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Abstract: Acute pancreatitis (AP) is an inflammatory condition of the pancreas and is one of the
most common ailments of the gastrointestinal system that results in significant morbidity and
mortality. The main etiologic causes of AP are alcohol consumption, gallstones,
hypertriglyceridemia, and biliary stones. The clinical signs and symptoms, and diagnostic criteria
of AP are well established in the literature and multiple studies. Multiple scoring systems have
been used to predict the severity, prognosis, and mortality associated with AP. The present review
of the literature brings to light the significant and recent contributions in the etiology, risk factors,
epidemiology, diagnosis, complications, prognosis and newest modalities in treatment that could
be beneficial in the management of AP.
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1. Introduction
Acute pancreatitis (AP) results from the premature activation of digestive enzymes released
by the exocrine pancreas, mainly trypsinogen to trypsin, inside the acinar cells causing their selfdigestion and stimulation of macrophages that induce the production of proinflammatory
cytokines, Tumor necrosis factor-alpha (TNF- α), interleukins (IL) play a vital role in the
pathogenesis of AP [1,2]. The majority of cases are mild (80%), the rest are severe cases with
mortality up to 50% which is the key to know etiology, pathologies, severity, prognosis, and
complications from AP to provide adequate and timely management [3,4]. In this compilation
and review, we see that for decades there has been considerable controversy in two aspects
which are fundamental and critical concerning this subject. First is the practical application of
standardized universal criteria of severity and prognosis in AP. Secondly, the management of
fluid resuscitation and the role of early nutrition. However, with the accumulation of expert
opinions through a consensus and clinical guidelines has been able to clarify most of the
guidelines in the diagnosis, criteria, and management of AP. Recent research has shown novel
advances that have positively impacted the reduction of hospital stay and morbidity and
mortality of AP. The present review of the literature brings to light the significant and recent
contributions in the etiology, risk factors, epidemiology, diagnosis, complications, prognosis
and newest modalities in treatment that could be beneficial in the management of AP [5-7].
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2. Etiology
Gallstones occupy the first and most important cause of AP (40%), most prevalent in
women [8]. When migrating they can obstruct the pancreatic duct, a mechanism shared with
Endoscopic retrograde cholangiopancreatography (ERCP) (5-10%), pancreas divisum and
dysfunction of the sphincter of Oddi [9]. Prolonged consumption of alcohol (4-6 drinks/day> 5
years) is the second important cause (30%), by lowering the activation threshold of the trypsin
causing cell necrosis [2]. This is more frequent in men probably due to differences in intake or
genetics. The type of alcohol ingested and its excessive consumption in the absence of long-term
use does not represent a risk. The mechanisms causing of AP or CP (chronic pancreatitis)
includes direct toxicity and immunological mechanisms [10,11]. Hypertriglyceridemia is the
third cause (2-5%) in the absence of other etiological factors, with a risk of 1.5% and when their
levels are >1000 mg / dL amounts to 20.2%. Dyslipidemias associated with AP are type I, IV and
V (Frederickson Classification) [12].
Smoking is associated with 50% of cases of AP [13,14]. Active smokers have 20% more risk
of suffering from pancreatic disease when compared with ex-smokers [15]. Because the harmful
and carcinogenic effects of smoking and its high global prevalence, this is considered the most
important modifiable risk factor [16,17]. Drugs cause less than 5% of the cases of AP, mostly
mild AP. Among them: azathioprine, didanosine, estrogen, furosemide, pentamidine,
sulfonamides, tetracycline, acid valproic, 6-mercaptopurine, angiotensin-converting enzyme
inhibitors and mesalamine [18,19].
Mutations and polymorphisms of some genes are associated with AP and CP, including
those that encode cationic trypsinogen, serine protease inhibitor of Kazal type 1, regulator of the
transmembrane conductance in cystic fibrosis, chymotrypsin C, calcium-sensitive receptor and
claudin-2; they serve as cofactors interacting with other causes, for example, the mutation of
claudin-2 in synergism with alcohol [2,10,20].
There are other potential factors such as genetic polymorphisms, smoking, and other
environmental toxins, and effects of associated comorbidities, obesity and Type 2 Diabetes
(DM2) [21,22]. Autoimmune causes occupy less than 1% [23,24]. There are two types, type 1
that affects pancreas, kidneys and salivary glands; that cause obstructive jaundice with mild
elevation of Immunoglobulin G4; type 2 only affects the pancreas, occurs in young patients and
does not elevate immunoglobulin G4; both respond to glucocorticoids [25-27].
