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A B S T R A C T

Objectives: The effect of early enteral nutrition (EN) in patients with acute pancreatitis (AP) has been confirmed. In
recent years, some researchers provided new strategy that immediate EN was offered after admission. The effect
and safety of immediate EN was unclear because of the different results among studies. The study aimed to
implement the meta analysis of randomized controlled trials (RCT) to confirm the effect and safety between the
immediate EN group and the early refeeding group.
Methods: Four electronic databases including PubMed, EMBASE, the Cochrane Library and China National
Knowledge Internet (CNKI) were searched from inception to July 2021. Endnote X7.0 software was used to
manage all the relevant citations. Then data extraction and evaluation of risk of bias for included studies were
performed after initial selection and full-text selection. All statistical analyses were performed by Review Manager
5.3 version software.
Results: 5 randomized controlled trials (RCT) involving 372 patients were included in the present study. The meta
analysis revealed that immediate EN after admission in patients with AP could significantly decrease the length of
hospital stay (LOHS) (Mean difference [MD] ¼ 2.57, 95% confidence interval [CI] ¼ 0.41–4.72) and the intol-
erance of feeding (risk ratio [RR] ¼ 0.78, 95%CI ¼ 0.63–0.95), compared with early refeeding. But immediate EN
couldn't significantly decrease the incidence of readmission after discharging (RR ¼ 0.51, 95%CI ¼ 0.12–2.27),
the incidence of progression to severe pancreatitis (RR ¼ 0.76, 95%CI ¼ 0.15–3.76), the incidence of compli-
cations (RR ¼ 1.12, 95%CI ¼ 0.50–2.49) and the values of C-reactive protein (CRP) and leukocyte counts (MD ¼
1.05, 95%CI ¼ 0.15–2.26 and MD ¼ 0.11, 95%CI ¼ 0.59–0.80), compared with early refeeding.
Conclusions: Compared with early refeeding, immediate EN after admission could safely reduce LOHS and
intolerance of feeding in patients with AP.
1. Introduction

Acute pancreatitis (AP) is a common gastrointestinal condition
involving hospitalization worldwide [1]. Every year more than 275,000
patients are hospitalized for AP in the United States, and it is estimated
that approximately $2.6 billion is consumed per year [2]. When patients
suffer from AP, premature activation of digestive enzymes leads to
auto-digestion of the pancreatic gland, followed by an increased risk of
developing systematic inflammatory response and multi-organ dysfunc-
tion [3, 4, 5]. Based on the 2012 revised Atlanta Classification, the
severity of AP is categorized as mild, moderate or severe, with vast ma-
jority (80%) of the mild type [6, 7]. Patients in this group often develop
).
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the symptoms of pancreatic edema, without local or systemic complica-
tions or transient organ failure. And they can usually recover within 1–2
weeks without incident [6]. With the aim of minimizing stimulation of
pancreatic secretion and thus putting inflamed pancreas at rest, the initial
treatment of mild AP traditionally was consist of three basic elements:
initial fasting for 3–7 days, administration of parenteral fluids and
analgesia [8, 9, 10]. While the rational for pancreatic rest is questioned
by emerging evidence which suggests that the secretion of pancreatic
juice and trypsin may not increase over the first days of AP [11, 12].
Besides, it has been reported that fasting may induce intestinal mucosal
atrophy and bacterial translocation which are the risk factors of AP
complications [13, 14].For initial management of AP, the American
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Gastroenterological Association (AGA) released a guideline in 2018 and
recommended that oral feeding (within 24 h) should be used as soon as
possible if the patients are tolerant of oral feeding [7]. And if not, enteral
nutrition (EN) is to be given preference. Early EN is a more natural
approach to provide nutrients to the intestinal tract. What's more, it has a
beneficial effect on maintenance of intestinal mucosal integrity and
promotion of normal bowel function [15, 16, 17, 18]. A recent
meta-analysis evaluating 6 studies demonstrated that EN within 48 h,
compared with delayed enteral feeding, lowered the risks of multiple
organ failure. This review also suggested a tendency for decreased sys-
tematic inflammatory syndrome (SIRS) with early initiation of EN [19].
To date, the optimal timing for recommencing EN was unclear. The
traditional opinion considers that whether EN (oral or enteral tube) can
be restarted according to resolution of abdominal pain, recovery of
gastrointestinal function and normalization of pancreatic enzymes [10,
20]. Contrary to this, some recent studies stated that immediate EN seems
to be a safe approach. Two RCTs demonstrated this way may accelerate
recovery without increasing adverse gastrointestinal events [15, 21].
However, this result was not observed in others [22, 23]. We therefore
conducted a systematic review and meta-analysis to assess the efficacy
and feasibility of immediate EN in patients with mild AP. We also tried to
define the optimum time to start EN after disease onset.

