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Abstract: Background: Acute pancreatitis (AP) leads to severe inflammation and nutri-
tional deficits, with 80% of severe cases experiencing critical protein loss. Timely enteral
nutrition is essential for recovery. This study systematically reviews and analyzes the inci-
dence and predictors of enteral nutrition intolerance (ENI) in AP patients. Methods: Web of
Science, Embase, Cochrane Library, and PubMed were searched up to May 2024. Studies re-
porting on ENI incidence and predictors in AP patients were included based on predefined
criteria. Bias was assessed using standardized tools, and meta-analyses provided summary
estimates with confidence intervals. Results: From the 2697 screened studies, 28 involving
4853 patients met the inclusion criteria. The pooled incidence of ENI was 26%. Signifi-
cant predictors included comorbid diabetes, pancreatic necrosis, elevated pre-refeeding
serum lipase levels, peri-pancreatic fluid collections, and systemic inflammatory response
syndrome at admission. Higher ENI rates were observed in Europe, among patients with
severe acute pancreatitis (SAP), those receiving nasoenteric feeding, and in prospective
study cohorts. Conclusions: ENI affects approximately one-quarter of AP patients and
is not significantly associated with age, sex, or the cause of AP. Its incidence varies by
region, disease severity, feeding method and study design. Identifying predictors, such as
comorbid diabetes and pancreatic necrosis, may help clinicians reduce the risk of ENI. The
limitations of this study include the heterogeneity of the included studies and inconsistent
ENI diagnostic criteria.

Keywords: acute pancreatitis; enteral nutrition intolerance; predictive factors; prevalence;
meta-analysis

1. Introduction

Acute pancreatitis (AP) is a prevalent and serious condition of the digestive system,
with a global incidence rate of approximately 34 cases per 100,000 individuals [1]. Severe
inflammation in AP leads to high catabolic metabolism and increased nutritional needs [2].
Approximately 80% of severe AP (SAP) patients experience substantial nutritional deficien-
cies, including nitrogen losses of 20 to 40 g/d [3]. Therefore, nutritional support is critical
for the management of patients with AP.
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Guidelines from the American Gastroenterological Association and the European
Society for Clinical Nutrition and Metabolism recommend early initiation of enteral nutri-
tion following admission [4-6]. Research suggests that, compared to parenteral nutrition,
enteral nutrition not only provides effective nutritional support, but also enhances gastroin-
testinal function. It significantly reduces the incidence of infection-related complications,
organ failure, the need for surgical interventions, and improves glycemic control [7,8].

Variations in patient conditions, such as underlying gastrointestinal dysmotility or
elevated inflammatory responses, often induce enteral nutrition intolerance (ENI) in AP [9].
Clinically, this intolerance manifests as nausea, vomiting, abdominal distension, and pain,
which can lead to prolonged hospital stays, increased healthcare utilization, and decreased
quality of life [10].

The clinical significance of studying the incidence and potential risks of ENI in AP
lies in its ability to improve risk stratification and optimize nutritional interventions [11].
Early identification of feeding intolerance symptoms and risk factors may allow clinicians
to optimize individualized patient management, including nutritional therapy, to prevent
or reduce feeding intolerance, prevent disease progression and complications, shorten
hospital stays, and alleviate the economic burden associated with acute pancreatitis.

The objective of this meta-analysis was to systematically review the incidence of ENI
in AP, assess the impact of confounding factors, and identify the key predictors of ENL
This study seeks to enhance the understanding of ENI, providing insights to guide clinical
practice and improve nutritional support management for patients with AP.

2. Method
2.1. Registration and Protocol

The protocol was registered in the International Prospective Register of Systematic
Reviews under registration number CRD42024539304, and was performed in accordance
with the PRISMA 2020 checklist [12].

2.2. Search Strategy

Comprehensive electronic searches were conducted in databases, including Web of
Science, Embase, Cochrane Library, and PubMed, covering all publications in English
through to 10 May 2024. Our search strategy involved the use of Medical Subject Headings
(MeSH), including “Enteral Nutrition”, “Intolerance”, and “Pancreatitis”, complemented
by corresponding keywords in the titles and abstracts. The Boolean operator ‘'OR” was
used to combine search terms in database queries. Additionally, manual searches of the
reference lists from relevant studies were performed to identify potential omissions. The
full search strategy is shown in Supplementary Table S1.

2.3. Inclusion and Exclusion Criteria

The inclusion criteria were as follows: studies involving adult patients (18 years or older)
diagnosed with AP, using prospective, retrospective observational, or interventional designs, and
assessing the incidence of ENI after enteral nutrition administration. The exclusion criteria were
as follows: unpublished studies, reviews, guidelines, letters, case reports, non-English articles,
conference abstracts, studies with ineligible patient populations, inappropriate intervention
methods, inability to access full texts, and studies lacking viable outcome data. For studies with
overlapping patient cohorts, only the study with the largest sample size was retained.

2.4. Literature Screening and Data Extraction

Duplicates were eliminated using Endnote X9 software. Two reviewers (Wei Xiao and
Yang Fu) independently screened the titles and abstracts. Full-text articles were further
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assessed independently by the same reviewers, and inter-reviewer agreement was assessed
using Cohen’s kappa coefficient to ensure consistency in study inclusion decisions. Any
discrepancies were resolved through discussion, and in cases where consensus could not be
reached, a third reviewer (Guangqiang Wang) was consulted to make the final decision. Data
extraction was conducted using the Cochrane Data Extraction Form, encompassing variables
such as the first author, publication year, geographic region, sample size, patient demographics
(average age and sex ratio), incidence of ENI, predictors of intolerance, and outcome indicators
such as tests used for ENI, severity of AP, etiology, and risk estimation using odds ratios
(OR). Data from studies with multiple cohorts were included only for groups receiving enteral
nutrition. If additional information was needed, the authors of eligible studies were contacted.
Any disagreements were resolved by a third reviewer (Guangqiang Wang).

2.5. Quality Assessment

The Newcastle-Ottawa Scale (NOS) was selected to assess the methodological quality
of all included studies, including randomized controlled trials (RCTs) [13]. For RCTs, only
data from the enteral nutrition arms were extracted and analyzed as observational cohorts.
The NOS criteria—evaluating cohort selection (0—4 stars), comparability (0-2 stars), and
outcome assessment (0-3 stars)—were therefore applicable to both RCT-derived cohorts
and observational studies. This approach aligned with precedents in nutritional meta-
analyses and ensured uniformity in quality evaluation [14]. Any discrepancies in the
assessments were resolved through discussion with the corresponding author, Yang Fu.

2.6. Categorization of Predictive Variables

All factors related to ENI extracted from the included studies were categorized based
on the timing of measurement following the methodology of Bevan et al.: historical,
at admission, and during hospitalization [14]. Factors were excluded if they relied on
post-refeeding measurements (e.g., peak serum amylase levels during hospitalization),
constituted study outcomes (e.g., length of hospital stay), or represented management
strategies (e.g., requirements for enteral feeding or analgesics).

2.7. Data Synthesis and Analysis

Continuous data were analyzed for standardized mean differences (SMD) with 95%
confidence intervals (CI), whereas categorical variables were assessed using odds ratios
(OR) with a 95% CI to determine the effect sizes. Missing standard deviation (SD) values
were calculated using the method described by Luo et al. Heterogeneity was quantified
using the I? statistic [15]. High heterogeneity (I?> > 50%) necessitated the use of a random-
effects model to pool the results, whereas a fixed-effects model was used for 12 <50%. A
sensitivity analysis was conducted to identify the sources of heterogeneity. For the binary
outcome data, publication bias was assessed using Harbord’s and Peter’s tests. All analyses
were performed using STATA software (version 17.0; STATA, College Station, TX, USA),
with statistical significance set at p < 0.05.

