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Abstract: The nutritional management of acute pancreatitis (AP) patients has widely changed over
time. The “pancreatic rest” was the cornerstone of the old paradigm, and nutritional support was not
even included in AP management. Traditional management of AP was based on intestinal rest, with
or without complete parenteral feeding. Recently, evidence-based data underlined the superiority of
early oral or enteral feeding with significantly decreased multiple-organ failure, systemic infections,
surgery need, and mortality rate. Despite the current recommendations, experts still debate the
best route for enteral nutritional support and the best enteral formula. The aim of this work is to
collect and analyze evidence over the nutritional aspects of AP management to investigate its impact.
Moreover, the role of immunonutrition and probiotics in modulating inflammatory response and gut
dysbiosis during AP was extensively studied. However, we have no significant data for their use
in clinical practice. This is the first work to move beyond the mere opposition between the old and
the new paradigm, including an analysis of several topics still under debate in order to provide a
comprehensive overview of nutritional management of AP.
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1. Introduction

Nutrition plays a decisive role in the prevention and care of different medical disorders
with significant health impacts [1,2]. This awareness has developed over the years, making
nutrition rightfully included in the guidelines for several diseases. History provides multi-
ple examples, with AP being perhaps the clearest and most complete one [2]. Traditionally,
fasting was considered necessary to obtain “pancreatic rest”. The idea behind this concept
is that reduced stimuli for the secretion of protein enzymes is the main factor in hampering
pancreatic inflammatory activity. This is strengthened by the local and nonspecific nature
of AP inflammatory reaction during its first phases resulting from hydrolytic enzymes
secretion as well as toxins and cytokines secretions [3]. Later, the attention moved to what
could be defined as “the fasting problem”. AP patients should be evaluated as exhibiting
moderate to elevated nutritional risk [2]. In fact, specific and nonspecific metabolic alter-
ations follow AP, leading to an hypermetabolism and hypercatabolism state with a negative
nitrogen balance [4]. Therefore, prevention and treatment of malnutrition with appropriate
nutritional support should have a positive influence on the course of the disease and help
avoid its complications [5]. Moreover, prolonged enteral starvation is linked to a series
of mechanisms resulting in a condition called “leaky gut”, which is a further mechanism
contributing to increased systemic inflammation, sepsis, multiple organ failure (MOF),
and death [6]. Questions regarding the choice between enteral or parenteral nutrition, the
optimal timing, route, and formula for enteral nutrition arises from these findings and
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has led to a paradigm shift of the AP nutritional approach. The central role of nutritional
support in AP has brought out a whole series of considerations regarding the function
of enteral and parenteral nutrition, and the ideal timing and method of administering
enteral nutrition in conjunction with the optimal enteral formula. The aim of this work is
to collect and analyze evidence of the nutritional aspects of AP management to investigate
its impact. For its unprecedented methodology, this work provides a new perspective of
AP management, simultaneously focusing on timing, nutrition route, and formula.

2. Materials and Methods

The present review displays an insight into the nutritional implications of AP. Relevant
publications were extracted from PubMed, Scopus, and EMBASE databases, exploiting
the following keywords: “acute pancreatitis”, “mild acute pancreatitis”, “severe acute
pancreatitis”, “nutrition”, “enteral feeding”, “enteral nutrition”, “nasogastric tube”, “naso-
jejunal tube”, “parenteral nutrition”, “immunonutrition”, “immunomodulating nutrition”,
“prebiotic in acute pancreatitis”, and “probiotic in acute pancreatitis”.

3. Acute Pancreatitis

AP is an inflammatory pancreatic disorder that is directly linked to a significant risk
of morbidity and death [7]. The annual growth rate of AP incidence has reached 3.07%,
showing a constant increase over the years [8]. Xiao et al. calculated in their systematic re-
view that the worldwide incidence of AP (34/100,000 cases per year) is almost twice that of
chronic pancreatitis and pancreatic cancer, with no significant differences between men and
women [9]. The increasing incidence trend of acute pancreatitis may be correlated with the
greater availability of diagnostic tests for AP, but also with the higher incidence of metabolic
syndrome and obesity, both of which have been linked to gallstone disease and alcohol
consumption [10,11]. Indeed, biliary AP represents, globally, the main cause of pancreatitis
(45%), which has a double incidence compared to alcohol-induced AP (20%) [12]. Other
rare causes of pancreatitis include autoimmune, hypertriglyceridemia, post endoscopic
retrograde cholangiopancreatography (ERCP), hypercalcemia, malformative (pancreas
divisum), neoplastic, genetic, and drug-induced forms [13,14]. Up to 15–25% of patients
receive diagnosis of idiopathic pancreatitis after standard diagnostic tests [12,15]. The
Revised Atlanta Classification stated that the diagnosis of AP is confirmed if at least two of
the following three criteria are met: typical abdominal pain and/or rise in serum amylase
or lipase over three times the upper limit of normal (ULN) and/or findings on abdominal
imaging specific for AP [16]. AP may be divided into three groups, depending on the
severity of the disease: mild, moderately severe, and severe [16]. AP is defined as mild if
organ failure and local and systemic complications do not occur. Instead, temporary organ
failure, local complications, or aggravation of concomitant diseases define moderately
severe forms of AP. Finally, severe forms of AP are defined by an organ failure of more
than 48 h and have been associated with a 30–40% mortality rate [17]. Mild AP is the most
frequent form, and it presents a self-limiting course with a very low mortality (1%) [17].
Two overlapping phases (early and late) may be identified during an episode of AP [16].
The early phase is the result of local pancreatic inflammation, lasting about seven days,
and leads to diffuse immune disturbances. The pancreatic injury initiates a cytokine storm
which leads to systemic inflammatory response syndrome (SIRS). The length of SIRS may
head towards multiorgan dysfunction syndrome (MODS), with the severity of AP being
determined by the extent of time MODS is experienced, while the late phase may exhibit
an extended duration of several weeks or months, and is distinguished by persistence of
systemic signs of inflammation and/or local complication [16]. Different scoring systems
exist to help identify patients at risk of developing a severe form of AP, in order to guide
management and improve outcomes. The bedside index of severity in acute pancreatitis
(BISAP) score is considered one of the most feasible scoring systems in everyday clinical
practice, as it takes into consideration clinical data during the 24 h timeframe from admis-
sion [18]. It is considered accurate in predicting severity, organ failure, and death. The
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BISAP score takes into consideration five variables: blood urea nitrogen level > 25 mg/dL,
impaired mental status, occurrence of systemic inflammatory response syndrome (SIRS),
age exceeding 60 years, and existence of pleural effusion. Each of the following criteria
scores one point. Individuals who present a BISAP score equal to or greater than 3 have
a higher risk of mortality [19]. The cornerstones of managing AP entail administering
intensive intravenous hydration, pain management, and appropriate nutritional support.

4. Clinical Nutrition

Nutrition plays a vital role in medicine [20] and should be considered as an integral
element of patient care [1]. The literature agrees on nutrition being responsible for chronic
diseases, both in terms of excess and/or lack of energy and nutrients [21,22]. Some of these,
including obesity, cardiovascular disease, diabetes mellitus, and some types of cancer, are
among the main causes of disability and death [22]. A suboptimal diet is responsible for
one of every five deaths across the globe, outnumbering any other risk factor inclusive of
smoking habit [23]. This evidence points to the potential for food and nutrition interven-
tions to come to the fore as a major determinant in the prevention, management, and care
of chronic conditions [22,24]. Moreover, acute and chronic diseases themselves affect nutri-
tion in terms of food intake and metabolism, resulting in nutrition-related conditions [20].
Malnutrition, also known as undernutrition, is defined as a condition coming from lack
of nutrition intake or uptake resulting in modified body composition and body cell mass
as well as reduced physical and mental capability and impaired clinical outcome from
disease [20,25,26]. According to the ESPEN (European Society for Clinical Nutrition and
Metabolism) criteria [27], malnutrition diagnosis should be centered on either a low body
mass index (BMI < 18.5 kg/m2) or on the combined finding of unintentional slimming
(mandatory) and at least one of either reduced BMI (age-specific) or a low FFMI (fat-free
body mass index). According to the ASPEN (American Society for Parenteral and Enteral
Nutrition) and Academy Criteria [28], malnutrition can be diagnosed by the presence of
a minimum of two out of the six standardized characteristics which reflect a patient’s
nutrition status. Subordinately to the general diagnosis, malnutrition can be disease-related
(DRM, disease-related malnutrition) or disease-free. The former is additionally character-
ized by the presence of inflammation which can be chronic (cachexia), acute (injury related),
or absent [20]. The malnutrition’s etiology is complex and multifactorial as it includes
organic, mental, and social risk factors [29]. The single most important factor causing mal-
nourishment is low dietary consumption, typically resulting from a reduction in appetite
sensation [25] and/or the inability to chew or swallow [30]. Macro- and micronutrient
malabsorption are other main factors exemplary in patients undergoing abdominal surgery
or suffering from gastrointestinal diseases [25]. Lastly, increased losses or increased energy
expenditure also result in malnutrition, such as that occurring in patients with trauma or
burns [25,31]. A large survey conducted by the British Association of Parenteral and Enteral
Nutrition (BAPEN) in 2021 [32] reported that malnourishment prevalence was highest
in individuals with gastrointestinal disorders (48%), lung diseases (45%), tumors (45%),
and neurological diseases (44%) [20,33]. In Europe, it is estimated that 33 million adults
are malnourished or at risk of undernutrition [34]. Malnutrition can affect individuals of
any age, from infants to adults and older people, in any setting, either in hospital, in care
homes, or at home [35–37]. As could be expected, the prevalence is significantly higher in
the elderly [38], especially in healthcare settings [39]; in people with long-term conditions,
such as gastrointestinal disease, kidney disease, and diabetes, and people with chronic
progressive conditions, such as tumors or mental diseases [39]. Malnutrition is a state
related to an increased disability, morbidity, short- and long-term mortality, and cost of
care [40]. It is well documented that malnutrition is associated with higher complication
rate and risk of infection [41,42], increased frailty risk [43], poorer quality of life [44], longer
hospital stays, and hospital readmissions [45,46]. For all these reasons, malnutrition repre-
sents not only a major clinical and public health problem but also an economic issue. The
management cost for a malnourished patient is twice that of a properly fed patient [45,46].
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A timely manner of nutritional care, both in terms of prevention and treatment, came to
the fore in reducing medical complications, improving the use of healthcare resources and
for its potential cost savings. Several nutrition screening tools have emerged in the recent
decades. However, there is no consensus on a single methodology capable of assessing
a patient’s nutritional status and predicting poor prognosis [47]. Among all, the ESPEN
suggests the simultaneous application of the Nutrition Risk Screening-2002 (NRS2002)
and the Malnutrition Universal Screening Tool (MUST) [20]. The former was designed to
recognize malnourished hospitalized patients likely to benefit from nutritional support,
while the latter to forecast the clinical outcome [47]. After the identification of subjects at
risk in agreement with the nutritional screening tools mentioned above, the nutritional as-
sessment, through a comprehensive and in-depth evaluation of nutritional status, provides
the basis for the diagnosis selection [20]. Medical nutrition aims at supporting patients
who, due to a specific disease or medical condition, are temporarily or permanently unable
to meet their nutritional and metabolic needs [20]. A spectrum of nutritional support
strategies is available, including oral nutritional supplement, enteral nutrition (through the
gastrointestinal tract), and parenteral nutrition (intravenous feeding) [20]. Oral nutritional
supplements (ONSs) are a type of food for special medical purposes (FSMPs), designed
as evidence-based nutritional options for disease-related malnutrition [20,48]. These are
intended for patients with a restricted or impaired capability to take, digest, absorb, metab-
olize, and/or eliminate common foods, specific nutrients, or metabolites, or patients with
other nutrient requirements that cannot be fulfilled by sole dietary intervention [20,48].
FSMPs are therefore highly regulated and should be used only on the recommendation of,
and under the supervision of, a healthcare professional [48]. Enteral tube feeding is a type
of nutrition administered directly into the digestive tract, far-end to the oral cavity [20]. In
the absence of contraindications (intestinal failure, bowel obstruction, prolonged paralytic
ileus, high-loss intestinal fistulae, mesenteric ischemia, abdominal compartment syndrome,
inability to access the gut) [2], enteral nutrition represents the nutrition method of choice in
patients who have a functioning digestive system but who are unable to be fed orally [49,50].
Several enteral feeding tubes are disposable and are typically sorted by site of insertion
and position of the feeding tube distal tip [50]. The tube could be placed through the
nose, i.e., naso-gastric, naso-post pyloric or naso-jejunal tube feeding; or via a stoma that
could be placed endoscopically or surgically, i.e., percutaneous endoscopic gastrostomy
(PEG) or with a jejunal extension (PEG-J), percutaneous endoscopic jejunostomy (PEJ),
gastrostomy, or jejunostomy [20]. Enteral nutrition formulas are classified into four major
types: standard (polymeric), semi-elemental (oligomeric), elemental (monomeric), and
specialized [51]. Standard formulas contain all the required nutrients, such as proteins,
complex carbohydrates, and mainly LCTs (long-chain triglycerides) [52]. Semi-elemental
and elemental formulas contain partially or fully hydrolyzed (predigested) components to
lighten the digestive system load in treating and absorbing them [51]. Specialized formulas
contain biologically active substances or nutrients designed for meeting different nutri-
tional and energy needs in a wide range of clinical conditions or diseases [51,52]. Parenteral
nutrition (PN) is a type of nutrition therapy supplied through intravenous administration
bypassing the digestive system via a central or peripheral venous line [20]. The need for par-
enteral nutrition is related to diseases and conditions that impair food intake, digestion, or
absorption, including abdominal surgery, short bowel syndrome, gastrointestinal bleeding,
obstruction or pseudo-obstruction, enteric-cutaneous fistulas, colitis, inflammatory bowel
diseases, or cancer [53,54]. Parenteral nutritional formulas are generally “triple-chamber
bags” for all-in-one nutrition solutions. These typically supply dextrose as carbohydrates,
essential and nonessential amino acids as proteins, and lipid emulsions for fats, all of which
are mixed with electrolytes, trace elements, vitamins, and water [53]. A possible alternative
is dual-chamber bag formulas in which only amino acids and glucose are combined, along
with electrolytes, vitamins, and trace elements [20]. It is worth noticing that, even in the
triple-chamber bags, arginine and glutamine are not included in the parental nutritional
formulas currently used, and must therefore be integrated separately [53].
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5. Nutrition in Mild Acute Pancreatitis