Penetrating abdominal traumas, particularly those of spine develop AP in 1% of cases [28].
Infectious causes (cytomegalovirus, mumps virus, Epstein Barr virus) and parasites such as
Ascaris and Taenia cause 1% or more of the cases [29]. Obesity is a well-established risk factor
for AP, and it is more severe in central obesity; DM2 increases 2-3 times the risk of suffering
from AP. Cirrhosis doubles its mortality [30,31]. AP is related to the time and duration of the
stress that it can be beneficial or harmful to the exocrine pancreas. Acute short-term stress may
be useful for high-risk procedures, for example, ERCP; while chronic stress can be harmful [32].
3. Epidemiology
AP is one of the most common gastrointestinal disorders that require hospitalization. Its
annual incidence is 13 to 45 per 100,000 people [33,34]. The pooled incidence rates of acute
pancreatitis globally are 34 per 100,000 general population per year [4]. Men and women are
equally affected. Incidence rates vary throughout the world. North America and Western Pacific
regions have the highest incidence rates. Incidence rates in Europe are 29 per 100,000 with
northern and eastern Europe being the most affected [4]. Most are mild and self-limited, 30% are
moderately severe, and 10% are severe. Organic failure is the main determinant of seriousness
and cause of early death. The overall mortality is 3-6% and increases to 30% in severe AP, mainly
due to secondary infections, including infected acute necrotizing pancreatitis (PAN) and sepsis,
responsible for more deaths in recent years [4]. In the systematic review by Xiao et al. based on
7 population-based cohort studies the pooled mortality rate was 1.16 per 100,000 general
population per year [4].
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4. Diagnosis
The diagnosis is made with 2 or more of the following criteria: characteristic abdominal
pain, elevated serum lipase and amylase levels at least 3 times the normal value and/or findings
in images of abdomen including ultrasound (USG), computed tomography scan (CT) or
magnetic resonance imaging (MRI) [6,35].
4.1. Clinical history and physical examination
Abdominal pain in the upper left quadrant, region, periumbilical and/or epigastrium
usually appears suddenly, and it can be generalized and radiates to the thorax and middle back.
Starts after ingestion of fatty food or alcohol. It is associated with nausea and vomiting, fullness,
abdominal distension, hiccups, indigestion, and oliguria [36]. The physical findings are
variable and may include fever, hypotension, tachycardia, tachypnea, jaundice, diaphoresis and
alteration of the state of consciousness. There can also be signs of abdominal guarding to
palpation and even signs of peritoneal irritation. Cullen sign (ecchymosis and edema of the
subcutaneous tissue) and Gray Turner sign (ecchymosis on the flank) are associated with severe
AP and denote poor prognosis [37]. It is important to detail the personal history of previous
AP, gallstones, alcohol and drug intake, hyperlipidemia, trauma or recent abdominal invasive
procedures and family history of pancreatic disease.
4.2. Laboratory exams
Includes complete blood counts, metabolic panel (triglycerides, renal and hepatic function),
levels of lipase and amylase, lactate dehydrogenase, calcium, magnesium, phosphorus (if there
is a history of alcohol abuse) and urine analysis [38]. According to the clinical scenario: CReactive Protein (CRP), arterial blood gases and levels of IL-6 or IL-8 [39]. Lipase levels are
more sensitive and specific than those of amylase. There may be hyperamylasemia in renal
failure, parotitis, ischemia and intestinal obstruction, macroamylasemia and by use of multiple
medications. The lipase levels can increase spontaneously in bacterial peritonitis, intestinal
ischemia and esophagitis [40].
4.3. Imaging tests
The guidelines of the ACG recommend that all patients with suspected AP should have an
abdominal USG performed, which is useful for diagnosis of biliary AP, but limited in the
presence of superimposed intestinal gas and choledocholithiasis, and it is not useful to evaluate
prognosis [41]. CT is the standard diagnostic method for evaluation of the prediction and
prognosis of AP severity, and is diagnostic test of choice for differential diagnosis in patients
with severe abdominal pain that mimic AP or with atypical symptoms and mild elevations of
serum pancreatic enzymes, and in case of conservative therapeutic failure or in the context of
clinical deterioration. The optimal time to do it is 72 - 96 hours after the onset of symptoms [42].
MRI is useful in cases of hypersensitivity to contrast medium and shows an advantage over CT
to evaluate the main pancreatic duct and the presence of collections [43]. ERCP is used in cases
of choledocholithiasis and is similar to magnetic resonance (MR) cholangiopancreatography,
non-invasive method that does not it requires gadolinium [13].
