ISSN 2307-8960 (online)

World Journal of
Clinical Cases
World J Clin Cases 2020 May 6; 8(9): 1561-1755

Published by Baishideng Publishing Group Inc

WJ C C

World Journal of
Clinical Cases

Contents

Semimonthly Volume 8 Number 9 May 6, 2020

REVIEW
1561

Nutrition management in acute pancreatitis: Clinical practice consideration
Lakananurak N, Gramlich L

MINIREVIEWS
1574

Bone disease in chronic pancreatitis
Ahmed A, Deep A, Kothari DJ, Sheth SG

1580

Role of microRNAs in the predisposition to gastrointestinal malignancies
Baz M, Ibrahim T

1586

Recurrent anal fistulas: When, why, and how to manage?
Emile SH

ORIGINAL ARTICLE
Case Control Study
1592

Removal of biofilm is essential for long-term ventilation tube retention
Ma Q, Wang H, Chen ZN, Wu YQ, Yu DZ, Wang PJ, Shi HB, Su KM

Retrospective Cohort Study
1600

Neutrophil gelatinase-associated lipocalin does not predict acute kidney injury in heart failure
Ferrari F, Scalzotto E, Esposito P, Samoni S, Mistrorigo F, Rizo Topete LM, De Cal M, Virzì GM, Corradi V, Torregrossa R,
Valle R, Bianzina S, Aspromonte N, Floris M, Fontanelli A, Brendolan A, Ronco C

1608

Prognosis factors of advanced gastric cancer according to sex and age
Alshehri A, Alanezi H, Kim BS

Observational Study
1620

Attitudes, knowledge levels and behaviors of Islamic religious officials about organ donation in Turkey:
National survey study
Akbulut S, Ozer A, Firinci B, Saritas H, Demyati K, Yilmaz S

1632

Serotonin transporter and cholecystokinin in diarrhea-predominant irritable bowel syndrome: Associations
with abdominal pain, visceral hypersensitivity and psychological performance
Qin G, Zhang Y, Yao SK

WJCC

https://www.wjgnet.com

I

May 6, 2020

Volume 8

Issue 9

World Journal of Clinical Cases

Contents

Volume 8 Number 9 May 6, 2020
CASE REPORT
1642

Cholesteryl ester storage disease of clinical and genetic characterisation: A case report and review of
literature
Rashu EB, Junker AE, Danielsen KV, Dahl E, Hamberg O, Borgwardt L, Christensen VB, Wewer Albrechtsen NJ, Gluud LL

1651

Seroconversion of HBsAG coincides super-infection with hepatitis A: A case report
Beisel C, Addo MM, zur Wiesch JS

1656

Liver cirrhosis in a child associated with Castleman's disease: A case report
Kobayashi S, Inui A, Tsunoda T, Umetsu S, Sogo T, Mori M, Shinkai M, Fujisawa T

1666

Granulocyte colony-stimulating factor-producing squamous cell carcinoma of the tongue exhibiting
characteristic fluorine-18 deoxyglucose accumulation on positron emission tomography–computed
tomography: A case report
Shimamoto H, Hirota Y, Kashima Y, Kinoshita N, Yokokawa M, Ikeda T, Harada H

1674

Expander implantation for correction of high-riding nipple with enlarged nipple-areola complex using
revision mastopexy: A case report
Qin F, Yu NZ, Yang E, Zeng A, Hao Y, Zhu L, Wang XJ

1679

Pyoderma gangrenosum confused with congenital preauricular fistula infection: A case report
Zhao Y, Fang RY, Feng GD, Cui TT, Gao ZQ

1685

Central nervous system relapse in a pediatric anaplastic large cell lymphoma patient with CLTC/ALK
translocation treated with alectinib: A case report
Yang J, Li J, Gu WY, Jin L, Duan YL, Huang S, Zhang M, Wang XS, Liu Y, Zhou CJ, Gao C, Zheng HY, Zhang YH

1693

Colonic perforation in a nasopharyngeal carcinoma patient treated with fluorouracil: A case report
Lu WJ, Li G, Gao L

1698

Thoracoscopic resection of a huge esophageal dedifferentiated liposarcoma: A case report
Ye YW, Liao MY, Mou ZM, Shi XX, Xie YC

1705

COVID-19 managed with early non-invasive ventilation and a bundle pharmacotherapy: A case report
Peng M, Ren D, Liu XY, Li JX, Chen RL, Yu BJ, Liu YF, Meng X, Lyu YS

1713

Application of curved ablation in liver cancer with special morphology or location: Report of two cases
Cao N, Cai HJ, Sun XX, Liu DL, Huang B

1721

Giant ventral hernia simultaneously containing the spleen, a portion of the pancreas and the left hepatic
lobe: A case report
Luo XG, Lu C, Wang WL, Zhou F, Yu CZ

WJCC

https://www.wjgnet.com

II

May 6, 2020

Volume 8

Issue 9

World Journal of Clinical Cases

Contents

Volume 8 Number 9 May 6, 2020
1729

Endoscopic ultrasonography elastography in the diagnosis of intrapancreatic ectopic spleen: A case report
Ge N, Sun SY

