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Editorial

Department of Abdominal Surgery of the University
Medical Centre Ljubljana in collaboration with Slove-
nian Association of Hepatology and Gastroenterology
which was founded in 1967 is organizing a scientific
meeting about acute pancreatitis.

The primary purpose of 1st HPB Symposium Ljubljana
is to bring physicians and investigators together to
advance understanding of the origin and progression
of acute pancreatitis and to provide optimal treatments
to our patients as soon as possible. This meeting is led
by academic physicians who are committed to collab-
oration in supporting patients who desperately need
answers. The internationally renowned speakers from
more than 10 EU member countries and other
European countries testify to the high scientific level
of the symposium. It is designed for gastroenterolo-
gists, intensivists, surgeons and radiologists and all
physicians interested in pancreatic diseases.

It is, in fact, the first HPB meeting in Slovenia, but it
emerged by well-known annual meetings ‘Hepatobiliary
School’ held almost two decades ago by professors
Markovič and Gadžijev. According with tradition the
aims of this symposium are: (1) to discuss recent med-
ical, scientific and technical advances in various disci-
plines relevant to acute pancreatitis, (2) to prioritize
efforts for overcoming theoretical, technical, biological,
medical, endoscopic, surgical, logistical, financial and
regulatory barriers to improve detection, diagnosis,
prevention and treatments and (3) to organize multi-
disciplinary working groups to address the needs and
methods for acute pancreatitis care based on new
knowledge and opportunities. In the future, it is our
wish that this biannual meeting will provide platform
to conduct well-designed multicentre studies in a large
region of west-east Balkans.

Acute pancreatitis is increasing in incidence world-
wide. The majority of patients who develop acute pan-
creatitis recover, and overall only about 2% die.

However, in up to 20% of individuals the disease is
severe and may be complicated by organ failure, infec-
tions, a prolonged stay in the intensive care unit, or
the need for surgical intervention; and mortality in
this group may reach 20–30%. Over the last years,
some developments in the management of pancreatitis
have evolved, and these developments are having an
impact in the treatment of patients, lowering the mor-
bidity and mortality.

Prevalent dogma that infected necrosis complicating
necrotizing pancreatitis mandates immediate or even-
tual necrosectomy for a successful outcome has been
challenged. Recent approach of a primary, non-opera-
tive treatment involving directed antibiotics with per-
cutaneous drainage (when indicated) have led to better
outcomes when compared with primary operative
necrosectomy. The treatment of infected (and sterile)
necrotizing pancreatitis has evolved tremendously
since 2000. The realization that severe acute pancre-
atitis associated with infected pancreatic parenchyma
and peripancreatic necrosis is not an abscess that can
be evacuated solely by drainage ushered in the new
paradigm of treatment. Since then, the management
of sterile and infected necrosis has evolved further
with several major conceptual advances: (1) the move
from a primary operative necrosectomy to one of a pri-
mary nonoperative, supportive management of patients
with sterile necrosis; (2) the shift in treatment paradigm
that infected necrosis requires immediate operative
necrosectomy to that of an attempt to suppress the sys-
temic effects of infected necrosis by the use of focused,
intravenous antibiotics to postpone the timing of the
inevitable eventual necrosectomy; (3) the move from
an open operative necrosectomy via laparotomy with
various forms of peripancreatic drainage to one of a
minimal access necrosectomy (not just drainage) by
other percutaneous, endoscopic, laparoscopic, minimal
open access or a combined approach to accomplish a
focused necrosectomy without the peripancreatic
sequelae related to a full, open laparotomy; (4) some
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patients with infected necrosis actually may be treated
successfully without any formal attempt at either
drainage or necrosectomy. This latter concept has not
yet been embraced fully by clinicians.

During the meeting we will address the real ques-
tions of WHO, HOW LONG, WHEN, and WHAT is
the role of conservative treatment and percutaneous
drainage, and WHAT CRITERIA should be used to
abandon this approach to adopt a more aggressive
endoscopic, laparoscopic, or open approach involv-
ing some form of necrosectomy.

HPB surgery has dramatically changed over the past
decades. Parallel to the latter, interdisciplinary man-
agement of HPB diseases is becoming increasingly
significant, and the topic of this first congress reflects
these dramatic changes. Interdisciplinary approach
in treatment of acute pancreatitis, new diagnostic and
interventional techniques and improved knowledge
on supportive care during treatment, are only few
interesting topics of this symposium.

This event will offer opportunities to share knowl-
edge, listen to distinguished lecturers, meet new and
reconnect with old friends. There is little doubt that
our HPB community is a growing one, as not only
surgeons but also other specialists are joining us in
pursuit of better care for our patients. I am sure that
1st HPB Symposium Ljubljana will be not only a
high-level scientific meeting, but also a place where
old friends can come together and a place where
many new friendships will be made.