Patients exhibiting mild pancreatitis manifestations, after a short period of fasting,
generally can initiate an early solid oral diet and, as such, do not necessitate tailored
nutritional interventions [55]. Moreover, amylase and lipase levels should not condition
diet advancing [56]. Oral feeding with solids may be reintroduced as an alternative to the
commonly accepted approach of initiating nutrition with clear liquids followed by gradual
progression to a solid diet. Thus, it has been demonstrated that patients who started eating
a full solid diet presented a decreased duration of hospitalization without abdominal pain
relapse if compared to patients who received a clear liquid diet [57]. Around 80% of patients
can initiate an oral refeeding within 7 days of hospitalization. When not possible, enteral
and/or parenteral nutrition is recommended [56].

6. Nutrition in Severe Acute Pancreatitis

Adequate nutrition therapy is fundamental in management of severe acute pancre-
atitis [18]. Therefore, it is essential to prevent malnutrition with a timely diet to avoid
depletion of essential nutrients, electrolytes, and disturbances in the balance of acid and
base metabolism, which typically occurs with AP [58]. Furthermore, severe acute pancreati-
tis (SAP) is characterized by a state of hypermetabolism and high protein decomposition.
The presence of multiple proinflammatory mediators and resulting systemic inflammatory
response syndrome (SIRS) can be attributed to this phenomenon [58]. Nutrition manage-
ment prevents malnutrition and obviates systemic inflammation, leading to a reduction
in pancreatitis complication which helps modify the course of the disease [59,60]. Ini-
tially, fasting was considered necessary to guarantee pancreatic rest in order to reduce
inflammation through pancreatic stimulation until serum enzyme levels return to normal.
Thereafter, parenteral nutritional therapy was deemed as the optimal method of supplying
nutrients due to its capability to prevent pancreatic stimulation while furnishing nutritional
support [3]. However, parenteral nutrition presents several complications, including the oc-
currence of infection associated with the central venous catheter or metabolic complications
such as hyperglycemia and hyper electrolyte imbalance syndrome [59]. More importantly,
parenteral nutrition is not useful to prevent intestinal atrophy [61]. Overgrowth bacteria in
the small bowel, alterations in gastrointestinal motility, and heightened permeability of the
mucosal barrier are all thought to be responsible for bacterial and endotoxins translocation
from the gut to systemic circulation and subsequent pancreatic necrosis superinfection [62].
Due to the above, enteral nutrition has been shown to be more efficacious in mitigating
pancreatic necrosis infection in individuals with severe acute pancreatitis compared to total
parenteral nutrition [59]. As a matter of fact, enteral nutrition safeguards both the intestinal
barrier function and gut microbiological flora and restores intestinal motility [61]. Enteral
nutrition is also able to preserve the structural integrity of the gut epithelium by stimulating
intestinal contractility and increasing splanchnic blood flow [63]. Besides reducing risk of
necrotic infection, total enteral nutrition (TEN) is also associated with lower risk in devel-
oping organ failure (21%), if compared with patients on TPN (80%). Patients receiving TPN
exhibited a heightened prevalence of infectious necrosis, necessitating surgical intervention
in the majority of cases [59]. Hui et al. compared EN with TPN and with enteral plus total
parenteral nutrition group (EN + TPN). They highlighted that the EN group of patients had
lower rates of incidence of multiple organ dysfunction syndrome than those in TPN and
EN + TPN groups [61]. Therefore, it is evident that enteral nutrition exhibits superiority
over parenteral nutrition, as it reduces pancreatic necrotic infection rate, multiple organ
failure, mortality, and shortens hospital stay [64,65]. Furthermore, Klek et al. revealed that
enteral nutrition is linked to supplementary advantages, including a substantially elevated
rate of closure and shortened duration of closure of postoperative pancreatic fistulae [66]. In
conclusion, international guidelines recommend enteral nutrition as the preferable method
over parenteral nutrition for patients with acute pancreatitis, unless contraindications or
intolerance to enteral nutrition exist [2].
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7. Timing of Nutrition in Acute Pancreatitis

The appropriate timing to initiate oral feeding in patients afflicted with acute pancre-
atitis is still a matter of debate, as it is able to affect the duration of hospital stay and disease
outcomes [55]. In mild pancreatitis, oral feeding can be restarted, once abdominal pain
diminishes with improvement of inflammatory markers, without waiting for the complete
resolution of pain or laboratory abnormalities [67]. The American Gastroenterological
Association recommends starting oral feeding within 24 h for patients with mild acute
pancreatitis [68]. Enteral nutritional support should be initiated within 24 to 72 h from
admission for individuals unable to orally intake food [2]. Gus et al. first described in their
meta-analysis the impact and safety of prompt enteral nutrition following admittance in
mild acute pancreatitis patients. Immediate EN compared to early refeeding (typically
after a brief period of fasting pursued by a gradual intake of food) not only significantly
decreases the length of hospital stay but also relieves the intolerance of feeding [69]. The
right timing to start nutritional support in severe acute pancreatitis or foreseen severe acute
pancreatitis has also been largely debated. Based on the consensus of most authors, EN
should start within a range of 24 to 48 h from admission [4]. In addition, the PYTHON
trial demonstrated no superiority between early enteral feeding within 24 h through a
nasoenteric feeding tube and oral feeding following 72 h in reducing rates of morbidity
or mortality associated with acute pancreatitis in individuals at high risk for adverse ef-
fects [70]. To clarify, a recent multicenter study pointed out that hospital mortality did
not significantly differ from EN within 24 h and EN 24 and 48 h after SAP diagnosis, but
was significantly lower if EN was administered within 48 h than over 48 h. The need
for surgical intervention was analyzed as a secondary outcome. It emerged that starting
enteral nutrition prior to 24 h post-admission leads to greater risk of requiring surgery in
comparison to starting enteral nutrition at 24–48 h from admission [71]. Summing up, the
timely initiation of enteral nutrition within 48 h from admission shows a significant reduc-
tion in mortality, multiple organ failure (MOF), surgery, systemic infections, and localized
septic complications in individuals with severe acute pancreatitis (SAP) or predicted SAP,
compared to administering enteral nutrition late or parenteral nutrition [72,73].