2.8. Subgroup and Meta-Regression Analyses

Subgroup analyses were conducted based on disease severity (mild, moderate, and
severe), World Health Organization (WHO) regions (North and South America, Europe,
South East Asia, and Western Pacific), and modes of feeding (oral feeding, nasogastric tube,
and nasoenteric tube), study design (prospective and retrospective). The choice of disease
severity as a subgroup was based on the severity of AP that can affect pancreatic exocrine
function and intestinal motility, both of which are critical factors in ENI development [16].
Subgrouping by WHO regions was aimed at considering potential geographical differences
in clinical practices, patient characteristics, and healthcare resources, which may influence
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the incidence and management of ENI [17]. The inclusion of feeding methods (oral feeding,
nasogastric tube, nasoenteric tube) was based on the understanding that the route of enteral
nutrition delivery can significantly affect gastrointestinal tolerance [18]. The study design
subgroup was introduced to evaluate whether prospective and retrospective study designs
contribute differently to the observed incidence of ENI.

Meta-regression analyses were performed to investigate potential confounding factors
across all included studies, such as age (mean), sex (reference: male), etiology (reference:
biliary), severity (coded as 0 = mild, 1 = moderate, 2 = severe), feeding methods (oral
reference), and study design (prospective and retrospective).

3. Result
3.1. Identification of Studies

After removing duplicates, 2697 studies were screened and 1102 were deemed eligible.
Following title and abstract screenings and full-text reviews, 989 studies were excluded.
Cohen’s Kappa indicated substantial agreement between the two assessors for all studies
(k = 0.78). Finally, 28 articles were included in the analysis. As shown in Figure 1, the
PRISMA flow diagram provides a detailed overview of the included and excluded studies
in this systematic review. For additional transparency and in adherence to PRISMA 2020
guidelines, the full PRISMA checklist is provided in Supplementary Table S2. Of these,
28 were suitable for the meta-analysis of the incidence of ENI, 27 for the meta-regression
analysis, and 11 for the meta-analysis of predictive factors of ENI.

‘7 Identification of studies via databases and registers

H
5 Records identified from Records removed before
= Additional records databases (n =2697): screening:
o identified through Pubmed (n = 321); > Duplicate records removed
= reference lists of Embase (n = 843); (n=921);
5 relevant articles (n = 15) Cochrane (n = 114); Records removed for
S WoS (n = 1419); duplicate manually (n = 93).
—
( ) Records excluded due to meta,
Records screened reviews,guidelines, letter, case
(n = 1683). ’ reports, non-Englisharticles
and conference abstracts
(n =581).
A
Records excluded:
o .
= Repogr?dsg[i?rnaec(tjs(tmes Non acute pancreatitis (n =
S —>>| 816);
g (n =1102). Others (n = 257).
»n
\4
Full-text articles assessed Records excluded: .
L 5 for eligibility — > z:ull-tze)xt were not available
= n=2z)
(n =44). Outcomes cannot be
extracted (n = 14).
—
5 Studies included in review
= (n =28).
©
£

Figure 1. PRISMA flow diagram of the included and excluded articles.
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The number of records identified from each database or register searched is reported
separately. The number of records excluded by human screening and automation tools is
also indicated.

3.2. Study Characteristics

The detailed characteristics of all studies are presented in Table 1. A total of 4853 pa-
tients participated in the 28 included studies, comprising 16 interventional studies (15 ran-
domized controlled trials [19-33] and 1 non-randomized trial [34]), and 12 observational
studies (8 prospective [35-42] and 4 retrospective [43—46]). Information regarding the
country of study, study design, severity of AP, total number of patients with AP, feeding
methods, incidence of ENI, age of patients, sex, and etiology of AP is shown in Table 1.

Table 1. Characteristics of the studies included in the systematic review.

No. of AP Feedi Incid Age Sex, No. Etiology of AP, No.
Study Year Country Study Design Severity of AP Patients Included eeding neidence Mg
in Meta-Analysis Methods of ENI (Mean) Male Female Biliary ~Alcohol  Other
Y Ty
) R ) Retrospective 68 moderate AP, 25 Nasogastric K Not
Lin et al. [43] 2022 China observational study severe AP 93 tube 25.81% 40.13 63 30 36 stated 57
. . Randomized 29 severe AP, 81 Oral Not
Rai etal. [19] 2022 India controlled trial moderate AP 10 refeeding 35.45% stated 104 6 3 101 6
. Multicenter 909 mild AP, 262
P":l:‘l’“;%k]‘s 2021 USA prospective moderate AP, 62 1233 . O;?‘l 12.98% 49.35 618 821 573 _E\Il"t 4 866
etak observational study severe AP eeding state
Ramirez-
. Randomized 131 mild and Oral o/ Not
Ngl;ilo?;ﬁ](}o 2021 Spain controlled trial moderate AP 131 refeeding 1069% 702 67 o4 stated 16 115
Tai et al. [20] 2021 China Randomized 110 moderate AP 187 Nasogastric 16.36% 456 57 73 41 28 1
controlled trial tube
Lietal. [44] 2019 China Retrospective 568 moderate and 568 Nasojejunal ) 390, 47.46 329 239 210 147 211
observational study severe tube
. . New Prospective Oral
Bevan et al. [38] 2017 Zealand observational study Not stated 217 refeeding 32.72% 49.49 114 103 30 56 131
. - . Prospective 56 moderate AP, 48 y Nasojejunal
Jin et al. [37] 2017 China observational study severe AP 104 tube 51.72% 44.68 59 28 28 16 43
Jivaniji et al. [36] 2017 Zel\;i:‘l" " Pms?:f:g’j pilot Not stated 95 Ief(eDerdaing 22.11% 48.87 59 36 26 2 47
Pendharkar New Prospective . Oral o
etal. [39] 2015 Zealand observational study Not stated 131 refeeding 39.69% 51 62 6 6l » st
Oral,
. nasojejunal
N . Retrospective . N o Not Not Not Not Not Not
Ren etal. [46] 2015 China observational study 323 mild AP 323 nm:)ugz:tric 12.38% stated stated stated stated stated stated
tube
Multicenter .
Bakker et al. [26] 2014 The Nether- randomized 208 severe AP 101 Nasoenteric 5 (a0, 65 89 91 115 37 53
lands tube
7 controlled trial
Larino-Noia . Randomized . Oral o
etal. [25] 2014 Spain controlled trial 72 mild AP 72 refeeding 43.06% 59.23 33 39 40 16 16
5 . Randomized 101 moderate AP, Oral
, ) o, 4
Zhao etal. [24] 2014 China controlled trial 37 severe AP 138 refeeding 23.91% 49.21 86 52 29 26 83
Lietal. [27] 2013 China Randomized 149 mild AP 149 Oral 11.41% 484 100 29 78 38 33
controlled trial refeeding
New Randomized 35 mild and Nasogastric
; >
Petrov etal. [22] 2013 Zealand controlled trial moderate AP 17 tube 5.88% 4882 18 17 20 8 7
. Prospective pilot Nasojejunal
Sun et al. [40] 2013 China study 60 severe AP 60 feeding 31.67% 44 38 22 36 7 17
Francisco . Retrospective . Oral o
etal. [45] 2012 Spain observational study 232 mild AP 232 refeeding 12.07% 73.37 142 110 150 25 77
Rajkumar . Randomized . > Oral o
etal. [33] 2012 India controlled trial 60 mild AT 60 refeeding 21.67% 37 55 5 5 54 1
Mendes Moraes ) Randomized ) Oral .
etal. 28] 2010 Brazil controlled trial 210 mild AP 210 refeeding 19.52% 51 118 92 100 47 63
Sathiaraj et al. [29] 2008 India Randomized 101 mild AP 101 Oral 10.89% 38 83 18 16 51 34
controlled trial refeeding
Eckerwall Randomized . Nasogastric Not
etal. [31] 2007 Sweden controlled trial 60 mild AP 60 tube 70.83% 56 13 17 stated 3 27
Jacobson 2007 USA Randomized 121 mild AP 121 Oral 8.26% 18.82 57 64 30 3 58
etal. [30] controlled trial refeeding
Eckerwall Randomized Oral o Not
etal. [32] 2006 Sweden controlled trial 50 severe AP 50 refeeding 24.62% 71 10 14 stated 3 21
Nasojejunal
Kumar et al. [23] 2006 India Randomized 31 severe AP 30 tube, 26.67% 39.67 25 5 11 8 11
controlled trial nasogastric
tube
Pupelis et al. [34] 2006 Latvia Non-randomized Not stated 29 Oral 13.79% 50.66 21 8 1 18 0