2. Methods

2.1. Searching strategy

This meta analysis was performed based on the Preferred Reporting
Items for Systematic Reviews and Meta Analyses (PRISMA) although the
protocol of the present meta analysis was not registered in a public
platform [24]. Two investigators (QHG and XYT) independently
searched the four electronic databases including PubMed, EMBASE, the
Cochrane Library and China National Knowledge Internet (CNKI) from
inception to July 2021. In order to obtain more eligible studies, the
manual searching was conducted by reviewing the references of all
included studies and related reviews. The Medical Subject Headings
(MeSH) and the key words were combined in the search algorithms. The
key words were consisted of ‘acute pancreatitis’, ‘random*’, ‘nutrition’
Figure 1. The flow diagram of sear
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and ‘immediately’. The language of published studies was not restricted.
The complete search strategy for EMBASE was documented in Supple-
mental Table 1. Finally, all the relevant literatures were imported to
Endnote X7.0 software.

2.2. Selecting criteria

Before completing the meta analysis, we designed the selecting
criteria according to the five aspects including patients, intervention,
comparison, outcome measures and study designs (PICOS) [25]. The
studies which met the following the inclusion criteria would be included.

(P): All the patients were aged 16 and above, and the gender was not
limited. All the patients were clearly diagnosed with mild acute
pancreatitis, which pancreas amylase was 3 times and above than
normal, onset of abdominal pain within 48 h, acute physiological and
chronic health evaluation score (APACHE) II< 8 based on the Atlanta
classification system [15].
(I): Enteral nutrition initiated immediately after admission.
(C): Enteral nutrition after pain relief or bowel sound after admission
or parenteral nutrition.
(O): Length of hospital stay, pain relief time, adverse effects, local
complications, mortality, and gastrointestinal symptoms including
nausea, vomiting and diarrhea.
(S): Randomized controlled trials (RCT).

Studies were excluded if they met the exclusion criteria.

(S): Not RCT, animal experiment.

If the studies couldn't offer sufficient data, they would be excluded.

2.3. Data extraction

Two investigators (YLQ and XTH) were independently asked to finish
reviewing the title and abstract of all the relevant literatures to judge
whether literatures met inclusion criteria. If a study met the selection
criteria based on the title and abstract, full-text was obtained to further
ching and selecting of articles.
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judge its eligibility. After ensuring the eligibility of included studies, two
investigators (QHG and XYT) independently extracted the basic infor-
mation including the first author, publication year, country, age and sex
of patients, random method, the number of dropout, intervention re-
gimes and outcome measures. If there was any disagreements between
the two investigators, the third investigator (WHW) would make the
ultimate decision.

2.4. Evaluation of risk of bias of included studies

The Cochrane risk of bias assessment tool including seven domains
was used to evaluate the risk of bias of all the included studies by two
investigators (YLQ and XTH). The seven domains were randomization
sequence generation, allocation concealment, blinding of participants
and study personnel, blinding of outcome assessors, incomplete outcome
data, selective reporting, and other biases [26]. After judging the risk of
bias of each eligible study, we finally graded the overall quality moderate
if most of the eligible study was evaluated as unclear or low risk of bias.
The third investigator (WHW) would deal with the discrepancy between
the two investigators.

2.5. Statistical analysis

We used mean difference (MD) or standardized mean difference
(SMD) with 95% confidence interval (CI) for the continuous data and
relative risk (RR) with 95% CI for categorical data. Random-effect model
was chosen to perform statistical analysis of each outcomemeasure in the
present study, which simultaneously considering the heterogeneity
within and across trials [27]. The qualitative description by chi-square
test and the quantitative description by I2 statistic were used to express
the heterogeneity [28]. While the number of included studies for each
outcome measure was less than 10, we didn't draw the funnel plot to
analyze the publication bias [29].

3. Results

3.1. Results of searching and selecting

A total of 99 articles were captured from four electronic databases and
one article was found by manual searching of references of all the
included studies and related reviews. After initial selection and full-text
selection, 5 studies involving 372 patients were included in the present
study [15, 21, 22, 23, 30]. The flow diagram of searching and selecting of
articles was displayed in Figure 1.

