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Abstract

Background: Enteral nutrition (EN) is more beneficial than parenteral nutrition (PN) in reducing organ failure, infectious
complications, and mortality of acute pancreatitis (AP), but its timing is controversial. We attempted to evaluate the safety and
clinical outcomes of early EN within 24 hours of admission in patients with AP, especially in predicted severe or severe acute
pancreatitis (SAP). Methods: We searched PubMed, EMBASE Databases, Web of Science, and the Cochrane Library for relevant
articles before June 2016 using RevMan 5.2 software. Results: Eight studies containing 727 patients with AP were analyzed in the
meta-analysis. Comparing early EN to late EN or total parental nutrition in AP, the odds ratios (OR) were 0.56 (95% CI1 0.23 —1.34)
for the risk of mortality, 0.40 (95% CI 0.20-0.79) for multiple organ failure, 0.57 (95% CI 0.23-1.42) for infectious complications,
0.45 (95% CI1 0.17-1.21) for adverse events, and 0.83 (95% CI 0.59-1.18) for pancreatic-related infections. Furthermore, subgroup
analysis for early EN in predicted severe or SAP showed a significant reduction in multiple organ failure (OR 0.30; 95% CI 0.09-
0.96) and pancreatic-related infections (OR 0.51, 95% CI 0.29-0.88). Early EN provided no benefits for mild to moderate AP.
Conclusion: Early EN within 24 hours of admission is safe and provides benefits for predicted severe or SAP, but not for mild to

moderate pancreatitis. (JPEN J Parenter Enteral Nutr. 2018;42:1139-1147)
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Clinical Relevancy Statement

The optimal timing of enteral nutrition in acute pancreatitis
is uncertain. Our article describes the benefits for early
EN within 24 hours of admission in predicted severe or
severe acute pancreatitis. Therefore, our findings are both
essential and clinically relevant to provide patients with
acute pancreatitis to receive enteral nutrition.

Background

Sequential systemic infections and multiple organ failure are
major risk factors for mortality of severe acute pancreatitis
(SAP).!> Most patients with acute pancreatitis (AP) can
recovery uneventfully after a few days. Approximately 20%
of patients have infectious complications, and they account
for a mortality of 15%.

AP is the most common gastrointestinal and hyperme-
tabolic disease that leads to increased risk of infectious
complications due to damage of the gut barrier. Previous
studies have revealed that the increased intestinal permeabil-
ity is a pivotal initiated factor for bacterial overgrowth and
translocation in the gut, resulting in bacterial infection and
higher mortality among patients with AP3* Nevertheless,
enteral nutrition (EN) for SAP patients stimulates metabolic
activity of the gut to help maintain the integrity of the
intestinal mucosa, preserve protein metabolism of internal

organs to reduce the acute phase response, and down-
regulate the cytokine response.>°

Guidelines have recommended the importance of
EN within 24-48 hours of intensive care unit (ICU)
admission;”® however, almost 60% of critically ill patients
are not fed for 48 hours or longer during their ICU stay.’
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It is possible the optimal timing to initiate early EN is
still an unresolved issue, and the appropriate time needs
to be supported by sufficient convincing evidence. Some
systematic reviews have confirmed that compared with
parenteral nutrition (PN), a significantly reduced mortality
in patients with AP within 24-48 hours admission of ICU
compared with patients who received EN.!%!4 However, the
aforementioned studies were not stratified according to the
severity of disease,'* which may mislead to a diagnosis of
mild AP with a much lower rate of complications, thereby
potentially causing selection bias. To address this problem
in the management of AP, we explored the benefits of early
EN (starting within the first 24 hours of admission) in
predicted severe acute pancreatitis (pSAP) or SAP and mild
to moderate AP patients.

Materials and Methods

Search Strategy

We independently searched PubMed, EMBASE Databases,
Web of Science, and the Cochrane library for relevant
studies about early EN in any language published from 1965
to June 2016 using the Medical Subject Heading (Mesh)
headings or key words as: (acute pancreatitis) AND (enteral
nutrition) OR (nasojejunal) OR (jejunal) OR (nasogastric)
OR (tube feeding) OR (jejunostomy) OR (ileostomy) OR
(gastrostomy). No language restrictions were implemented.

Inclusion criteria

Studies that were included in this systematic review fulfilled
the following criteria: (1) randomized clinical trials (RCT)
irrespective of publication status, language, or blinding; (2)
patients diagnosed with AP; and (3) any type of EN initiated
within 24 hours of admission controlled with PN or EN
outside 24 hours.

Exclusion criteria

Exclusion criteria were: (1) duplicate publications; (2) not
RCT; (3) patients <18 years of age; (4) undefined timing
of EN initiated within 24 hours of admission; and (5) not
reporting clinically relevant outcomes.

Types of outcome measures

Primary outcomes are: (1) mortality; (2) multiple organ
failure; and (3) adverse events, including nausea, vomiting,
bloating, diarrhea, pain relapse, hyperglycemia. Secondary
outcomes are: (1) all the infections as a whole, and (2)
pancreatic infection.

Data extraction

Two review authors (MP, BY) independently retrieved and
validated data from all studies using data extraction forms.