8. Focus on Enteral Nutrition
8.1. Route of Administration

From the standpoint of enteral nutrition being superior to parenteral nutrition for
pancreatitis, the best route for enteral supplements and the best enteral formula still remain
to be established. Historically, nasojejunal tube feeding has been considered the best
practice in patients with acute pancreatitis, limiting the use of nasogastric feeding only
as an alternative route [74]. The rationale behind this statement can be found in the extra
considerations that the pathophysiology of pancreatitis leads to. The employment of jejunal
feeding allows to “rest the pancreas”, reducing pancreas stimulation and minimizing its
exocrine function [74,75]. More recently, the dogma of “pancreatic rest” is under challenge,
with more and more researchers suggesting that nasogastric tube feeding (NGT) is as safe
and structured as nasojejunal tube feeding (Table 1). A 2006 meta-analysis from the critical
care literature [76] demonstrated that the early use of post-pyloric feeding in lieu of gastric
feeding was not correlated with significant clinical advantages in critically ill patients with
no evidence of impaired gastric emptying. On a similar note, the works of Kumar [77]
and Petrov [78] demonstrate the safety and efficacy of nasogastric (NG) and nasojejunal
(NJ) feeding with no pain recurrence or worsening in severe acute pancreatitis (SAP). In
2013, Petrov [78] published the first randomized controlled trial (RCT) to balance NG
feeding against a standard nil per os (NPO) regimen in patients with mild to moderate
acute pancreatitis. His group proved not only that early commencement (within 24 h of
hospital admission) of NG tube feeding was well tolerated, but also that, compared to NPO
regimen, it significantly decreased abdominal pain, need for analgesic, and risk of oral food
intolerance. Singh et al. [79] demonstrated the noninferiority of NG feeding to NJ feeding,
even in patients with SAP. Despite the conclusions of all the aforementioned studies, NJ
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feeding was still more commonly employed, especially for the NG feeding concerns of
increasing likelihood of aspiration pneumonitis [80] and exacerbating acute pancreatitis
by stimulating pancreatic secretion [81]. Regarding these concerns, Chang’s work [82]
showed no significant difference between post-pyloric and gastric tube feeding with respect
to tracheal aspiration and exacerbation of pain as well as energy balance, diarrhea, and
mortality rate. These results align with Nally’s evidence on the efficacy and safety of NG
nutrition, which was based on a systematic review and meta-analysis including more trials
and a larger number of patients [74]. Furthermore, Zhu [83] performed an up-to-date
meta-analysis following the newly established criteria (Atlanta 2012 classification) for SAP
and reached similar conclusions. On a similar note, Guo et al. stated that NG may be
the preferred feeding solution in patients with SAP [61]. Despite all the above, it was
only in 2015 that the employment of nasogastric tube feeding was definitively found to
have no influence on the patient’s quality of life [84]. Moreover, being a simple bedside
procedure not requiring specialized staff, NG tube placement has the potential to allow
for an earlier administration of nutrients [74,85,86]. Lastly, NG tube feeding constitutes
an economically preferable solution, a nearly indispensable characteristic within today’s
conscious healthcare systems [87]. ESPEN guidelines [2], from the standpoint of the
aforementioned RCTs [77,79,86] and meta-analyses [74,78,82], recommend the use of an
NG tube as a first choice when enteral feeding is required. They also identify the use of the
enteral administration via an NJ tube as preferable in case of digestive intolerance [88,89],
in the case of patients undergoing minimally invasive necrosectomy who are unable to be
fed orally [90,91], and in the case of patients with increased intraabdominal pressure [92].
The ESPEN recommendations align with the UK guidelines [93,94], but are in contrast
with the American Gastroenterological Association [68]. The latter, based on a Cochrane
meta-analysis [95], recommends using either an NG or NJ tube. This was due to the
insufficient quantity and quality of evidence provided arising from the small number of
patients and the different criteria and endpoints deployed in the studies. The difference
is the case of patients requiring enteral feeding for a prolonged period (>30 days). In
such cases, NGT or NJT bring about different hurdles such as discomfort, dislocation,
unintentional tube removal, sinusitis, aspiration, and trauma of nasal cavity. According
to general nutritional recommendations, percutaneous gastrostomy or microjejunostomy
should be considered [96,97]. To sum up, both nasogastric (NG) and nasojejunal (NJ)
feeding represent feasible enteral nutrition (EN) solutions for severe acute pancreatitis;
however, the existence of an optimal approach is still a topic of debate among experts.
There is a need for further studies even if it seems that the NG feeding has the potential to
take the place of NJ feeding, according to the circumstances.

Table 1. Evidence regarding NG feeding in acute pancreatitis.

First Author Year Study Design Remarks

Kwok M. Ho [76] 2006 RCT
In critically ill adults with a good gastric emptying function, the use of NJ
feeding instead of NG feeding was not associated with significant clinical
advantages.

Kumar A. [77] 2006 RCT EN by both NK and NG is well tolerated in patients with SAP without
leading to recurrence or worsening of pain.

Petrov MS. [78] 2008 SR NG route is safe and well tolerated in patients with predicted SAP.

Petrov MS. [98] 2013 RCT
Comparing NG feeding with NPO, the former significantly reduces the
intensity and span of abdominal pain, need for analgesic, and risk of oral
food intolerance.

Sing N. [79] 2012 RCT Early NG feeding was not inferior to NJ in patients with SAP.

Chang Ys. [82] 2013 MA No significant differences were found between NG and NJ tube regarding
tracheal aspiration, energy balance, diarrhea, and mortality rate.
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Table 1. Cont.

First Author Year Study Design Remarks

Nally D. [74] 2014 SR and MA NG feeding is fruitful in patients with severe AP.

Zhu Y. [83] 2016 MA
Comparing NG or NJ nutrition in patients with SAP, no significant
dissimilarities were found in the mortality rate, infectious and/or digestive
complications, achieving energy balance, or length of hospital stay.

Guo Y. [99] 2016 SR and MA NG may be the feeding solution choice in patients with SAP.

Pendharkar SA. [84] 2014 SR and MA Nasogastric tube feeding was found to have no influence on the patient’s
quality of life.

Eatock FC. [86] 2005 RT The simpler, inexpensive, and more manageable used NG feeding is as
good as NJ feeding in SAP.

Hauschild TB. [87] 2012 CS NG tube feeding constitutes an economically preferable solution.

CS: comparative study, MA: meta-analysis, NG: nasogastric, NJ: nasojejunal, RCT: randomized controlled trial,
RT: randomized trial, SAP: severe acute pancreatitis, SR: systematic review.

8.2. Composition of Enteral Formulas

Another fundamental question relates to the optimal composition of enteral feeding
(elemental, semi-elemental, or standard) in acute pancreatitis patients and the possible need
for a specialized formula (Table 2). Traditionally, elemental and semi-elemental formulas
have been most commonly used [100] for their superior absorption profile, decreased
pancreatic stimulation, and better toleration [101–103]. These advantages align with the
old paradigm whose cornerstone is that the worsening of the acute inflammatory process
might be prevented with an attenuation of the pancreatic secretory response [104]. Theo-
retically, this may be achieved by the employment of a formulation that does not require
pancreatic enzymes for digestion (such as elemental or semi-elemental) [105]. At the end of
the 1990s, Windsor [106] conducted a prospective study designed to determine whether
total enteral nutrition (TEN) with standard formula could reduce the acute response and
ameliorate clinical disease severity in patients with acute pancreatitis when compared with
total parenteral nutrition (TPN). Proving that enteral feeding regulates the inflammatory
response with a consequent better clinical outcome, Windsor, for the first time, suggested
the potential use of standard formulations in patients suffering with acute pancreatitis.
These conclusions align with those of Gupta’s work [107], but are in contrast with those of
Powell [108]. Specifically, the standard formula was compared in the former with parenteral
nutrition and in the latter with no nutritional intervention. In 2006, Tiengou et al. [102]
presented the first randomized study designed to compare semi-elemental and polymeric
formulations in AP patients requiring NJ nutrition. Their work pointed out that, despite
both formulations being well tolerated, within the semi-elemental group the infection rate
and the median length of hospital stay were found to be shorter. In all the aforementioned
studies, as well as in those of Pupelis [109] and Makola [110], enteral nutritional formulas
were administered by an NJ tube feeding. However, standard formulas can be administered
also by a nasogastric tube feeding, as demonstrated by Eckerwall [85]. A systematic review
and meta-analysis of enteral nutrition formulations by Petrov [105] found that the use of
cheaper [110] standard formulations does not result in reduced feeding tolerance or in
higher infectious complications and mortality rates when compared with semi-elemental or
elemental formulas. Moreover, a more recent and larger-scale study in Japan [111] assessed
no clinical advantages of the elemental formula in comparison with other formulae in terms
of risk of sepsis, hospital-free days, total healthcare costs per admission, and in-hospital
mortality. According to the aforementioned studies, there is not sufficient evidence to
account for the routine use of an elemental formula in the initiation of enteral feeding for
patients with AP. In response to all these conclusions, recent guidelines [2,68,90,112,113]
generally recommend the use of a standard polymeric diet.
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Table 2. Evidence regarding the optimal composition of enteral feeding (elemental, semi-elemental,
or standard in acute pancreatitis.

First Author Year Study Design Type of Nutrition and Formula Remarks

Windsor Ac. [106] 1998 CT Standard formula vs. total parenteral
nutrition.

Proving that enteral feeding modulates the
inflammatory response with a consequent better
clinical outcome, Windsor, for the first time,
suggested the potential use of standard
formulations in patients suffering from AP.

Gupta R. [107] 2003 RCT Standard formula vs. parenteral
nutrition

Early use of nutritional support in the form of TEN
is safe in predicted SAP.

Powell JJ. [108] 2000 RCT Standard formula vs. no nutritional
interventions

Early enteral nutrition was found to have no effect
on inflammatory response markers or on organ
dysfunction.

Tiengou LE. [102] 2006 RCT Standard formula vs. polymeric
formula by NJ tube feeding.

Despite both formulations being well tolerated,
within the semi-elemental group the infection rate
and the median LOS were found to be shorter.

Pupelis G. [109] 2001 RCT Standard formula by NJ tube
feeding,

Standard formula by jejunal feeding, even when
started late, improves outcomes in patients with
SAP.

Makola D. [110] 2006 CT Standard formula by NJ tube
feeding.

Standard enteral formula is effective in the
management of patients with complicated AP.

Eckerwal GE. [85] 2006 RCT Standard formula by NG tube
feeding vs. total parenteral nutrition

Standard formula can also be administered by NG
route.

Petrov MS. [105] 2009 SR and MA Standard formula vs. semi-elemental
formula.

The use of polymeric formulation is not associated
with a significantly higher risk of feeding
intolerance, infectious complications, or mortality
rate.

Endo A. [111] 2008 RCS
Elemental formula vs.
semi-elemental formula and
standard formula.

No clinical advantages of the elemental formula in
comparison with other formulae in terms of risk of
sepsis, hospital-free days, total healthcare costs, and
in-hospital mortality.

CT: clinical trial, MA: meta-analysis, NG: nasogastric, NJ: nasojejunal, RCT: randomized controlled trial, RCS: ret-
rospective cohort study, SAP: severe acute pancreatitis, SR: systematic review.

9. The Role of Immunonutrition in AP

In AP, a significant dysregulation of the immune system occurs [4]. As a result, during
the acute phase, an enormous release of proinflammatory cytokines occurs, resulting in
the systemic inflammatory response (SIRS) [16]. When SIRS is prolonged, we assist in an
increased risk of multiorgan failure (MOF) [16]. Inflammation is driven by tumor necrosis
factor-alfa (TNF-α), which occurs in the production of proinflammatory cytokines such as
interleukin-1 (IL1), interleukin-6 (IL6), interleukin-8 (IL8), and Interferon-gamma (IFN-γ).
Furthermore, these cytokines are implicated in the recruitment of neutrophils, T-cells, and
macrophages [114]. Cytokines may represent an early predictor of the gravity of AP [115].
Numerous studies have proven that the level of IL-6 in the plasma is a sensitive marker
for predicting organ failure and SAP [116]. Concurrently, there are contradictory opinions
over the role of TNF-α as a prognostic factor in SAP [117]. While some authors have
argued that high levels of TNF-α can predict SAP, other authors showed that in only a
tiny percentage of patients with SAP was a high level of this cytokine present [118]. As
is known, the handling of AP depends on how severe the disease is [4]. Thus, in recent
years, clinicians centered their attention on the possible immunomodulatory function of
nutrition, giving rise to the concept of “immunonutrition” [119]. Immunonutrition makes
use of elements called “immunonutrients” that modify an individual’s immune system and
inflammatory response [120]. Over the years, several RCTs [121–124] and meta-analyses
emphasized the advantageous effect of immunonutrition [119,125]. Zhou et al., in their
work comprising 14 articles and 568 total subjects, showed that immunonutrition is asso-
ciated with an improved mortality, decreased infections rate, and shorter hospitalization
time [119]. Moreover, other studies have shown that there are no significant advantages
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in the enteral administration of immunonutrients [126,127]. In particular, Petrov et al.
proved in their meta-analysis that immunonutrient supplementation was not beneficial
in terms of total infectious complications and mortality with respect to standard enteral
nutrition [127]. Further to this, Poropat et al., in their work including 15 studies, also found
insufficient or meagre-quality evidence about the safety and the efficacy of immunonutri-
tion [126]. ESPEN does not recommend the routine use of immunonutrients in SAP, but
when EN is not possible, parenterally administered glutamine is the only immunonutrient
recommended [2].