3.2. The basic characteristics of 5 included studies

We concluded the basic characteristics of 5 included studies, which
presented in Table 1. For the 5 included studies in the meta analysis, the
sample size of each study ranged from 26 to 143 and all patients were
diagnosed with mild acute pancreatitis. The country of publication of
each study was different. The publication language included English,
Chinese and Spanish. The article published in Spanish was translated into
English by two native speakers who had a high level of competence in
English [30]. The experiment group of each study performed the im-
mediate enteral nutrition after admission, but the time and method of
enteral nutrition in the control group of each study was slightly different.

3.3. Results of assessment of risk of bias of 5 included studies

The 5 included studies all reported randomization and only one study
didn't mention the method of randomization sequence generation
adequately [23]. Three studies reported the use of allocation conceal-
ment [15, 21, 22]. Because the time and method of enteral nutrition were
different between the experiment group and the control group, it was
impossible to blind the participants and study personnel. Therefore, all
3



Figure 2. Risk of bias. (A) risk of bias graph and (B) risk of bias summary.
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Figure 3. Meta analysis of LOHS.
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the included studies were evaluated as a high risk of bias in the domain of
the blinding of participants and study personnel. There were three
studies performed the blinding of outcome assessment [15, 21, 30]. In all,
the overall methodological quality of five included studies could be rated
as moderate level. More details of results of risk of bias were presented in
Figure 2.

3.4. Length of hospital stay

The five included studies reported LOHS but only four studies
involving 227 patients offered the specific data [15, 21, 22, 23]. The
meta analysis suggested that immediate EN could significantly decrease
the LOHS, compared with early refeeding (MD ¼ 2.57; 95%CI,
0.41–4.72; P ¼ 0.02; I2 ¼ 78%; presented as Figure 3).

3.5. Readmission after discharging

Only two studies involving 118 patients offered the specific infor-
mation concerning readmission [15, 30]. The pooled result of the two
studies showed immediate EN had no significant decrease compared with
early refeeding (RR ¼ 0.51; 95%CI, 0.12–2.27; P ¼ 0.38; I2 ¼ 0%; pre-
sented as Figure 4).

3.6. Abdominal pain

The included three studies reported the assessment of pain before and
after refeeding [15, 22, 30]. But only one studies offered the specific
data, and thus qualitative description was performed [30]. The included
three studies all showed no significant differences between two groups
concerning abdominal pain.

3.7. Progression to severe pancreatitis

There were three studies providing the specific information about
progression to severe pancreatitis [15, 21, 23]. The meta analysis of three
studies involving 168 patients revealed that immediate EN didn't
significantly increase the number of progression to severe pancreatitis
compared with early refeeding (RR ¼ 0.76; 95%CI, 0.15–3.76; P ¼ 0.73;
I2 ¼ 11%; presented as Figure 5).

3.8. Intolerance of feeding

Only three studies involving 202 patients reported the patients’
intolerance of feeding [15, 23, 30]. The intolerance of feeding included
Figure 4. Meta analysis of incidence
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vomiting, nausea and other gastrointestinal symptoms. The meta analysis
of three studies revealed that immediate EN could significantly decrease
the intolerance of feeding, compared with early refeeding (RR ¼ 0.78;
95%CI, 0.63–0.95; P ¼ 0.02; I2 ¼ 0%; presented as Figure 6).

3.9. Complications

Only two studies involving 143 patients displayed the number of
complications [15, 23]. The pooled result showed that there was no
significant difference between the two groups (RR ¼ 1.12; 95%CI,
0.50–2.49; P ¼ 0.78; I2 ¼ 0%; presented as Figure 7).

3.10. Systemic inflammatory response

3.10.1. C-reactive protein
Only three studies involving 227 patients offered the specific data

concerning difference of the values of C-reactive protein (CRP) before
and after EN [21, 22, 30]. The meta analysis of three studies showed that
no significant difference between the two groups was found (MD ¼ 1.05;
95%CI, 0.15–2.26; P ¼ 0.09; I2 ¼ 0%; presented as Figure 8A). Because
Eckerwall et al. only offered the values of CRP after EN, a qualitative
description was displayed, which a similar result was found with the
meta analysis [15].

3.10.2. Leukocyte counts
Only two studies involving 202 patients reported the specific data

concerning difference of the leukocyte counts before and after EN [22,
30]. The meta analysis of two studies showed that no significant differ-
ence between the two groups was found (MD ¼ 0.11; 95%CI, 0.59–0.80;
P ¼ 0.76; I2 ¼ 0%; presented as Figure 8B). Eckerwall et al. found the
similar result with the meta analysis [15].