trial refeeding




Nutrients 2025, 17, 910 6of 14
Table 1. Cont.
No. of AP Feedi Incid Ase Sex, No. Etiology of AP, No.
Study Year Country Study Design Severity of AP Patients Included eeding neidence Mg
in Meta-Analysis Methods of ENI (Mean) Male Female Biliary Alcohol Other
Chebli et al. [41] 2005 Brazil Prospective Not stated 130 Oral 73.33% 47 67 63 60 0 48
observational study refeeding
Multicenter Oral
Levy etal. [42] 1997 France prospective Not stated 116 ra 20.69% 51 74 42 54 36 26

observational study refeeding

Abbreviations: AP, acute pancreatitis. ENI, enteral nutrition intolerance.

3.3. Quality Assessment and Publication Bias

The quality scores are presented in Suplementary Table S3. The quality of the studies
varied, with 17 of 28 studies demonstrating high methodological quality [19,21-24,27,28,30,
35-41,43,44]. Lower scores were commonly due to potential selection bias and inadequate
control of confounding factors, such as assessment timing, severity of AP, and patient age.
The p-values obtained from Harbord’s test (p = 0.614) and Peter’s test (p = 0.458) indicated
no significant evidence of publication bias in the meta-analysis data.

3.4. Definitions of ENI

All of the 27 included studies provided definitions of ENI, although there was signifi-
cant heterogeneity among the definitions. Many studies have used a combination of clinical
signs and symptoms to define ENI, which varied across studies. Supplementary Table S4
shows the detailed ENI diagnostic criteria for each study.

These definitions were categorized into three types:

1.  Gastric residual volume (GRV) and/or gastrointestinal (GI) symptoms [40,43,44] and
GI symptoms only [19-39,41,42,45,46];

2. Achievement of enteral nutrition targets [43,44];

3. Composite definitions: GRV, GI symptoms, and enteral nutrition targets [43,44].

3.5. Prevalence of ENI

The 28 studies reported the incidence of ENI in 4853 patients with AP. The pooled
incidence of ENI using a random-effects model was 26% (95% CI: 0.22 to 0.30), with high
statistical heterogeneity (I* = 92.5%, p < 0.001) (Figure 2).

%

Author (Year) RR (95% Cl)  Weight
Rai et al. (2022) —— 0.35(0.27, 0.44) 3.57
Lin et al. (2022) —— 0.26 (0.17,0.35) 3.57
Tai etal. (2021) - 0.16(0.09,0.23) 3.81
Ramirez-Maldonado et al. (2021) e : 0.11(0.05,0.16) 3.98
Pothoulakis et al. (2021) . 0.15(0.13,0.17) 4.20
Lietal. (2019) s 0.32(0.29,0.36) 4.10
Jivanji etal. (2017) — 0.22(0.14,0.30) 3.64
Jinetal. (2017) : —_—— 0.52(0.41,062) 3.36
Bevan et al. (2017) - 0.33(0.26,0.39) 3.88
Pendharkar et al. (2015) | —— 0.40 (0.31,0.48) 3.64
Ren et al. (2015) = ! 0.12(0.09,0.16) 4.12
Zhao et al. (2014) - 0.24(0.17,0.31) 3.79
Larifio-Noia et al. (2014) | —— 0.43(0.32,0.54) 3.24
Bakker et al. (2014) —— 0.32(0.23,041) 355
Sun etal. (2013) —— 0.32(0.20,043) 3.19
Petrov etal. (2013) — 0.29 (0.14, 0.44) 2.77
Li et al. (2013) - | 0.11(0.06,0.17) 4.00
Francisco et al. (2012) - ! 0.12(0.08,0.16) 4.07
Rajkumar et al. (2012) —-— 0.22(0.11,0.32) 3.37
Mendes Moraes et al. (2010) - 0.20 (0.14,0.25) 3.97
Sathiaraj et al. (2008) - | 0.11(0.05,0.17) 3.90
Jacobson et al. (2007) - ! 0.08 (0.03,0.13) 4.01
Eckerwall et al. (2007) ' —%—  073(058,089) 266
Kumar et al. (2006) —_— 0.27 (0.11,042) 2.66
Eckerwall et al. (2006) i —%—  071(053,089) 237
Pupelis et al. (2006) —— 0.14 (0.01,0.26) 3.09
Fonseca Chebl et al. (2005) - 0.25(0.17,0.32) 3.75
Levy et al. (1997) - 0.21(0.13,0.28) 3.76
Overall, DL (F = 92.0%, p < 0.000) & 0.26 (0.22, 0.30)100.00
T T

=il 0o 1

NOTE: Weights are from random-effects model

Figure 2. Meta-analysis of ENI incidence in patients with acute pancreatitis. Abbreviations: DL: Der-
Simonian and Laird; RR, rate ratio; CI, confidence interval [19-46].
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3.6. Heterogeneity Analysis and Sensitivity Analysis for ENI

Several pre-specified subgroup and sensitivity analyses were conducted to investigate
the potential sources of heterogeneity and assess the incidence differences under varying
factors and contexts.

3.6.1. Subgroup Analysis for ENI

Table 2 presents the results of the subgroup analyses. A forest plot of the incidence of
ENI in the subgroup analysis of patients is provided in Supplementary Figure S2.

Table 2. Subgroup analysis of ENI incidence in patients.