10. The Immunonutrients

Glutamine (Gln), omega- 3-unsaturated fat acids (PUFAs), arginine (Arg), and nu-
cleotides are the most noted immunonutrients [4]. Glutamine is an essential amino acid,
useful for the regular function of gut-associated lymphoid tissue (GALT), and it is impli-
cated in the glutathione’s synthesis, an important antioxidant [4,128]. Glutamine influences
nitric oxide metabolism, lymphocyte and monocyte activity, regulates cell maturation,
and stimulates heat shock proteins (HSPs) production [128,129]. In addition to its im-
munomodulatory role, it also acts directly on the gut barrier. Huang et al. showed that
enteral administration of glutamine increases intestinal barrier function by reducing intesti-
nal permeability in early AP stages [124]. Furthermore, a 2016 meta-analysis, including
ten works, demonstrated that the nutrition support of glutamine increases the level of
albumin, decreases C-reaction protein level, and reduces the number of infectious compli-
cations, especially if parenterally administered [130]. In addition, another meta-analysis of
505 patients and 12 RCTs showed that intravenous administration of glutamine reduces
risk of mortality, but not length of hospital stay [121]. Finally, glutamine has been shown to
have positive effects in preventing complications [131]. ESPEN guidelines recommended
L-glutamine at a dosage of 0.20 g/kg per day [2]; however, in critical patients, the role of
glutamine is still controversial. Several studies have demonstrated that the administration
of glutamine in this type of patient is not associated with any mortality rate and LOS
benefit [132–134].

Arginine (Arg) is a semi-essential amino acid essential in protein synthesis. Therefore,
it may stimulate tissue growth after trauma [135,136], cause T-cell activation and reduce
the production of proinflammatory mediators such as TNF alpha, IL6, and IL18, as also
demonstrated by Yeh et al. [137,138]. Nonetheless, arginine constitutes a substrate for
nitric oxide (NO); excessive NO production can result in systemic hypotension and tissue
damage [128]. For this rationale, caution should be used when administering arginine,
especially in patients in hyperinflammatory states.

Omega 3-unsatturated fatty acids (PUFAs) have anti-inflammatory action. A random-
ized and controlled study showed that adding PUFAs to parenteral nutrition decreases
inflammatory response, acting on eicosapentaenoic acid (EPA) concentration and on proin-
flammatory cytokine levels [139]. In addition, Lei et al. demonstrated that intravenous
PUFA supplementation is associated with reduced hospitalization time, lower mortality,
and decreased rates of infectious complications [140].

Therefore, the role of immunonutrients in managing SAP support is still controversial
and requires further investigation to be defined.

11. The Role of Gut Microbiota in AP

It is well known that the gut microbiota is involved in maintaining health and mod-
ulating the immune response of an individual [141]. The available data in the literature
emphasize the crucial role of the microbiota in the pathogenesis of various diseases, such as
inflammatory bowel disease (IBD) [142], diabetes mellitus [143], colon rectal cancer [144],
and neurological disorders [145], including pancreatic disorders [146]. Gut microbiota is
mainly composed of 80–90% bacteria belonging to Firmicutes and Bacteroides phyla, other
bacteria belonging to minor phyla, such as Actinobacteria, Fusobacteria, Proteobacteria,
and Verrucomicrobia, and different families of fungi [147]. The gut microbiota’s altered
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composition is due to intestinal barrier dysfunction [148]. Various evidence supports the
involvement of microbiota and intestinal dysbiosis also in pancreatic diseases, including
AP [149]. Disorders in microcirculation, hypovolemia, and subsequent intestinal ischemia
that occur during AP can damage the intestinal barrier, resulting in barrier dysfunction in
59% of patients [150,151]. As a result, intestinal bacteria can translocate into the systemic
circulation and pancreatic environment, normally sterile in a healthy individual, and this
influences the progression of AP [150,152]. Moreover, some authors support that changes in
microbiota could foretell the severity of AP [153]. In patients with infected pancreatic necro-
sis, mortality and risk of multiorgan failure are twice as high than those of patients with a
sterile pancreatic environment [154]. In addition, thanks to the widespread use of antibiotic
prophylaxis, the main flora that infects pancreatic necrosis is composed of Enterococcus,
Staphylococcus, and fungi, as well as Candida [155]. In any case, the composition of the
microbial spectrum does not influence mortality [156]. Furthermore, as demonstrated in the
murine model, we assist in reducing antimicrobial peptides (AMPs) during AP [157,158].
AMPs are peptides mainly secreted by intestinal Paneth cells but also by acinar cells of the
pancreas, which are involved in innate immunity and contribute to maintaining the gut
environment [159]. The lower level of AMPs may facilitate bacteria overgrowth, leading to
proinflammatory and systemic response [158]. The gut is not only passively involved in AP,
but is a crucial character in the severity of the disease [150]. Particularly, Li et al. suggested
that dysbiosis and the consequent reduction in short-chain fatty acids (SCFAs) production
are involved in AP progression [160]. SCFAs are microbiota metabolites, and they stimulate
the release of cathelicidin-related antimicrobial peptides (CRAMP) by beta-cells, thereby
acting on the gut microenvironment [161]. Conversely, as previously explained, AMPs
regulate the composition of the intestinal microbiota [158]. Therefore, one pancreas–gut
axis might be hypothesized (Figure 1) [162].
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In AP, we observe a lowering in Bacteroides and Lactobacillus and an increase in
Enterobacteriaceae and Firmicutes [153]. In addition, Zhu et al. showed an association
between the AP severity and the increase in opportunistic bacteria, such as Escherichia-
Shigella, and the reduction in the abundance of beneficial bacteria, such as Blautia [163].
Even though evidence supporting the role of gut dysbiosis is still scarce, we believe
maintaining the integrity of the gut barrier and microbiota are key elements in treating AP.
To this end, several studies and trials have focused on modulating microbiota in AP, as a
treatment strategy, but evidence in the literature has yet to be uncovered [164–167].

12. Modulation of Microbiota in AP

The prophylactic use of antibiotics in PA, defined as the use of antibiotics in the
absence of clinical infection and to prevent pancreatic infection, does not significantly
reduce mortality and morbidity [18]. A 2009 meta-analysis including eight RCTs and
502 patients, randomized to receive antibiotics prophylaxis (n = 253) or placebo (n = 249),
showed no improvement in mortality or no protection against infection [168]. On the same
side, another meta-analysis demonstrated in the antibiotic-treated group a nonsignificant
reduction in mortality (8.4% vs. controls 14.45%) and in the rate of infected necrosis (19.7%
vs. controls 24.4%). The only exception was imipenem, taken alone, for which a significant
reduction in the infection was observed [169]. More recently, Guo et al. conducted a meta-
analysis including 3864 patients with SAP to evaluate the efficacy of antibiotic prophylaxis
with carbapenem in patients with SAP [170]. The administration of carbapenem as antibiotic
prophylaxis in SAP was associated with a statistically significant reduction in complications
(OR = 0.48; p = 0.009) and infections (OR = 0.27; p = 0.03). However, despite these results,
no statistical difference was observed in the various subanalyses in terms of mortality,
incidence of infected pancreatic necrosis, and need for intensive treatment. Consequently,
in the absence of strong supporting evidence, the authors do not recommend the routine
use of carbapenem antibiotics [170]. According to actual guidelines, antibiotic prophylaxis
in AP is not recommended [18,67,171], and additional studies are required to establish
its role.

Over the years, several works [126,164,172] have focused on the role of probiotics in
AP, with inconsistent and sometimes conflicting results, especially regarding safety, adverse
effects, and reduction of infection and mortality rates. Likewise, prebiotics, previously
defined as undigestible substances that influence the microbiota’s activity or composition,
are now defined as substrates beneficial to health used by host microorganisms [173].
Olàh et al., in an RCT that included 45 patients divided into a treatment group, receiving
a freeze-dried preparation of live probiotics with oat fiber, and a control group, receiv-
ing an inactivated form, showed that the addition of L. plantarum 299 was shown to be
effective in decreasing sepsis and surgery [165]. Similarly, the same study group in 2007
evidenced that the early enteral administration of a symbiotic (a combination of probiotics
and prebiotics), named Synbiotic 2000, in the late phase of SAP can reduce the incidence
of SIRS, infections, and mortality rate [174]. In the PROPATRIA study [166], a multicen-
ter randomized, double-blind, placebo-controlled trial, 298 patients were randomized to
receive a probiotics formulation composed of two different species of Bifidobacterium,
three species of Lactobacillus, and one of Lactococcus or placebo. The probiotic group
showed a higher rate of mortality (16% vs. 6%) and intestinal ischaemia (6% vs. 0%) [166].
These results were initially attributed to the probiotic mixture used. A few years later,
Bongearts et al. reconsidered this study, suggesting that a fatal combination of pancreatic
proteolytic enzymes and probiotics caused the high mortality rate in the PROPATRIA study.
Ultimately, authors suggested that probiotics can be used in AP, provided it is started
immediately after the onset of symptoms and with caution to prevent the overgrowth of
bacteria [175]. Wan et al. conducted an RCT to investigate the effects of a combination
of Bacillus subtilis and Enterococcus faeciumin on reducing LOS in patients with mild
disease [176]. Their work showed a relevant reduction in LOS in the probiotic group [176].
In 2022, an RCT evaluated the efficacy of synbiotics in reducing infective complications
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in moderately severe and severe AP [177]. The results showed no significant differences
in septic complications between the groups (59% vs. 64%) but there was a significant
reduction in the duration of hospitalization (10 vs. 7) [177].

Several trials have shown that soluble dietary fibers (SDFs) impact gut integrity and
regulate gut microbiota [178]. Chen et al. carried out a single-blind randomized controlled
study underlining the potential of SDF in subjects with SAP [179], including forty-nine
patients. The study group randomly received, in addition to enteral nutrition solution,
20 g/day of polydextrose. The administration of polydextrose demonstrated increased
intestinal motility and gastrointestinal hormone production, reducing the rate of feeding
intolerance in the study group (59.09% vs. 25.00%, p < 0.05) [179].

The contradictory results emerging from the literature on the use of probiotics are
probably due to the extreme heterogeneity in dose, type, and timing of administration,
as also argued by Gou et al. [164]. Thus, we do not have uniform data in the literature.
Therefore, further studies that are better designed are needed to better define the safety
and the efficacy of probiotics in AP management.