We extracted the following information from the included
studies: first author, year of publication, country of origin,
trial design, starting time of EN, severity of AP, number
of participants, participant characteristics, EN route, and
primary and secondary outcomes of trials at the latest
available follow-up of both the early EN group and the
control group.

Assessment of risk of bias in included studies

Two authors (MP, BY) evaluated the risk of bias indepen-
dently in the included studies according to the Cochrane
guidelines. We assessed risk of bias using the domains allo-
cation sequence generation, allocation concealment, blind-
ing of participants and study personnel, blinding of out-
come assessors, management of incomplete outcome data,
selective outcome reporting, and other potential sources of
bias.

Statistical analysis

We performed statistical analyses using RevMan
Software (version 5.3, Cochrane Collaboration, Oxford,
UK) and STATA software (version 12.0, StataCorp,
College Station, TX). The odds ratio (OR) and
dichotomous data outcomes are given 95% CI. We tested
heterogeneity between trials with x> tests, with P <0.05
indicating significant heterogeneity. If P <0.05 revealed
significant heterogeneity, the pooled OR was obtained using
a random-effects model. Otherwise, a fixed-effects model
was used. We also quantified the heterogeneity by I? metric
where PP <25%, 25%< I*>50%, and > >50% represent
low, moderate, and extreme heterogeneity, respectively.'
Sensitivity analysis was tested using the “metaninf” STATA
command. Visual inspection of funnel plots, Begg’s test,
and Egger’s asymmetry tests were used to assess publication
bias (P <0.05 was considered statistically significant).

Results

Overall, we identified 3977 studies from PubMed, EM-
BASE, Web of Science, and the Cochrane Library. After
duplicates were identified, 1479 references were found. Ac-
cording to initial eligibility screening, we then excluded 699
references on the basis of title and abstract alone. Finally,
73 clinical trials were closely reviewed, and we excluded 65
trials. Among them, 61 trials were excluded because they
did not fully meet the including criteria, 2 trials failed to
report any related clinical outcomes,'®!7 and 2 trials were
based on early EN with symbiotic or n-3 polyunsaturated
fatty acids.!31°

Finally, 8 trials qualified for inclusion in the primary
analysis (Table 1). Among them, 7 were available as full-text
papers, and 1 was made available in abstract form only.?0-2
A total of 727 participants were enrolled in the 8 studies
contained in the meta-analysis(Figure 1).
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Table 1. Study Characteristics.

Feeding Routes

Study (Year) Study Design Severity of AP Early Delayed Patients, n  Feeding Start, hours
Olah (2002) RCT AP Nasogastric PN 89 <24
Gupta (2003) RCT pSAP Nasojejunal PN 17 <6
Petrov (2006) RCT pSAP Nasojejunal PN 69 <24
Eckerwall (2006) RCT SAP Nasogastric PN 47 <24
Kumar (2010) RCT SAP Notstated PN 50 <24
Petrov (2013) RCT Mild to Nasogastric  nil per os 35 <24
moderateAP
Bakker (2014) RCT pSAP Nasoenteric  Oral diet initiated 205 <24
72 hours
Stimac (2016) RCT Moderate AP Nasojejunal  nil by mouth 214 <24

AP, acute pancreatitis; PN, parenteral nutrition; pSAP, predicted severe acute pancreatitis; RCT, randomized controlled trial; SAP, severe acute

pancreatitis.

Related records indentified from the
database (n=3977)

Additional records indentified from
other sources (n=0)

I

|

Records after removing duplicates (n=1479)

Excluded: (n=699) after reviewing title and abstract

Records indentified for detailed evaluation (n=780)

I

Excluded not relevant studies (n=707) |

Records indentified for detailed evaluation (n=73)

L 5| Excluded because of un-related clinical outcomes (n=2)

Excluded Studies not meeting the included criteria (n=61)

Early EN with symbiotic, not early EN (n=1)
Early EN with n-3 polyunsaturated fatty acids (n=1)

Studies included into the meta-analysis (n=8)

Figure 1. Process of study selection of randomized controlled trials. EN, enteral nutrition.

Risk of bias in included studies. Risk of bias was assessed
according to 7 domains, including allocation sequence
generation, allocation concealment, blinding of partici-
pants and study personnel, blinding of outcome assessors,
management of incomplete outcome data, selective out-
come reporting, and other potential sources of bias. Among
8 included RCTs, 6 studies provided allocation sequence
generation. In Olah et al., randomization was performed
by birth dates and inadequately concealed allocation.?
Eckerwall et al. did not describe the method of allo-
cation concealment used.”’ Allocation concealment was
unclear in 4 trials.’>>2>2% None of the studies provided

enough information regarding the blinding method used
(Figure 2).

Main Results of Meta-Analysis

Mortality. This is the only outcome reported in all 8 studies
with a total of 727 patients. We obtained data on all causes
of mortality from 8 studies. The studies were heterogeneous,
and a random-effects model was used. There were no death
cases reported in 2 studies.?!>* We observed that the early
EN group had a decreasing trend in all-cause mortality
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Figure 2. Methodologic quality summary. Our judgments
about each methodologic quality item for each included study.
“47s “Yes”: “—” is “No”; “0” is “uncertain”.

compared with the late EN or PN group (OR 0.56, 95% CI
0.23-1.34, P = 0.19) (Figure 3).