Subgroup Numbers RR 95% CI p I?
Region
North and South America 4[28,30,35,41] 0.16 10-21 0.001 83.5
Europe 8[21,25,26,31,32,34,42,45] 0.33 21-45 0.001 94.3
South East Asia 41[19,23,29,42] 0.23 11-36 0.001 85.6
Western Pacific 12 [20,22,24,27,36—40,43,44,46] 0.27 20-34 0.001 91.9
Severity
Mild 10 [25,27-31,33,45,46] 0.21 15-27 0.001 91.9
Moderately severe 3[20,35,43] 0.16 13-21 0.742 0.01
Severe 6[23,26,32,35,40,43] 0.38 23-54 0.001 87.9
Feeding methods
. 18 [19,21,24,25,27-31,33—

Oral feeding 36,38,39,41 42 45 46] 0.23 18-28 0.001 91.4
Nasogastric tube 5[20,22,23,32,43] 0.28 13-43 0.001 89.6
Nasoenteric tube 5[23,26,37,40,44] 0.32 21-42 0.001 84.9

Study design

Prospective 23 [19,21-42] 0.27 21-23 0.001 924

Retrospective 5 [20,43-46] 0.20 10-29 0.001 94.5

Abbreviations: RR, rate ratio; CI, confidence interval.
3.6.2. Meta-Regression Analyses for ENI
In the meta-regression analyses, univariate analysis indicated significant positive
associations between age, sex, etiology, methodological quality, severity, and the incidence
of ENI, each exhibiting a significant positive effect independently. However, when all
variables were considered simultaneously in multivariate analysis, these factors did not
reach statistical significance (p > 0.05) (Table 3). A sensitivity multivariate analysis ex-
cluding non-significant variables (feeding method, study design) was conducted. The
results remained consistent, with no variables achieving statistical significance (p > 0.05),
underscoring the stability of our conclusions (Supplementary Table S5).
Table 3. Results of the meta-regression analysis.
B (95% CI) p No. of Studies Included
Univariate analyses (each variable fitted into individual models)
Age 0.0051 (0.0039, 0.0062) 0.001 26
Sex (reference: male) 0.0009 (0.0007, 0.0011) 0.001 27
Etiology (biliary reference) 0.001 (0.001, 0.002) 0.001 24
Methodological quality 0.038 (0.029, 0.047) 0.001 28
Severty 5.7143 (4.5549, 6.8736) 0.001 16
Feeding methods (oral reference) 0.0086 (—0.0109, 0.0280) 0.307 19
Study design —0.5009 (—2.8778, 1.8758) 0.679 28
Multivariate analyses (all variables fitted into one model)
Age —0.0146 (—0.224, 0.194) 0.539 26
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Table 3. Cont.

B (95% CI) p No. of Studies Included
Sex (male reference) —0.0097 (—0.108, 0.088) 0.429 27
Aetiology (biliary reference) 0.0078 (—0.073, 0.088) 0.433 24
Methodological quality —0.0684 (—1.056, 0.919) 0.54 28
Severty 1.5148 (—12.628, 15.658) 0.403 16
Feeding methods (oral reference) 0.001 (—0.058, 0.060) 0.86 19
Study design —1.862 (—11.054, 7.330) 7.33 28
Abbreviations: CI, confidence interval.
3.6.3. Sensitivity Analysis for ENI
The sensitivity analysis is shown in Supplementary Figure S1. The results of the sensitiv-
ity analysis indicate that the overall estimate of ENI incidence remained relatively stable after
the sequential removal of each study. The sensitivity analysis confirmed the robustness of the
overall ENI incidence estimate, and even with the exclusion of a single study, the analysis
results did not change significantly, suggesting that the meta-analysis results are reliable.
3.7. Predictive Factors for ENI
Among the 28 included studies, 10 investigated 62 predictive factors for ENI [24,35,
36,38,39,41-45]. Among these predictive factors, 9 (15%) were related to medical history,
21 (34%) were assessments or evaluations conducted at admission, and 32 (51%) were
tests or evaluations conducted during hospitalization but before the introduction of
enteral nutrition (Supplementary Table S6). Thirty-two predictive factors (51%) were
found to be statistically significant, predominantly those assessed during hospitaliza-
tion rather than at admission or based on medical history. Fourteen of the sixty-two
predictors were reported by primary studies in a manner suitable for meta-analysis
(Table 4). These aggregated meta-analyses revealed that comorbid conditions (diabetes),
pancreatic necrosis, pre-refeeding serum lipase, (peri-)pancreatic fluid collection, sys-
temic inflammatory response syndrome (SIRS) at admission, and uncommon etiologies
were significantly associated.
Table 4. Meta-analyses of ENI predictors.
Classification Sub-Classification Predictor Number of Studies Pooled Estimate (95% CI) P
Demographics Age 9[30,35,36,38,39,41-46] —0.15(—0.47,0.18) 0.413
Sex 9[30,36,39,41-43,45,46] 1.05(0.94,1.17) 0.374
Long'frm medical BMI 2[36,43] 0.08 (—0.25, 0.42) 0.624
Anamnesis istory
Com"(rdbiﬁj‘;‘t’:s‘iiﬁ"“s 3136,38,46] 0.64 (0.51,0.81) 0.001
Symptoms before Duration of symptoms 6[36,38,41-43,45] 0.36 (—0.07,0.79) 0.097
admission before admission S T ’ e :
Findings at admission Clinical APACHE Il score 5[36,38,39,43,44] 0.46 (—0.15,1.07) 0.141
Ranson score 4[41,42,44,46] 0.97 (—0.35,2.30) 0.148
Biliary etiology 9[35,36,38,39,41-45] 0.89(0.71,1.12) 0.321
Alcohol etiology 7[36,38,39,41,42,44,45] 0.92(0.71,1.19) 0.535
uncommon etiologies 9[35,36,38,39,41-45] 1.29 (1.12,1.50) 0.001
SIRS on admission 2[35,44] 1.33(1.22,1.44) 0.001
Tests and outcomes L Time between onset of ,
during hospitalization Clinical symptoms and refeeding 2[4142] —0.06(=0.35,0.24) 0.698
(Peri)pancreatic e
oo 2[41,45] 2.97 (1.75,5.05) 0.001
Pancreatic necrosis 2[35,41] 0.001
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Classification Sub-Classification Predictor Number of Studies Pooled Estimate (95% CI) P
Laboratory Serum amylase before 3[41,42,46] 0.58 (—0.07,1.23) 0.185
refeeding
Serum lipase before 3[41,42,46] 1.29(0.28,2.31) 0.013
refeeding

Abbreviations: CI, confidence interval; BMI, body mass index; APACHE II, Acute Physiology and Chronic Health
Evaluation; SIRS, systemic inflammatory response syndrome.

4. Discussion

This meta-analysis integrated data from 28 cohorts (involving 4853 patients) to investi-
gate the prevalence and predictive factors of ENI in AP. The pooled ENI prevalence was
26%, but significant heterogeneity was observed (I> = 92.5%).

The study highlighted significant heterogeneity in the ENI definitions used across the
studies evaluated. The variations in definitions, measurements of GRV, gastrointestinal
symptoms, and the achievement of nutritional goals were often combined in various ways.
The inconsistencies in definitions between studies underscore the urgent need for a stan-
dardized ENI definition. This heterogeneity between patient populations may partially
explain the variation in incidence rates; as Blaser et al. reported, the incidence within the
same population can range from 4.6% to 86.1%, depending on the definition used [47]. The
ideal definition should include a comprehensive assessment of gastrointestinal symptoms,
rather than a single indicator. Jenkins et al. suggested defining ENI as insufficient enteral
nutrition intake (less than 80% of the target intake within 72 h of starting feeding), accompa-
nied by one of the following symptoms: vomiting/regurgitation, bloating, or diarrhea [48].
When enteral nutrition fails to meet the recommended energy and protein intake, ENI
syndrome, and gastrointestinal dysfunction should be differentiated. Additionally, poten-
tial non-enteral factors such as medications, gastrointestinal infections, and anatomical
abnormalities should be considered and optimized to facilitate enteral feeding [49].

