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Abstract: Acute pancreatitis (AP) is the most
common gastrointestinal disorder requiring hos-
pitalization, with a high rate of morbidity and
mortality. Severe AP is characterized by the pres-
ence of persistent organ failure involving sin-
gle or multiple organs. Clinical evolution, labo-
ratory and radiological assessment are neces-
sary to evaluate the prognosis and inform the
management of AP. The onset of severe AP may
be classified in two principal phases. The early
phase, during the first week, is characterized by
the activation of the auto-inflammatory cascade,
gut dysbiosis, bacterial translocation, and the
down-regulation of immune responses. The late
phase is characterized by the development of lo-
cal and systemic complications. Several old par-
adigms have been amended in the management
of AP patients, such as the indication of nutrition,
the use of antibiotic therapy, pain control strat-
egies, and even the use of surgery. Real world
evidence has shown that in the majority of cas-
es a step-up approach is most effective. In this
review, we discuss the clinical assessment and
improvements to the management of patients
with severe AP in a high volume center where a
multi-disciplinary approach is performed.
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Introduction

Acute pancreatitis (AP) is an acute inflam-
matory disease of the pancreas'. It is the most
common gastrointestinal disorder requiring hos-

pitalization, with a significant impact in morbidi-
ty and mortality?. It has a worldwide incidence of
13-45 cases per 100,000 persons®. AP may devel-
op in two principal forms, interstitial edematous
pancreatitis with a mortality of less than 3%, and
necrotic pancreatitis with a mortality of higher
than 15%°. The rate of hospitalization for AP
continues to increase as a consequence of the per-
sistence of several risk factors?, such as chronic
alcohol use or abuse, that diffusely are present in
the global population. Recently, the 1992 Atlanta
criteria have been revised and a new classifica-
tion for AP has been proposed’. This last current
global consensus classification of AP offers a
comprehensive arrangement of clinical severity
and diagnostic and therapeutic management. The
new proposed classification precisely evaluates
early and late AP related complications with a
special emphasis on peripancreatic fluid collec-
tions, that have been divided into four principal
subtypes. Due to its complexity, AP manage-
ment requires the intervention of several spe-
cialists, such as the internist/gastroenterologist,
endoscopist, radiologist, and surgeon, who may
cooperate in a multidisciplinary approach. The
early phase of mild AP is often successfully
treated with conservative measures, mainly with
aggressive fluid rehydration, to ensure the main-
tenance of survival functions. Severe AP, on
the other hand, often requires admission to the
intensive care unit (ICU), while the late phase
of severe pancreatitis may require percutaneous
and endoscopic techniques and even surgery, in
the light of the step-up approach, to deal with
the complications of the disease process®.
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Etiology and risk factors

The principal causes of AP are choledocholithi-
asis (about 40% of cases) and chronic alcohol use
or abuse (about 30% of cases). Other causes include
iatrogenic pancreatitis, such as endoscopic retrograde
cholangiopancreatography (ERCP) and endoscopic
ultrasound-fine needle aspiration/biopsy (EUS-FNA/
FNB, about 10% of cases), drugs’, such as steroids,
NSAID, azathioprine, mercaptopurine, mycophe-
nolic acid, fenofibrate, estrogens, mesalazine, in-
fliximab, angiotensin-converting enzyme inhibitors,
furosemide, thiazide diuretics, statins, several anti-
biotics, valproic acid, olanzapine, etc. (about 5% of
cases), autoimmunity (< 5% of cases), obstructions (<
5% of cases)®, hypertriglyceridemia (< 5% of cases),
and hypercalcemia (related to excessive vitamin D
therapy, hyperparathyroidism, total parenteral nutri-
tion). Finally, rare causes of AP are infections, toxins,
traumatic events, genetic causes (mutations in CF-
TR/PRSSI1/SPINK1 gene), and vascular anomalies
(ischemia, vasculitis)®® (Table I).

Table I. Causes, frequency and risk factors of acute pancreatitis.

The diagnosis of acute
pancreatitis and the assessment
of clinical severity

According to the 2012 Atlanta criteria®, the
diagnosis of AP requires two of the following
three features:

(I) Abdominal pain consistent with AP (acute
onset of a persistent, severe, epigastric pain
often radiating to the back);

(2) Serum lipase or amylase at least three times
greater than the upper limit of normal;

(3) Typical radiologic findings of acute pancreatic
damage on transabdominal ultrasonography
(US) contrast-enhanced computed tomogra-
phy (CECT), and, less commonly, magnetic
resonance imaging (MRI) (Table II).
However, if the diagnosis of AP can be per-

formed only with clinical symptoms and labora-

tory criteria, the standard guidelines recommend
that computed tomography (CT) should not be
performed at admission to determine the severity

Causes of acute pancreatitis Frequency
Gallstones 40%
Alcohol 30%
latrogenic: ERCP, EUS-FNA/FNB, abdominal surgery 10%
Drugs 5%
Such as: steroids, NSAID, azathioprine, mercaptopurine, mycophenolic acid,

fenofibrate, estrogens, mesalazine, infliximab, angiotensin-converting enzyme

inhibitors, furosemide, thiazide diuretics, statins, several antibiotics, valproic acid,

olanzapine, etc.
Autoimmunity (IgG4 related disease) <5%
Obstruction <5%
Such as: congenital pancreatic variants and anomalies, malignant pancreatic duct or

ampullary obstruction, pancreatic macrocysts (pseudocysts, IPMN, cystoadenomas), etc.
Hypertriglyceridemia, hypercalcemia <5%
Infections (viruses, parasites, etc.) <1%
Traumatic events <1%
Vascular anomalies (ischemia, vasculitis) rare
Genetic causes
Such as: cystic fibrosis, mutations in CFTR/PRSS1/SPINKI1 gene, rare

deficiency of lipoprotein lipase, etc.