PSAP in included studies was defined as an Acute
Physiology and Chronic Health Evaluation (APACHE) II
score of 8 or more and/or a C-reactive protein (CRP)
level in excess of 150 mg/L, except 2 RCTs?!* defined as
APACHE 1I score of 6. Among the 8 studies, 5 studies
included patients with pSAP or SAP, showing a reduction
of mortality in early EN compared with the late EN or
PN group (OR 0.63, 95% CI 0.33-1.23) (Figure 3), but
no statistically significant relationship (P = 0.18) with
significant heterogeneity was detected (I> = 70%, P = 0.02);
3 included patients with mild to moderate AP, showed an

OR of 0.55 (95% CI 0.26-1.16). There was no significant
subgroup difference between pSAP or SAP subgroup and
mild to moderate subgroup (I> = 0%, P = 0.78).

Multiple organ failure. Seven studies with 691 participants
provided incidence of multiple organ failure,?->>23-27 and
showed an OR of 0.40 (95% CI 0.20-0.79, P = 0.008)
(Figure 4). There was heterogeneity across all the studies
and a random-effects model was used.

Subgroup analysis of 5 trials with pSAP or SAP showed
a significant reduction of multiple organ failure in the early
EN group, with an OR of 0.30 (95% CI 0.09-0.96, P = 0.04)
(Figure 4). However, there was no significant reduction in
the 2 trials with mild to moderate AP (OR 0.60, 95% CI
0.36-1.04, P = 0.06) (Figure 4), and no subgroup difference
between pSAP or SAP subgroups and mild to moderate
subgroups (P = 0.28).

Infections. In total, 6 trials reported on the incidence of
infections in the meta-analysis. Infections recorded included
pneumonia, sepsis, pancreatic-related infection, and non-
pancreatic-related infection. Overall, the OR was 0.57 (95%
CI 0.23-1.42) (Figure 5), but there was no statistically
significant relationship (P = 0.23).

In the stratified study, 5 articles were included in the
PSAP or SAP subgroups, and the OR was 0.61 (95% CI
0.19-1.97) (Figure 5) with no significant reduction. One trial
with mild to moderate AP, showed an OR of 0.46 (95% CI
0.20-1.08). There was no significant heterogeneity across all
the studies (7 = 0%, P = 0.71).

The incidence of adverse events. Adverse events were re-
ported by 7 studies. Reported adverse events included
nausea, vomiting, bloating, diarrhea, pain relapse, and hy-
perglycemia. Bakker reported 72 adverse events, including
nausea, vomiting, and diarrhea, in the early EN group
and 92 in the control group.?” The number of participants
experiencing adverse events showed a reduction in the
early EN group compared with the late EN or PN groups
(OR 0.45, 95% CI 0.17-1.21) (Figure 6), but there was no
statistically significant relationship (P = 0.12).

Five trials were stratified into pSAP or SAP subgroups.
No significant reduction was observed with an OR of 0.44
(95% CI 0.16-1.21) (Figure 6) in pSAP or SAP, as well as
in mild to moderate AP. No significant subgroup difference
was found between pSAP or SAP subgroups and mild to
moderate subgroups (I> = 0%, P = 0.78).

Pancreatic infections. Pancreatic infections, the most severe
complication of AP, were reported by 6 studies. The studies
were homogenous and a fixed-effects model was used (I 2
= 55%, P = 0.08). No significant difference was observed
in the occurrence of pancreatic infections when comparing
early EN with late EN or PN (OR 0.83, 95% CI 0.59-
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Experimental Control Odds Ratio Odds Ratio
Study or Subgrou| Events Total Events Total Weight M-H, Random,95% Cl M-H, Random, 95% CI
1.3.1 SAP or pSAP
Bakker 2014 11 101 7104 248% 1.69[0.63, 4.56] S
Eckerwall 2006 1 26 I 23 6.0% 2.76[0.11, 71.25]
Gupta 2003 0 g I ] Mot estimable
Kumar 2010 1 25 4 25 105% 0.22[0.02, 2.11]
Petrov 2006 2 35 12 34 165% 0.11[0.02, 0.55] -
Subtotal (95% CI) 195 195 57.9% 0.53[0.10, 2.81] "*“
Total events 15 23
Heterogeneity: Tau®=1.88, Chi*=10.02, df=3(P=002; F=70%
Testfor overall effect 2= 0.74 (P = 0.46)
1.3.2 mild to moderate AP
Olah 2002 2 41 4 48 14.8% 0.56[0.10, 3.29] - 1
Petrov 2013 a0 17 a0 18 MNaot estimahle
Stimac 2016 10 107 17 107 27.4% 0.65(0.24, 1.25] — &
Subtotal (95% Cl) 165 173 42.1% 0.55[0.26, 1.16] -~
Total events 12 21
Heterogeneity: Tau®= 0.00; Chi*=0.00, df=1 (P=0.97), F=0%
Test for overall effect Z=156 (P=012)
Total (95% ClI) 360 368 100.0% 0.56 [0.23, 1.34] ~ii-
Total events 27 44
Heterageneity: Tau?= 0.55; Chi*= 10.21, df = 5 (P = 0.07); F=51% b f t |
Test fn?uverz\l effect 7= 130 F=01 g)‘ ( ' DmF:avours I[Juajc erimental] Favours lcnlgoll e
Test for subaroun differences: Chi*=0.00. df=1 (P =0.98). F= 0% P

Figure 3. Forest plot of the meta-analysis of early EN on mortality stratified by severity of AP. AP, acute pancreatitis; EN,
enteral nutrition; pSAP, predicted severe acute pancreatitis; SAP, severe acute pancreatitis; M-H, Mantel Haenszel test.