1735

Mesonephric adenocarcinoma of the uterine cervix with rare lung metastases: A case report and review of
the literature
Jiang LL, Tong DM, Feng ZY, Liu KR

1745

Portal hypertension in a patient with biliary hamartomas: A case report
Li QQ, Guo XZ, Li HY, Qi XS

LETTER TO THE EDITOR
1752

Rare primary lymphoepithelioma-like carcinoma of the renal pelvis
Lai SC, Seery S, Diao TX, Wang JY, Liu M

WJCC

https://www.wjgnet.com

III

May 6, 2020

Volume 8

Issue 9

World Journal of Clinical Cases

Contents

Volume 8 Number 9 May 6, 2020
ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Paul E Sijens,
PhD, Associate Professor, Department of Radiology, University Medical
Center Groningen and University of Groningen, Groningen 9713 GZ,
Netherlands

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases)
is to provide scholars and readers from various fields of clinical medicine
with a platform to publish high-quality clinical research articles and
communicate their research findings online.
WJCC mainly publishes articles reporting research results and findings
obtained in the field of clinical medicine and covering a wide range of
topics, including case control studies, retrospective cohort studies,
retrospective studies, clinical trials studies, observational studies,
prospective studies, randomized controlled trials, randomized clinical
trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in PubMed, PubMed Central, Science Citation Index
Expanded (also known as SciSearch®), and Journal Citation Reports/Science Edition.
The 2019 Edition of Journal Citation Reports cites the 2018 impact factor for WJCC
as 1.153 (5-year impact factor: N/A), ranking WJCC as 99 among 160 journals in
Medicine, General and Internal (quartile in category Q3).
Responsible Electronic Editor: Yan-Xia Xing

RESPONSIBLE EDITORS FOR
THIS ISSUE

Proofing Production Department Director: Yun-Xiaojian Wu
Responsible Editorial Office Director: Jin-Lei Wang

NAME OF JOURNAL

INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases

https://www.wjgnet.com/bpg/gerinfo/204

ISSN

GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online)

https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013

https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY

PUBLICATION ETHICS

Semimonthly

https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF

PUBLICATION MISCONDUCT

Dennis A Bloomfield, Bao-Gan Peng, Sandro Vento

https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS

ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm

https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE

STEPS FOR SUBMITTING MANUSCRIPTS

May 6, 2020

https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT

ONLINE SUBMISSION

© 2020 Baishideng Publishing Group Inc

https://www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

WJCC

https://www.wjgnet.com

IX

May 6, 2020

Volume 8

Issue 9

WJ C C

World Journal of
Clinical Cases

Submit a Manuscript: https://www.f6publishing.com

World J Clin Cases 2020 May 6; 8(9): 1561-1573

DOI: 10.12998/wjcc.v8.i9.1561

ISSN 2307-8960 (online)

REVIEW

Nutrition management in acute pancreatitis: Clinical practice
consideration
Narisorn Lakananurak, Leah Gramlich
ORCID number: Narisorn
Lakananurak (0000-0003-3166-0856);
Leah Gramlich
(0000-0001-6308-0229).

Narisorn Lakananurak, Leah Gramlich, Department of Medicine, University of Alberta,
Edmonton T6G 2R3, Alberta, Canada
Narisorn Lakananurak, Department of Medicine, Faculty of Medicine, Chulalongkorn
University, Bangkok 10330, Thailand

Author contributions: All authors
equally contributed to this paper
with conception and design of the
study, literature review and
analysis, drafting and critical
revision and editing, and final
approval of the final version.

Conflict-of-interest statement: No
potential conflicts of interest. No
financial support.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: December 20, 2019
Peer-review started: December 20,
2019

First decision: January 12, 2020
Revised: March 7, 2020
Accepted: April 21, 2020
Article in press: April 21, 2020
Published online: May 6, 2020

WJCC

Corresponding author: Narisorn Lakananurak, MD, MSc, Doctor, Department of Medicine,
Faculty of Medicine, Chulalongkorn University, 254 Phayathai Road, Pathumwan, Bangkok
10330, Thailand. narisorn.l@chula.ac.th