5. Types and Phases
There are two types: Interstitial edematous AP: Occurs in 80-90% of cases. It consists of
acute inflammation of the pancreatic parenchyma and/or peripancreatic without necrotic tissue
identifiable by CT. It resolves during the first week. Necrotizing AP: Inflammation associated
with pancreatic necrosis and or peripancreatic detectable by CT. It is the most aggressive form
[44-46].
There are 2 phases, which can be overcome and they are an early phase that remits in 1
week and can extend up to 2 weeks, characterized by the SIRS and/or organ failure. A late
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phase that lasts for weeks or months and is characterized by signs of systemic inflammation,
local and systemic complications, and/or persistent organ failure [45,46].
6. Degrees of Severity
It is important to define and stratify AP to: a) Identify potentially serious patients who
require aggressive treatment at admission, b) Identify patients that merit referral for specialized
care and c) Stratify these patients in subgroups in the presence of persistent organ failure and
complications including local or systemic.
The Atlanta Classification defines them as follows:
Mild AP: Absence of organ failure and local or systemic complications. Resolves during
week 1, usually do not require imaging examinations and mortality is very rare.
Moderately Severe AP: Presence of transient organ failure or local or systemic
complications. It can resolve in the first 48 hours (transient organ failure or acute liquid
collection) without intervention or requires prolonged specialized attention (Sterile PAN
without organ failure), resolving in week 2 or 3, with morbidity and mortality <8%.
Severe AP: Presence of persistent organ failure (single or multiple) and one or more local
or systemic complications. It can happen in the early phase (mortality of 36-50%) or late [45-47].
7. Prediction of Severity and Forecast
The identification of severity upon admission is detrimental to a) Determine if the patient
enters intermediate care or intensive care, b) Decide on the initiation of effective and timely
therapy, and c) Assess the risk of morbidity and mortality [48]. It is established at entry and at
48 hours combining the following parameters:
7.1. Clinical parameters
Age ≥ 60 years, pre-existing disease (score ≥2 in the Charlson comorbidity index), obesity
(BMI > 30) and prolonged intake of alcohol, increase the risk of complications or death [36]. A
new model using intra-abdominal pressure and BMI has been shown to more accurately predict
the severity of AP [49].
7.2. Laboratory Studies
Hemoconcentration and azotemia, or alteration of inflammatory markers (CRP> 150 mg / L
and IL-6, IL-8, IL-10) measure the decrease in intravascular volume for losses in the third space
[40,50]. If the BUN, creatinine and elevated hematocrit are not restored to normal range after an
aggressive resuscitation with fluids, then these are predictors of severe AP. Amylase and lipase
values are not predictors of severity [40,51]. Serum biomarkers such as the activation peptide of
urinary trypsin and serum amyloid A have been studied as predictors of early severity [51].
Quantitative assessment of histone levels within 48 hours of onset of abdominal pain can also
help predict persistent organ failure and mortality in patients with AP [52].
7.3. SIRS
It is defined with more than 2 of the following values: temperature <36 ° C or> 38 ° C, heart
rate> 90 / min, respiratory rate > 20 / min and white blood cells <4000 or > 12000 / mm3. It
predicts AP severity at admission and at 48 hours. For mortality, it has a sensitivity of 77 to 89%
and specificity of 79 to 86% [53]. Persistent SIRS associated with multiple organ failure has 25%
mortality compared to transient SIRS, which is 8% [54].
7.4. Scoring systems
a) Ranson criteria: With 80% sensitivity in the first 48 hours. Values 11 factors (5 on
admission and 6 at 48 hours), a value ≥ 3 points is considered severe AP [55,56].
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b) APACHE II and APACHE-O: APACHE II has a sensitivity of 95% when used daily in
patients in intensive care and assesses 12 criteria. A score ≥ 8 is considered as a risk of death, and
the risk is greater as the score increases. The APACHE-O is used when the obesity factor is added
to the score [57-60].
c) Modified Glasgow Criteria (Imrie): Has sensitivity of 80% when used in the first 48 hours.
A value ≥ 3 predicts severe AP [61,62].
d) BALI score: Evaluate 4 variables: BUN ≥ 25 mg / dL, age ≥ 65 years, LDH ≥ 300 U/L, IL-6
≥ 300 pg/mL, at admission and at 48 hours. Three positive variables are associated with mortality
≥ 25% and four positive variables with ≥ 50% [44].
e) PANC 3 Score: Very useful for its efficiency, ease and speed of results when evaluating
3 variables: Hematocrit >44 g/dL, BMI >30 kg/m2 and pleural effusion by x-ray (this last variable
is the most useful for predicting severe AP) [63].