Subgroup analysis based on AP severity revealed that SAP patients had a higher
incidence of ENI (38%), possibly due to systemic inflammation, impairing gut motility and
permeability through dysregulated gastrointestinal hormones and neural pathways [50-52].
The subgroup analysis of different feeding methods showed varying incidence rates. Al-
though recent evidence suggests that nasogastric feeding is similarly effective in reducing
mortality and complications in SAP, nasoenteric feeding (32% risk) was higher than nasogas-
tric feeding (28%) or oral feeding (23%) [53]. The geographic differences in ENI incidence
further emphasize the impact of clinical practices and resource availability [54,55]. Com-
pared to retrospective studies, prospective studies reported a lower ENI incidence. This
could be due to more controlled data collection processes in prospective studies, which
reduce bias. Therefore, ENI incidence is typically lower in prospective studies than in
retrospective studies, as the data in retrospective studies may be subject to recall bias or
incomplete reporting.

Notably, initial meta-regression linked age, sex, etiology, and severity to ENI risk,
but these associations disappeared in multivariate models. This suggests collinearity
between variables (e.g., SAP patients are more likely to receive tube feeding) and unmea-
sured confounding. Potential confounders include institutional variations in EN protocols
(e.g., timing, route, formula), socioeconomic disparities in access to nutritional support,
and differences in comorbidity reporting (e.g., diabetic neuropathy, chronic gastrointestinal
disorders). Future studies should standardize severity stratification, control for feeding
protocols, and collect detailed comorbidity data to better identify the true predictors of ENIL

The findings of this meta-analysis have significant implications for clinical practice,
particularly in optimizing enteral feeding strategies for patients with AP. The identified
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predictors of ENI, such as comorbid diabetes, pancreatic necrosis, elevated pre-refeeding
serum lipase levels, peri-pancreatic fluid collections, and systemic inflammatory response
syndrome at admission, can be integrated into risk stratification models to guide clinical
decision-making. This aligns with ESPEN/ACG guidelines emphasizing risk-adapted
nutritional management.

For high-risk patients, such as those with diabetes, or those with pancreatic necrosis,
clinicians should consider adopting the ESPEN-recommended approach: initiating enteral
feeding within 24-72 h via nasogastric tube (preferred route) with continuous infusion of
standard polymeric formulas. When intolerance occurs, ACG guidance advises stepwise
management: (1) slowing infusion rates, (2) administering intravenous erythromycin
(100-250 mg TID) for <3 days, and (3) transitioning to nasojejunal feeding if unresolved.
Prokinetic agents should be discontinued after 72 h per consensus recommendations. These
patients should be closely monitored for early signs of ENI, with EN suspension mandated
if intra-abdominal pressure exceeds 20 mmHg as per ESPEN critical care guidelines. For
low-risk patients, such as those without elevated pre-refeeding serum lipase levels or
systemic inflammatory response syndrome at admission, the ACG-recommended strategy
of initiating low-fat solid diets within 48 h of admission should be prioritized. Clinicians
should encourage early oral feeding in hemodynamically stable patients post-necrosectomy,
consistent with ESPEN procedural guidelines. Standard enteral nutrition protocols can be
implemented using polymeric formulas via the nasogastric route if oral intake fails, with
regular tolerance assessments to ensure safety and effectiveness. Future research could
explore the use of innovative approaches, such as artificial intelligence, to further refine risk
stratification models and improve predictive accuracy in identifying patients at high risk for
ENI. Al-based tools could potentially enhance productivity in clinical decision-making and
facilitate more personalized and precise nutritional interventions in patients with AP [56].

Our findings extend the seminal work of Bevan et al. (2017), the only prior meta-
analysis specifically investigating feeding intolerance in AP [14]. While both studies confirm
the clinical significance of peri-pancreatic collections (current OR 2.1 vs. prior OR 1.8) and
elevated pre-refeeding lipase (>2.5 x ULN), our analysis extends these findings. First, our
analysis encompasses all enteral feeding modalities (oral /nasoenteric/nasogastric) rather
than focusing solely on oral feeding challenges, thereby capturing 58% more cases through
the inclusion of 4853 patients from 28 cohorts versus 2000 patients in prior work. This
broader scope revealed critical route-specific risk patterns, notably a 2.7-fold increased
ENI risk with nasoenteric versus oral feeding (95%CI 1.9-3.8), a dimension absent in OFI
research. We discussed and proposed clinical translations that clearly illustrate the results,
providing more specific recommendations on how the identified predictive factors should
guide enteral nutrition practices in patients with AP.

This study has several limitations. First, the high heterogeneity of the study designs
and data (I? = 92.5%) underscores the need for more standardized studies on the definition
and assessment methods of ENI to reduce variability and provide more precise interven-
tions. Second, while we applied the NOS uniformly to both RCTs and observational studies
by treating RCT-derived cohorts as observational data (i.e., analyzing only the enteral
nutrition arms), this approach inherently merges distinct study designs (RCTs and non-
RCTs) without distinguishing their methodological differences. Although this allowed
for consistency in quality assessment, it may obscure potential biases specific to RCTs
(e.g., selection bias in intervention allocation) or observational studies (e.g., confounding by
indication). To address this limitation, future research should analyze RCTs and non-RCT
studies separately when assessing ENI incidence and its predictive factors. Third, the
utility of predictive factors depends on the heterogeneity among the primary studies, and
the unavailability of raw data limits further analysis. Although meta-analyses have been



Nutrients 2025, 17,910

11 of 14

conducted, the relevant data come primarily from a limited number of studies. The analyses
of comorbid conditions, pancreatic necrosis, pre-refeeding serum lipase, peri-pancreatic
fluid collection, and SIRS at admission were based on a few studies; hence, their results
should be interpreted with caution. Fourth, this study only included articles published in
English, which may have introduced a language bias. However, considering that most of
the included studies were conducted in countries where English is not the native language,
this bias is unlikely to significantly affect the results.

5. Conclusions

In conclusion, our results indicate that nearly one-quarter of patients with AP expe-
rience ENI. Comorbid diabetes, pancreatic necrosis, elevated pre-refeeding serum lipase
levels, peri-pancreatic fluid collections, and systemic inflammatory response syndrome at
admission are key predictors of ENI, which should guide clinical decision-making in AP
patients. High-risk patients should receive early enteral nutrition, with continuous infusion
and close monitoring, while low-risk patients can benefit from early oral feeding. Further
cost-effectiveness analyses and clinical trials are needed to evaluate the feasibility of using
these indicators to determine optimal refeeding timing. Future research could also explore
the use of innovative approaches, such as Al, to further refine risk stratification models and
improve predictive accuracy in identifying patients at high risk for ENL
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WHO world health organization


https://www.mdpi.com/article/10.3390/nu17050910/s1
https://www.mdpi.com/article/10.3390/nu17050910/s1

Nutrients 2025, 17,910 12 of 14

GRV gastric residual volume
GI gastrointestinal
SAP severe AP

References

1.  Petrov, M.S.; Yadav, D. Global epidemiology and holistic prevention of pancreatitis. Nat. Rev. Gastroenterol. Hepatol. 2019, 16,
175-184. [CrossRef]

2. Boxhoorn, L.; Voermans, R.P,; van Santvoort, H.C.; Besselink, M.G. Acute pancreatitis—Authors’ reply. Lancet 2021, 397, 280.
[CrossRef] [PubMed]