Test for overall effect: Z= 2.65 (P = 0.008)

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.2.1 SAP or pSAP
Bakker 2014 33 101 37 104 244% 0.88[0.49, 1.57] e
Eckerwall 2006 1 22 1 25 48% 1.14[0.07,19.43]
Gupta 2003 (] 8 G 9  41% 0.03[0.00,0.73) ¢
Kumar 2010 5 25 12 25 147% 0.27 [0.08, 0.95) -
Petrov 2006 1 35 27 34 167% 0.12[0.04, 0.36] _——
Subtotal (95% CI) 191 197 64.8% 0.30 [0.09, 0.96] o
Total events 50 a3
Heterogeneity: Tau®= 1.08; Chi*=14.55, df= 4 (P = 0.006);, F=73%
Test for overall effect: Z= 2.03 (P = 0.04)
2.2.2 mild to moderate
Olah 2002 2 41 g 48 104% 0.44 [0.08, 2.40] e
Stimac 2016 36 107 48 107 24.8% 0.62 [0.36, 1.08] —&—
Subtotal (95% CI) 148 155 35.2% 0.60 [0.36, 1.02] -
Total events 38 a3
Heterogeneity: Tau®*= 0.00; Chi*= 014, df=1 {(P=0.70);, F=0%
Test for averall effect: Z=1.89 (P = 0.06)
Total (95% ClI) 339 352 100.0% 0.40[0.20, 0.79] -
Total events g8 136
Heterogeneity: Tau®= 0.41; Chi®= 15.01, df= 6 (P = 0.02), *= 60% 1001 011 110 mo:

Testfor subaroun differences: Chi=1.16.df=1 (P=0.28). F=13.5%

Favours [experimental] Favours [control)

Figure 4. Forest plot of the meta-analysis of early EN on multiple organ failure stratified by severity of AP. AP, acute pancreatitis;
EN, enteral nutrition; pSAP, predicted severe acute pancreatitis; SAP, severe acute pancreatitis; M-H, Mantel Haenszel test.

1.18) (Figure 7), and there was no statistically significant
relationship (P = 0.30).

Four of the 6 trials were stratified into pSAP or SAP sub-
groups, and a significant reduction in the risk of pancreatic
infections was shown in the early EN group with a OR of
0.51 (95% CI 0.29-0.88, P = 0.02) (Figure 7). Two trials
with mild to moderate AP showed an OR of 1.19 (95% CI

0.75-1.88). There was no significant subgroup difference (I?
= 62%, P =0.10).

Sensitivity Analysis and Publication Bias

The results of the sensitivity analysis are shown in
Figure 8. When each individual study was sequentially
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Experimental Control

Study or Subgrouy| Events Total Events Total Weight M-H, Random, 95% Cl

3.2.1 SAP or pSAP

Bakker 2014 25 101 27 104 216%
Eckerwall 2006 16 23 10 26 16.9%
Gupta 2003 1 8 1 9 B.7%
Kumar 2010 8 28 16 28 171%
Petrov 2008 11 35 27 3 178%
Subtotal (95% CI) 192 197 80.1%
Total events 61 81

Heterogeneity: Tau®=1.31; Chi*= 20,38, df= 4 (P = 0.0004); F= 80%
Testfor overall effect Z= 083 (P=0.41)

3.2.2 mild to moderate

Qlah 2002 17 41 29 48 198%
Subtotal (95% CI) 41 48 19.9%
Total events 17 29

Heterogeneity: Mot applicable
Test for overall effect Z=1.77 (P =0.08)

Total (95% CI) 233

Total events 78 110
Heterogeneity: Tau® = 0.88; Chi*= 20,89, df=5 (P = 0.0008); F=76%
Testfor overall effect Z=1.20 (P =0.23)

Test for suboroun differences: Chi*=014 df=1 FP=07110. F=0%

245 100.0%

Odds Ratio Odds Ratio
M-H. Random, 95% CI
0.94 [0.50, 1.76] —a—
2.43[1.04,11.37] e —
1.14 [0.08, 21.87]
0.26 [0.08, 0.85] —_—
0.12 [0.04, 0.36] e
0.61[0.19, 1.97] el
0.46 [0.20, 1.08] —e—
0.46 [0.20, 1.08] ~ti-
0.57 [0.23, 1.42] ~li-
| = = |
0.01 0.4 10 100
Favours [experimental] Favours [control]

Figure 5. Forest plot of the meta-analysis of early EN on infections as a whole stratified by severity of AP. EN, enteral nutrition;
AP acute pancreatitis; pSAP, predicted severe acute pancreatitis; SAP, severe acute pancreatitis; M-H, Mantel Haenszel test.

excluded, the combined 95% CI of the remaining 7 studies
did not exceed the 95% CI of the pooled HR of 8 studies,
indicating that no individual study dominated the results.
No obvious publication bias was revealed by Egger’s test
and Begg’s test (Table 2).

