the similar outcomes and convenience. More high-
quality, large-scale, RCTs are needed to validate the use
of NG versus NJ feeding because our review is limited
by the small total sample size and other limitations.

Key messages
• NG feeding is safe and well-tolerated compared with
NJ feeding.
• NG feeding appears to be an alternative to NJ feed-

ing given the similar outcomes and convenience.

Abbreviations
APACHE: Acute Physiology and Chronic Health Evaluation; EN: enteral
nutrition; GRADE: Grading Assessment: Development and Evaluation; IPN:
infected pancreatic necrosis; LOS: length of hospital stay; MOF: multiple
organ failure; NG: nasogastric; NJ: nasojejunal; PN: parenteral nutrition; RCTs:
randomized controlled trials; RR: risk ratio; CIs: confidence intervals; SAP:
severe acute pancreatitis.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors conceived the study and contributed to the study design. YSC
collected data, performed the analyses, and drafted the paper. YMX
performed the analyses and helped to extract data. JCL and QHF performed
the literature review. All authors contributed to writing a draft and read and
approved the final manuscript.

Authors’ details
1Department of Surgery, the First Affiliated Hospital of Nanchang University,
No. 17, Yongwaizheng Street, Donghu District, Nanchang 330006, China.
2Department of Surgery, the Second Affiliated Hospital of Nanchang
University, No. 1, Mingde Road, Donghu District, Nanchang 330006, China.
3Department of Occupational Health School of Public Health, Nanchang
University, No. 463, Bayi Road, Donghu District, Nanchang 330006, China.

Received: 6 February 2013 Revised: 31 March 2013
Accepted: 20 June 2013 Published: 20 June 2013

References
1. Forsmark CE, Baillie J: AGA Institute technical review on acute

pancreatitis. Gastroenterology 2007, 132:2022-2044.
2. Yi F, Ge L, Zhao J, Lei Y, Zhou F, Chen Z, Zhu Y, Xia B: Meta-analysis: total

parenteral nutrition versus total enteral nutrition in predicted severe
acute pancreatitis. Intern Med 2012, 51:523-530.

0.05 0.2 1 5 20

0

0.2

0.4

0.6

0.8

1
RR

SE(log[RR])

Figure 8 Funnel plot for publication bias.

Chang et al. Critical Care 2013, 17:R118
http://ccforum.com/content/17/3/R118

Page 8 of 9

http://www.ncbi.nlm.nih.gov/pubmed/17484894?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17484894?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22449657?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22449657?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22449657?dopt=Abstract


3. Ammori BJ, Leeder PC, King RF, Barclay GR, Martin IG, Larvin M,
McMahon MJ: Early increase in intestinal permeability in patients with
severe acute pancreatitis: correlation with endotoxemia, organ failure,
and mortality. J Gastrointest Surg 1999, 3:252-262.

4. Juvonen PO, Alhava EM, Takala JA: Gut permeability in patients with
acute pancreatitis. Scand J Gastroenterol 2000, 35:1314-1318.

5. Petrov MS, van Santvoort HC, Besselink MG, van der Heijden GJ,
Windsor JA, Gooszen HG: Enteral nutrition and the risk of mortality and
infectious complications in patients with severe acute pancreatitis: a
meta-analysis of randomized trials. Arch Surg 2008, 143:1111-1117.

6. Davies AR, Morrison SS, Ridley EJ, Bailey M, Banks MD, Cooper DJ, Hardy G,
McIlroy K, Thomson A: Nutritional therapy in patients with acute
pancreatitis requiring critical care unit management: a prospective
observational study in Australia and New Zealand. Crit Care Med 2011,
39:462-468.

7. Petrov MS, Zagainov VE: Influence of enteral versus parenteral nutrition
on blood glucose control in acute pancreatitis: a systematic review. Clin
Nutr 2007, 26:514-523.

8. Ong JP, Fock KM: Nutritional support in acute pancreatitis. J Dig Dis 2012,
13:445-452.

9. Duggan SN, Smyth ND, O’Sullivan M, Feehan S, Ridgway PF, Conlon KC: A
transatlantic survey of nutrition practice in acute pancreatitis. J Hum Nutr
Diet 2012, 25:388-397.

10. Al-Omran M, Albalawi ZH, Tashkandi MF, Al-Ansary LA: Enteral versus
parenteral nutrition for acute pancreatitis. Cochrane Database Syst Rev
2010, , 1: CD002837.

11. Mirtallo JM, Forbes A, McClave SA, Jensen GL, Waitzberg DL, Davies AR:
International consensus guidelines for nutrition therapy in pancreatitis.
JPEN J Parenter Enteral Nutr 2012, 36:284-291.

12. Eatock FC, Chong P, Menezes N, Murray L, McKay CJ, Carter CR, Imrie CW: A
randomized study of early nasogastric versus nasojejunal feeding in
severe acute pancreatitis. Am J Gastroenterol 2005, 100:432-439.

13. Kumar A, Singh N, Prakash S, Saraya A, Joshi YK: Early enteral nutrition in
severe acute pancreatitis: a prospective randomized controlled trial
comparing nasojejunal and nasogastric routes. J Clin Gastroenterol 2006,
40:431-434.

14. Singh N, Sharma B, Sharma M, Sachdev V, Bhardwaj P, Mani K, Joshi YK,
Saraya A: Evaluation of early enteral feeding through nasogastric and
nasojejunal tube in severe acute pancreatitis: a noninferiority
randomized controlled trial. Pancreas 2012, 41:153-159.