13. Conclusions

To sum up, in patients with predicted mild AP, oral feeding should be started as soon
as possible regardless of serum lipase and amylase levels. In the event of oral feeding
intolerance, enteral nutrition should be administered within 24–74 h to keep gut mucosa
integrity and intestinal motility. In patients suffering from severe AP who cannot be
fed orally, enteral nutrition should be introduced within 48 h from hospital admission.
Parenteral nutrition, instead, should be administered only in patients who are unable
to tolerate EN or have contraindications for it. From the standpoint of enteral nutrition
being superior to parenteral nutrition for pancreatitis, ESPEN guidelines recommend NG
tube feeding as the best route for enteral supplements when enteral feeding is required,
relegating the use of NJ tube feeding only to specific clinical settings. However, the existence
of an optimal approach is still a matter of debate and further studies are needed. Most
authors, instead, agree on the optimal composition of enteral feeding. Therefore, the latest
guidelines recommend the use of a standard polymeric diet, thus overcoming the old
paradigm of “pancreatic rest”. Glutamine is the only immunonutrient recommended, but
the role of immunonutrition and probiotics in AP, to date, remains under discussion.
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4. Jabłońska, B.; Mrowiec, S. Nutritional Support in Patients with Severe Acute Pancreatitis-Current Standards. Nutrients 2021, 13,

1498. [CrossRef]
5. Meier, R.F.; Beglinger, C. Nutrition in Pancreatic Diseases. Best Pract. Res. Clin. Gastroenterol. 2006, 20, 507–529. [CrossRef]

[PubMed]
6. Pagliari, D.; Brizi, M.G.; Saviano, A.; Mancarella, F.A.; Dal Lago, A.A.; Serricchio, M.L.; Newton, E.E.; Attili, F.; Manfredi, R.;

Gasbarrini, A. Clinical Assessment and Management of Severe Acute Pancreatitis: A Multi-Disciplinary Approach in the XXI
Century. Eur. Rev. Med. Pharm. Sci. 2019, 23, 771–787. [CrossRef]

7. Lankisch, P.G.; Apte, M.; Banks, P.A. Acute Pancreatitis. Lancet 2015, 386, 85–96. [CrossRef]

https://doi.org/10.7861/clinmed.2020-0707
https://www.ncbi.nlm.nih.gov/pubmed/34001584
https://doi.org/10.1016/j.clnu.2020.01.004
https://doi.org/10.1016/0002-9610(74)90157-3
https://www.ncbi.nlm.nih.gov/pubmed/4204594
https://doi.org/10.3390/nu13051498
https://doi.org/10.1016/j.bpg.2006.01.004
https://www.ncbi.nlm.nih.gov/pubmed/16782526
https://doi.org/10.26355/EURREV_201901_16892
https://doi.org/10.1016/S0140-6736(14)60649-8


Nutrients 2023, 15, 1939 14 of 20

8. Iannuzzi, J.P.; King, J.A.; Leong, J.H.; Quan, J.; Windsor, J.W.; Tanyingoh, D.; Coward, S.; Forbes, N.; Heitman, S.J.; Shaheen, A.A.;
et al. Global Incidence of Acute Pancreatitis Is Increasing Over Time: A Systematic Review and Meta-Analysis. Gastroenterology
2022, 162, 122–134. [CrossRef]

9. Xiao, A.Y.; Tan, M.L.Y.; Wu, L.M.; Asrani, V.M.; Windsor, J.A.; Yadav, D.; Petrov, M.S. Global Incidence and Mortality of Pancreatic
Diseases: A Systematic Review, Meta-Analysis, and Meta-Regression of Population-Based Cohort Studies. Lancet Gastroenterol.
Hepatol. 2016, 1, 45–55. [CrossRef]

10. Roberts, S.E.; Morrison-Rees, S.; John, A.; Williams, J.G.; Brown, T.H.; Samuel, D.G. The Incidence and Aetiology of Acute
Pancreatitis across Europe. Pancreatology 2017, 17, 155–165. [CrossRef]

11. Pant, C.; Deshpande, A.; Olyaee, M.; Anderson, M.P.; Bitar, A.; Steele, M.I.; Bass, P.F.; Sferra, T.J. Epidemiology of Acute
Pancreatitis in Hospitalized Children in the United States from 2000–2009. PLoS ONE 2014, 9, e95552. [CrossRef] [PubMed]

12. Boxhoorn, L.; Voermans, R.P.; Bouwense, S.A.; Bruno, M.J.; Verdonk, R.C.; Boermeester, M.A.; van Santvoort, H.C.; Besselink,
M.G. Acute Pancreatitis. Lancet 2020, 396, 726–734. [CrossRef] [PubMed]

13. van Geenen, E.J.M.; van der Peet, D.L.; Bhagirath, P.; Mulder, C.J.J.; Bruno, M.J. Etiology and Diagnosis of Acute Biliary
Pancreatitis. Nat. Rev. Gastroenterol. Hepatol. 2010, 7, 495–502. [CrossRef] [PubMed]

14. Bálint, E.R.; Fűr, G.; Kiss, L.; Németh, D.I.; Soós, A.; Hegyi, P.; Szakács, Z.; Tinusz, B.; Varjú, P.; Vincze, Á.; et al. Assessment of
the Course of Acute Pancreatitis in the Light of Aetiology: A Systematic Review and Meta-Analysis. Sci. Rep. 2020, 10, 17936.
[CrossRef]

15. Toouli, J.; Brooke-Smith, M.; Bassi, C.; Carr-Locke, D.; Telford, J.; Freeny, P.; Imrie, C.; Tandon, R. Guidelines for the Management
of Acute Pancreatitis. J. Gastroenterol. Hepatol. 2002, 17 (Suppl. 1), S15–S39. [CrossRef]

16. Banks, P.A.; Bollen, T.L.; Dervenis, C.; Gooszen, H.G.; Johnson, C.D.; Sarr, M.G.; Tsiotos, G.G.; Vege, S.S.; Windsor, J.A.; Horvath,
K.D.; et al. Classification of Acute Pancreatitis–2012: Revision of the Atlanta Classification and Definitions by International
Consensus. Gut 2013, 62, 102–111. [CrossRef]

17. Petrov, M.S.; Shanbhag, S.; Chakraborty, M.; Phillips, A.R.J.; Windsor, J.A. Organ Failure and Infection of Pancreatic Necrosis as
Determinants of Mortality in Patients with Acute Pancreatitis. Gastroenterology 2010, 139, 813–820. [CrossRef]

18. Leppäniemi, A.; Tolonen, M.; Tarasconi, A.; Segovia-Lohse, H.; Gamberini, E.; Kirkpatrick, A.W.; Ball, C.G.; Parry, N.; Sartelli, M.;
Wolbrink, D.; et al. 2019 WSES Guidelines for the Management of Severe Acute Pancreatitis. World J. Emerg. Surg. 2019, 14, 20.
[CrossRef]

19. Gao, W.; Yang, H.X.; Ma, C.E. The Value of BISAP Score for Predicting Mortality and Severity in Acute Pancreatitis: A Systematic
Review and Meta-Analysis. PLoS ONE 2015, 10, e0130412. [CrossRef]

20. Cederholm, T.; Barazzoni, R.; Austin, P.; Ballmer, P.; Biolo, G.; Bischoff, S.C.; Compher, C.; Correia, I.; Higashiguchi, T.; Holst, M.;
et al. ESPEN Guidelines on Definitions and Terminology of Clinical Nutrition. Clin. Nutr. 2017, 36, 49–64. [CrossRef]

21. Ramos-Lopez, O.; Martinez-Urbistondo, D.; Vargas-Nuñez, J.A.; Martinez, J.A. The Role of Nutrition on Meta-inflammation:
Insights and Potential Targets in Communicable and Chronic Disease Management. Curr. Obes. Rep. 2022, 11, 305–335. [CrossRef]

22. Who, J.; FAO Expert Consultation. Diet, Nutrition and the Prevention of Chronic Diseases. World Health Organ. Tech. Rep. Ser.
2003, 916, 1–149.

23. Afshin, A.; Sur, P.J.; Fay, K.A.; Cornaby, L.; Ferrara, G.; Salama, J.S.; Mullany, E.C.; Abate, K.H.; Abbafati, C.; Abebe, Z.; et al.
Health Effects of Dietary Risks in 195 Countries, 1990–2017: A Systematic Analysis for the Global Burden of Disease Study 2017.
Lancet 2019, 393, 1958–1972. [CrossRef] [PubMed]

24. Downer, S.; Berkowitz, S.A.; Berkowitz, S.A.; Harlan, T.S.; Olstad, D.L.; Mozaffarian, D. Food Is Medicine: Actions to Integrate
Food and Nutrition into Healthcare. BMJ 2020, 369, m2482. [CrossRef] [PubMed]

25. Saunders, J.; Smith, T. Malnutrition: Causes and Consequences. Clin. Med. 2010, 10, 624–627. [CrossRef] [PubMed]
26. Galindo Martín, C.A.; Aportela Vázquez, V.A.; Becerril Hernández, F.; Aguilar Medina, C.R.; Ayala Carrillo, S.L.; Chávez Flores,

A.; Gabriel Almanza, E.; Guizar Agredano, M.I.; Montoya Vilchis, J.D. The GLIM criteria for adult malnutrition and its relation
with adverse outcomes, a prospective observational study. Clin. Nutr. ESPEN 2020, 38, 67–73. [CrossRef] [PubMed]

27. Cederholm, T.; Bosaeus, I.; Barazzoni, R.; Bauer, J.; van Gossum, A.; Klek, S.; Muscaritoli, M.; Nyulasi, I.; Ockenga, J.; Schneider,
S.M.; et al. Diagnostic Criteria for Malnutrition—An ESPEN Consensus Statement. Clin. Nutr. 2015, 34, 335–340. [CrossRef]

28. White, J.V.; Guenter, P.; Jensen, G.; Malone, A.; Schofield, M. Consensus Statement: Academy of Nutrition and Dietetics and
American Society for Parenteral and Enteral Nutrition: Characteristics Recommended for the Identification and Documentation
of Adult Malnutrition (Undernutrition). J. Parenter Enter. Nutr. 2012, 36, 275–283. [CrossRef]

29. Norman, K.; Haß, U.; Pirlich, M. Malnutrition in Older Adults-Recent Advances and Remaining Challenges. Nutrients 2021, 13,
2764. [CrossRef]

30. Gallegos, C.; Brito-de la Fuente, E.; Clavé, P.; Costa, A.; Assegehegn, G. Nutritional Aspects of Dysphagia Management. Adv. Food
Nutr. Res. 2017, 81, 271–318. [CrossRef]

31. Elia, M. Changing Concepts of Nutrient Requirements in Disease: Implications for Artificial Nutritional Support. Lancet 1995,
345, 1279–1284. [CrossRef] [PubMed]

32. Cawood, A.; Holmes, E.; Holdoway, A.; Parsons, E.; Anderson, L.; Milligan, W.; Relph, W.-L.; Ashworth, A.; Collery, R. Survey of
Malnutrition and Nutritional Care in Adults; BAPEN: Worcestershire, UK, 2022.