Abstract
Acute pancreatitis (AP) is a common gastrointestinal disease and the leading
cause of hospital admission and healthcare burden among gastrointestinal
disorders in many countries. Patients can present with varying degrees of
inflammation and disease severity, ranging from self-limiting mild AP to
devastating and fatal severe AP. Many factors contribute to malnutrition in AP,
especially abnormal metabolism and catabolism related to inflammation. The
concept of “pancreatic rest” is not evidence-based. There is however, emerging
evidence that supports the use of oral or enteral nutrition to improve nutrition
status and to reduce local and systemic inflammation, complications, and death.
In mild disease, patients are generally able to initiate solid oral diet and do not
require specialized nutrition care such as enteral or parenteral nutrition. In
contrast, nutrition interventions are imperative in moderately severe and severe
AP. The current article aims to review the latest evidence and suggest practical
nutrition interventions in patients with AP, including nutrition requirements,
routes of nutrition treatment, types of formula, and the role of nutritional
supplements, such as glutamine, probiotics, omega-3 fatty acids, and
antioxidants.
Key words: Acute pancreatitis; Nutrition management; Enteral nutrition; Parenteral
nutrition; Nutritional supplement; Nutrition assessment
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Nutrition intervention helps prevent malnutrition and is a key to reduce
inflammation, complications, and death in acute pancreatitis. Current evidence supports
the benefits of early enteral nutrition in severe pancreatitis. Gastric and jejunal feeding
are equally effective, and polymeric formula is safe, compared to peptide-based formula.
Parenteral nutrition should be considered in patients who cannot tolerate enteral
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nutrition. According to recent data, nutritional supplements, including glutamine,
probiotics, omega-3 fatty acids, and antioxidants, may contribute to positive outcomes.
While intravenous glutamine shows promising benefits in patients receiving total
parenteral nutrition, further studies in other nutritional supplements are needed.

Citation: Lakananurak N, Gramlich L. Nutrition management in acute pancreatitis: Clinical
practice consideration. World J Clin Cases 2020; 8(9): 1561-1573
URL: https://www.wjgnet.com/2307-8960/full/v8/i9/1561.htm
DOI: https://dx.doi.org/10.12998/wjcc.v8.i9.1561

INTRODUCTION
Acute pancreatitis (AP) is an acute inflammatory process of pancreas with variable
involvement of other regional tissues and remote organ systems. The diagnosis is
based on two of the following three criteria: (1) Abdominal pain consistent with
pancreatitis; (2) A serum amylase or lipase greater than 3 times upper normal limit;
and (3) Characteristic findings from abdominal imaging[1]. The two most common
etiologies of AP are gallstones (40%-70%) and alcohol (25%-35%). Other causes
include medications, infectious diseases, and metabolic causes such as hypercalcemia
and hypertriglyceridemia[2].
The incidence of AP varies between 4.9 and 73.4 cases per 100000 worldwide[3,4].
The overall mortality ranges from 5%-20%, depending on severity of pancreatitis. The
severity of this disease is classified as mild, moderately severe, or severe, according to
the 2012 revised Atlanta classification[5]. While the mortality rate is very low in mild
pancreatitis (1%), there is a dramatic 30% increase in mortality in severe pancreatitis.
Additionally, mortality can be up to 50% in extensive pancreatic necrosis and as high
as 80% in patients with sepsis[6]. AP is associated with a hospital length of stay of
about 30 d and annual health-care cost of 2.6 billion in the United States[7,8].
There are two distinctive phases of AP: (1) Early phase (within 1 wk), characterized
by both local pancreatic inflammation, the systemic inflammatory response
syndrome, and/or organ failure; and (2) Late phase (> 1 wk), characterized by local
complications and/or persistent organ failure[2]. Hence, prevention and management
of systemic inflammatory response syndrome, organ failure, and complications are
imperative in order to decrease morbidity and mortality in this potentially fatal
disorder. Nowadays, there are no specific medications found to effectively treat AP,
and therefore management is focused on supportive interventions such as fluid
resuscitation and nutrition intervention. Nutrition management has demonstrated
necessity not only in prevention and treatment of malnutrition but also in obviating
systemic inflammation, reduction of complications, and therefore modifying the
course of the disease[9,10].
This article aims to review the latest evidence and recommend an evidence-based
practical approach to nutrition management in AP, which includes patient evaluation,
nutrition management in mild, moderately severe, and severe pancreatitis, and
pancreatic exocrine insufficiency (PEI) in AP.