Discussion

The main risk factors for mortality in SAP are the secondary
to systemic infections and multiple organ failure. We con-
ducted this study to assess the effectiveness of early standard
EN in AP, and 8 clinical trials fulfilled our selection criteria.
Meta-analysis of these trials showed significant benefits in
AP patients upon early EN vs late EN or PN by reducing
multiple organ failure. Moreover, a decreasing trend was
also found in mortality, infections, adverse events, and
pancreatic-related infections. The benefits were especially
pronounced in pSAP or SAP patients, and significant reduc-
tions were shown in multiple organ failure and pancreatic-
related infections, which are the main concerns about the
risk of mortality in SAP.

It is proposed that the gut may be a “motor” in the
progression of multiple organ failure and infectious compli-
cations in AP, and the prevention of gut dysfunction plays
a major role in reducing mortality in AP.>>* The reasons
early standard EN could decrease the infectious complica-
tions and mortality may include (1) preservation of the gut-
associated lymphoid tissue, (2) stability of the gut barrier

function, and (3) detoxification of lipopolysaccharides and
reduction of bacterial translocation. 3!

It has been proved that patients with SAP have higher
serum endotoxin levels, cytokine levels, and intestinal per-
meability, and the optimal time of EN plays an important
role in its prognosis. The timing of early EN has been pro-
moted by the American Society for Parenteral and Enteral
Nutrition.” Initiating early EN therapy within 24-48 hours
of admission can decrease the incidence of complications in
the early phase of SAP and can reduce the risk of mortality.
Failure to initiate EN therapy for >72-96 hours in SAP
patients may deteriorate the nutrition status and enhance
the incidence of complications. However, there were no
recommended guidelines for EN in mild to moderate AP.
The reasons were as follows: (1) patients with mild AP have
a much lower rate of complications (6%) than patients with
more severe disease; (2) patients have close to 0% mortality
rate in mild AP and 10% in moderate AP; and (3) patients
have an 81% chance of advancing to oral diet within 7 days.

We wanted to understand the benefit of early EN ac-
cording to the severity of AP, and we undertook subgroup
analysis of trials where patients were classified as pSAP or
SAP and mild to moderate AP. Interestingly, our stratified
analysis based on the severity of AP reported the early
EN of pSAP or SAP within 24 hours of admission had
a significant decrease only in multiple organ failure and
pancreatitis-related infections. The reductions in mortal-
ity, infectious complications, and adverse events were also
mentioned, but they were not statistically significant. These
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
6.2.1 SAP or pSAP
Bakker 2014 72 101 92 104 205% 0.32 [0.15, 0.68] —
Eckerwall 2006 17 23 23 25 136% 0.25 [0.04, 1.37] —
Gupta 2003 2 8 2 9 106% 147 [0.12,10.99)
Kumar 2010 3 25 14 25 155% 0.11[0.03, 0.45) —_—
Petrov 2006 10 1] 6 34 177% 1.87 [0.59, 5.88) —
Subtotal (95% CI) 192 197  77.9% 0.44 [0.16, 1.21] -
Total events 104 137
Heterogeneity: Tau®= 0.82; Chi*=11.59, df=4 (P=0.02); F=65%
Test for averall effect Z=1.60 (P =0.11)
6.2.2 mild to moderate AP
Petrov 2013 6 17 15 18 145% 0.11[0.02, 0.53] —_——
Stirmac 2016 4 107 0 107 TE% 9.35 [0.50, 175.80] >
Subtotal (95% CI) 124 125 22.1% 0.86 [0.01, 84.21] —s—
Total events 10 15
Heterogeneity: Tau®= 9.55; Chi*=7.59, df=1 (P = 0.006), F= 87%
Test for overall effect: Z= 0.06 (P = 0.95)
Total (95% Cl) 316 322 100.0% 0.45[0.17, 1.21] e
Total events 114 152
Heterogeneity: Tau?= 1.09; Chi*= 18.75, df= 6 (P = 0.005); F= 68% :u 0 011 15 100;
Test for overall effect Z=1.57 (P=012) i {x
Test for subaroun diffierences: Chi*= 0.08. df= 1 (P = 0.78) F= 0% Famolurs [ammmentall. Eswaurs legmirai

Figure 6. Forest plot of the meta-analysis of early EN on adverse events stratified by severity of AP. AP, acute pancreatitis; EN,
enteral nutrition; pSAP, predicted severe acute pancreatitis; SAP, severe acute pancreatitis ; M-H, Mantel Haenszel test.