Risk Factors

Smoking, obesity, metabolic syndrome and diabetes common
Pancreas divisum, sphincter of Oddi dysfunction controversial
Celiac disease, IBD, surgical procedure like cardiopulmonary bypass uncommon

List of Abbreviations: ERCP: endoscopic retrograde cholangiopancreatography; EUS-FNA/FNB: endoscopic ultrasound-fine
needle aspiration/fine needle biopsy; NSAID: non-steroid anti-inflammatory drugs; IPMN: intraductal papillary mucinous
neoplasm; CFTR: cystic fibrosis trans-membrane conductance regulator; PRSS1: polymorphisms in cationic trypsinogen;
SPINK1: polymorphisms in serine protease inhibitor kazal type 1; IBD: inflammatory bowel diseases.
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Table Il. The revised Atlanta criteria for the diagnosis of acute pancreatitis.

radiating to the back);

The diagnosis of acute pancreatitis requires two of the following three features:
1 Abdominal pain consistent with acute pancreatitis (acute onset of a persistent, severe, epigastric pain often

2 Serum lipase or amylase at least three times greater than the upper limit of normal;
3 Typical radiologic findings of acute pancreatic damage on contrast-enhanced computed tomography (CECT)
and/or on magnetic resonance imaging (MRI) or transabdominal ultrasonography.

of disease, but it may be performed after 5-6 days
from the onset of symptoms to assess the presence
of AP complications'™". On the contrary, CT is nec-
essary in the initial patient evaluation if the typical
pancreatic abdominal pain is not associated with
an increase in amylase or lipase level**'?. Several
classifications of AP have been proposed”. The
current global consensus criteria propose a new
classification of AP into three categories of severi-
ty, and classify peripancreatic collections into four
groups in relation to their morphology and imaging
findings’. Thus, according to the last revision of the
2012 Atlanta criteria, the severity of AP may be
stratified in relation to the presence of transient or
persistent organ failure and the presence or absence
of local and systemic complications (Table III).
Consistent with this terminology, transient organ
failure is defined as an organ failure that is present
for <48 h; conversely, persistent organ failure lasts
more than 48 h. Local complications include peri-
pancreatic fluid collections, characterized according
to the presence of only fluid contents or acute ne-

Table Ill. Causes, frequency and risk factors of acute
pancreatitis.

Severity  Criteria

Mild No organ failure
No local complications
No systemic complications
Typically resolves in first week.

Moderate  Transient organ failure (<48 h)
or

Local complications: fluid collection,
pancreatic pseudocyst, acute necrotic
collection, and walled-off necrosis
(WON).
or

Systemic complications: exacerbation
of pre exiting co-morbidity (such as
coronary artery disease, chronic lung
or kidney disease) without persistent
organ failure.

Severe Persistent organ failure (>48 h)
- Single organ failure;

- Multiple organ failure (MOF).

crotic debris and divided into four principal types.
Hence, the new proposed classification divides AP
into three severity groups: mild, moderately severe,
and severe pancreatitis (Table V).

Mild acute pancreatitis is characterized by
the absence of organ failure, both transient and
persistent, and the absence of any complications.
Patients with mild AP may need only clinical
observation and may be discharged quite quickly
during the early phase. If the diagnosis of pan-
creatitis is sufficiently clear, patients should not
require pancreatic imaging. The severity of mild
pancreatitis is low and mortality is very rare.

Table IV. The 2012 revised Atlanta Classification Criteria’:
definitions and terminology.

Feature Signs and symptoms

Organ failure ~ — Shock: systolic blood pressure
<90 mmHg;
— Pulmonary failure: PaO, <60 mmHg;
— Renal failure: serum creatinine
>2 mg/dL (after rehydration therapy);
— Gastrointestinal bleeding:
>500 mL/24 h.

Local — Acute peripancreatic fluid
complications collection: complications acute
fluid collection without a well defined
wall, confined by normal fascial
planes, <4 weeks;

— Pancreatic pseudocyst: collection
of pancreatic juice enclosed by
a wall of fibrous or granulation
tissue, >4 weeks;

— Pancreatic necrosis (>30% of the
parenchyma or >3 cm):

o Acute necrotic collection: collection
containing variable amount of fluid
and necrotic tissue, <4 weeks;

o Walled-off necrosis (WON):
mature, encapsulated collection of
pancreatic and/or peripancreatic
necrosis with a well defined
inflammatory wall, >4 weeks;

— Pancreatic abscess (infected
necrosis): circumscribed collection
of pus containing little or no
pancreatic necrosis.

773



D. Pagliari, M.G. Brizi, A. Saviano, F.A. Mancarella, A.A. Dal Lago, et al

Moderately severe acute pancreatitis is char-
acterized by the presence of transient organ fail-
ure, (lasting less than 48 hours) affecting one or
more organs. Local or systemic complications
may also occur.