PATHOPHYSIOLOGY OF MALNUTRITION AND NUTRIENT
METABOLISM IN AP
Multiple factors are able to deteriorate nutrition status in AP, and one of the most
important factors is inflammation. Inflammatory cytokines (tumor necrosis factor
alpha, interleukins 1 and 6) and stress hormones (cortisol, catecholamines, and
glucagon), released during pancreatitis, result in abnormal metabolism which is
similar to sepsis[11].
Resting energy expenditure (REE) in patients with pancreatitis is generally higher
than healthy individuals because of inflammation-induced hypermetabolism and/or
septic complications. REE measured by indirect calorimetry (IC) increased in 61% of
patients with AP and 82% in pancreatitis complicated by infection. m ± SD of
measured REE was 111% ± 15% in mild pancreatitis, 126% ± 10% in severe
pancreatitis, and 120% ± 11% in pancreatic sepsis, compared to predicted REE by
Harris-Benedict equation[12]. Nutrition support may help restore energy balance and
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prevent malnutrition in this circumstance.
Severe inflammation leads to protein catabolism. Amino acids released from
protein breakdown provide substrates for the production of acute-phase protein. This
was found in 80% of patients with severe necrotizing pancreatitis[11]. Nitrogen balance
can be negative up to 20-40 g/d[13,14] and patients with a negative balance had a tenfold higher death rate than those with normal balance[15]. Muscle mass and function,
measured by grip strength and respiratory muscle strength, rapidly declined within 5
d without nutrition support in healthy men suffering from AP[16].
Regarding carbohydrate metabolism, hyperglycemia is often found in patients with
pancreatitis. It is a result of insulin resistance, increased glucose production from liver
(gluconeogenesis), and impaired insulin secretion caused by beta-cell damage[17].
Hyperglycemia is related with pancreatic necrosis and infectious complications. As a
result, blood glucose should be monitored and controlled in all patients[18].
Hypertriglyceridemia is common, and can be either a cause or a consequence of
pancreatitis. Lipid catabolism and impaired lipid clearance, resulting from decreased
insulin secretion, contribute to elevated serum triglycerides[18]. In the absence of
gallstones and significant alcohol consumption, severe hypertriglyceridemia (serum
triglycerides > 11.3 mmol/L) can be considered as a cause of AP [2,19] . Serum
triglycerides level should be monitored, especially in those who receive intravenous
lipid emulsions (ILEs).
Malnutrition in AP can arise from decreased oral intake as a result of anorexia,
abdominal pain, vomiting, ileus, gastroparesis, gastric outlet obstruction, and
inappropriate fasting for pancreatic rest [20] . In addition, pancreatic exocrine
dysfunction leads to maldigestion of nutrients and may persist up to 6-18 mo after
acute attack[21].
Micronutrient abnormalities are common in AP. Chronic alcohol consumption
frequently leads to micronutrient deficiencies due to inadequate intake, decreased
absorption, and impaired storage and utilization of nutrients. In patients with
alcoholism, biochemical data demonstrate several micronutrient deficiencies
including vitamin B1, B2, B3, B12, C, A, folic acid, and zinc[22,23]. Moreover, the risk of
deficiencies increases in patients with severe complicated pancreatitis, requiring
prolonged admission. The etiology is multifactorial including decreased intake,
maldigestion, and increased demand from severe inflammation. Hypocalcemia can
occur in 40%-60% of patients. The underlying causes of hypocalcemia may be related
to saponification of calcium, hypomagnesemia, decreased parathyroid hormone
release, and increased calcitonin levels[24,25].

FALL OF THE “PANCREATIC REST” CONCEPT
Nutrients delivered to gastrointestinal tract proximal to mid-jejunum (around 40 cm
distal to ligament of Trietz) stimulate pancreatic enzyme secretion. Traditional
thinking was that this may lead to increased pancreatic autodigestion and worsening
of pancreatitis. As a result, the concept of “pancreatic rest” has formerly been used to
guide management of AP since the 1970s. This concept states that enteral nutrition
(EN) should only be started when abdominal pain has completely resolved and the
pancreatic enzymes have normalized. Based on this concept, strategies are used to
minimize pancreatic stimulation such as parenteral nutrition (PN), elemental formula,
and a stepwise introduction of oral diet, beginning with clear fluid. However, this
concept is based on only physiologic assumption and is not supported by good
scientific evidence and indeed, may result in worsening of nutritional status and poor
outcomes[7,26].
Further studies have found that pancreatic enzyme secretion is significantly
reduced in AP and the secretion was inversely related to the severity of pancreatitis. A
lower secretion of trypsin (16-fold), amylase (22-fold), and lipase (102-fold) was found
in severe pancreatitis[27]. In addition, early EN use resulted in clinically significant
exacerbation of symptoms in only 4% of cases[28]. These data suggest that the injured
acinar cells cannot fully respond to physiologic stimuli, and may explain why enteral
feeding is safe and does not worsen autodigestion during an attack of pancreatitis.
Since the 1990s, several randomized controlled trials (RCT) and meta-analyses have
demonstrated safety and benefits of enteral nutrients in terms of mortality,
multiorgan failure, infection, complications, and surgical intervention [29-32] . This
evidence supports the administration of EN to stimulate and maintain gut function,
which is opposite to “pancreatic rest” that may give rise to gut dysfunction and worse
clinical outcomes. Enteral nutrients help maintain gut integrity, gut-associated
lymphoid tissue, and gut microbiota composition. This strategy reduces bacterial,
endotoxin, and pancreatic enzyme translocation, which may attenuate systemic
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inflammation, multiorgan failure, infection, and disease severity in AP[26,33-35]. Based on
this evidence, the gastrointestinal tract should be considered as an important organ in
pancreatitis patients.