33. Besora-Moreno, M.; Llauradó, E.; Tarro, L.; Solà, R. Social and Economic Factors and Malnutrition or the Risk of Malnutrition in
the Elderly: A Systematic Review and Meta-Analysis of Observational Studies. Nutrients 2020, 12, 737. [CrossRef]

https://doi.org/10.1053/j.gastro.2021.09.043
https://doi.org/10.1016/S2468-1253(16)30004-8
https://doi.org/10.1016/j.pan.2017.01.005
https://doi.org/10.1371/journal.pone.0095552
https://www.ncbi.nlm.nih.gov/pubmed/24805879
https://doi.org/10.1016/S0140-6736(20)31310-6
https://www.ncbi.nlm.nih.gov/pubmed/32891214
https://doi.org/10.1038/nrgastro.2010.114
https://www.ncbi.nlm.nih.gov/pubmed/20703238
https://doi.org/10.1038/s41598-020-74943-8
https://doi.org/10.1046/j.1440-1746.17.s1.2.x
https://doi.org/10.1136/gutjnl-2012-302779
https://doi.org/10.1053/j.gastro.2010.06.010
https://doi.org/10.1186/s13017-019-0247-0
https://doi.org/10.1371/journal.pone.0142025
https://doi.org/10.1016/j.clnu.2016.09.004
https://doi.org/10.1007/s13679-022-00490-0
https://doi.org/10.1016/S0140-6736(19)30041-8
https://www.ncbi.nlm.nih.gov/pubmed/30954305
https://doi.org/10.1136/bmj.m2482
https://www.ncbi.nlm.nih.gov/pubmed/32601089
https://doi.org/10.7861/clinmedicine.10-6-624
https://www.ncbi.nlm.nih.gov/pubmed/21413492
https://doi.org/10.1016/j.clnesp.2020.06.015
https://www.ncbi.nlm.nih.gov/pubmed/32690180
https://doi.org/10.1016/j.clnu.2015.03.001
https://doi.org/10.1177/0148607112440285
https://doi.org/10.3390/nu13082764
https://doi.org/10.1016/BS.AFNR.2016.11.008
https://doi.org/10.1016/S0140-6736(95)90929-X
https://www.ncbi.nlm.nih.gov/pubmed/7746061
https://doi.org/10.3390/nu12030737


Nutrients 2023, 15, 1939 15 of 20

34. Ljungqvist, O.; Man, F. Under nutrition: A major health problem in Europe. Nutr. Hosp. 2009, 24, 369–370. [PubMed]
35. Russel, C.A.; Elia, M. Nutrition Screening Survey in the UK and Republic of Ireland; BAPEN: Worcestershire, UK, 2012; ISBN 978-1-

899467-81-5.
36. Elia, M.; Russell, C.A. Nutrition Screening Survey in the UK in 2008. Hospitals, Care Homes and Mental Health Units; BAPEN:

Worcestershire, UK, 2009; ISBN 978-1-899467-41-9.
37. Imoberdorf, R.; Meier, R.; Krebs, P.; Hangartner, P.J.; Hess, B.; Stäubli, M.; Wegmann, D.; Rühlin, M.; Ballmer, P.E. Prevalence of

Undernutrition on Admission to Swiss Hospitals. Clin. Nutr. 2010, 29, 38–41. [CrossRef] [PubMed]
38. Amarya, S.; Singh, K.; Sabharwal, M. Changes during Aging and Their Association with Malnutrition. J. Clin. Gerontol. Geriatr.

2015, 6, 78–84. [CrossRef]
39. Borum, P.R. Disease-Related Malnutrition: An Evidence-Based Approach to Treatmentedited by Rebecca J Stratton, Ceri J Green,

and Marinos Elia, 2003, 824 Pages, Hardcover, $175. CABI Publishing, Wallingford, United Kingdom. Am. J. Clin. Nutr. 2004, 79,
1128–1129. [CrossRef]

40. Schuetz, P.; Seres, D.; Lobo, D.N.; Gomes, F.; Kaegi-Braun, N.; Stanga, Z. Management of Disease-Related Malnutrition for
Patients Being Treated in Hospital. Lancet 2021, 398, 1927–1938. [CrossRef]

41. Sorensen, J.; Kondrup, J.; Prokopowicz, J.; Schiesser, M.; Krähenbühl, L.; Meier, R.; Liberda, M. EuroOOPS: An International,
Multicentre Study to Implement Nutritional Risk Screening and Evaluate Clinical Outcome. Clin. Nutr. 2008, 27, 340–349.
[CrossRef]

42. Schneider, S.M.; Veyres, P.; Pivot, X.; Soummer, A.-M.; Jambou, P.; Filippi, J.; van Obberghen, E.; Hébuterne, X. Malnutrition Is an
Independent Factor Associated with Nosocomial Infections. Br. J. Nutr. 2004, 92, 105–111. [CrossRef]

43. Elia, M.; Russell, C.A. (Eds.) Combating Malnutrition: Recommendations for Action. Report from the Advisory Group on Malnutrition;
BAPEN: Worcestershire, UK, 2009; ISBN 9781899467365.

44. Rasheed, S.; Woods, R.T. Malnutrition and Quality of Life in Older People: A Systematic Review and Meta-Analysis. Ageing Res.
Rev. 2013, 12, 561–566. [CrossRef]

45. Khalatbari-Soltani, S.; Marques-Vidal, P. The Economic Cost of Hospital Malnutrition in Europe; a Narrative Review. Clin. Nutr.
ESPEN 2015, 10, e89–e94. [CrossRef] [PubMed]

46. Elia, M. The Cost of Malnutrition in England and Potential Cost Savings from Nutritional Interventions (Short Version) A Report on the
Cost of Disease-Related Malnutrition in England and a Budget Impact Analysis of Implementing the NICE Clinical Guidelines/Quality
Standard on Nutritional Support in Adults; BAPEN: Worcestershire, UK, 2015; ISBN 978-1-899467-03-3.

47. van Bokhorst-de van der Schueren, M.A.E.; Guaitoli, P.R.; Jansma, E.P.; de Vet, H.C.W. Nutrition Screening Tools: Does One Size
Fit All? A Systematic Review of Screening Tools for the Hospital Setting. Clin. Nutr. 2014, 33, 39–58. [CrossRef] [PubMed]

48. Louis Bresson, J.; Burlingame, B.; Dean, T.; Fairweather-Tait, S.; Heinonen, M.; Ildico Hirsch-Ernst, K.; Mangelsdorf, I.; McArdle,
H.; Naska, A.; Neuhäuser-Berthold, M.; et al. Scientific and Technical Guidance on Foods for Special Medical Purposes in the
Context of Article 3 of Regulation (EU) No 609/2013. EFSA J. 2015, 13, 4300. [CrossRef]

49. Bechtold, M.L.; Brown, P.M.; Escuro, A.; Grenda, B.; Johnston, T.; Kozeniecki, M.; Limketkai, B.N.; Nelson, K.K.; Powers, J.;
Ronan, A.; et al. ASPEN Enteral Nutrition Committee. When is enteral nutrition indicated? JPEN J. Parenter Enteral Nutr. 2022, 46,
1470–1496. [CrossRef]

50. Williams, N.T. Medication Administration through Enteral Feeding Tubes. Am. J. Health-Syst. Pharm. 2008, 65, 2347–2357.
[CrossRef]

51. Makola, D. Elemental and Semi-Elemental Formulas: Are They Superior to Polymeric Formulas? Pract. Gastroenterol. 2005, 29,
59–64.

52. Limketkai, B.N.; Shah, N.D.; Sheikh, G.N.; Allen, K. Classifying Enteral Nutrition: Tailored for Clinical Practice. Curr. Gastroenterol.
Rep. 2019, 21, 1–7. [CrossRef]

53. Hamdan, M.; Puckett, Y. Total Parenteral Nutrition; StatPearls: Tampa, FL, USA, 2022.
54. Lappas, B.M.; Patel, D.; Kumpf, V.; Adams, D.W.; Seidner, D.L. Parenteral Nutrition: Indications, Access, and Complications.

Gastroenterol. Clin. N. Am. 2018, 47, 39–59. [CrossRef]
55. Ramírez-Maldonado, E.; Gordo, S.L.Ó.P.; Pueyo, E.M.; Sánchez-García, A.; Mayol, S.; González, 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]

56. Roberts, K.M.; Nahikian-Nelms, M.; Ukleja, A.; Lara, L.F. Nutritional Aspects of Acute Pancreatitis. Gastroenterol. Clin. N. Am.
2018, 47, 77–94. [CrossRef]

57. Moraes, J.M.M.; Felga, G.E.G.; Chebli, L.A.; Franco, M.B.; Gomes, C.A.; Gaburri, P.D.; Zanini, A.; Chebli, J.M.F. 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.e-Blind Clinical Trial. J. Clin. Gastroenterol. 2010, 44, 517–522. [CrossRef]

58. Wu, P.; Li, L.; Sun, W. Efficacy Comparisons of Enteral Nutrition and Parenteral Nutrition in Patients with Severe Acute
Pancreatitis: A Meta-Analysis from Randomized Controlled Trials. BioSci. Rep. 2018, 38, BSR20181515. [CrossRef] [PubMed]

59. Wu, X.M.; Ji, K.Q.; Wang, H.Y.; Li, G.F.; Zang, B.; Chen, W.M. Total Enteral Nutrition in Prevention of Pancreatic Necrotic Infection
in Severe Acute Pancreatitis. Pancreas 2010, 39, 248–251. [CrossRef] [PubMed]

60. Fostier, R.; Arvanitakis, M.; Gkolfakis, P. Nutrition in Acute Pancreatitis: When, What and How. Curr. Opin. Clin. Nutr. Metab.
Care 2022, 25, 325–328. [CrossRef] [PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/19721916
https://doi.org/10.1016/j.clnu.2009.06.005
https://www.ncbi.nlm.nih.gov/pubmed/19573958
https://doi.org/10.1016/j.jcgg.2015.05.003
https://doi.org/10.1093/ajcn/79.6.1128
https://doi.org/10.1016/S0140-6736(21)01451-3
https://doi.org/10.1016/j.clnu.2008.03.012
https://doi.org/10.1079/BJN20041152
https://doi.org/10.1016/j.arr.2012.11.003
https://doi.org/10.1016/j.clnesp.2015.04.003
https://www.ncbi.nlm.nih.gov/pubmed/28531387
https://doi.org/10.1016/j.clnu.2013.04.008
https://www.ncbi.nlm.nih.gov/pubmed/23688831
https://doi.org/10.2903/J.EFSA.2015.4300
https://doi.org/10.1002/jpen.2364
https://doi.org/10.2146/ajhp080155
https://doi.org/10.1007/s11894-019-0708-3
https://doi.org/10.1016/j.gtc.2017.10.001
https://doi.org/10.1097/SLA.0000000000004596
https://doi.org/10.1016/j.gtc.2017.10.002
https://doi.org/10.1097/MCG.0b013e3181c986b3
https://doi.org/10.1042/BSR20181515
https://www.ncbi.nlm.nih.gov/pubmed/30333259
https://doi.org/10.1097/MPA.0b013e3181bd6370
https://www.ncbi.nlm.nih.gov/pubmed/19910834
https://doi.org/10.1097/MCO.0000000000000851
https://www.ncbi.nlm.nih.gov/pubmed/35787593


Nutrients 2023, 15, 1939 16 of 20

61. Hui, L.; Zang, K.; Wang, M.; Shang, F.; Zhang, G. Comparison of the Preference of Nutritional Support for Patients with Severe
Acute Pancreatitis. Gastroenterol. Nurs. 2019, 42, 411–416. [CrossRef]

62. Fritz, S.; Hackert, T.; Hartwig, W.; Rossmanith, F.; Strobel, O.; Schneider, L.; Will-Schweiger, K.; Kommerell, M.; Büchler, M.W.;
Werner, J. Bacterial Translocation and Infected Pancreatic Necrosis in Acute Necrotizing Pancreatitis Derives from Small Bowel
Rather than from Colon. Am. J. Surg. 2010, 200, 111–117. [CrossRef]

63. McClave, S.A.; Heyland, D.K. The Physiologic Response and Associated Clinical Benefits from Provision of Early Enteral
Nutrition. Nutr. Clin. Pract. 2009, 24, 305–315. [CrossRef]

64. Yao, Q.; Liu, P.; Peng, S.; Xu, X.; Wu, Y. Effects of Immediate or Early Oral Feeding on Acute Pancreatitis: A Systematic Review
and Meta-Analysis. Pancreatology 2022, 22, 175–184. [CrossRef]

65. Liu, M.; Gao, C. A Systematic Review and Meta-Analysis of the Effect of Total Parenteral Nutrition and Enteral Nutrition on the
Prognosis of Patients with Acute Pancreatitis. Ann. Palliat. Med. 2021, 10, 10779–10788. [CrossRef]