Finally, I would like to thank all the lecturers, guests,
colleagues and sponsors that contributed to the orga-
nization of the 1st HPB Symposium Ljubljana.

Assist. Prof. Blaž Trotovšek, MD, PhD

Ljubljana March 1st 2018
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Original article

ABSTRACT

Acute pancreatitis is an acute in ammatory process of
the pancreas. The in ammation can remain localized
to the gland or can involve other regional tissues or
distant organ systems. The diagnosis of acute pancrea-
titis requires two of the following three features:
abdominal pain characteristic of acute pancreatitis;
serum amylase and lipase levels three or more times
the upper limit of normal; and characteristic findings
of acute pancreatitis on cross-sectional imaging. Three
degrees of severity were defined in the 2012 revision
of the Atlanta Criteria: mild acute pancreatitis, mode-
rately severe acute pancreatitis, and severe acute
pancreatitis. The rate of mortality in severe acute pan-
creatitis is about 20–50% versus none in the mild
acute pancreatitis group. The incidence of acute pan-
creatitis varies in Europe from 4.6 to 100/100 000.
In most patients (75–85%) with acute pancreatitis, the
etiology of their disease can be determined. In indu-
strialized countries, gallstones and alcohol abuse are
the most frequent reasons for acute pancreatitis. The
peak incidence for alcoholic pancreatitis is around
35–44 years whereas the incidence of gallstone pan-
creatitis is commonest in the elderly.

WHAT IS ACUTE PANCREATITIS

Acute pancreatitis in an acute inflammatory process
of the pancreas and has various causes. The
in ammation can remain localized to the gland or can
involve other regional tissues or distant organ systems.
The initial step in the pathogenesis of acute pancrea-
titis is conversion of trypsinogen to trypsin within
acinar cells in sufficient quantities to overwhelm nor-
mal mechanisms to remove active trypsin. The
pathophysiology of acute pancreatitis starts with
acinar injury that, if unchecked, leads to local inflam-
matory complications and systemic inflammatory
response. Pathophysiologic mechanisms include
microcirculatory injury, leukocyte chemoattraction,
release of pro- and anti-inflammatory cytokines, oxi-
dative stress, leakage of pancreatic fluid into the
region of the pancreas, and bacterial translocation to
the pancreas and systemic circulation. Pancreatic
infection (infected necrosis and infected pseudocyst)
can occur from the haematogenous route or translo-
cation of bacteria from the colon into the lymphatic
system. Under normal circumstances, bacterial tran-
slocation does not occur because there are complex
immunologic and morphologic barriers to it. Howe-

*Luka Strniša, MD
Department of Gastroenterology, University Medical Centre Ljubljana, Japljeva ulica 2, 1000 Ljubljana, Slovenia
E-mail: luka.strnisa@gmail.com

Acute Pancreatitis: Epidemiology and
Etiology

Luka Strniša*
Department of Gastroenterology, University Medical Centre Ljubljana, Ljubljana, Slovenia
Gastroenterolog 2018; Supplement 2: 7–13
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ver, during acute pancreatitis, these barriers break
down, which can result in local and systemic infection.

Acute pancreatitis is divided into two pathological
types: interstitial oedematous pancreatitis and
necrotizing pancreatitis. In interstitial oedematous
pancreatitis, the gland is di usely enlarged due to
in ammatory edema. On macroscopic analysis scat-
tered foci of fat necrosis are found. Haemorrhage and
necrosis are absent, and changes resolve partially or
completely over the course of one week. The key gross
features of necrotizing pancreatitis are necrosis and
haemorrhage. The lesion is often patchy in distribu-
tion, with con uent areas of varying extent and foci
of relatively spared pancreatic tissue anking zones of
necrosis and haemorrhage. This in ammatory process
involves both peripancreatic tissue and peripheral
pancreatic parenchyma, while a core of viable pan-
creas tissue remains in the center of the gland.
Likewise, fat necrosis is not only present in and
around the pancreas but also develops at distant sites.
Necrosis is usually associated with haemorrhage and
may extend into the surrounding tissues, for example,
the mesentery and pararenal space, and from there
to the subcutaneous tissues leading to discoloration
of the ank (Grey Turner’s sign) or periumbilical area
(Cullen’s sign). This destructive in ammation produ-
ces a large collection of peripancreatic uid, which is
mostly occulent in appearance and fetid in odor.
Because many of the constituent cells (acinar, ductal,
and islet cells) and tissues (stroma, fat) of the pan-
creas are a ected, severe in ammation leads to
significant organ loss with a reduction in both exo-
crine and endocrine function. Neutrophils dominate
the in ammatory cell infiltrate and increase over time.
Blood vessels can be involved in the necrotic process
or can develop thrombosis within severely a ected
areas of the pancreas (1).