PATIENT EVALUATION
The principal aim of patient evaluation is: (1) To plan nutrition support according to
the severity of pancreatitis; (2) To evaluate nutrition status; and (3) To identify risk
groups that require special nutrition needs[22].
Since AP has a vast spectrum of disease severity, the approach to nutritional
management is different between mild, self-limited disease and severe, fulminant
pancreatitis. Thus, it is useful to evaluate disease severity before deciding on a plan
for nutrition treatment. The revised Atlanta 2012 classification (Table 1) defines three
degrees of severity: Mild, moderately severe, severe pancreatitis according to organ
failure (modified Marshall score ≥ 2, Table 2), and local or systemic complications.
Preexisting malnutrition was found in 30% of cases at the time of the initial attack.
The risk groups of malnutrition include chronic alcoholism and elderly [ 2 2 ] .
Malnutrition is associated with negative outcomes (complications, higher morbidity,
and prolonged hospital stay)[13,36], and therefore nutrition status should be evaluated
by validated nutrition screening and assessment tools especially in high risk
population.
Patients with chronic alcoholism require special attention to evaluate clinical signs
and/or biochemical levels of the micronutrients (vitamin B1, B2, B3, B12, C, A, folic
acid, and zinc)[22]. Obese patients may be considered and managed as at risk of severe
pancreatitis. Meta-analyses demonstrated a significantly higher rate of severe
pancreatitis [Odds ratio (OR) = 2.9, 95% confidence interval (CI): 1.8-4.6], local
complications (OR = 3.8, 95%CI: 2.4-6.6), systemic complications (OR = 2.3, 95%CI:
1.4-3.8), and death (OR = 2.89, 95%CI: 1.1-7.36) in obese patients [ 3 7 , 3 8 ] . The
pathophysiology may be associated with unregulated lipolysis of visceral fat around
pancreas, which inhibits mitochondrial complex I and V, leading to pancreatic
necrosis and poor outcomes[39].

NUTRITION MANAGEMENT IN MILD AP
Mild AP is reported in 75%-85% of all AP episodes. It is transient, self-limiting, and
therefore specialized nutrition care (EN and/or PN), is not generally required[7].
Patients can consume oral diet when abdominal pain, nausea, and vomiting are
improved. A full caloric, solid diet can be started safely and a stepwise introduction of
oral diet, beginning with clear liquids, is unnecessary. Randomized trials comparing a
clear liquid diet and a solid diet in mild pancreatitis illustrated that initiating oral
feeding with a solid diet was safe, well-tolerated, and could decrease length of
hospital stay by 2 d compared with a liquid diet[40-42]. As for dietary composition, even
though a low fat diet (< 30% of total energy) has been used in previous studies[40,42],
this diet does not support by good scientific evidence and may lead to inadequate
energy intake. Tube feeding is only recommended when oral nutrition is not feasible
for more than 5 d[13]. An example of this is patients with poor oral intake resulting
from persistent nausea, vomiting, and abdominal pain.

NUTRITION MANAGEMENT IN MODERATELY SEVERE
AND SEVERE AP
Nutrition support has been well-documented in its benefits in moderately severe and
severe pancreatitis. The following aspects should be considered in this group of
patients.

Nutrient requirements
Energy requirement should be estimated with IC if possible, or 25 kcal/kg/d may be
used as energy goal. Many non-static variables affect energy expenditure in severe
pancreatitis, such as body temperature, volume status, and medications. These
variables result in the poor accuracy of predictive equations. IC is the goal standard to
determine energy expenditure, and thus IC measurement may help prevent over- or
underfeeding. Energy requirement, whether by calorimetry or predictive equation,
should be reevaluated more than once per week in order to reach appropriate energy
balance. Estimated protein requirements are higher than healthy individuals (1.2-1.5
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Table 1 The revised Atlanta 2012 classification for grading severity of acute pancreatitis
Grade of severity

Criteria

Mild

No organ failure
No local or systemic complications

Moderately severe

Organ failure that resolves within 48 h (transient organ failure) and/or
Local or systemic complications without persistent organ failure

Severe

Persistent organ failure (> 48 h)
Single organ failure
Multiple organ failure

Local complications include acute peripancreatic fluid collection, pancreatic pseudocyst, acute necrotic
collection and walled-off necrosis. Systemic complications include exacerbation of pre-existing co-morbidity,
such as coronary artery disease or chronic lung disease, precipitated by the acute pancreatitis.

g/kg/d). This may improve nitrogen balance and is related to a decrease in 28-d
mortality in critically ill patients[43]. Mixed source of energy from carbohydrate, fat,
and protein should be provided[20,44].
A daily dose of multivitamins and trace elements is recommended especially in
patients receiving total PN[44]. Micronutrients should be supplemented in patients
with confirmed or suspected deficiencies.