Experimental Control 0Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Ci M-H, Fixed, 95% CI
5.2.1 SAP or pSAP
Bakker 2014 ] 101 15 104 19.4% 0.58[0.24,1.39] T
Eckerwall 2006 4 23 0 25 0.6% 11.77[0.60,231.86] *
Kumar 2010 4 25 11 25 13.3% 0.24 [0.06, 0.92] — &
Petrav 2006 7 35 16 34 187% 0.28[0.10,0.82) —
Subtotal (95% Cl) 184 188 52.1% 0.51[0.29, 0.88] e
Total events 24 42
Heterogeneity: Chi*=6.72, df= 3 (P =0.08); I*=55%
Test for overall effect Z=2.41 (P=0.02)
5.2.2 mild to moderate
Olah 2002 12 4 16 48 150% 0.83[0.34, 2.04] -
Stimac 2016 54 107 46 107 329% 1.35[0.79, 2.32) B el
Subtotal (95% Cl) 148 155 47.9% 1.19[0.75, 1.88] <
Total events 3] 62
Heterogeneity: Chi*= 0.84, df=1 (P = 0.36), F= 0%
Test for overall effect Z=0.73(F=0.47)
Total (95% CI) 332 343 100.0% 0.83[0.59, 1.18] -
Total events a0 104
:etf;ogeneity‘:l C;i’ T 11“:?6?(;5 (DP;D)D.uz); F=64% :0.01 0?1 1?0 1un=
est far overall effect Z=1. ={. ;
Testfor subaroun differences: Chi*= 5.38. df=1 (P = 0.02). = 81.4% Favours [experimental] Favours [control]

Figure 7. Forest plot of the meta-analysis of early EN on pancreatic-related infections stratified by severity of AP. AP, acute
pancreatitis; EN, enteral nutrition; pSAP, predicted severe acute pancreatitis; SAP, severe acute pancreatitis; M-H, Mantel

Haenszel test.

data are somewhat inconsistent with previous findings.!#
The conclusions of the previous meta-analysis might cause
deviation for not stratifying the included studies. Neverthe-
less, our study is stronger than the only other published
meta-analysis' in its adherence to strict methodologic

criteria. Early EN feeding within 24 hours of admission
in SAP was clearly beneficial and decreased the risk for
multiple organ failure and pancreatitis-related infections,
and there was a beneficial tendency for risk of mortality,
infections, and related adverse events. As predicted, there
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" A —— Table 2. Publication Bias on the Association of Each Clinical
| Lower CI Limit ©Estimate 1 Upper CI Limit Outcome and Early EN.

Bakker 2014 | | |
Clinical Outcome Begg’s test (P)  Egger’s test (P)
2006 1 Il
N Mortality 1.000 0.513
Multiple organ failure 0.881 0.281
Kumnar 2010 Infection complications 0.851 0.851
Adverse events 0.453 0.245
Okah 2002 | 1 ! Pancreatic infections 0.174 0.223
Petrov 2000 ' ! EN, enteral nutrition.
Petrov 2013
- . The present systematic review contains a number of
oo - o s limitations. Fl'l”St, 6 of the included RCTs wer.e small and
of poor quality. None of the RCTs was blinded. Four

Figure 8. Effect of individual studies on the pooled odds ratio
(OR) for the effect of early EN on mortality. The horizontal
axis number 0.63 represents the overall OR, and 0.30 and 1.32
represent the 95% CI. EN, enteral nutrition.

were no trials sufficient to analyze EN in mild to moderate
AP. The data showed no significant difference between early
EN and late EN or PN in mild to moderate AP. The
implication of the results may be related; mild to moderate
AP is not typically a cause of nutrition status deterioration
and early nutrition treatment may not be needed. Most cases
of AP are mild and self-limiting; therefore, specific nutrition
intervention is not required. Patients with mild AP who are
unable to resume oral feeding after 48 hours of conservative
therapy should initiate early EN. Well-nourished patients
who resume oral intake within a few days may not benefit
from early EN.

A meta-analysis’? containing 7 trials with mild to moder-
ate pancreatitis and 4 with pSAP showed early EN within 48
hours after hospitalization seemed not to increase adverse
events. However, Vaughn et al*> mainly focused on mild to
moderate AP with limited data of pSAP. Another meta-
analysis in 2013, including 11 trials with early EN (within
48 hours of admission) vs delayed EN (48 hours after
admission) or PN, reported a significantly decreased risk of
mortality and total infectious complications and a reduced
length of hospitalization.'> Whether it is prudent for pSAP
with early EN (within 24 hours of admission) needs to be
clarified. The present analysis proves definitely that EN in
the very early phase of AP without “gut rest” is superior
to PN which makes the gut totally rest. Nevertheless,
compared with delayed EN or PN at the same time point,
it seems that EN initiated within 24 hours of admission
for patients with AP provided fewer benefits to EN started
within 48 hours of admission. Its explanation may be
related to the duration of nutrition. The observed increasing
beneficial effect of EN with time may be due to the length
of time of intestine rest. The early fluid resuscitation may
also involve the benefit of very early EN.

studies with inadequate concealment of allocation may have
overestimated the intervention effect. However, none of the
RCTs included in our analysis had methodologic flaws, and
the funnel plot revealed no obvious evidence of a negative
publication bias. Second, the included trials seemed to be
clinically heterogeneous. The difference in severity of the
disease may explain this heterogeneity. Thus, we stratified
the patients in trials according to the severity of disease, and
there was no significant heterogeneity between the groups.
Third, different feeding routes of EN and control groups in
the trials may influence the data correction, and only 3 trials
controlled with late EN. However, previous RCT studies
showed no significant differences comparing gastric with
jejunal feeding in SAP.33-% Also, a meta-analysis claimed
no difference in pain sensation, diarrhea, or energy balance.
It indicates that different feeding routes of EN play no
influence in our analysis. Fourth, the different definition of
PSAP in APACHE II scores may result in some bias for
our data. Included patients with pSAP in 2 RCTs may be
diagnosed as moderate AP in other trials.?">> However, bias
may not play the pivotal role for the definition of pSAP
containing 3 parts, namely, an acute physiology, APACHE
1T score, and CRP level in excess of 150 mg/L. Nevertheless,
within the constraints of small sample size and different
control interventions in some of the included trials, the
present study suggests that early EN within 24 hours of
admission in pSAP or SAP patients may be beneficial for the
clinical outcome. This hypothesis should be corroborated by
a subsequent multicenter clinical trial.