66. Klek, S.; Sierzega, M.; Turczynowski, L.; Szybinski, P.; Szczepanek, K.; Kulig, J. Enteral and Parenteral Nutrition in the
Conservative Treatment of Pancreatic Fistula: A Randomized Clinical Trial. Gastroenterology 2011, 141, 157–163. [CrossRef]

67. Besselink, M.; van Santvoort, H.; Freeman, M.; Gardner, T.; Mayerle, J.; Vege, S.S.; Zyromski, N. IAP/APA Evidence-Based
Guidelines for the Management of Acute Pancreatitis. Pancreatology 2013, 13 (Suppl. 2), E1–E15. [CrossRef]

68. Crockett, S.D.; Wani, S.; Gardner, T.B.; Falck-Ytter, Y.; Barkun, A.N.; Crockett, S.; Feuerstein, J.; Flamm, S.; Gellad, Z.; Gerson, L.;
et al. American Gastroenterological Association Institute Guideline on Initial Management of Acute Pancreatitis. Gastroenterology
2018, 154, 1096–1101. [CrossRef] [PubMed]

69. Guo, Q.H.; Tian, X.Y.; Qin, Y.L.; Han, X.T.; Wang, W. Immediate Enteral Nutrition Can Accelerate Recovery and Be Safe in Mild
Acute Pancreatitis: A Meta-Analysis of Randomized Controlled Trials. Heliyon 2022, 8, e08852. [CrossRef] [PubMed]

70. Bakker, O.J.; van Brunschot, S.; van Santvoort, H.C.; Besselink, M.G.; Bollen, T.L.; Boermeester, M.A.; Dejong, C.H.; van Goor, H.;
Bosscha, K.; Ali, U.A.; et al. Early versus On-Demand Nasoenteric Tube Feeding in Acute Pancreatitis. N. Engl. J. Med. 2014, 371,
1983–1993. [CrossRef] [PubMed]

71. Nakashima, I.; Horibe, M.; Sanui, M.; Sasaki, M.; Sawano, H.; Goto, T.; Ikeura, T.; Takeda, T.; Oda, T.; Yasuda, H.; et al. Impact of
Enteral Nutrition Within 24 Hours Versus Between 24 and 48 Hours in Patients With Severe Acute Pancreatitis: A Multicenter
Retrospective Study. Pancreas 2021, 50, 371–377. [CrossRef]

72. Song, J.; Zhong, Y.; Lu, X.; Kang, X.; Wang, Y.; Guo, W.; Liu, J.; Yang, Y.; Pei, L. Enteral Nutrition Provided within 48 Hours after
Admission in Severe Acute Pancreatitis: A Systematic Review and Meta-Analysis. Medicine 2018, 97, e11871. [CrossRef]

73. Li, J.Y.; Yu, T.; Chen, G.C.; Yuan, Y.H.; Zhong, W.; Zhao, L.N.; Chen, Q.K. Enteral Nutrition within 48 Hours of Admission
Improves Clinical Outcomes of Acute Pancreatitis by Reducing Complications: A Meta-Analysis. PLoS ONE 2013, 8, e64926.
[CrossRef]

74. Nally, D.M.; Kelly, E.G.; Clarke, M.; Ridgway, P. Nasogastric Nutrition Is Efficacious in Severe Acute Pancreatitis: A Systematic
Review and Meta-Analysis. Br. J. Nutr. 2014, 112, 1769–1778. [CrossRef]

75. O’Keefe, S.J.D. Physiological Response of the Human Pancreas to Enteral and Parenteral Feeding. Curr. Opin. Clin. Nutr. Metab.
Care 2006, 9, 622–628. [CrossRef]

76. Ho, K.M.; Dobb, G.J.; Webb, S.A.R. A Comparison of Early Gastric and Post-Pyloric Feeding in Critically Ill Patients: A Meta-
Analysis. Intensive Care Med. 2006, 32, 639–649. [CrossRef]

77. 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]

78. Petrov, M.S.; Td Correia, I.; Windsor, J.A. Nasogastric Tube Feeding in Predicted Severe Acute Pancreatitis. A Systematic Review
of the Literature to Determine Safety and Tolerance. JOP 2008, 9, 440–448. [PubMed]

79. Singh, N.; Sharma, B.; Sharma, M.; Sachdev, V.; Bhardwaj, P.; Mani, K.; Joshi, Y.K.; Saraya, A. Evaluation of Early Enteral Feeding
through Nasogastric and Nasojejunal Tube in Severe Acute Pancreatitis: A Noninferiority Randomized Controlled Trial. Pancreas
2012, 41, 153–159. [CrossRef]

80. Gomes, G.F.; Pisani, J.C.; Macedo, E.D.; Campos, A.C. The Nasogastric Feeding Tube as a Risk Factor for Aspiration and
Aspiration Pneumonia. Curr. Opin. Clin. Nutr. Metab. Care 2003, 6, 327–333. [CrossRef]

81. Kaushik, N.; Pietraszewski, M.; Holst, J.J.; O’Keefe, S.J.D. Enteral Feeding without Pancreatic Stimulation. Pancreas 2005, 31,
353–359. [CrossRef] [PubMed]

82. Chang, Y.-S.; Fu, H.-Q.; Xiao, Y.-M.; Liu, J.-C. Nasogastric or Nasojejunal Feeding in Predicted Severe Acute Pancreatitis:
A Meta-Analysis. Crit. Care 2013, 17, R118. [CrossRef]

83. Zhu, Y.; Yin, H.; Zhang, R.; Ye, X.; Wei, J. Nasogastric Nutrition versus Nasojejunal Nutrition in Patients with Severe Acute
Pancreatitis: A Meta-Analysis of Randomized Controlled Trials. Gastroenterol. Res. Pract. 2016, 2016, 6430632. [CrossRef]

84. Pendharkar, S.A.; Plank, L.D.; Windsor, J.A.; Petrov, M.S. Quality of Life in a Randomized Trial of Nasogastric Tube Feeding in
Acute Pancreatitis. J. Parenter. Enter. Nutr. 2016, 40, 693–698. [CrossRef]

85. 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. [CrossRef]

86. Eatock, F.C.; Chong, P.; Menezes, N.; Murray, L.; McKay, C.J.; Carter, C.R.; Imrie, C.W. A Randomized Study of Early Nasogastric
versus Nasojejunal Feeding in Severe Acute Pancreatitis. Am. J. Gastroenterol. 2005, 100, 432–439. [CrossRef]

https://doi.org/10.1097/SGA.0000000000000331
https://doi.org/10.1016/j.amjsurg.2009.08.019
https://doi.org/10.1177/0884533609335176
https://doi.org/10.1016/j.pan.2021.11.009
https://doi.org/10.21037/apm-21-2469
https://doi.org/10.1053/j.gastro.2011.03.040
https://doi.org/10.1016/J.PAN.2013.07.063
https://doi.org/10.1053/j.gastro.2018.01.032
https://www.ncbi.nlm.nih.gov/pubmed/29409760
https://doi.org/10.1016/j.heliyon.2022.e08852
https://www.ncbi.nlm.nih.gov/pubmed/35198753
https://doi.org/10.1056/NEJMoa1404393
https://www.ncbi.nlm.nih.gov/pubmed/25409371
https://doi.org/10.1097/MPA.0000000000001768
https://doi.org/10.1097/MD.0000000000011871
https://doi.org/10.1371/journal.pone.0064926
https://doi.org/10.1017/S0007114514002566
https://doi.org/10.1097/01.mco.0000241675.63041.ca
https://doi.org/10.1007/s00134-006-0128-3
https://doi.org/10.1097/00004836-200605000-00013
https://www.ncbi.nlm.nih.gov/pubmed/16721226
https://www.ncbi.nlm.nih.gov/pubmed/18648135
https://doi.org/10.1097/MPA.0b013e318221c4a8
https://doi.org/10.1097/01.mco.0000068970.34812.8b
https://doi.org/10.1097/01.mpa.0000183374.11919.e5
https://www.ncbi.nlm.nih.gov/pubmed/16258370
https://doi.org/10.1186/cc12790
https://doi.org/10.1155/2016/6430632
https://doi.org/10.1177/0148607115574290
https://doi.org/10.1097/01.sla.0000246866.01930.58
https://doi.org/10.1111/j.1572-0241.2005.40587.x


Nutrients 2023, 15, 1939 17 of 20

87. Hauschild, T.B.; Fu, K.Y.; Hipwell, R.C.; Baraghoshi, G.; Mone, M.C.; Nirula, R.; Kimball, E.J.; Barton, R.G. Safe, Timely,
Convenient, and Cost-Effective: A Single-Center Experience with Bedside Placement of Enteral Feeding Tubes by Midlevel
Providers Using Fluoroscopic Guidance. Am. J. Surg. 2012, 204, 958–962. [CrossRef] [PubMed]

88. 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. BMC Gastroenterol. 2022, 22, 1–8. [CrossRef]

89. McClave, S.A.; Taylor, B.E.; Martindale, R.G.; Warren, M.M.; Johnson, D.R.; Braunschweig, C.; McCarthy, M.S.; Davanos, E.; Rice,
T.W.; Cresci, G.A.; et al. Guidelines for the Provision and Assessment of Nutrition Support Therapy in the Adult Critically Ill
Patient. J. Parenter. Enter. Nutr. 2016, 40, 159–211. [CrossRef] [PubMed]

90. van Brunschot, S.; van Grinsven, J.; van Santvoort, H.C.; Bakker, O.J.; Besselink, M.G.; Boermeester, M.A.; Bollen, T.L.; Bosscha, K.;
Bouwense, S.A.; Bruno, M.J.; et al. Endoscopic or Surgical Step-up Approach for Infected Necrotising Pancreatitis: A Multicentre
Randomised Trial. Lancet 2018, 391, 51–58. [CrossRef]

91. Horvath, K.; Freeny, P.; Escallon, J.; Heagerty, P.; Comstock, B.; Glickerman, D.J.; Bulger, E.; Sinanan, M.; Langdale, L.; Kolokythas,
O.; et al. Safety and Efficacy of Video-Assisted Retroperitoneal Debridement for Infected Pancreatic Collections: A Multicenter,
Prospective, Single-Arm Phase 2 Study. Arch. Surg. 2010, 145, 817–825. [CrossRef] [PubMed]

92. Blaser, A.R.; Malbrain, M.L.N.G.; Regli, A. Abdominal Pressure and Gastrointestinal Function: An Inseparable Couple? Anaesthe-
siol. Intensive 2017, 49, 146–158. [CrossRef]

93. Johnson, C.D. UK Guidelines for the Management of Acute Pancreatitis. Gut 2005, 54 (Suppl. 3), iii1. [CrossRef]
94. Eatock, F.C.; Brombacher, G.D.; Steven, A.; Imrie, C.W.; McKay, C.J.; Carter, R. Nasogastric Feeding in Severe Acute Pancreatitis

May Be Practical and Safe. Int. J. Pancreatol. 2000, 28, 25–29. [CrossRef]
95. Dutta, A.K.; Goel, A.; Kirubakaran, R.; Chacko, A.; Tharyan, P. Nasogastric versus Nasojejunal Tube Feeding for Severe Acute

Pancreatitis. Cochrane Database Syst. Rev. 2020, 3, CD010582. [CrossRef] [PubMed]
96. Ramanathan, M.; Aadam, A.A. Nutrition Management in Acute Pancreatitis. Nutr. Clin. Pract. 2019, 34 (Suppl. 1), S7–S12.