Route of nutrition support
EN: Enteral feeding should be considered as a preferred route of nutrition
support[2,13,45]. A 2018 meta-analysis of 5 RCTs (348 patients) demonstrated that EN,
when compared to PN, was associated with a significant reduction in death with risk
ratio (RR) of 0.36 (95%CI: 0.20-0.65) and multiple organ failure with RR of 0.39
(95%CI: 0.21-0.73)[31]. These benefits were confirmed in a recent meta-analysis of 11
studies including 562 patients. The results showed that EN significantly decreased
mortality rate (RR = 0.43; 95%CI: 0.23-0.78), the risk of complications (RR = 0.53;
95%CI: 0.39-0.71), and mean length of hospital stay (mean difference = -2.93, 95%CI: 4.52 to -1.34)[32]. Local complications (necrosis, fistulas, ascites, and pseudocyst) are not
contraindications for enteral feeding[13].
EN should be started after adequate resuscitation and stable hemodynamic status.
Many studies have shown advantages of early enteral feeding in severe pancreatitis.
Meta-analyses illustrated that early EN within 48 h of admission was associated with
significant reductions in mortality, infectious complications, multi-organ failure,
surgical intervention, and length of hospitalization[46,47]. In contrast, early EN may not
be better than on-demand oral diet at 72 h. A multicenter RCT in 205 patients
compared early EN within 24 h vs on-demand oral diet 72 h, with tube feeding
provided at day 4 if the oral diet was not tolerated. There was no significant
difference between two groups in the rate of major infection or death, and tube
feeding could be prevented in 69% of patients in on-demand group[48]. Over 80% of
the patients in this study were admitted to medical ward and only 18% required
intensive care unit (ICU) admission, which indicates that most of them may actually
have moderately severe pancreatitis. This result suggests that, in non-ICU patients,
on-demand oral diet may be tried for 3 d and tube feeding should be initiated at day 4
if the oral diet is unsuccessful. However, more data are required before a
recommendation can be made about this issue.
In patients who need tube feeding, continuous feeding is recommended over bolus
feeding by current guidelines[2,13]. Better feeding tolerance and fewer interruptions of
EN delivery due to elevated residuals and vomiting were found in continuous
infusion compared with bolus group[49,50].
Given that pancreatic enzymes stimulated by enteral nutrients may lead to
pancreatic autodigestion, the role of antisecretory agents, including somatostatin and
its analogues (octreotide), has been investigated in several studies. However, the
result remains inconclusive. A RCT and recent Cochrane review revealed no benefit
among treatment group with respect to mortality, complications, and duration of
pain[51,52]. This may be due to a dramatic decrease in pancreatic secretion during AP.
Gastric vs small bowel feeding: Traditionally, it is believed that small bowel feeding
was associated with less pancreatic stimulation and autodigestion. Nevertheless, a
meta-analysis found that nasogastric feeding was not inferior to nasojejunal feeding in
terms of exacerbation of pain (RR = 0.94; 95%CI: 0.32-2.70), aspiration (RR = 0.46;
95%CI: 0.14-1.53), meeting energy balance (RR = 1.00; 95%CI: 0.92-1.09), and mortality
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Table 2 Modified Marshall scoring system for organ dysfunction
Score
Organ system
0

1

2

3

4

> 400

301-400

201-300

101-200

≤ 100

Serum Cr (μmol/L)

≤ 134

134-169

170-310

311-439

> 439

Serum Cr (mg/dL)

< 1.4

1.4-1.8

1.9-3.6

3.6-4.9

> 4.9

Cardiovascular (SBP, mm Hg)2

> 90

< 90, fluid responsive

< 90, not fluid responsive

< 90, pH < 7.3

< 90, pH < 7.2

Respiratory (PaO2/FiO2)
Renal1

1

A score for patients with pre-existing chronic renal failure depends on the extent of further deterioration of baseline renal function. No formal correction
exists for a baseline serum creatinine ≥ 134 μmol/L or ≥ 1.4 mg/dL.
2
Off inotropic support. A score of 2 or more in any system defines the presence of organ failure. Cr: Creatinine; SBP: Systolic blood pressure.

(RR = 0.69; 95%CI: 0.37-1.29)[53]. This is predicated by lack of impact on pancreatic
secretion regardless of feeding route during AP. Initiating EN in the stomach is
technically easier, cheaper, and may reduce the time to start EN while small bowel
feeding generally requires special technique and takes more time for tube placement.
For these reasons, nasogastric tube may be used as a first line therapy in order to
achieve benefits of early EN in patients with severe pancreatitis.
Jejunal feeding should be considered in patients who cannot tolerate gastric
feeding. It may be necessary in those with severe gastroparesis or partial gastric outlet
obstruction either from pancreatic edema or pseudocysts [54] . An intraoperative
jejunostomy tube may be placed for postoperative feeding in patients undergoing
surgery from other indications[13].
Polymeric vs elemental/semi-elemental formulas: Elemental and semi-elemental
formulas are thought to induce less pancreatic stimulation, require less digestion, and
are readily absorbed into small intestine. A physiological study in healthy subjects
found that pancreatic enzyme secretion reduced by 50% when polymeric formula was
changed to elemental formula[55]. Thus, semi-elemental and elemental formulas have
been used in many studies on AP. Even though few studies directly compare between
elemental/semi-elemental formulas and polymeric formula, there are one RCT and
one retrospective cohort study showing elemental and semi-elemental formulas were
not superior over polymeric formula in terms of feeding tolerance, diarrhea, and
infectious complications[56,57]. Additionally, a meta-analysis of 10 RCTs using indirect
adjusted method illustrated that the use of semi-elemental or elemental formula did
not result in a significant difference in feeding intolerance (RR = 0.62; 95%CI: 0.103.97), infection (RR = 0.48; 95%CI: 0.06-3.76), and death (RR = 0.63; 95%CI: 0.049.86)[58]. Furthermore, the weekly cost for semi-elemental formula is 7-fold higher than
polymeric formula [7] . Hence, the use of polymeric formula may be effective and
practical in severe pancreatitis.
PN: PN is indicated when patients cannot tolerate EN. Some patients develop
intestinal failure type I or II from systemic or local complications such as severe ileus
and duodenal obstruction from pancreatic edema or pseudocyst. When PN is
required, a mixed fuel solution (carbohydrate, protein, and lipids) is recommended.
Glucose should not be more than the maximal level of glucose oxidation (4-7
mg/kg/min or 5-6 g/kg/d), and a target blood glucose range of 7.7-10 mmol/L is
recommended[59,60]. ILEs can be safely started and the recommended dose is 0.8-1.5
g/kg/d[20,44]. ILEs dose may need to be reduced or discontinued if serum triglyceride
concentrations greater than 4.5 mmol/L[18,61]. PN initiation may need to be delayed
until after 5-7 d of admission [20,59] . Because initiating PN at this point may be
associated with better outcomes, including decreased mortality, overall complication,
and length of hospitalization[62]. Further studies are needed to confirm appropriate
time and clinical benefits of PN in AP with intestinal failure. The recommended route
of nutrition support is summarized in Figure 1.