Three recent scoring systems have been proposed, and each of them predicts severity in the
first 24 hours [64].
f) BISAP: Evaluate 5 criteria: BUN >25 mg/dL, age >60 years, mental deterioration, SIRS and
pleural effusion. A value> 2 elevates 10 times the risk of mortality.
g) HAPS: Identifies patients who do not require intensive care and that probably will not
develop severe AP in 24 hours [63].
h) POP: Has greater sensitivity than APACHE II and Glasgow. Evaluate 6 variables: age,
mean arterial pressure, arterial pH, urea, calcium, PaO2/FIO 2. The score goes from 0-40; a higher
score equals higher mortality [53,63,65].
There are other scoring systems such as:
i) Determinant-Based System: It is based on the identification of radiological changes of the
collections, sterile PAN or infected and organ failure signs [66]. j) Severity index by CT: Sums
the Balthazar degree, more the degree of necrosis [56,58,62,67]. Evaluates the presence of
peripancreatic inflammation, phlegmon, and necrosis. A total ≥ 5 is associated with prolonged
hospital stay and increase in morbidity and mortality 15 times more than patients with a score
<5. Exceeds Ranson's prediction of severity and APACHE II, has a sensitivity of 87% and
specificity of 83%.
k) Classification of Atlanta: It is based on a multifactorial scoring system and predictive
factors of severity. In the first 24 hours includes clinical suspicion, an increase of BMI, pleural
effusion and increased APACHE value II. After 24 hours it includes persistent organ failure
and/or Glasgow Imrie> 3 and higher severity score if CRP >150 mg/L or increased biomarkers
IL-1, IL-6, IL-8, IL- 10, procalcitonin and beta-receptor antagonist [45,46,58,63,68].
l) EPIC: Evaluates the presence of ascites, pleural effusion, and retroperitoneal edema.
Predicts the occurrence of early organ failure with similar or greater precision to SIRS, Bisap and
Balthazar, and duration of the hospital stay. It is not useful to differentiate the severity of organ
failure, and the number of organs failed [69].
There is no reliable predictor or consensus on the preference of use of one or the other of
the systems for persistent organ failure. Despite the evidence, there are no studies with a direct
relationship between prognostic and mortality markers [69]. Based on expert opinions we can
say that Ranson's criteria although simple, easy to remember and widely available tests to
perform them in any laboratory, it is filled with uncertainties, uncomfortable and confusing as
they vary according to the biliary etiology, and instead of evaluating 11 factors become 22. All
scoring systems have their utility but with the limitations that most are evaluated on admission
and then until 48 hours, leaving a blind period that is critical in the management and detection
of complications. The APACHE II Score has the advantage of being able to be calculated on
admission and at any time according to the evolution and condition of the patient, is very
effective for the accuracy of prediction of severity and prognosis, and together with the CT
Severity Index are superior to the other numerous methods, since it also values extension and
necrosis. Therefore we could conclude that the Ranson Criteria does have its utility when
approaching the patient in the Emergency Room or on admission, but definitely, the APACHE
II Score is the basis for constant clinical-laboratory combined monitoring [58,59,61,63].
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8. Treatment
It is essential to make an accurate diagnosis, triage appropriately, provide high-quality
supportive care, continuously monitor and treat complications, and prevent relapse [1,70,71].
Mild AP can be treated on an outpatient basis with oral analgesia; however, most require
hospitalization [70]. The first 48-72 hours should focus on detecting monitoring worsening blood
pressure, oxygen saturation and decreasing urine output. The presence of hypotension,
tachycardia, hypoxemia, and oliguria> 48 hours indicates persistent organ failure, and if not
responding with adequate IV fluid therapy requires management in ICU and probably
involving gastroenterology or general surgery [6]. The physical examination must be repeated
every 4-8 hours, monitoring for alteration of the mental state and/or abdominal stiffness
indicating fluid in the third space or abdominal compartment syndrome [72,73]. In the first 612 hours complete metabolic panel, complete blood count, serum calcium, magnesium, glucose,
and BUN, depending on the patient's condition should be performed. Hypocalcemia and
hypomagnesemia should be corrected intravenously. Hyperglycemia must be managed with
insulin. Hemoconcentration and elevated BUN levels indicate inadequate hydration or kidney
injury, which requires increasing the supply of IV fluids Abdominal CT should be repeated if
there is poor response to standard therapy to evaluate complications or worsening of the
condition [68].