4. Discussion

Most of people (80%) presenting with AP undergo only slight symp-
toms [6]. Nutritional support seems to play a pivotal role in the course of
recovery in patients with mild type. The AGA for clinical practice
guidelines for the nutritional support of mild AP recommends initiation
of early EN (oral or enteral tube) instead of parenteral nutrition [7].
However, it is unclear how early the EN could be offered. Hence, in
recent years, some researchers explored the effect and safety of imme-
diate EN after admission compared with the early EN after bowel sounds
existing or pain stopping [15, 21, 22, 23, 30]. But the conclusion couldn't
be confirmed owing to inconsistent results among studies.
of readmission after discharging.



Figure 5. Meta analysis of incidence of progression to severe pancreatitis.

Figure 6. Meta analysis of incidence of Intolerance of feeding.

Figure 7. Meta analysis of incidence of complications.
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Figure 8. Meta analysis of CRP(A) and Leukocyte counts(B).
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The present study is the first meta analysis to clarify the effect and
safety of immediate EN after admission in patients with mild AP. In the
meta analysis, we found the results that immediate EN after admission
could not only make the LOHS shorter (MD ¼ 2.57, 95% CI ¼ 0.41–4.72)
but also relieve the intolerance of feeding (RR ¼ 0.78, 95%CI ¼
0.63–0.95). Meanwhile, compared with early refeeding, immediate EN
after admission didn't result in the significant increase of the incidence of
readmission after discharging (RR ¼ 0.51, 95%CI ¼ 0.12–2.27), the
incidence of progression to severe pancreatitis (RR ¼ 0.76, 95%CI ¼
0.15–3.76), the incidence of complications (RR ¼ 1.12, 95%CI ¼
0.50–2.49) and the values of CRP and leukocyte counts (MD¼ 1.05, 95%
CI ¼ 0.15–2.26 and MD ¼ 0.11, 95%CI ¼ 0.59–0.80).
6

According to the traditional views, fasting and PN were performed in
patients with AP because fasting and PN were believed to decrease auto-
digestion of the pancreas and tissue damage by reducing pancreatic
secretion of enzymes and minimizing the impact on the pancreatic gland
[31, 32]. But several clinical studies and animal experiments found that
EN could prevent the damage of integrity and function of the intestinal
barrier by affecting the intestinal permeability, immunocompetent cells
and bacteria translocation, which promoting recovery and decreasing the
mortality of AP [13, 20, 22]. During the period of AP, the gut function
damage could occur as early as 28–72 h after the development of AP [5].
Earlier EN and shorter fasting time were associated with accelerated
recovery, shorter LOHS and decreased intolerance of feeding. Hence,
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immediate EN could significantly make LOHS shorter and relieve intol-
erance of feeding in the present study. Immediate oral feeding may
suppress the progression of severe AP but the present meta analysis did
not show meaningful result due to a low number of events and partici-
pants which was consistent with the three original studies [15, 21, 23].

At present, some published meta-analyses explored the optimal time
of EN in AP [19, 33, 34, 35, 36]. However, only one of five published
meta-analysis performed subgroup analysis to explore the effect of im-
mediate EN on LOHS [36]. But the subgroup analysis only included two
studies. The other meta analyses included all the studies which EN was
offered within 24 h or 48 h, and so they couldn't analyze the effect of
immediate EN separately. Meanwhile, the patients included in the other
meta analyses were mild to moderate AP or severe AP. Therefore, these
limitations destroyed the robustness and reliability of the results of the
effect of immediate EN in patients with mild AP. However, the present
study only included RCT and the patients with mild AP were offered
immediate EN. More importantly, more recent published studies were
searched and included in this meta analysis. Thus, more reliable and
rigorous findings could be obtained in the present study compared with
published meta-analysis. For other secondary outcome measures
including readmission after discharging, progression to severe pancrea-
titis, complications and et al, the results of included studies in meta
analysis and published meta-analysis were consistent with the results of
the present study, which revealing immediate EN were safe.

We have to acknowledge that there are still some limitations in the
meta analysis including 5 studies involving 372 patients. The heteroge-
neity within and across 5 trials was a little high and we couldn't perform
subgroup analysis to explore the reason according to the intervention
methods in experiment group or control group because of the inadequate
number of included studies. Moreover, the sample size is not adequately
large, which limited its wider clinical application. A large multi-center
clinical trial is still required.

5. Conclusions

With the present findings, immediate EN after admission could safely
reduce LOHS and intolerance of feeding in patients with mild AP,
compared with early refeeding. However, large multi-center studies with
more rigorous methodology are required to improve the quality of evi-
dence before determining clinical decisions owing to the presence of
limitations.
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