Role of nutritional supplements
Glutamine: Glutamine is considered a conditionally essential amino acid with
antioxidative effects that improves immune function and intestinal integrity. Its
depletion has been demonstrated in critically ill patients because of the increased
demand during metabolic stress[63]. Glutamine supplementation may play a role in
critical illnesses, including severe pancreatitis[10].
A meta-analysis of 12 RCTs demonstrated that glutamine was associated with
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Figure 1

Figure 1 Route of nutrition treatment in acute pancreatitis. ICU: Intensive care unit; NG: Nasogastric tube; NJ:
Nasojejunal tube.

lower infectious complications (RR = 0.58; 95%CI: 0.39-0.87) and mortality (RR = 0.30;
95%CI: 0.15-0.60). In this study, only patients receiving total PN but not EN showed
statistically significant benefits[64]. Another meta-analysis confirmed these findings
and, again, intravenous glutamine was related with more advantages[65]. A recent RCT
of enteral glutamine showed improvement in organ failure score without significant
benefits in infected necrosis and mortality[66]. Overall, intravenous glutamine seems to
give benefits in patients with total PN while the beneficial effects of enteral glutamine
needs to be investigated in the future. The recommended dose of glutamine
supplementation is between 0.3-0.5 g/kg/d.
Probiotics: Intestinal barrier dysfunction may induce bacterial translocation and
infected necrosis, being the major cause of morbidity and mortality in severe
pancreatitis. Probiotics may help improve gut integrity and immune function, and
thus prevent bacterial translocation[67,68]. Lactobacillus plantarum decreased intestinal
permeability, infectious complications, systemic inflammation, and multiorgan
failure, but did not improve mortality rate in small RCTs [69-71] . In contrast, a
multispecies probiotic preparation did not reduce infection and was associated with
an increased mortality (RR = 2.53; 95%CI: 1.22-5.25) [72] . These data suggest the
potential benefits of single strain probiotic (Lactobacillus plantarum) in severe
pancreatitis; however, further validated studies are needed before its advantages
could be confirmed.
Omega-3 fatty acids: Omega-3 fatty acids have shown beneficial anti-inflammatory
effects and may improve systemic inflammation, multiorgan failure, and clinical
outcomes in severe pancreatitis. A meta-analysis of 8 small RCTs demonstrated that
the administration of omega-3 fatty acids was beneficial for reducing mortality,
infectious complications, and length of hospital stay, especially when received
parenterally. Nonetheless, large and rigorously designed RCTs are required to
elucidate the efficacy of omega-3 fatty acid supplement in severe pancreatitis[73].
Antioxidants: Antioxidants (vitamin A, vitamin C, vitamin E, selenium, and N-acetyl
cysteine) may reduce inflammation and improve outcomes in severe pancreatitis.
Nevertheless, few small studies with varied dose and duration of antioxidants leaded
to mixed outcomes[10]. Larger and well-designed clinical trials are needed to confirm
potential benefits of antioxidants in this disorder.
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PEI IN AP
Although no data supports routine use of pancreatic enzymes during the first 5-10 d
of AP, the evidence supports that some patients experience exocrine dysfunction for a
period of time after acute attack of pancreatitis [74,75] . A meta-analysis in 2018,
containing 32 studies (1495 patients), showed that the prevalence of PEI after
pancreatitis was 27.1%. This condition is directly related to the degree of pancreatic
parenchymal injury and is more common in alcoholic pancreatitis (22.7%), severe
pancreatitis (33.4%), and necrotizing pancreatitis (32%) [76] . Patients should be
monitored for symptoms of maldigestion (diarrhea, steatorrhea) and/or non-invasive
pancreatic function tests (e.g., fecal fat and fecal elastase)[77] for at least 6-18 mo after
AP, especially in alcoholic, severe, and necrotizing pancreatitis. Pancreatic enzyme
supplement should be started as indicated[75].