Conclusions

The American Society for Parenteral and Enteral Nutri-
tion recommends to initiate early EN therapy within 24—
48 hours of admission. The present analysis shows a sig-
nificant reduction in multiple organ failure with early EN
initiated within 24 hours of admission in AP. Early EN
seems to be beneficial in pSAP or SAP by significantly
decreasing the risk of multiple organ failure and pancreatic
infections; this effect does not apply to mild to moderate AP.

S5USD1T SUOWILIOD) BAIIES1D) 3|qedtdde ay) Aq peusenob ae sajo1Lke YO ‘esn Jo Sajni oy AriqiTauluO AS|IAN UO (SUOTIPUOD-PUR-SWLBIAIOD AS | IM"AReiq IjouUO//:SM1y) suonIpuoD pue swis L 8yl 98S *[9z0z/20/6T] uo Akiqiauljuo A1 ‘ssikelqi AsieAlun eiquniod Aq 6€TT Ued (/20T OT/I0p/wod’ A3 1m Alelq 1puljuos feuuno fusdse//:sdny wouy pepeojumoq ‘. ‘8T0Z ‘vrgTveT



Qietal

1147

Statement of Authorship

Milin Peng contributed to the conception and design of the
research; Desheng Qi, Bo Yu, and Milin Peng equally con-
tributed to the acquisition and analysis of the data; Bo Yu, Jia
Huang, and Milin Peng contributed to the interpretation of the
data; and Milin Peng and Desheng Qi drafted the manuscript.
All authors critically revised the manuscript, agree to be fully
accountable for ensuring the integrity and accuracy of the
work, and read and approved the final manuscript.

References

1.

Buchler MW, Gloor B, Muller CA, et al. Acute necrotizing pancreatitis:
treatment strategy according to the status of infection. Ann Surg.
2000;232(5):619-626.

. Gloor B, Muller CA, Worni M, et al. Late mortality in patients with

severe acute pancreatitis. Br J Surg. 2001;88(7):975-979.

. Medich DS, Lee TK, Melhem MF, et al. Pathogenesis of pancreatic

sepsis. Am J Surg. 1993;165(1):46-50, 51-52.

. Foitzik T, Mithofer K, Ferraro MJ, et al. Time course of bacterial

infection of the pancreas and its relation to disease severity in a rodent
model of acute necrotizing pancreatitis. 4nn Surg. 1994;220(2):193-198.

. Qin HL, Su ZD, Hu LG, et al. Effect of early intrajejunal nutrition on

pancreatic pathological features and gut barrier function in dogs with
acute pancreatitis. Clin Nutr. 2002;21(6):469-473.

. Foitzik T. Pancreatitis and nutrition. Significance of the gastroin-

testinal tract and nutrition for septic complications. Zentralbl Chir.
2001;126(1):4-9.

. Taylor BE, McClave SA, Martindale RG, et al. Guidelines for the

provision and assessment of nutrition support therapy in the adult
critically ill patient: Society of Critical Care Medicine (SCCM) and
American Society for Parenteral and Enteral Nutrition (A.S.P.E.N.).
Crit Care Med. 2016;44(2):390-438.

. Meier R, Ockenga J, Pertkiewicz M, et al. ASPEN Guidelines on

Enteral Nutrition: Pancreas. Clin Nutr. 2006;25(2):275-284.

. Doig GS, Simpson F, Finfer S, et al. Effect of evidence-based feeding

guidelines on mortality of critically ill adults: a cluster randomized
controlled trial. JAMA. 2008;300(23):2731-2741.

. CaoY,XuY,LuT,etal. Meta-analysis of enteral nutrition versus total

parenteral nutrition in patients with severe acute pancreatitis. Ann Nutr
Metab. 2008;53(3-4):268-275.

. Petrov MS, Pylypchuk RD, Emelyanov NV. Systematic review:

nutritional support in acute pancreatitis. Aliment Pharmacol Ther.
2008;28(6):704-712.

. Marik PE, Zaloga GP. Meta-analysis of parenteral nutrition ver-

sus enteral nutrition in patients with acute pancreatitis. BM.J.
2004;328(7453):1407.

. LiJY, Yu T, Chen GC, et al. Enteral nutrition within 48 hours of

admission improves clinical outcomes of acute pancreatitis by reducing
complications: a meta-analysis. PLoS One. 2013;8(6):¢64926.

. Li X, Ma F, Jia K. Early enteral nutrition within 24 hours or between

24 and 72 hours for acute pancreatitis: evidence based on 12 RCTs. Med
Sci Monit. 2014;20:2327-2335.

. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring incon-

sistency in meta-analyses. BMJ. 2003;327(7414):557-560.