Severe acute pancreatitis is characterized by
the presence of persistent organ failure (>48 h).
Organ failure may involve single or multiple or-
gans, (multi-organ failure (MOF)). Organ failure
in the early phase of AP is due to the activation of
the pro-inflammatory cytokine cascade, leading
to the systemic inflammatory response syndrome
(SIRS). Patients that develop persistent organ fail-
ure within the first few days of the disease usually
have also one or more complications. Severe AP
is associated with an elevated risk of death with
a reported mortality rate of 36-50%>!*!°, Finally,
the development of infected necrosis among pa-
tients with persistent organ failure is associated
with an extremely high mortality'.

Laboratory Tests

AP is typically an inflammatory process of
the pancreas, characterized by the activation of
local cellular autolytic mechanisms due to excess
pancreatic enzyme production and activation.
The consequence of this inflammatory process
is transient pancreatic parenchymal damage. Ac-
cording to this pathogenetic progression, the in-
crease in pancreatic serum enzymes contributes
to the diagnosis of AP. In fact, in the early phase
of AP, there is a breakdown of the physiological
synthesis-secretion coupling of pancreatic en-
zymes. In particular, pancreatic enzyme synthe-
sis continues while secretion is blockaded. As a
consequence, the enzymes leak out of acinar cells
through the basolateral cellular membrane, and
then enter into the systemic circulation'’. Thus,
the increase in serum amylase and lipase level
is linked to an acute pancreatic inflammatory
process, and assessing the serum levels of these
can assist in diagnosis, classify the severity of
disease, and even predict outcomes®.

According to the global consensus criteria,
an increase in lipase or amylase level greater
than three times the normal amount is considered
diagnostic for AP". Lipase level testing is more
sensitive and specific than amylase level testing,
because amylase is also produced by the salivary
glands. Moreover, other extra-pancreatic condi-
tions may be associated with an increase in amy-
lase level, such as alcohol abuse, several inflam-
matory intestinal diseases, abdominal traumas,
malignancies with ectopic amylase production,
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fallopian tube diseases, renal failure, macroamy-
lasemia, and others'®. It is important to remember
that serum amylase levels may be normal in alco-
hol-induced AP, due to the inability of the alco-
hol-damaged parenchyma to produce amylase, and
in hypertriglyceridemia-associated pancreatitis, as
triglycerides interfere with the amylase assay''. In
addition, a lipase/amylase ratio greater than 4 or 5
strongly supports an alcoholic cause of pancreati-
tis'*?°, Serum amylase levels typically rise within
6-12 hours of the onset of AP. Amylase has a short
half-life of approximately 10 hours and in mild
pancreatitis generally returns to normal within
3-5 days. In consideration of the short half-life
of amylase, the diagnosis of AP may be missed
in patients who present >24 h after the onset of
symptoms?’. Thus, serum lipase levels are a more
sensitive and specific indicator of AP than serum
amylase levels. Serum lipase levels rise within
4-8 hours of the onset of symptoms, peak at 24
h, and return to normal within 8-14 days'®. Thus,
lipase level elevations occur earlier and last longer
as compared with elevations in amylase, making
lipase testing more reliable in patients who present
>24 hours after the onset of pain'!.

Other tests may be performed in the initial
assessment of patients with suspected AP, such as
complete blood count, comprehensive metabolic
panel including renal and hepatic function, and
measurement of calcium, lactate dehydrogenase
(LDH), and triglyceride level. Depending on the
clinical setting, further measurement of arterial
blood gas may be useful.

These laboratory tests which evaluate the clini-
cal symptoms and assess vital functions may allow
the calculation of several scores that can be used
to predict clinical severity, morbidity, mortality,
and outcome of AP?'. The most utilized scores are
Ranson’s criteria, APACHE-II (Acute Physiology
and chronic Health Evaluation) score, and BISAP
(Bedside Index for Severity in Acute Pancreatitis)
score”. Of these, the BISAP score represents a sim-
ple way to identify patients at risk of increased mor-
tality and the development of intermediate markers
of severity within 24 hours of presentation. The
BISAP score provides a single point for each of
five parameters: age > 60 years, blood urea nitro-
gen (BUN) > 25 mg/dL, the presence of a pleural
effusion, impaired mental status, and/or system-
ic inflammatory response syndrome (SIRS), for a
possible total of five points. A BISAP score greater
than three is associated with a 7-12 fold increase
in the risk of developing organ failure®. Further-
more, clinical evidence has demonstrated that an
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APACHE-II score equal to or greater than eight
points has been confirmed as an optimal score for
predicting a more severe course of AP?*%, Finally,
an increase in serum levels of aminotransferases
and/or bilirubin, gamma-glutamyl transpeptidase
(GGT) and alkaline phosphatase (ALP) at the onset
of symptoms may suggest a biliary etiology of AP.
However, an increase in these serologic markers
may be also related to the inflammation and the
pancreatic edema typically associated with the early
phase of AP. For this reason, in the case of increased
biliohepatic blood tests, it is helpful to perform
an abdominal ultrasound and/or CT assessment to
rule out the possible presence of pancreatic-biliary
stones or obstructions. In conclusion, the initial
management of AP aims to define the clinical se-
verity of the disease, and then to assess and treat
the fluid losses and the organ failure (particularly
renal, cardiovascular and respiratory impairment).
Thus, the assessment of the vital parameters, and
the organ function blood tests are essential in the
management of early phase of AP patients.