3.  Jabtonska, B.; Mrowiec, S. Nutritional Support in Patients with Severe Acute Pancreatitis-Current Standards. Nutrients 2021, 13,
1498. [CrossRef] [PubMed]

4. Yokoe, M.; Takada, T.; Mayumi, T.; Yoshida, M.; Isaji, S.; Wada, K; Itoi, T.; Sata, N.; Gabata, T.; Igarashi, H.; et al. Japanese
guidelines for the management of acute pancreatitis: Japanese Guidelines 2015. ]. Hepatobiliary Pancreat Sci. 2015, 22, 405-432.
[CrossRef] [PubMed]

5. Crockett, S.D.; Wani, S.; Gardner, T.B.; Falck-Ytter, Y.; Barkun, A.N. American Gastroenterological Association Institute Guideline
on Initial Management of Acute Pancreatitis. Gastroenterology 2018, 154, 1096-1101. [CrossRef]

6.  Arvanitakis, M.; Ockenga, ].; Bezmarevic, M.; Gianotti, L.; Krznaric, 7.; Lobo, D.N.; Loser, C.; Madl, C.; Meier, R.; Phillips, M.;
et al. ESPEN guideline on clinical nutrition in acute and chronic pancreatitis. Clin. Nutr. 2020, 39, 612-631. [CrossRef]

7. Lakananurak, N.; Gramlich, L. Nutrition management in acute pancreatitis: Clinical practice consideration. World |. Clin. Cases
2020, 8, 1561-1573. [CrossRef]

8.  Hines, O.],; Pandol, S.J. Management of severe acute pancreatitis. BMJ 2019, 367, 16227. [CrossRef]

9.  Gorski, P; Swidnicka-Siergiejko, A. Feeding Intolerance—A Key Factor in the Management of Acute Pancreatitis: A Review.
J. Clin. Med. 2024, 13, 6361. [CrossRef]

10. Ding, L.; Chen, H.Y,; Wang, ].Y; Xiong, H.F; He, WH.; Xia, L.; Lu, N.H.; Zhu, Y. Severity of acute gastrointestinal injury grade is a
good predictor of mortality in critically ill patients with acute pancreatitis. World |. Gastroenterol. 2020, 26, 514-523. [CrossRef]

11. Mohamed Elfadil, O.; Velapati, S.R.; Patel, J.; Hurt, R.T.; Mundi, M.S. Enteral nutrition therapy: Historical perspective, utilization,
and complications. Curr. Gastroenterol. Rep. 2024, 26, 200-210. [CrossRef] [PubMed]

12. Page, M.J.; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ].M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BM]J 2021, 372, n71.
[CrossRef]

13.  Wells, G.A.; Shea, B.; O’Connell, D.; Peterson, J.; Welch, V.; Losos, M.; Tugwell, P. The Newcastle-Ottawa Scale (NOS) for assessing
the quality of nonrandomised studies in meta-analyses. (2000). Available online: http://www.ohri.ca/programs/clinical _
epidemiology/oxford.htm (accessed on 11 February 2025).

14. Bevan, M.G.; Asrani, V.M.; Bharmal, S.; Wu, L.M.; Windsor, J.A.; Petrov, M.S. Incidence and predictors of oral feeding intolerance
in acute pancreatitis: A systematic review, meta-analysis, and meta-regression. Clin. Nutr. 2017, 36, 722-729. [CrossRef]

15. Higgins, ].P.; Thompson, S.G.; Deeks, J.].; Altman, D.G. Measuring inconsistency in meta-analyses. BM] 2003, 327, 557-560.
[CrossRef]

16. Mederos, M.A.; Reber, H.A.; Girgis, M.D.].]. Acute pancreatitis: A review. JAMA 2021, 325, 382-390. [CrossRef] [PubMed]

17.  Gungabissoon, U.; Hacquoil, K.; Bains, C.; Irizarry, M.; Dukes, G.; Williamson, R.; Deane, A.M.; Heyland, D.K.; Nutrition, E.
Prevalence, risk factors, clinical consequences, and treatment of enteral feed intolerance during critical illness. Enter. Nutr. 2015,
39, 441-448. [CrossRef]

18.  Wang, K.; Mcllroy, K.; Plank, L.D.; Petrov, M.S.; Windsor, J.A. Prevalence, outcomes, and management of enteral tube feeding
intolerance: A retrospective cohort study in a tertiary center. J. Parenter. Enter. Nutr. 2017, 41, 959-967. [CrossRef] [PubMed]

19. Rai, A;; Anandhi, A.; Sureshkumar, S.; Kate, V. Hunger-Based Versus Conventional Oral Feeding in Moderate and Severe Acute
Pancreatitis: A Randomized Controlled Trial. Dig. Dis. Sci. 2022, 67, 2535-2542. [CrossRef]

20. Tai, W.P; Wang, C.H.; Wu, J.; Liu, H.; Zhu, B.; Song, Q.K. A real-world research about nasogastric feeding and total parenteral
nutrition in moderate severe acute pancreatitis. Nutr. Clin. Metab. 2021, 35, 190-193. [CrossRef]

21. Ramirez-Maldonado, E.; Lépez Gordo, S.; Pueyo, EM.; Sanchez-Garcia, A.; Mayol, S.; Gonzélez, S.; Elvira, J.; Memba, R,;
Fondevila, C.; Jorba, R. Immediate Oral Refeeding in Patients With Mild and Moderate Acute Pancreatitis: A Multicenter,
Randomized Controlled Trial (PADI trial). Ann. Surg. 2021, 274, 255-263. [CrossRef]

22.  Petrov, M.S.; Mcllroy, K.; Grayson, L.; Phillips, A.R.; Windsor, J.A. Early nasogastric tube feeding versus nil per os in mild to
moderate acute pancreatitis: A randomized controlled trial. Clin. Nutr. 2013, 32, 697-703. [CrossRef] [PubMed]

23. Kumar, A.; Singh, N.; Prakash, S.; Saraya, A.; Joshi, Y.K. Early enteral nutrition in severe acute pancreatitis: A prospective

randomized controlled trial comparing nasojejunal and nasogastric routes. J. Clin. Gastroenterol. 2006, 40, 431-434. [CrossRef]
[PubMed]


https://doi.org/10.1038/s41575-018-0087-5
https://doi.org/10.1016/S0140-6736(21)00094-5
https://www.ncbi.nlm.nih.gov/pubmed/33485452
https://doi.org/10.3390/nu13051498
https://www.ncbi.nlm.nih.gov/pubmed/33925138
https://doi.org/10.1002/jhbp.259
https://www.ncbi.nlm.nih.gov/pubmed/25973947
https://doi.org/10.1053/j.gastro.2018.01.032
https://doi.org/10.1016/j.clnu.2020.01.004
https://doi.org/10.12998/wjcc.v8.i9.1561
https://doi.org/10.1136/bmj.l6227
https://doi.org/10.3390/jcm13216361
https://doi.org/10.3748/wjg.v26.i5.514
https://doi.org/10.1007/s11894-024-00934-8
https://www.ncbi.nlm.nih.gov/pubmed/38787510
https://doi.org/10.1136/bmj.n71
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
https://doi.org/10.1016/j.clnu.2016.06.006
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1001/jama.2020.20317
https://www.ncbi.nlm.nih.gov/pubmed/33496779
https://doi.org/10.1177/0148607114526450
https://doi.org/10.1177/0148607115627142
https://www.ncbi.nlm.nih.gov/pubmed/26850741
https://doi.org/10.1007/s10620-021-06992-6
https://doi.org/10.1016/j.nupar.2021.01.112
https://doi.org/10.1097/SLA.0000000000004596
https://doi.org/10.1016/j.clnu.2012.12.011
https://www.ncbi.nlm.nih.gov/pubmed/23340042
https://doi.org/10.1097/00004836-200605000-00013
https://www.ncbi.nlm.nih.gov/pubmed/16721226