CLINICAL VIGNETTE
Case 1
A 48 years old woman presented with acute onset of severe epigastric pain with
nausea, and vomiting. She had no significant past medical history and denied alcohol
drinking. Her body weight was stable and her body mass index was 24 kg/m2. Initial
laboratory results showed lipase 560 U/L (0-60 U/L). Abdominal ultrasound
demonstrated several gallstones with normal bile duct. She had no organ failure at
admission, and therefore mild acute gallstones pancreatitis was diagnosed. Her
abdominal pain and nausea were improved after receiving analgesia and antiemetic
medications. What is the most appropriate nutrition management in this patient?
Comment: The patient presented with classic acute gallstone pancreatitis. Given that
her disease severity was mild, and her abdominal pain and nausea were improved,
solid oral diet should be initiated. Stepwise approach starting from clear fluid is
unnecessary and may be associated with longer length of hospital stay in this patient.

Case 2
A 55 years old man presented with acute severe epigastric pain, accompanied by
alteration of consciousness, vomiting, and fever. He had history of chronic alcohol
drinking 100 g/d for more than 20 years. His body weight was stable with body mass
index of 22 kg/m2. Initial laboratory results demonstrated lipase 720 U/L (0-60 U/L)
and creatinine 180 μmol/L (50-120 μmol/L). He was intubated in order to protect
airway and was admitted to intensive care unit. Initial management included
intravenous crystalloid solution and symptomatic treatment. On day 2 of admission,
his creatinine was rising to 190 μmol/L. Severe acute alcoholic pancreatitis was
diagnosed. What is the most appropriate nutrition treatment in this patient?
Comment: This patient was diagnosed with acute alcoholic pancreatitis with
persistent organ failure. He was intubated and was admitted to intensive care unit.
Therefore, early EN should be initiated after adequate resuscitation. Nasogastric tube
can be used to achieve early EN. A standard polymeric formula may be initiated at
the rate of 20 ml per hour and should be titrated to meet protein and energy
requirements (1.2-1.5 g/kg/d and 25 kcal/kg/d, respectively). Given the history of
chronic alcoholism, micronutrient levels, including vitamin B1, B2, B3, B12, C, A, folic
acid, and zinc may be evaluated and treatment should be initiated if there is an
evidence of micronutrient deficiencies.

Case progression
On day 5 of admission, he still had fever and severe abdominal pain required around
the clock intravenous opioid injection. Physical examination revealed hypotension,
absent bowel sound, marked abdominal distension, and generalized abdominal
tenderness. He could not tolerate enteral feeding due to vomiting. Computer
tomography demonstrated extensive pancreatic necrosis with gas at body and tail of
pancreas, and generalized small and large bowel dilatation. Vasopressor agents and
antibiotics were initiated and surgical debridement was planned. What is the most
appropriate nutrition treatment according to his clinical status?
Comment: The patient was complicated by infected pancreatic necrosis with septic
shock. He could not tolerate EN due to severe ileus. As a result, PN was indicated in
this case. ILEs can be given if serum triglycerides levels was less than 4.5 mmol/L,
and the dose should be 0.8-1.5 g/kg/d. Blood glucose should be monitored and
controlled in range 7.7-10 mmol/L. In this case, intravenous glutamine may be
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considered with the dose 0.3-0.5 g/kg/d.

CONCLUSION
AP is a common gastrointestinal disease with varying degree of disease severity
ranging from self-limiting mild AP to devastating and fatal severe AP. At present,
disease-specific treatment remains obscure and supportive care, including nutrition
intervention, are crucial. Nutrition treatment not only helps prevent malnutrition, but
it is also a key to reduce systemic inflammation, complications, and death. Severity
assessment is the first step to guide nutrition intervention. In mild pancreatitis,
patients are generally able to initiate solid oral diet and do not require specialized
nutrition care. In moderately severe or severe pancreatitis, gut should be considered
as an important organ, and early EN should be given to maintain gut function and
achieve positive clinical outcomes. Gastric and jejunal feeding are equally effective in
severe pancreatitis. Polymeric formula is safe and inexpensive, compared to elemental
formula. PN should be administered only in patients who cannot tolerate EN. Some
nutritional supplements, such as intravenous glutamine in patients with total PN,
may lead to positive outcomes. However, further studies are still needed in the others.
Table 3 summarizes all recommendations and areas that need future study in AP.
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Table 3 Summary of nutrition management in severe acute pancreatitis and areas for future research
Recommendation

Areas for future research

Energy requirement should be measured by IC, or 25 kcal/kg/d may be used

Role of on-demand oral diet

Protein requirements are 1.2-1.5 g/kg/d

Polymeric formula vs elemental/semi- elemental formula

Early EN within 48 h is recommended

Timing and benefits of PN in intestinal failure type I or II

Gastric or Jejunal feeding is acceptable

Role of enteral glutamine, probiotics, omega-3 FAs, antioxidants

Intravenous glutamine may be considered in patients with TPN
PEI should be monitored, especially in alcoholic, severe, and necrotizing pancreatitis

EN: Enteral nutrition; IC: Indirect calorimetry; TPN: Total parenteral nutrition; PEI: Pancreatic exocrine insufficiency; FAs: Fatty acids.
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