8.1. Pain control
Opioids are the analgesics of choice. They have the advantage of decrease the need for
supplemental analgesia compared with other options, although there is no difference in risk of
complications or serious adverse events. Pain medications used are buprenorphine, pethidine,
pentazocine, fentanyl and morphine [74,75].
8.2. Resuscitation with fluids
The substantial losses in the third space and the depletion of intravascular volume
(hypovolemia) leading to hypoperfusion of the splenic bed are negative predictors for AP
(hemoconcentration and azotemia) [76]. Retrospective studies suggest that the aggressive
administration of fluids during the first 24 hours reduces morbidity and mortality. Most of the
current guidelines provide guidelines for the administration of early and vigorous IV fluids,
which is more important during the first 12-24 hours and of little value after this time.
Studies from Mayo Clinic in the United States have demonstrated that with the abovementioned management, there is a decrease in the incidence of organ failure and the SIRS score,
and length of hospital/ICU [76]. The AGA recommends administering balanced crystalloid
solution at 200-500 mL/hour or 5-10 mL/Kg weight/hour (2500-4000 mL in the first 24 hours) to
maintain an effective MAP (65 mmHg) and a urinary output of 0.5 mL/Kg weight/hour, and so
on to decrease BUN levels [5]. Ringer's Lactate is superior to normal saline solution and
reduces more inflammatory markers (CRP) and the incidence of SIRS [77,78]. An experimental
study in rats with PAN using solution of Ringer's ethyl pyruvate (replacing Lactate) showed to
be a powerful antioxidant that decreased edema and pancreatic necrosis achieving reduction of
terminal organ failure and improvement in survival [76].
Colloids should be considered in case of hematocrit <25% and human albumin for
hypoalbuminemia <2 g/dL [64]. The practical way to measure the adequacy of fluid therapy
and of the state of hydration is by cardiopulmonary monitoring, clinically and hourly
measurement of urine output, monitoring of hematocrit (of 35-44%) and correction of BUN and
creatinine, which has shown that it limits necrosis. A decrease in hematocrit level to 44-47% in
the first 24 hours is considered a major risk to develop necrosis [64]. The main risk of fluid
restitution is the overload of volume that increases the risk of abdominal compartment
syndrome, sepsis, need for intubation and death [41,73], so it must be adapted according to the
degree of intravascular volume depletion and cardiopulmonary reserve, having special
considerations in patients with renal and cardiopulmonary failure [64].
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8.3. Nutrition
In the last decade, nutritional support has become one of the key points in the treatment of
AP, mainly of severe AP. There is an indication of specialized nutrition, with the enteral
nutrition (EN) being preferred over the total parenteral nutrition (TPN) administered from the
early form. The use of polymeric diets is recommended, where the three basic protein nutrients
are present, carbohydrates and fats, accompanied by clear liquids. TPN is more expensive,
riskier and less effective than the EN in AP patients and is reserved as a second line. In mild
AP without organ failure or necrosis, EN can be started from admission with a soft or solid diet
low in fat, in the absence of intense pain, nausea, vomiting, and ileus, without waiting for
normalization of the levels of pancreatic enzymes. It is safe and associated with a shorter hospital
stay compared to a clear liquid diet progressing slowly to a solid diet [76,79]. In severe AP,
intolerance to the oral route or when the clinical signs of AP worsen with EN, TPN is indicated;
even so, it is recommended to maintain minimum perfusion of EN to preserve the trophic effect
of the intestinal mucosa. Can start EN when sufficient oral intake is not reached in 3 to 5 days,
by nasojejunal tube (Dobhoff) which is better than the nasogastric because it decreases the
pancreatic secretion, prevents the risk of bacterial translocation of intestine to the pancreas and
infections, decreases the need for surgical interventions and short hospital stay/ICU,
independently of the APACHE II score, without changes in the occurrence of complications
and mortality, compared with the TPN. A recent meta-analysis also showed reduction in the
mortality and organ failure [76,79-81]. In AP, regardless of the severity, a normal diet can be
started once the acute pain is resolving [82].
8.4. Antibiotics
AP is a sterile inflammation; only one-third of cases develop infected PAN with a significant
risk of death > 50%. The use of antibiotics should be reserved for suspicion or confirmation of
local or extrapancreatic infections such as pneumonia, urinary tract infection, cholangitis,
sepsis, phlebitis in a venipuncture site; or as recommended by the guidelines of AGA and ACG
clinics, restricting them to patients with PAN with pancreatic necrosis> 30% or pancreatic
necrosis
or infected extrapancreatic, which should be suspected
based on clinical
deterioration or poor patient improvement after 7-10 days of hospital treatment [41]. They are
also indicated in sepsis, so simultaneous pan cultures (blood, urine, other bodily and tracheal
fluids), should be done to identify etiology. Antibiotic administration must be done according
to sensitivity, and the duration depends on the clinical response and negativity of the cultures
[83-85]. The use of prophylactic antibiotics is not indicated in mild AP, moderately severe,
severe or sterile necrosis which increases the prevalence of fungal infections and development
of multidrug-resistant microorganisms [83-86].