Radiologic Evaluation

At the onset of symptoms, all patients should
undergo abdominal US. CECT is indicated when
the clinical assessment is not adequately clear and
in case of increased hepato-biliary blood tests.
At the onset of symptoms, it is essential to rule
out the possible presence of biliary causes of AP,
such as stenosis or gallstones in the gallbladder
or the bile duct, which may quickly require spe-
cialist treatment. However, in the early phase of
AP, the presence of bowel gas due to the paralyt-
ic ileus associated with pancreatic inflammation
may obscure transabdominal US evaluation of
the pancreas and bile duct system. The literature
data reported that only in 25-45% AP patients the
abdominal US is able to study the pancreatic and
peripancreatic region®®. The abdominal US is not
adequate to clearly define the extrapancreatic
spread of pancreatic inflammation or identify
necrosis within the pancreas. Finally, abdomi-
nal US may be useful in the evaluation of late
local AP complications, such as peripancreatic
fluid collections, that may appear anechoic or
corpusculated and may present internal echoes.
The presence of corpusculated fluid collection at
abdominal US may indicate pancreatic necrosis
and thus require further radiological evaluation
with CECT or MRI. Multidetector CT (MDCT)
is the most suitable technique due to its availabil-
ity, easy access, and diagnostic accuracy. Scan
protocols using a 64 or higher rows CT scanner

are based on a plan study, followed by contrast
enhanced arterial parenchymal phase (pancreatic
phase) and portal venous phase?’. Both phases have
a complementary role for evaluation of edema,
pancreatic and peripancreatic fluid collections and
necrosis. MDCT scan is not recommended in the
early phase of AP because there is no evidence that
CT improves clinical outcomes. CT scan may be
delayed at least 72 h after the onset of symptoms
when local acute complications such as pancreatic
and peripancreatic fluid collections and necrosis,
may appear'?. If clinical symptoms persist (ab-
dominal pain, fever, nausea), CECT can detect
acute interstitial edematous pancreatitis including
focal or diffuse enlargement of the pancreas with
heterogeneous enhancement (Figures 1-4). CECT
has prognostic value, facilitating the use of a se-
verity score (the Balthazar score) that takes into
consideration the presence of inflammation, fluid
collections, and necrosis. In its initial evaluation,
the Balthazar score suggested that AP may have
up to 25% mortality in the presence of pancreatic
necrosis. This score showed a linear associa-
tion between necrosis >30% and morbidity and
mortality?®. Finally, CECT is useful to visualize
gallbladder or common bile duct stones, and other
causes of biliopancreatic ductal stenosis, such
as papillary, duodenal and pancreatic masses,
obstruction or dilatation of the Wirsung duct,
and cystic pancreatic lesions, such as serous and
mucinous cystadenoma, and intraductal papillary
mucinous neoplasia (IPMN)¥. Magnetic Reso-
nance Imaging (MRI) with T2-weighted (T2w),
DWIw, Tlw and contrast enhanced dynamic se-
quences, may be considered comparable to CECT
in the early assessment of AP patients (Figure
5)¥. MRI has a higher sensitivity for the diagno-
sis of coledocholithiasis down to 3 mm diameter
and pancreatic duct disruption as compared with
CECT?. Magnetic resonance cholangiopancreato-
gram (MRCP) is comparable to endoscopic ret-
rograde cholangiopancreatogram (ERCP) for the
detection of choledocholithiasis®. Furthermore,
MRI has the advantage of avoiding X-ray, and
also gadolinium has a lower risk of nephrotoxicity
as compared with the iodinated contrast of CECT.
Thus, MRI may be performed when pancreatic
duct disconnection is suspected, although a normal
MRCP may be insufficient for the exclusion of a
disconnected duct in the presence of suspicious
features. Moreover, MRI can be used to differ-
entiate exudative fluid collection from those that
have solid components from the necrosis process,
before drainage of fluid collections?.
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Figure 1. CT of 76-year-old man with acute onset of pancreatitis. Unenhanced (A) and post-contrast (B-D) CT scan show acute
fluid collection without perceptible wall that is conforming to its surrounding structures anterior the tail of pancreas and left-an-
terior pararenal space. Enhanced dynamic CT images show reduced enhancing parenchyma, but no evidence of necrosis.

Clinical evolution course, may occur with few symptoms and no

organ dysfunction, and often improves sponta-

The revised Atlanta classification has divided neously and heals within a few days. Conversely,
the severity of AP into mild, moderately severe moderately severe and severe AP are usually nec-
and severe. Mild AP usually has a subclinical rotizing pancreatitis and may be associated with

Figure 2. Enhanced CT scan (pancreatic phase in A and portal phase in B) 2 days post onset of acute pancreatitis symptoms
shows increased peripancreatic fluid collection and parenchyma necrosis; multiple negative gallbladder stones are shown by
hyperdensity bile.
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Figure 3. Enhanced CT scan 20 days post onset of acute
pancreatitis symptoms shows large heterogeneous fluid col-
lection in lesser sac that displaces stomach anteriorly.

life-threatening local and systemic complications.
AP should not be considered a static disease
because its clinical course is characterized by
a rapidly evolving dynamic status’. Hence, the
clinical evolution of moderate and severe AP gen-
erally may be classified in two principal phases.
The early phase occurs in the first week, and is
characterized by the development of a complex
systemic inflammation that may even proceed to
multi-organ failure (MOF). The complete patho-
physiology of the AP-induced MOF has not fully
understood®. It is known that the early phase of