EPIDEMIOLOGY

The incidence of acute pancreatitis in Europe varies
from 4.6 to 100/100 000. One local Slovenian study
estimated the incidence at 69/100.000 (2). The
most common causes were alcohol abuse (39%) and

gallstones (39%). Idiopathic or unexplained pancrea-
titis represented 11%, hyperlipaemic pancreatitis 3%,
neoplasia 2% and after endoscopic retrograde cholan-
giopancreatography (ERCP) 3% of all cases. A review
of etiologies of pancreatitis in Europe concluded that
the highest ratios of gallstone to alcohol etiologies
were identified in Southern Europe (Greece, Turkey,
Italy and Croatia) with lowest ratios mainly in Eastern
Europe (Latvia, Finland, Romania, Hungary, Russia
and Lithuania) (3).

As the population is becoming increasingly over-
weight, the incidence of gallstones, the most common
cause of acute pancreatitis, is rising. An increase in
the annual incidence of acute pancreatitis has been
observed in most recent studies. The overall mortality
rate from acute pancreatitis appears to be decreasing
gradually to less than 5%. The rate of mortality in
severe acute pancreatitis is about 20–50% versus none
in the mild acute pancreatitis group. In alcoholic acute
pancreatitis the incidence peaks in the 35–44-year age
group, and the highest incidence of acute biliary pan-
creatitis is among the eldest age groups (65+ years).

Approximately 75–80% of patients with acute pan-
creatitis, have a quick resolution of the disease process
(interstitial pancreatitis) without long-term sequelae.
However, in close to 20% of patients, a more protrac-
ted course develops, often related to the necrotizing
process (necrotizing pancreatitis) lasting weeks to
months. Mortality is related to a combination of fac-
tors, including organ failure secondary to sterile
necrosis, infected necrosis, or complications from sur-
gical intervention. There are two peaks for mortality
in acute pancreatitis. Most studies in the United States
and Europe reveal that about half the deaths occur
within the first week or two, usually from multiple
organ failure. Death can be very rapid. About one-
quarter of all deaths in Scotland occurred within 24
hours of admission, and one third within 48 hours.
After the second week of illness, patients succumb to
pancreatic infection associated with multiple organ fai-
lure. Some studies in Europe report a very high late
mortality rate from infection. It is unclear if high rate
of late mortality from infection is related to endoge-
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nous infection of the pancreatic necrosis or surgical
interventions for infectious complications.

CLINICAL PICTURE 

Most patients with acute pancreatitis experience abdo-
minal pain, usually in the epigastrium, with radiation
to the back in approximately half of cases. The onset
may be swift, with pain reaching maximum intensity
within 30 minutes, frequently unbearable, and cha-
racteristically persists without relief for more than 24
hours. The pain is often associated with nausea, vomi-
ting, fever, tachycardia, leucocytosis, and elevated
pancreatic enzyme levels in the blood and urine. Phy-
sical examination usually reveals moderate to severe
upper abdominal tenderness often associated with
guarding. These clinical findings parallel pathological
changes with microscopic interstitial edema and fat
necrosis of the pancreas. These alterations can extend
to large areas of pancreatic and peripancreatic necro-
sis and haemorrhage.

The 2013 Atlanta Criteria define three grades of pan-
creatitis: mild acute pancreatitis, moderately severe
acute pancreatitis, and severe acute pancreatitis (4).
This classification includes criteria of transient organ
failure, persistent organ failure, and local or systemic
complications. Mild acute pancreatitis is characterized
by the absence of organ failure and the absence of
local or systemic complications. Patients with mild
acute pancreatitis respond to appropriate uid admi-
nistration with prompt normalization of physical signs
and laboratory values. These patients can usually be
discharged during the early phase. Moderately severe
acute pancreatitis presents with transient organ failure
or local or systemic complications in the absence of
persistent organ failure. Peripancreatic uid collection
defines a local complication, resulting in prolonged
abdominal pain, leucocytosis and fever, and poten-
tially preventing the implementation of enteral
nutrition. This form of acute pancreatitis may resolve
without intervention or may require a prolonged care.
Mortality of moderately severe acute pancreatitis is far
less than that of severe acute pancreatitis. Severe acute
pancreatitis is defined by persistent organ failure and

local complications, such as necrosis, abscess, or pseu-
docyst. The mortality rate in severe acute pancreatitis
is about 20–50% versus none in the mild acute pan-
creatitis group.