[CrossRef]
97. Thomson, A. Nutritional Support in Acute Pancreatitis. Curr. Opin. Clin Nutr. Metab. Care 2008, 11, 261–266. [CrossRef] [PubMed]
98. Petrov, M.S.; McIlroy, K.; Grayson, L.; Phillips, A.R.J.; 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]
99. Guo, Y.; Jing, X.; Tian, Z. Comparison of Nasogastric Feeding versus Nasojejunal Feeding for Severe Acute Pancreatitis:

A Systematic Review and Meta-Analysis. Int. J. Clin. Exp. Med. 2016, 9, 22814–22823.
100. Rinninella, E.; Annetta, M.; Serricchio, M.; Dal Lago, A.; Miggiano, G.; Mele, M. Nutritional Support in Acute Pancreatitis: From

Physiopathology to Practice. Eur. Rev. Med. Pharmacol. Sci. 2017, 21, 421–432. [PubMed]
101. McClave, S.A.; Ritchie, C.S. Artificial nutrition in pancreatic disease: What lessons have we learned from the literature? Clin.

Nutr. 2000, 19, 1–6. [CrossRef] [PubMed]
102. Tiengou, L.E.; Gloro, R.; Pouzoulet, J.; Bouhier, K.; Read, M.H.; Arnaud-Battandier, F.; Plaze, J.M.; Blaizot, X.; Dao, T.; Piquet, M.A.

Semi-Elemental Formula or Polymeric Formula: Is There a Better Choice for Enteral Nutrition in Acute Pancreatitis? Randomized
Comparative Study. JPEN J. Parenter Enter. Nutr. 2006, 30, 1–5. [CrossRef] [PubMed]

103. Vidon, N.; Hecketsweiler, P.; Butel, J.; Bernier, J.J. Effect of Continuous Jejunal Perfusion of Elemental and Complex Nutritional
Solutions on Pancreatic Enzyme Secretion in Human Subjects. Gut 1978, 19, 194–198. [CrossRef]

104. Roberts, P.R. Nutritional Support in Acute Pancreatitis: An Update on Management Issues. Semin Respir. Crit. Care Med. 2001, 22,
29–34. [CrossRef]

105. Petrov, M.S.; Loveday, B.P.T.; Pylypchuk, R.D.; McIlroy, K.; Phillips, A.R.J.; Windsor, J.A. Systematic Review and Meta-Analysis of
Enteral Nutrition Formulations in Acute Pancreatitis. Br. J. Surg. 2009, 96, 1243–1252. [CrossRef]

106. Windsor, A.C.J.; Kanwar, S.; Li, A.G.K.; Barnes, E.; Guthrie, J.A.; Spark, J.I.; Welsh, F.; Guillou, P.J.; Reynolds, J.V. Compared with
Parenteral Nutrition, Enteral Feeding Attenuates the Acute Phase Response and Improves Disease Severity in Acute Pancreatitis.
Gut 1998, 42, 431–435. [CrossRef]

107. Gupta, R.; Patel, K.; Calder, P.C.; Yaqoob, P.; Primrose, J.N.; Johnson, C.D. A Randomised Clinical Trial to Assess the Effect of Total
Enteral and Total Parenteral Nutritional Support on Metabolic, Inflammatory and Oxidative Markers in Patients with Predicted
Severe Acute Pancreatitis (APACHE II > or =6). Pancreatology 2003, 3, 406–413. [CrossRef] [PubMed]

108. Powell, J.J.; Murchison, J.T.; Fearon, K.C.H.; Ross, J.A.; Siriwardena, A.K. Randomized Controlled Trial of the Effect of Early
Enteral Nutrition on Markers of the Inflammatory Response in Predicted Severe Acute Pancreatitis. Br. J. Surg. 2000, 87, 1375–1381.
[CrossRef] [PubMed]

109. Pupelis, G.; Selga, G.; Austrums, E.; Kaminski, A. Jejunal Feeding, Even When Instituted Late, Improves Outcomes in Patients
with Severe Pancreatitis and Peritonitis. Nutrition 2001, 17, 91–94. [CrossRef]

110. Makola, D.; Krenitsky, J.; Parrish, C.; Dunston, E.; Shaffer, H.A.; Yeaton, P.; Kahaleh, M. Efficacy of Enteral Nutrition for the
Treatment of Pancreatitis Using Standard Enteral Formula. Am. J. Gastroenterol. 2006, 101, 2347–2355. [CrossRef] [PubMed]

111. Endo, A.; Shiraishi, A.; Fushimi, K.; Murata, K.; Otomo, Y. Comparative Effectiveness of Elemental Formula in the Early Enteral
Nutrition Management of Acute Pancreatitis: A Retrospective Cohort Study. Ann. Intensive Care 2018, 8, 69. [CrossRef] [PubMed]

112. Tenner, S.; Baillie, J.; Dewitt, J.; Vege, S.S. American College of Gastroenterology Guideline: Management of Acute Pancreatitis.
Am. J. Gastroenterol. 2013, 108, 1400–1415. [CrossRef]

https://doi.org/10.1016/j.amjsurg.2012.07.025
https://www.ncbi.nlm.nih.gov/pubmed/23022252
https://doi.org/10.1186/s12876-022-02403-w
https://doi.org/10.1177/0148607115621863
https://www.ncbi.nlm.nih.gov/pubmed/26773077
https://doi.org/10.1016/S0140-6736(17)32404-2
https://doi.org/10.1001/archsurg.2010.178
https://www.ncbi.nlm.nih.gov/pubmed/20855750
https://doi.org/10.5603/AIT.a2017.0026
https://doi.org/10.1136/GUT.2004.057026
https://doi.org/10.1385/IJGC:28:1:23
https://doi.org/10.1002/14651858.CD010582.pub2
https://www.ncbi.nlm.nih.gov/pubmed/32216139
https://doi.org/10.1002/ncp.10386
https://doi.org/10.1097/MCO.0b013e3282fba5b4
https://www.ncbi.nlm.nih.gov/pubmed/18403922
https://doi.org/10.1016/j.clnu.2012.12.011
https://www.ncbi.nlm.nih.gov/pubmed/28165542
https://doi.org/10.1054/clnu.1999.0071
https://www.ncbi.nlm.nih.gov/pubmed/10700527
https://doi.org/10.1177/014860710603000101
https://www.ncbi.nlm.nih.gov/pubmed/16387891
https://doi.org/10.1136/GUT.19.3.194
https://doi.org/10.1055/s-2001-13838
https://doi.org/10.1002/bjs.6862
https://doi.org/10.1136/gut.42.3.431
https://doi.org/10.1159/000073657
https://www.ncbi.nlm.nih.gov/pubmed/14526151
https://doi.org/10.1046/j.1365-2168.2000.01558.x
https://www.ncbi.nlm.nih.gov/pubmed/11044164
https://doi.org/10.1016/S0899-9007(00)00508-6
https://doi.org/10.1111/j.1572-0241.2006.00779.x
https://www.ncbi.nlm.nih.gov/pubmed/17032201
https://doi.org/10.1186/s13613-018-0414-6
https://www.ncbi.nlm.nih.gov/pubmed/29869095
https://doi.org/10.1038/ajg.2013.218


Nutrients 2023, 15, 1939 18 of 20

113. 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. J. Hepatobiliary Pancreat Sci. 2015, 22, 405–432.
[CrossRef]

114. Lenz, A.; Franklin, G.A.; Cheadle, W.G. Systemic Inflammation after Trauma. Injury 2007, 38, 1336–1345. [CrossRef]
115. Andersson, R.; Swrd, A.; Tingstedt, B.; Kerberg, D. Treatment of Acute Pancreatitis: Focus on Medical Care. Drugs 2009, 69,

505–514. [CrossRef]
116. Sathyanarayan, G.; Garg, P.K.; Prasad, H.K.; Tandon, R.K. Elevated Level of Interleukin-6 Predicts Organ Failure and Severe

Disease in Patients with Acute Pancreatitis. J. Gastroenterol. Hepatol. 2007, 22, 550–554. [CrossRef]
117. Exley, A.R.; Leese, T.; Holliday, M.P.; Swann, R.A.; Cohen, J. Endotoxaemia and Serum Tumour Necrosis Factor as Prognostic

Markers in Severe Acute Pancreatitis. Gut 1992, 33, 1126–1128. [CrossRef] [PubMed]
118. Paajanens, H.; Laato, M.; Jaakkola, M.; Pulkki, K.; Niinikoski, J.; Nordback, I. Serum Tumour Necrosis Factor Compared with

C-Reactive Protein in the Early Assessment of Severity of Acute Pancreatitis. Br. J. Surg. 1995, 82, 271–273. [CrossRef] [PubMed]
119. Zhou, J.; Xue, Y.; Liu, Y.; Li, X.K.; Tong, Z.H.; Li, W.Q. The Effect of Immunonutrition in Patients with Acute Pancreatitis:

A Systematic Review and Meta-Analysis. J. Hum. Nutr. Diet. 2021, 34, 429–439. [CrossRef]
120. Oláh, A.; Romics, L. Enteral Nutrition in Acute Pancreatitis: A Review of the Current Evidence. World J. Gastroenterol. 2014, 20,

16123–16131. [CrossRef] [PubMed]
121. Asrani, V.; Chang, W.K.; Dong, Z.; Hardy, G.; Windsor, J.A.; Petrov, M.S. Glutamine Supplementation in Acute Pancreatitis:

A Meta-Analysis of Randomized Controlled Trials. Pancreatology 2013, 13, 468–474. [CrossRef] [PubMed]
122. Lasztity, N.; Hamvas, J.; Biró, L.; Németh, É.; Marosvölgyi, T.; Decsi, T.; Pap, Á.; Antal, M. Effect of Enterally Administered

N-3 Polyunsaturated Fatty Acids in Acute Pancreatitis–a Prospective Randomized Clinical Trial. Clin. Nutr. 2005, 24, 198–205.
[CrossRef] [PubMed]

123. Pearce, C.B.; Sadek, S.A.; Walters, A.M.; Goggin, P.M.; Somers, S.S.; Toh, S.K.; Johns, T.; Duncan, H.D. A double-blind, randomised,
controlled trial to study the effects of an enteral feed supplemented with glutamine, arginine, and omega-3 fatty acid in predicted
acute severe pancreatitis. JOP 2006, 7, 361–371.

124. Huang, X.X.; Wang, X.P.; Ma, J.J.; Jing, D.D.; Wang, P.W.; Wu, K. Effects of enteral nutrition supplemented with glutamine and
arginine on gut barrier in patients with severe acute pancreatitis: A prospective randomized controlled trial. Zhonghua Yi Xue Za
Zhi 2008, 88, 2407–2409.

125. Jafari, T.; Feizi, A.; Askari, G.; Fallah, A.A. Parenteral Immunonutrition in Patients with Acute Pancreatitis: A Systematic Review
and Meta-Analysis. Clin. Nutr. 2015, 34, 35–43. [CrossRef]

126. Poropat, G.; Giljaca, V.; Hauser, G.; Štimac, D. Enteral Nutrition Formulations for Acute Pancreatitis. Cochrane Database Syst. Rev.
2015, 2015, CD010605. [CrossRef]

127. Petrov, M.S.; Atduev, V.A.; Zagainov, V.E. Advanced Enteral Therapy in Acute Pancreatitis: Is There a Room for Immunonutrition?
A Meta-Analysis. Int. J. Surg. 2008, 6, 119–124. [CrossRef]
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