AP is characterized by the pathological activation
of pancreatic enzymes within the pancreatic gland
leading to the autodigestion of pancreatic tissue.
This autodigestion of the pancreatic gland leads
to the activation of local and systemic inflamma-
tion* with the hyper-production of several pro-in-
flammatory cytokines* and acute phase proteins,
such as TNF-alpha®, IL-6, and C-Reactive Protein
(CRP)*. At this point, two other mechanisms may
worsen this intricate inflammatory cascade: over-
growth of gut bacteria and the related bacterial
systemic translocation, followed by the down-reg-
ulation of the immune system*”**. Thus, the break-
down of the physiological interplay between gut
microbiota and the immune system in the gut
determines the activation of systemic inflamma-
tion and even is able to predispose to the systemic
infections that typically occur in the late phase of
AP. Hence, the early phase of AP is profoundly
characterized by the activation of local and sys-
temic inflammatory cascade, bacterial overgrowth
and bacterial translocation, and the down-regula-
tion of the immune system. All these favour late
phase infectious complications, persistent organ
failure, and even death. These mechanisms explain
why infections usually occur only after the first 7
days from the onset of AP. The late phase of severe
AP is characterized by the development of local
and systemic complications due to the activation

Figure 4. MR imaging acquired 6 weeks post onset of acute pancreatitis symptoms reveals evolution of heterogeneous combined
pancreatic-peripancreatic collection into well-defined wall-off necrosis (WON). Hyperintense fluid and hypointense non-lique-
fied components are shown in T2w sequences (A-C), as well as multiple gallstones; T1w out of phase sequence (D, E) confirms
hyperintense debris into the collection. MR cholangiopancreatography (MRCP) (F) shows gallbladder and biliary duct lithiasis.
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Figure 5. MR imaging acquired 6 weeks post onset of acute pancreatitis symptoms. Axial contrast-enhanced fat-saturated
T1w sequence obtained in venous phase reveals ill-defined hypoattenuating areas in the head, body and part of tail of the pan-
creas and a well-defined, heterogeneous peri-pancreatic necrotic collection (WON).

of the inflammatory cascade and the down-regu-
lation of the immune response. Late complications
occur in about 1/3 of severe AP patients. Local
complications include peripancreatic fluid collec-
tions, necrotic collections, pancreatic pseudocysts
and walled-off necrosis (WON). A potential local
complication of severe AP is the development of
pancreatic necrosis infection, a condition requiring
antibiotic treatment and percutaneous and/or endo-
scopic debridement, and in the more severe cases,
even surgical intervention. Other local complica-
tions are biliary duct obstructions, gastrointestinal
perforation or intestinal occlusion as a result of ret-
roperitoneal inflammation, splenic infarction and
thrombosis or pseudoaneurysms with hemorrhagic
risk, and also pancreatic ascites’*’. Systemic se-
vere AP complications involve the development
of systemic infections, multi-organ dysfunction
syndrome (MODS)* and even death. In this way,
it is notably important to distinguish sepsis from
SIRS, although their clinical presentation may
be analogous. Sepsis is a secondary condition
requiring antibiotic treatment, while the use of
antibiotics is not necessary and would be avoided
in SIRS*. In conclusion, severe AP develops in
distinct phases. The early phase is characterized
by systemic inflammation due to bacterial over-
growth and translocation until MODS, and the late
phase is characterized by the development of local
and systemic inflammation. These two phases are
related to the two peaks of morbidity and mortality
associated with severe AP (Figure 6).

Management
The management and therapy of AP may be

focused according to the severity of the disease.
Mild AP is usually a self-limiting disease that
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spontaneously improves until completely healed®.
Thus, this condition does not require specific ther-
apies. On the other hand, moderate and severe AP
may be life-threatening, requiring Intensive Care
Unit (ICU) hospitalization, and may be lethal.
As discussed above in this manuscript, the early
phase of severe AP is characterized by the shift
from local to systemic inflammation. During this
phase, happening in the first several hours, nu-
merous pathophysiological events occur, such as
a profound fluid redistribution due to a substantial
third-space loss (in the retroperitoneal space, in-
testine, etc.), and intravascular volume depletion’.
These events have a negative impact on systemic
circulation leading to blood hemoconcentration
and several organ failures, such as acute re-
nal impairment and alterations in the base-acid
equilibrium and serum electrolytes (particularly
hypocalcaemia due to the precipitation of this ion
in the peri-pancreatic fluid collections). In the last
decades, various pharmacological agents have
been tested in the treatment of the early phase of
severe AP, such as somatostatin or octreotide that
decrease pancreatic secretions; protease inhibi-
tors, such as gabexate mesylate, aprotinin, and
ulinastatin; antioxidants such as vitamin C and
n-acetylcysteine. However, all the clinical trials
utilizing these agents have not demonstrated a
real benefit in their use in AP*#%. In particular,
the data on octreotide is quite controversial. An-
driulli et al* shown that octreotide in AP patients
may reduce mortality but not complications. On
the other hand, Xu et al*® shown that octreotide
does not appear to be beneficial in major clinical
outcomes related to moderate and severe AP. In
this way, a recent Cochrane meta-analysis agreed
with Xu et al® and disagreed with Andriulli et
al® considering the poor efficacy of octreotide in
treating moderate and severe AP.
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Figure 6. The two phases of acute pancreatitis (severe AP). Severe AP develops in two distinct phases. The early phase is
characterized by systemic inflammation due to bacterial overgrowth, bacterial translocation, and the down-regulation of the
immune system. These mechanisms explain why infections usually occur only after the first 7 days from the onset of AP. Then,
the late phase of severe AP is characterized by the development of local and systemic complications that occur in about 1/3 of
severe AP patients. Local complications include peripancreatic fluid collections, necrotic collections, pancreatic pseudocysts
and walled-off necrosis (WON). Systemic complications involve the development of systemic infections, multi-organ dysfunc-
tion syndrome (MODS), and even death. These two phases are related to the two peaks of morbidity and mortality associated

with severe AP. (Abbreviations: AP, acute pancreatitis).