Various meta-analysis and reviews in Cochrane conclude that the carbapenems, especially
imipenem/cilastatin, are the empirical monotherapy more effective for the treatment of
pancreatic infection. Quinolones, metronidazole, and cephalosporins at high doses can also be
effective since most isolated pathogens are E. coli, Bacteroides, Enterobacter, Klebsiella, S.
faecalis, S. epidermidis, and S. aureus [87].
8.5. Probiotics and prebiotics
The Dutch AP Study Group found that the use of a probiotic cocktail increased death with
high significance statistics, therefore, are contraindicated. The same happens with prebiotics
[88,89].
8.6. Alternative medicine
A Cochrane review evaluated 15 Chinese studies determining that the use in AP of licorice
root, ginseng, peony and bark of Chinese cinnamon reduce mortality, surgical interventions,
and organ failure, but the quality of the studies is very low [90,91].
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8.7. Other drugs
The use of heparin (preferably those of low molecular weight) in moderately severe to
severe AP is associated with better evolution by a lower incidence of necrosis, ability to improve
pancreatic microcirculation and anti-inflammatory effect when reducing the stimulation of
macrophages and monocytes [92]. The review by Rawla et al. has shown that heparin reduces
amylase levels, endothelin-1, inflammatory cytokines and TNF-α, and activation of NF-kB [12].
Simvastatin is a promising drug for the prophylaxis of new episodes of recurrent AP [12].
Various clinical trials demonstrate the benefit of the use of anti-TNF-α in selected patients since
the TNF-α plays a central role in the pathogenesis of local and systemic complications of PA (4).
Norepinephrine, as in patients with sepsis, is the first line vasopressor to maintain MAP ≥ 65
mmHg, even when hypovolemia has not yet been treated. Continuous Hemodiafiltration
(CHDF) vs. Continuous Veno-Venous Hemofiltration (CVVH) is also used in some patients [93].
CHDF is widely used in Japan as a therapy for blood purification in patients with morbid
conditions, and it is believed to prevent organ failure. Its role has been investigated using a
membrane of Polymethyl methacrylate (PMMA) for the elimination of cytokines
proinflammatory in severe AP. Pupelis et al., in a 10-year retrospective review of experience
using CVVH in patients with AP, concluded that balancing the replacement of fluids and the
elimination of blood cytokines decreases the need of surgical interventions from 41% to 19%
[94,95]. CVVH therapy can reduce the levels of inflammatory factors in severe AP patients
effectively [96]. The Japanese guidelines suggest that organ failure is prevented but not mortality
in severe AP. Xu et al. recently showed a decrease in the levels of TNF-α and the positive
correlation between blood levels of TNF-α and the intra-abdominal pressure [97]. Use of
pyruvate and galactose feedings have been shown to be protective against cell damage in AP
when tested mouse models [98].
8.8. Heparanase inhibitors
A clinical-biochemical model of AP induction was studied in rats with analogues of
interstitial pancreatic secretagogues, specifically cerulein, which increases expression and
activity of heparanase (endoglycoside regulator of several physiological and pathological
processes, as well as angiogenesis, metastatic cancer and inflammation), which is highly
involved in its pathogenesis and the use of its inhibitors decrease edema and inflammation
markedly. Currently, they are used in phase I / II of clinical trials in cancer patients, so they are
expected to be also beneficial in AP [99].
8.9. Endoscopic treatment
ERCP with sphincterotomy decreases mortality and complications compared with nonsphincterotomized cases. Its use is limited to patients with over-aggregated cholangitis.
Biliary AP should be treated urgently preferably in the first 24 hours when there is documented
choledocholithiasis by images or findings highly suggestive of persistent calculation in the bile
duct, for example, jaundice, progressive increase in liver function tests or persistent dilation of
the bile duct. There is no benefit in the absence of these manifestations, mild biliary AP or as a
diagnostic test before cholecystectomy. Endoscopic ultrasonography (EUS) is used as a platform
for the minimally invasive treatment of pseudocyst with necrosis of the pancreatic wall [100102].