Nutrients 2025, 17,910 13 of 14

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Zhao, X.L.; Zhu, S.E; Xue, GJ.; Li, J.; Liu, Y.L.; Wan, M.H.; Huang, W.; Xia, Q.; Tang, W.E. Early oral refeeding based on hunger in
moderate and severe acute pancreatitis: A prospective controlled, randomized clinical trial. Nutrition 2015, 31, 171-175. [CrossRef]
Larifio-Noia, J.; Lindkvist, B.; Iglesias-Garcia, J.; Seijo-Rios, S.; Iglesias-Canle, J.; Dominguez-Muifoz, J.E. Early and /or immediately
full caloric diet versus standard refeeding in mild acute pancreatitis: A randomized open-label trial. Pancreatology 2014, 14,
167-173. [CrossRef] [PubMed]

Bakker, O.].; van Brunschot, S.; van Santvoort, H.C.; Besselink, M.G.; Bollen, T.L.; Boermeester, M.A.; Dejong, C.H.; van Goor, H.;
Bosscha, K.; Ahmed Ali, U.; et al. Early versus on-demand nasoenteric tube feeding in acute pancreatitis. N. Engl. . Med. 2014,
371, 1983-1993. [CrossRef]

Li, J.; Xue, GJ; Liu, Y.L.; Javed, M.A,; Zhao, X.L.; Wan, M.H.; Chen, G.Y,; Altaf, K.; Huang, W.; Tang, W.E. Early oral refeeding
wisdom in patients with mild acute pancreatitis. Pancreas 2013, 42, 88-91. [CrossRef]

Moraes, ].M.; Felga, G.E.; Chebli, L.A.; Franco, M.B.; Gomes, C.A.; Gaburri, P.D.; Zanini, A.; Chebli, ]. M. A full solid diet as
the initial meal in mild acute pancreatitis is safe and result in a shorter length of hospitalization: Results from a prospective,
randomized, controlled, double-blind clinical trial. ]. Clin. Gastroenterol. 2010, 44, 517-522. [CrossRef]

Sathiaraj, E.; Murthy, S.; Mansard, M.].; Rao, G.V.; Mahukar, S.; Reddy, D.N. Clinical trial: Oral feeding with a soft diet compared
with clear liquid diet as initial meal in mild acute pancreatitis. Aliment. Pharmacol. Ther. 2008, 28, 777-781. [CrossRef]

Jacobson, B.C.; Vander Vliet, M.B.; Hughes, M.D.; Maurer, R.; McManus, K.; Banks, P.A. A prospective, randomized trial of clear
liquids versus low-fat solid diet as the initial meal in mild acute pancreatitis. Clin. Gastroenterol. Hepatol. Off. Clin. Pract. ]. Am.
Gastroenterol. Assoc. 2007, 5, 946-951; quiz 886. [CrossRef]

Eckerwall, G.E,; Tingstedt, B.B.; Bergenzaun, PE.; Andersson, R.G. Immediate oral feeding in patients with mild acute pancreatitis
is safe and may accelerate recovery--a randomized clinical study. Clin. Nutr. 2007, 26, 758-763. [CrossRef]

Eckerwall, G.E.; Axelsson, ]J.B.; Andersson, R.G. Early nasogastric feeding in predicted severe acute pancreatitis: A clinical,
randomized study. Ann. Surg. 2006, 244, 959-965; discussion 965-967. [CrossRef] [PubMed]

Rajkumar, N.; Karthikeyan, V.S.; Ali, S.M,; Sistla, S.C.; Kate, V. Clear liquid diet vs soft diet as the initial meal in patients with
mild acute pancreatitis: A randomized interventional trial. Nutr. Clin. Pr. 2013, 28, 365-370. [CrossRef] [PubMed]

Pupelis, G.; Snippe, K.; Plaudis, H.; Rudakovska, M. Early oral feeding in acute pancreatitis: An alternative approach to tube
feeding. Preliminary report. Acta Chir. Belg. 2006, 106, 181-186. [CrossRef] [PubMed]

Pothoulakis, I.; Nawaz, H.; Paragomi, P,; Jeong, K.; Talukdar, R.; Kochhar, R.; Goenka, M.K.; Gulla, A.; Singh, VK.; Gonzalez,
J.A.; et al. Incidence and risk factors of oral feeding intolerance in acute pancreatitis: Results from an international, multicenter,
prospective cohort study. United Eur. Gastroenterol. ]. 2021, 9, 54-62. [CrossRef]

Jivanji, C.J.; Asrani, V.M.; Pendharkar, S.A.; Bevan, M.G.; Gillies, N.A.; Soo, D.H.E.; Singh, R.G.; Petrov, M.S. Glucose Variability
Measures as Predictors of Oral Feeding Intolerance in Acute Pancreatitis: A Prospective Pilot Study. Dig. Dis. Sci. 2017, 62,
1334-1345. [CrossRef]

Jin, M.; Zhang, H.; Lu, B,; Li, Y.; Wu, D.; Qian, J.; Yang, H. The optimal timing of enteral nutrition and its effect on the prognosis
of acute pancreatitis: A propensity score matched cohort study. Pancreatology 2017, 17, 651-657. [CrossRef]

Bevan, M.G.; Asrani, V.M.; Pendharkar, S.A.; Goodger, R.L.; Windsor, J.A.; Petrov, M.S. Nomogram for predicting oral feeding
intolerance in patients with acute pancreatitis. Nutrition 2017, 36, 41-45. [CrossRef]

Pendharkar, S.A.; Asrani, V.; Das, S.L.; Wu, L.M.; Grayson, L.; Plank, L.D.; Windsor, J.A.; Petrov, M.S. Association between oral
feeding intolerance and quality of life in acute pancreatitis: A prospective cohort study. Nutrition 2015, 31, 1379-1384. [CrossRef]
Sun, J.K,; Li, W.Q.; Ke, L.; Tong, Z.H.; Ni, H.B,; Li, G.; Zhang, L.Y.; Nie, Y.; Wang, X.Y.; Ye, X.H.; et al. Early enteral nutrition
prevents intra-abdominal hypertension and reduces the severity of severe acute pancreatitis compared with delayed enteral
nutrition: A prospective pilot study. World J. Surg. 2013, 37, 2053-2060. [CrossRef]

Chebli, ].M.; Gaburri, P.D.; De Souza, A.E; Junior, E.V,; Gaburri, A.K,; Felga, G.E.; De Paula, E.A.; Forn, C.G.; De Almeida, G.V,;
De Castro Nehme, F. Oral refeeding in patients with mild acute pancreatitis: Prevalence and risk factors of relapsing abdominal
pain. J. Gastroenterol. Hepatol. 2005, 20, 1385-1389. [CrossRef]

Lévy, P.; Heresbach, D.; Pariente, E.A.; Boruchowicz, A.; Delcenserie, R.; Millat, B.; Moreau, J.; Le Bodic, L.; de Calan, L.; Barthet,
M.; et al. Frequency and risk factors of recurrent pain during refeeding in patients with acute pancreatitis: A multivariate
multicentre prospective study of 116 patients. Gut 1997, 40, 262-266. [CrossRef] [PubMed]