. Hallay J, Kovacs G, Szatmari K, et al. Early jejunal nutri-

tion and changes in the immunological parameters of patients
with acute pancreatitis. Hepatogastroenterology 2001;48(41):1488-
1492.

. Ma J, Pendharkar SA, O’Grady G, et al. Effect of nasogastric tube

feeding vs nil per os on dysmotility in acute pancreatitis: results of a
randomized controlled trial. Nutr Clin Pract. 2016;31(1):99-104.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

34.

35.

. Lasztity N, Hamvas J, Biro L, et al. Effect of enterally administered

n-3 polyunsaturated fatty acids in acute pancreatitis—a prospective
randomized clinical trial. Clin Nutr. 2005;24(2):198-205.

. Olah A, Belagyi T, Poto L, et al. Synbiotic control of inflammation

and infection in severe acute pancreatitis: a prospective, random-
ized, double blind study. Hepatogastroenterology. 2007;54(74):590-
594.

Eckerwall GE, Axelsson JB, Andersson RG. Early nasogastric feeding
in predicted severe acute pancreatitis: A clinical, randomized study.
Ann Surg. 2006;244(6):959-965, 965-967.

Gupta R, Patel K, Calder PC, et al. A randomised clinical trial to assess
the effect of total enteral and total parenteral nutritional support on
metabolic, inflammatory and oxidative markers in patients with pre-
dicted severe acute pancreatitis (APACHE II >or = 6). Pancreatology.
2003;3(5):406-413.

Petrov MS, Kukosh MV, Emelyanov NV. A randomized controlled
trial of enteral versus parenteral feeding in patients with predicted
severe acute pancreatitis shows a significant reduction in mortality and
in infected pancreatic complications with total enteral nutrition. Dig
Surg. 2006;23(5-6):336-344, 344-345.

Olah A, Pardavi G, Belagyi T, et al. Early nasojejunal feeding in acute
pancreatitis is associated with a lower complication rate. Nutrition.
2002;18(3):259-262.

Petrov MS, Mcllroy K, Grayson L, et al. Early nasogastric tube feeding
versus nil per os in mild to moderate acute pancreatitis: a randomized
controlled trial. Clin Nutr. 2013;32(5):697-703.

Stimac D, Poropat G, Hauser G, et al. Early nasojejunal tube feeding
versus nil-by-mouth in acute pancreatitis: A randomized clinical trial.
Pancreatology. 2016;16(4):523-528.

Santosh Kumar VBHG. Clinical outcome in low socioeconomic pa-
tients with severe acute pancreatitis treated either with early nasogastric
feeding or total parenteral nutrition-a comparative study. Gastroen-
terology. 2010;5(138):888.

Bakker OJ, van Brunschot S, van Santvoort HC, et al. Early versus on-
demand nasoenteric tube feeding in acute pancreatitis. N Engl J Med.
2014;371(21):1983-1993.

Clark JA, Coopersmith CM. Intestinal crosstalk: a new paradigm
for understanding the gut as the “motor” of critical illness. Shock.
2007;28(4):384-393.

Ammori BJ, Leeder PC, King RF, et al. Early increase in intestinal
permeability in patients with severe acute pancreatitis: correlation
with endotoxemia, organ failure, and mortality. J Gastrointest Surg.
1999:3(3):252-262.

Kudsk KA. Early enteral nutrition in surgical patients. Nutrition.
1998;14(6):541-544.

Goldberg RF, Austen WJ, Zhang X, et al. Intestinal alkaline
phosphatase is a gut mucosal defense factor maintained by en-
teral nutrition. Proc Natl Acad Sci U S A. 2008;105(9):3551-
3556.

Vaughn VM, Shuster D, Rogers M, et al. Early versus delayed feeding
in patients with acute pancreatitis: a systematic review. Ann Intern Med.
2017;166(12):883-892.

. Singh N, Sharma B, Sharma M, et al. Evaluation of early enteral

feeding through nasogastric and nasojejunal tube in severe acute
pancreatitis: a noninferiority randomized controlled trial. Pancreas.
2012;41(1):153-159.

Eatock FC, Chong P, Menezes N, et al. A randomized study of early
nasogastric versus nasojejunal feeding in severe acute pancreatitis. Am
J Gastroenterol. 2005;100(2):432-439.

Kumar A, Singh N, Prakash S, et al. Early enteral nutrition in
severe acute pancreatitis: a prospective randomized controlled trial
comparing nasojejunal and nasogastric routes. J Clin Gastroenterol
2006;40(5):431-434.

85U8017 SUOWWIOD A0 8|qedt|dde ays Aq peusenob ae SsolLe VO ‘88N JO S3INJ o A%IqIT8UIIUO A3 UO (SUOTPUOD-PUR-SWBIALI0D" A3 1M ARIq 1BU1|UO//Sd1Y) SUORIPUOD pue SWB 1 83 35S *[9202/20/6T] U ARiqiTauluo AB|IM ‘sereiq AsRAIUN BIqWn|0D Aq 6ETT USd[/Z00T 0T/10p/LI00" A3 1M AlRIq U1 |UO'S fu.NO fusdse//:SdNY Wou) papeojumoq ‘. ‘8T0Z ‘vz TieT