9. Complications
9.1. Organic failure
It is defined for 3 systems (respiratory: PaO 2/FiO 2 = 300, cardiovascular: use of inotropic
agents and renal: creatinine = 171 mmol/L or 2.0 mg / dL) in a 24-hour period and a score ≥ 2
with Marshall's modified system that is preferable to the SOFA system since it is more
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simplified, universal and stratifies severity especially in critically ill patients with inotropic and
ventilatory support; both can be used on admission and daily . Organ failure may be transient
if it resolves in <48 hours, and persistent if it is ≥ 48 hours, with mortality up to 30% [44,68].
9.2. Systemic complications
a) Exacerbation of pre-existing comorbidities: Coronary disease, chronic liver disease,
COPD, acute renal failure and intravascular disseminated coagulation. b) Abdominal
compartment syndrome: Defined as a concomitant organ failure with intra-abdominal pressure
> 20 mm Hg as a consequence of aggressive resuscitation with fluid, manifested with abdominal
distension, oliguria or increase in assisted mechanical ventilation. Its management consists of
a) Decrease the contribution of liquids, b) Measure intra-vesical pressure with a urinary catheter,
c) Reduce the ventilatory tidal volume and d) Place nasogastric and rectal tubes. If these
measures are not effective, then surgical decompression is preferred [73,103].
c) After AP endocrine dysfunction (prediabetes and DM2) appears in 20-30% and the
exocrine (CP) in one third or half of the cases. 60% of Patients with DM2 are not associated with
pancreatic exocrine dysfunction because it recovers over time [104].
d) Other complications: Thrombosis of the portal vein, ascites by thrombosis of the superior
mesenteric vein and/or Splenic aneurysm may occur after several weeks of hospitalization.
Gastric dysfunction, necrosis of the colon, acidosis, Respiratory distress syndrome, gastric
varices, retroperitoneal hemorrhage and gastrointestinal, ileus, pleural effusion, aneurysms in
the splenic, renal or gastroduodenal arteries and gastric hematoma have also been reported [71].
9.3. Local complications
They are suspected when persistent abdominal pain or recurrent increased pancreatic
enzymes are seen with organ failure and/or signs of SIRS. By themselves, they do not define AP
severity. They are described by CT based on location (pancreatic, peripancreatic or other), the
content (liquid, solid or gas) and thickness of the wall (thin or thick) [105]. Currently, abdominal
CT is a non-invasive diagnostic tool to detect collections [56,106]. There are four types of
collections, which appear in this order: 1. Acute liquid collection: Before 4 weeks. Associated
with interstitial edematous AP in the absence of necrosis [76]. It is homogeneous with dense
liquid, not encapsulated and confined to the peripancreatic fascia. Most are sterile and have a
spontaneous resolution, so their management is conservative. 2. Acute necrotic collection or
PAN: In the first 4 weeks. It can be sterile or infected. In the initials phases the collection is a
mixture of solid tissue and semi-solid, then it becomes more liquid, and it is encapsulated (PAN
encapsulated sterile). Infected PAN is rare in the first 2 weeks, and it is suspected after this time
before the onset of fever, leukocytosis, and pain. Abdominal growth is generally monomicrobial
and more frequent by gram-negative bacilli. CT demonstrates gas in the presence of necrosis.
If sterile, it is managed conservatively and only requires therapy in rare cases that obstructs a
nearby viscus, for example, stomach, duodenum or bile duct [86,107,108].
In current practice any invasive intervention is delayed for at least 4 weeks; when
encapsulation demarcates the boundary between the necrotic tissue and healthy, forming a
mature wall around it which allows drainage and debridement easier, reducing the risk of
complications and death. If the patient has progressive sepsis or is in unstable conditions, the
percutaneous drainage of the collection is enough to reduce sepsis and allow delay of 4 weeks
to be continued. Almost 60% of patients with PAN can be treated non-invasively with a low risk
of death [86].
In patients who develop severe AP and infected PAN or persistent liquid collections, the
treatment consists of administering antibiotics, CT-guided percutaneous drainage if necessary
and after a delay of several weeks performs minimally invasive debridement (necrosectomy) by
percutaneous, endoscopic, laparoscopic or assisted retroperitoneal approach. This approach is
superior to traditional open necrosectomy with respect to the risk of major complications or
death, and approximately one-third of patients treated with this method do not require
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debridement. The drained liquid is Gram stained and cultured. Only a small percentage of
patients with infected PAN can be treated only with antibiotics [86,107].