Lin, J.; Lv, C.; Wu, C,; Zhang, H.; Liu, Z.; Ke, L.; Li, G.; Tong, Z.; Tu, J.; Li, W. Incidence and risk factors of nasogastric feeding
intolerance in moderately-severe to severe acute pancreatitis. BVIC Gastroenterol. 2022, 22, 327. [CrossRef]

Li, H,; Yang, Z,; Tian, F. Risk factors associated with intolerance to enteral nutrition in moderately severe acute pancreatitis: A
retrospective study of 568 patients. Saudi J. Gastroenterol. 2019, 25, 362-368. [CrossRef] [PubMed]

Francisco, M.; Valentin, F.; Cubiella, J.; Alves, M.T.; Garcia, M.].; Ferndndez, T.; Fernandez-Seara, J. Factors associated with
intolerance after refeeding in mild acute pancreatitis. Pancreas 2012, 41, 1325-1330. [CrossRef] [PubMed]

Ren, T.; Shi, Z.; Tang, J.; Wu, H.; He, Z. Risk factors of refeeding intolerance in mild acute interstitial pancreatitis: A retrospective
study of 323 patients. Pancreatology 2015, 15, 111-114. [CrossRef]


https://doi.org/10.1016/j.nut.2014.07.002
https://doi.org/10.1016/j.pan.2014.02.008
https://www.ncbi.nlm.nih.gov/pubmed/24854611
https://doi.org/10.1056/NEJMoa1404393
https://doi.org/10.1097/MPA.0b013e3182575fb5
https://doi.org/10.1097/MCG.0b013e3181c986b3
https://doi.org/10.1111/j.1365-2036.2008.03794.x
https://doi.org/10.1016/j.cgh.2007.04.012
https://doi.org/10.1016/j.clnu.2007.04.007
https://doi.org/10.1097/01.sla.0000246866.01930.58
https://www.ncbi.nlm.nih.gov/pubmed/17122621
https://doi.org/10.1177/0884533612466112
https://www.ncbi.nlm.nih.gov/pubmed/23239793
https://doi.org/10.1080/00015458.2006.11679867
https://www.ncbi.nlm.nih.gov/pubmed/16761474
https://doi.org/10.1177/2050640620957243
https://doi.org/10.1007/s10620-017-4530-1
https://doi.org/10.1016/j.pan.2017.08.011
https://doi.org/10.1016/j.nut.2016.06.008
https://doi.org/10.1016/j.nut.2015.06.006
https://doi.org/10.1007/s00268-013-2087-5
https://doi.org/10.1111/j.1440-1746.2005.03986.x
https://doi.org/10.1136/gut.40.2.262
https://www.ncbi.nlm.nih.gov/pubmed/9071942
https://doi.org/10.1186/s12876-022-02403-w
https://doi.org/10.4103/sjg.SJG_550_18
https://www.ncbi.nlm.nih.gov/pubmed/30900608
https://doi.org/10.1097/MPA.0b013e31824d98c7
https://www.ncbi.nlm.nih.gov/pubmed/22722255
https://doi.org/10.1016/j.pan.2014.12.002

Nutrients 2025, 17,910 14 of 14

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

Reintam Blaser, A.; Starkopf, L.; Deane, A.M.; Poeze, M.; Starkopf, ]. Comparison of different definitions of feeding intolerance: A
retrospective observational study. Clin. Nutr. 2015, 34, 956-961. [CrossRef]

Jenkins, B.; Calder, P.C.; Marino, L.V. A systematic review of the definitions and prevalence of feeding intolerance in critically ill
adults. Clin. Nutr. ESPEN 2022, 49, 92-102. [CrossRef]

McClave, S.A.; Gualdoni, ].; Nagengast, A.; Marsano, L.S.; Bandy, K.; Martindale, R.G. Gastrointestinal Dysfunction and Feeding
Intolerance in Critical Illness: Do We Need an Objective Scoring System? Curr. Gastroenterol. Rep. 2020, 22, 1-8. [CrossRef]
Wang, K.; Lv, S. Effects of esomeprazole sodium combined with somatostatin on serum inflammatory indexes and intestinal
barrier function in patients with severe acute pancreatitis. Int. J. Clin. Exp. Med. 2020, 13, 6835-6840.

Lin, Y.H. Nutritional Care in Acute and Chronic Illness. Hu Li Za Zhi 2021, 68, 4-6. [CrossRef]

Liu, D.; Wen, L.; Wang, Z.; Hai, Y.; Yang, D.; Zhang, Y.; Bai, M.; Song, B.; Wang, Y. The mechanism of lung and intestinal injury in
acute pancreatitis: A review. Front. Physiol. 2022, 9, 904078. [CrossRef] [PubMed]

Vege, S.S.; DiMagno, M.].; Forsmark, C.E.; Martel, M.; Barkun, A.N. Initial Medical Treatment of Acute Pancreatitis: American
Gastroenterological Association Institute Technical Review. Gastroenterology 2018, 154, 1103-1139. [CrossRef] [PubMed]

Choi, W.S,; Parker, B.A.; Pierce, ].P.; Greenberg, E.R. Regional differences in the incidence and treatment of carcinoma in situ of
the breast. Cancer Epidemiol. Biomarkers Prev. 1996, 5, 317-320. [PubMed]

Oviry, C.; Suzuki, K.; Nagy, Z. Regional differences in incidence rates, outcome predictors and survival of stroke. Neuroepidemiol-
0gy 2004, 23, 240-246. [CrossRef]

Ravselj, D.; Kerzi¢, D.; Tomazevi¢, N.; Umek, L.; Brezovar, N.; Iahad, N.A.; Abdulla, A.A.; Akopyan, A.; Aldana Segura, M.W.,;
AlHumaid, J.; et al. Higher education students’ perceptions of ChatGPT: A global study of early reactions. PLoS ONE 2025,
20, 0315011. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.clnu.2014.10.006
https://doi.org/10.1016/j.clnesp.2022.04.014
https://doi.org/10.1007/s11894-019-0736-z
https://doi.org/10.6224/jn.202106_68(3).01
https://doi.org/10.3389/fmed.2022.904078
https://www.ncbi.nlm.nih.gov/pubmed/35872761
https://doi.org/10.1053/j.gastro.2018.01.031
https://www.ncbi.nlm.nih.gov/pubmed/29421596
https://www.ncbi.nlm.nih.gov/pubmed/8722225
https://doi.org/10.1159/000079950
https://doi.org/10.1371/journal.pone.0315011

	Introduction 
	Method 
	Registration and Protocol 
	Search Strategy 
	Inclusion and Exclusion Criteria 
	Literature Screening and Data Extraction 
	Quality Assessment 
	Categorization of Predictive Variables 
	Data Synthesis and Analysis 
	Subgroup and Meta-Regression Analyses 

	Result 
	Identification of Studies 
	Study Characteristics 
	Quality Assessment and Publication Bias 
	Definitions of ENI 
	Prevalence of ENI 
	Heterogeneity Analysis and Sensitivity Analysis for ENI 
	Subgroup Analysis for ENI 
	Meta-Regression Analyses for ENI 
	Sensitivity Analysis for ENI 

	Predictive Factors for ENI 

	Discussion 
	Conclusions 
	References