Fluid Resuscitation

The acute phase of severe AP is character-
ized by a profound fluid redistribution causing
hypovolemia and blood hemoconcentration and
consequent worsening of renal function, alter-
ation in the base-acid equilibrium, and blood
electrolytes. For these reasons, the management
of the early phase of AP aims principally to
resolve these alterations in the fluid balance®.
Several studies have confirmed that timely, in-
tense fluid resuscitation in the first 24 hours after
the onset of symptoms may be able to reduce the
morbidity and mortality of AP%¥* in spite of
evidence that rapid hemodilution can increase
the incidence of sepsis*. Fasting fluid resusci-
tation during the first 24 hours is able to restore
fluid depletion and preserve systemic circulation
and kidney function. Recent guidelines suggest
administering about 2.5-4 L of crystalloid solu-
tions (such as Ringer’s lactate and normal saline)
during the first 24 hours, corresponding to the
dosage of 2 ml/kg/h, with an initial bolus of 20

ml/kg in the first hour®*. In severe AP patients,
the total volume of fluid resuscitation may be up
to 12 L in the first day. Ringer’s lactate has been
demonstrated to be superior to normal saline in
the reduction of the inflammatory response®.
Colloids solution may also be used, following the
recommended crystalloid/colloid ratio of 3/1%.
Furthermore, in the early phase of AP a continu-
ous multi-parametric assay is necessary to carry
out the clinical evolution of the patients. Effective
fluid resuscitation therapy may be able to restore
normal heart and respiratory rate, blood pressure,
and urinary output®. In particular, the response
to fluid resuscitation may be considered effective
if urine output is restored at above 0.5 mL/kg/
h*!. Finally, a daily blood test assay in severe AP
patients is useful to evaluate blood fluid balance,
renal function, and electrolytes. A reduction in
serum calcium concentration of about 30% or <
8 mg/dL predicts a poor outcome. In this way,
serum calcium value is utilized in the Ranson
score at 48 h from the onset of symptoms™.
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The Role of Nutrition
in Acute Pancreatitis

Feeding in severe AP patients has always
been a debated issue. According to an old par-
adigm, AP patients would have been fasted as
long as possible, because food was considered
an enemy of the inflamed pancreas. Then, it was
thought to administer parenteral nutrition in all
the severe AP patients. However, several clinical
trials comparing parenteral to enteral nutrition
have demonstrated that parenteral nutrition is as-
sociated with worse clinical outcomes and higher
infectious risk®. The prolonged enteral starvation
is linked to gut nutrient deprivation, atrophy in
the gut-associated lymphoid tissue (GALT), loss
of the physiological enterocytes adhesion, over-
growth of pathological bacterial species, and in-
duction of an endoluminal pro-inflammatory pat-
tern with an over-expression of NF-kB related cy-
tokines and several mediators of inflammation™.
All these mechanisms are connected to a break-
down in the integrity of the gut mucosal barrier,
causing a condition known as ‘leaky gut’ that in
turn is responsible for the systemic translocation
of bacteria and the various associated mediators
of inflammation, such as the Gram-negative re-
lated lipopolysaccharide (LPS). Moreover, the
inflammatory cascade may worsen pancreatic
inflammation, and the related systemic translo-
cation of pancreatic enzymes is a further mecha-
nism contributing to the development of MODS.
Indeed, prolonged enteral starvation is linked to
an increase in systemic infections, sepsis, organ
failure, and even death. Another debated point
in the management of patients during the early
phase of severe AP is the best choice of enteral
feeding modality. In the past, it was thought that
nasojejunal tube would have ensured only mini-
mal stimulation of the pancreatic function. How-
ever, several randomized clinical trials (RCT)
comparing enteral feeding with nasogastric vs
nasojejunal tube have demonstrated that there are
no significant differences in mortality rate, length
of hospital stay, and infectious complications
comparing both these feeding modalities®*. Thus,
nasogastric feeding may be the most feasible
choice in clinical practice, since nasogastric tubes
are easy to place, well tolerated, and effective in
ensuring an appropriate nutrition of AP patients.
Another consideration in the management of the
early phase of severe AP patients is the timing
of enteral nutrition. Recent clinical acquisitions
have shifted the old paradigm of maintaining AP
patients at rest for long periods. In fact, several
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meta-analyses have demonstrated the advantages
of enteral feeding within the first 48 hours of
the onset of AP symptoms*-¢. A clinical study”’
would seem to have even demonstrated that very
early nutrition started within the first 24 hours
may be associated with a minor rate of compli-
cations. According to the evidence, the latest AP
guidelines of the Italian Society for the Study of
Pancreas Pancreatic (AISP) recommend starting
enteral feeding within the first 24-48 hours from
the onset of symptoms*. Accordingly, the latest
AP guidelines of the American Gastroenterolog-
ical Association (AGA) and of the International
Association of Pancreas (IAP) recommend'':

In the case of mild AP: early re-feeding,
when nausea, vomiting, and abdominal pain are
resolved, and after amylase and lipase reduction;

In the case of predicted severe AP (APACHE >7
at 48 h, CRP > 150 mg/L, in the presence of SIRS
at 48-72 h): start with naso-enteric tube feeding.