15. Marik PE, Zaloga GP: Gastric versus post-pyloric feeding: a systematic
review. Crit Care 2003, 7:R46-51.

16. Jabbar A, Chang WK, Dryden GW, McClave SA: Gut immunology and the
differential response to feeding and starvation. Nutr Clin Pract 2003,
18:461-482.

17. Kaushik N, Pietraszewski M, Holst JJ, O’Keefe SJ: Enteral feeding without
pancreatic stimulation. Pancreas 2005, 31:353-359.

18. Petrov MS, Correia MI, Windsor JA: Nasogastric tube feeding in predicted
severe acute pancreatitis. A systematic review of the literature to
determine safety and tolerance. JOP 2008, 9:440-448.

19. Piciucchi M, Merola E, Marignani M, Signoretti M, Valente R, Cocomello L,
Baccini F, Panzuto F, Capurso G, Delle Fave G: Nasogastric or
nasointestinal feeding in severe acute pancreatitis. World J Gastroenterol
2010, 16:3692-3696.

20. O’Keefe SJ, Sharma S: Nutrition support in severe acute pancreatitis.
Gastroenterol Clin North Am 2007, 36:297-312, viii.

21. Zhang Z, Xu X, Ni H: Small studies may overestimate the effect sizes in
critical care meta-analyses: a meta-epidemiological study. Crit Care 2013,
17:R2.

22. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ,
McQuay HJ: Assessing the quality of reports of randomized clinical trials:
is blinding necessary? Control Clin Trials 1996, 17:1-12.

23. Oxman AD, Cook DJ, Guyatt GH: Users’ guides to the medical literature.
VI. How to use an overview. Evidence-Based Medicine Working Group.
JAMA 1994, 272:1367-1371.

24. Eatock FC, Brombacher GD, Steven A, Imrie CW, McKay CJ, Carter R:
Nasogastric feeding in severe acute pancreatitis may be practical and
safe. Int J Pancreatol 2000, 28:23-29.

25. Pandey SK, Ahuja V, Joshi YK, Sharma MP: A randomized trial of oral
refeeding compared with jejunal tube refeeding in acute pancreatitis.
Indian J Gastroenterol 2004, 23:53-55.

26. Gerlach H: Risk management in patients with severe acute pancreatitis.
Crit Care 2004, 8:430-432.

27. Harrison DA, D’Amico G, Singer M: Case mix, outcome, and activity for
admissions to UK critical care units with severe acute pancreatitis: a
secondary analysis of the ICNARC Case Mix Programme Database. Crit
Care 2007, 11(Suppl 1):S1.

28. Mentec H, Dupont H, Bocchetti M, Cani P, Ponche F, Bleichner G: Upper
digestive intolerance during enteral nutrition in critically ill patients:
frequency, risk factors, and complications. Crit Care Med 2001,
29:1955-1961.

29. McClave SA, Snider H, Owens N, Sexton LK: Clinical nutrition in
pancreatitis. Dig Dis Sci 1997, 42:2035-2044.

30. O’Keefe SJ, Lee RB, Li J, Stevens S, Abou-Assi S, Zhou W: Trypsin secretion
and turnover in patients with acute pancreatitis. Am J Physiol Gastrointest
Liver Physiol 2005, 289:G181-187.

31. Lipp C, Dhaliwal R, Lang E: Analgesia in the emergency department: a
GRADE-based evaluation of research evidence and recommendations for
practice. Crit Care 2013, 17:212.

32. Zhang S, Cao J, Ahn C: Calculating sample size in trials using historical
controls. Clin Trials 2010, 7:343-353.

33. Nathens AB, Curtis JR, Beale RJ, Cook DJ, Moreno RP, Romand JA,
Skerrett SJ, Stapleton RD, Ware LB, Waldmann CS: Management of the
critically ill patient with severe acute pancreatitis. Crit Care Med 2004,
32:2524-2536.

34. Amin P: Nutritional support in acute pancreatitis: the saga continues! Crit
Care Med 2011, 39:587-588.

35. Sterne JA, Egger M, Smith GD: Systematic reviews in health care:
Investigating and dealing with publication and other biases in meta-
analysis. BMJ 2001, 323:101-105.

doi:10.1186/cc12790
Cite this article as: Chang et al.: Nasogastric or nasojejunal feeding in
predicted severe acute pancreatitis: a meta-analysis. Critical Care 2013
17:R118.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Chang et al. Critical Care 2013, 17:R118
http://ccforum.com/content/17/3/R118

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/10481118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10481118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10481118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11199373?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11199373?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19015471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19015471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19015471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21221003?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21221003?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21221003?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17559987?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17559987?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22908969?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22591247?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22591247?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22457421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15667504?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15667504?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15667504?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16721226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16721226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16721226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21775915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21775915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21775915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12793890?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12793890?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16215082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16215082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16258370?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16258370?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18648135?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18648135?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18648135?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20677342?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20677342?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17533080?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23302257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23302257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8721797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8721797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7933399?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7933399?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11185707?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11185707?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15176536?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15176536?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15566610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18275590?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18275590?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18275590?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11588461?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11588461?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11588461?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9365132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9365132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15705659?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15705659?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23510305?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23510305?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23510305?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20573638?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20573638?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15599161?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15599161?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21330857?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11451790?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11451790?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11451790?dopt=Abstract

	Abstract
	Introduction
	Method
	Results
	Conclusions

	Introduction
	Materials and methods
	Search strategy
	Study selection and data extraction
	Quality assessment and statistical analysis

	Results
	Discussion
	Conclusions
	Key messages
	Abbreviations
	Competing interests
	Authors’ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