3. Pseudocyst: Appears around 4 weeks. Is an oval or round collection, encapsulated by a
fibrous wall and well-defined granulation extrapancreatic tissue without necrosis or with
minimal necrosis with a homogeneous composition. They are usually asymptomatic; when there
are symptoms, they are nonspecific. If it is asymptomatic, it is managed conservatively, since
> 50% resolve spontaneously. If it is symptomatic, it becomes infected or increases in size on
serial images, should be intervened mainly with endoscopic techniques [105,109,110]. 4.
Abscess: After 4 weeks in the context of PAN, it is heterogeneous and encapsulated. More than
80% of the AP deaths are attributed to septic complications of PAN with bacterial infection. It is
suspected by the clinical evolution of the patient or the presence of gas. Its management is
similar to infected PAN [111]. Other local complications are: Pancreatic fistula, pseudocyst or
pancreatocutaneous fistula, pseudoaneurysm of the pancreatic artery, portal vein thrombosis,
superior mesenteric (manifested by ascites of recent onset) and/or splenic aneurysm can occur
many weeks after hospitalization and should be detected and treated adequate and timely
[71,105]. Hemorrhage of a pancreatic bed or retroperitoneum should be managed according to
the etiology. In the case of aneurysm rupture, embolization is indicated, and if it does not
resolve, surgery should be performed. Intramural hematomas in the absence of bleeding or
other complications are handled conservatively. Otherwise, embolization is a safe and
minimally invasive option, reserving surgery for cases selected [112-114].
10. Surgical treatment
In patients with mild biliary AP, cholecystectomy should be performed early (first 48 hours
after admission), shortening hospital stay when comparing it to when it is done after the
resolution of pain and normalization of enzymes. Delay increases the risk of recurrent biliary
AP but not complications [115,116]. Biliary PAN surgery is delayed until the inflammation, and
liquid collections stabilize, decrease or disappear, around 6 weeks [116,117].
11. Recurrent AP
It is characterized by episodes of AP in more than one occasion by normal morphofunctional adjustment of the gland. However, CP can be found in both the first episode of AP as
in the follow-up. It is idiopathic in 30% of the cases, but in the majority the cause is identified:
choledocholithiasis or sludge and bile crystals in the common bile duct, dysfunction of the
sphincter of Oddi, anatomical ductal variants that interfere with the exit of pancreatic juice,
obstruction of the duct pancreatic main or pancreaticobiliary junction, genetic mutations and
prolonged consumption of alcohol. In 80% of cases, cholecystectomy and eventually ERCP with
Sphincterotomy are used for management. Ursodeoxycholic acid is also effective for the
treatment of biliary sludge [1,118,119].
12. Prevention of Relapse
The rate of relapse of AP is 20% at 30 days. It is important to emphasize that recurrent
abdominal pain is an essential factor for relapse. Risk factors include in the first episode:
severity, the degree of necrosis and cause, as well as the use of antibiotics. The factors that reduce
it are tolerable solid diet and absence of gastrointestinal symptoms such as nausea, vomiting,
diarrhea and abdominal pain. The most common modifiable factors are alcohol consumption
and tobacco abuse. It has been seen that patients who continue to consume alcohol have a higher
risk. Control of hyperlipidemias can prevent it. Finally, with biliary AP, a cholecystectomy
should be performed before hospital discharge, reducing the complication rate by 75%. If it is
deferred, it should be done in a short ambulatory period and not for more than a few weeks, as
the chances of recurrences increase to > 30%. In patients with severe PAN or AP,
cholecystectomy is postponed until inflammation decreases and improve visibility at the
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moment of surgery. Patients who are not candidates for surgery, biliary endoscopy can help
reduce but not eliminate the recurrent risk of acute cholecystitis or biliary colic [34,120].
13. Conclusions:
The main etiologic causes of AP are alcohol consumption, gallstones, hypertriglyceridemia,
and biliary stones. The clinical signs and symptoms, and diagnostic criteria of AP are well
established in the literature and multiple studies. Multiple scoring systems have been used to
predict the severity, prognosis, and mortality associated with AP. We could conclude that the
Ranson Criteria does have its utility when approaching the patient in the Emergency Room or
on admission, but definitely, the APACHE II Score is the basis for constant clinical-laboratory
combined monitoring. Early and vigorous IV fluids mainly with ringers’ lactate is important
during the first 12-24 hours of management of AP. In patients with mild biliary AP,
cholecystectomy should be performed early (first 48 hours after admission), shortening hospital
stay. Larger trials are needed on the role of heparinase inhibitors in the management of acute
pancreatitis.
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