Finally, two recent RCTs have shown that in
the case of severe AP very early tube feeding
before 48 h is not better than delayed on-demand
oral feeding at 72 h in the reduction of death and
infectious complications rate’.

In conclusion, the pancreatology field has re-
cently been altered by several clinical acquisitions
and discoveries that have completely changed
the clinical approach and management of AP
patients. At the end of 90’s it was proven that en-
teral nutrition is superior to parenteral nutrition.
Additionally, the old paradigm of the benefits of
prolonged starvation of the inflamed pancreas
has been completely reversed, and in the last ten
years, it has been demonstrated that early enteral
feeding is better than prolonged enteral rest. The
last step in this knowledge chain has been that the
very early feeding of severe AP patients with an
enteral tube is not superior to an on-demand oral
diet. Thus, more than 20 years of clinical studies
permitted us to conclude that feeding of AP pa-
tients with physiological modalities remains the
better choice for these patients.

The Role of Antibiotic Therapy
in Acute Pancreatitis

The early phase of AP is characterized by
the systemic activation of the inflammatory cas-
cade that may involve several organs and sys-
tems associated with SIRS. AP related- SIRS is
connected to pulmonary atelectasis and pleural
effusion and consequently to acute respiratory
insufficiency, fluid redistribution and electrolytes
disorders contributing to acute pre-renal impair-
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ment, hemodynamic alterations, and alterations
in body temperature. Other complications may
occur, such as gastrointestinal bleedings and pan-
creatic and peri-pancreatic haemorrhages leading
to anaemia, sepsis and septic shock®¢'. Because
of this, it is extremely important to distinguish
between SIRS and sepsis, because although the
clinical presentation may be very similar, the
therapy is completely different. While using an-
tibiotic therapy is unnecessary and even harmful
in the case of SIRS, it is absolutely needed in
the case of extra-pancreatic infections, such as
cholangitis, pneumonia, urinary tract infections,
or in the case of sepsis, and septic shock. These
infectious complications should receive appropri-
ate antibiotic therapy*®. It is also very important
to distinguish between sterile vs. infected necro-
sis that may have a similar clinical presentation
yet be profoundly different in prognosis and
treatment®.

In the past 40 years, several RCTs and me-
ta-analyses have been performed to assess the ef-
ficacy of the prophylactic use of antibiotic therapy
in preventing infectious complications in severe
AP patients¥4463-66 Overall, these literature data
have shown contrasting results definitely not sup-
porting the routine use of prophylactic antibiotic
therapy to reduce the occurrence of AP-related
infectious complications, such as necrosis infec-
tion and sepsis, use of surgery, and even mortali-
ty®”%. Therefore, to date, international guidelines
do not recommend the routinely use of antibiotic
prophylaxis in severe AP patients**. Currently,
the indications for the use of antibiotic therapy in
necrotizing AP include the presence of confirmed
pancreatic necrosis after culture of pancreatic
collection fluid after FNA and suspected pancre-
atic necrosis infection!"'2%44 In the presence of
suspected or confirmed pancreatic necrosis infec-
tion, it is necessary to evaluate the clinical condi-
tion of the patient®®. Thus, in the case of clinically
stable patients, a step-up approach that allows
the delay of surgery while utilizing maximal
supportive care with close clinical observation
in a monitored hospital environment is recom-
mended’®’!. Conversely, in the case of clinically
unstable patients, prompt surgical debridement
of pancreatic necrosis is recommended and these
patients should be managed in intensive care
units (ICUs)'2, Literature data have demonstrated
the clinical efficacy of a carbapenems-based an-
tibiotic prophylaxis that present a trend towards
efficacy but without statistical significance***"2.
Prophylactic antibiotic therapy should be based

on pancreatic-penetrating antibiotics, such as
carbapenems (with imipenem as the first line),
quinolones or high-dose cephalosporin with met-
ronidazole®7, However, although guidelines
recommend the use of antibiotic therapy only in
few selected case of necrotizing AP patients, the
real-world evidence demonstrates that there is a
common and recurrent inappropriate use of anti-
biotics in several clinical conditions, which do not
warrant such treatment®. Just as feeding modali-
ties of severe AP patients that have been amended
during the last years strongly modifying the old
paradigm of the use of parenteral nutrition, we
expect these novel clinical data in the use of anti-
biotic therapy should become more accepted and
widely practiced and break down the old knowl-
edge barriers in the management of severe AP. In
conclusion, it is important to underline that each
case is unique and thus the timing and method
of antibiotic treatment should be individualized
and based on the patient’s clinical condition and
preferences, presence of peri-pancreatic and sys-
temic complications, and techniques available
in the hospital, leading to optimal personalized
treatment.

Pain Control

In the early phase of AP patients, the control
of pain represents an important tool in disease
management. The pain is constantly present in
AP patients, and is utilized as diagnostic criteria.
Pain relief is a clinical priority and represents an-
other intriguing and debated point in the clinical
setting*. Several RCTs and clinical studies**’*”
have been performed to test the efficacy in the
management of AP related pain of different drugs,
such as opioids, NSAIDs, anesthetics, and others.
A systematic review’ of several RCTs comparing
different analgesics has shown that these studies
did not reach an effective demonstration of a real
efficacy of a particular class of drugs. Another
old paradigm has been changed regarding the
use of morphine in treating AP related pain. In
fact, it was thought that morphine might cause
Oddi sphincter spasm and thus worsen the course
of AP. However, clinical evidence has confuted
this issue showing that morphine may be useful
and safe in the relief of pain in AP patients**"*"".
Another RCT comparing IV paracetamol to two
different NSAID and opioid drugs has shown
that there is no superiority among them”. Finally,
if the pain is not well controlled by a high dose
opioid therapy, it is possible to utilize epidural
analgesia**.
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Etiology and risk factors management

The prompt recognition of the possible etiol-
ogy of AP and associated risk factors is essential
to start the appropriate etiological therapy'. As
reported above, about one-third of all cases of AP
are associated with alcohol consumption, and it is
necessary to stop its intake once AP is confirmed,
immediately. Likewise, in cases of drug-induced
AP, it is very important to identify the possible drug
involved and stop it*2. Moreover, it has been report-
ed that about 40% of AP is associated with stones
in the gallbladder and biliary tract that may also
cause cholelithiasis- and choledocholithiasis-asso-
ciated cholangitis. Hence, after excluding alcohol
or drug-induced AP, the next step in AP patient
assessment is to evaluate the presence of stones in
the gallbladder and, in this case, US assessment
may be sufficient. To determine the presence of
stones in the biliary tract a second level imaging is
required. For the evaluation of stones, CT scan is
very useful to detect calcified stones, and MRCP
may be used to assess the integrity of the biliary
tract and to detect the presence of radiotransparent
lithiasis. Finally, when choledocholithiasis is strong-
ly suspected and CT and MRCP assessment are
inconclusive, there is an indication to perform EUS.
There is a wide literature evidence™* confirming
the pivotal role of EUS in detecting choledocholi-
thiasis, that it may be considered as the diagnostic
gold standard. In the case of biliary AP associated
with gallstones, guidelines recommend performing
cholecystectomy within the same hospitalization in
the case of mild AP, or after 6 weeks, in the case
of moderate-severe AP'1223,

Then, in the presence of peri-pancreatic in-
flammatory fluid collections, such as pseudo-
cysts and WONSs, a multi-disciplinary approach
is required to decide the best timing for chole-
cystectomy'?. The presence of wide acute and
chronic peri-pancreatic collections may be a con-
traindication for cholecystectomy that should be
performed only after the spontaneous resolution
of the collections. In the case of peri-pancreatic
collections, pseudocysts and WONSs associated
with abdominal symptoms, therapeutical drain-
age is required, and it may be EUS-guided, per-
cutaneously, or even through surgical resection,
mainly in the cases of infected pancreatic necro-
sis®*. In 2010, an important multicenter study®
demonstrated that in case of necrotizing AP
a minimally invasive ‘step-up approach’ is the
most appropriate choice instead of the traditional
open necrosectomy. This evidence has changed
the management of severe AP, and EUS-guided
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drainage of pseudocysts and WONs has been
emerging as the procedure of choice over tradi-
tional open surgery®’®2. In this way, EUS-guided
gastroenterostomy (EUS-GE) may be utilized for
the drainage of necrotic peri-pancreatic collec-
tions, such as WONS, or even for the drainage of
biliary and pancreatic ducts and acute cholecys-
titis”»*, Then, EUS-GE may be indicated when
ERCP fails in accessing and draining the biliary
system and the pancreatic duct®®:. Endoscopic
procedures are similarly efficacious to surgical
procedures, but have the significant advantages
of low complication rates, better quality of life
and reduced hospitalization time and costs**7>-%,
In this ‘step-up’ endoscopic approach, both endo-
scopic and percutaneous routes may be used, and
the decision is related to the anatomical location
and morphological features of the collections®.
Surgery is considered appropriate only in cas-
es of failed EUS- and percutaneous- drainage
of peri-pancreatic collections and necrosis'.
Moreover, in the case of biliary AP associated
with stones in the biliary tract, it is necessary to
perform ERCP to remove the stones or the biliary
sludge that may be related to obstructions and
cause cholangitis'>*!%°  Guidelines recommend
urgent ERCP within 24 hours in patients with
acute cholangitis'”', but there is no clear evidence
regarding the optimal timing of ERCP in patients
with biliary pancreatitis without cholangitis'?.

Conclusions

Acute pancreatitis is a potentially life-threaten-
ing disease with a wide range of clinical presen-
tation, morbidity, and mortality. Several clinical,
laboratoristic and radiological scores have been
developed to classify the severity of AP. Predicting
the severity of AP is crucial for the management
of the disease. The course of severe AP is usually
divided in two principal phases. The early phase is
mainly characterized by the fluid redistribution and
infectious risk related to the activation of auto-in-
flammatory pancreatic pathway, the subsequent gut
dysbiosis and systemic bacterial translocation, and
immune system down-regulation, precipitating in
the condition of SIRS. In this early phase, AP pa-
tients are at risk of sepsis and septic shock. The late
phase of severe AP is characterized by the devel-
opment of local and systemic complications. These
two phases are related to the two peaks of morbidity
and mortality associated with severe AP. During
the last decades, several old paradigms have been
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amended in the management of AP patients, such
as the indication of nutrition, the use of antibiotic
therapy, pain control strategies, and even the use
of surgery. Real world evidence has shown that in
the large part of cases a multi-disciplinary step-up
approach yields better outcomes.
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