DIAGNOSIS

The diagnosis of acute pancreatitis requires two of the
following three features: abdominal pain characteristic
of acute pancreatitis; serum amylase and/or lipase
three or more times the upper limit of normal; and
characteristic findings of acute pancreatitis on tran-
sabdominal US, contrast-enhanced CT scan or MRI.
This definition allows for the possibility that an amy-
lase and lipase might be less than three times the
upper limit of normal in acute pancreatitis. In a
patient with abdominal pain characteristic of acute
pancreatitis and serum enzyme levels that are lower
than three times the upper limit of normal, a CT scan
must be performed to confirm a diagnosis of acute
pancreatitis (1).

ETIOLOGY

Obstruction

The most common obstructive process leading to
pancreatitis are gallstones, which cause approxima-
tely 40% of cases of acute pancreatitis. However, only
3–7% of patients with gallstones develop pancreatitis.
Gallstone pancreatitis is more common in women
than men because gallstones are more frequent in
women. Acute pancreatitis occurs more frequently
when stones are less than 5 mm in diameter because
small stones are more likely than large stones to pass
through the cystic duct and cause ampullary obstruc-
tion. Cholecystectomy and clearing the bile duct of
stones prevents recurrence, confirming the cause-
and-effect relationship. Biliary sludge is a viscous
suspension in gallbladder bile that may contain small
(< 3 mm) stones (i.e. microlithiasis). Because small
stones can hide in biliary sludge, the two are com-
monly referred to together as biliary sludge and
microlithiasis. Biliary sludge is asymptomatic in most
patients. It is usually composed of cholesterol mono-
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hydrate crystals or calcium bilirubinate granules. On
US, sludge produces a mobile, low-amplitude echo
that does not produce an acoustic shadow and that
layers in the most dependent part of the gallbladder.
Sludge may result from functional bile stasis, such as
that associated with prolonged fasting or total paren-
teral nutrition, or from mechanical stasis such as
occurs in distal bile duct obstruction. Commonly,
biliary sludge is found in patients with idiopathic
acute pancreatitis. Multiple studies have found that
cholecystectomy reduces the recurrence of idiopathic
pancreatitis by approximately half (5, 6).

The pathogenesis of gallstone-related pancreatitis is
unknown. Factors that may initiate gallstone pancrea-
titis include reflux of the bile into the pancreatic duct
or obstruction of the pancreatic duct at the ampulla
from stone(s) or oedema resulting from the passage of
a stone. Reflux of the bile into the pancreatic duct
could occur when the distal bile and pancreatic ducts
form a common channel, and a gallstone becomes
impacted in the duodenal papilla. Alternatively, bile
could reflux into the pancreatic duct from the duode-
num through an incompetent sphincter of Oddi
injured by recent passage of a gallstone.

Experimentally, reflux of the bile into the pancreatic
duct, particularly if the bile is infected or mixed with
pancreatic enzymes, causes pancreatic injury. The
mixture of bile and pancreatic enzymes increase the
permeability of the main pancreatic duct, which is
associated with local parenchymal inflammation. The
common channel theory is somewhat problematic
because pancreatic duct pressure is invariably higher
than bile duct pressure, making bile reflux into the
pancreatic duct unlikely. Reflux of the bile from the
duodenum is also unlikely because pancreatitis does
not occur in conditions with easily demonstrable ref-
lux, such as after surgical sphincteroplasty or
endoscopic sphincterotomy (7).

A popular theory for the mechanism of gallstone pan-
creatitis is that an impacted gallstone in the distal bile
duct obstructs the pancreatic duct, increasing pan-
creatic pressure, thereby damaging ductal and acinar

cells. Experiments in the opossum supporting this
theory are the observations that ligation of the pan-
creatic duct causes severe necrotizing pancreatitis
and that decompression of the ductal system within
three days prevents progression to acinar cell necrosis
and severe inflammation.

Even small tumours in the pancreas can obstruct the
duct and induce repetitive episodes of acute pancrea-
titis. Patients with pancreatic adenocarcinoma rarely
develop acute pancreatitis even when the tumor
obstructs the duct completely. Also, intraductal papil-
lary mucinous neoplasm and adenomas of the major
papilla can cause acute pancreatitis.

Alcohol

Alcohol causes at least 30% of cases of acute pancrea-
titis, and alcohol is the most common etiology of
chronic pancreatitis in developed countries. Intere-
stingly, only 10% of chronic alcoholic patients develop
chronic pancreatitis. The classic teaching is that alco-
hol causes chronic pancreatitis and that alcoholic
patients who present with clinically acute pancreatitis
have underlying chronic disease. However, a small
percentage of patients with alcohol-induced acute pan-
creatitis by clinical criteria do not have, or progress to,
chronic pancreatitis, even with continued alcohol
abuse. By contrast, a small percentage of chronic alco-
holic patients develop attacks of acute pancreatitis that
are indistinguishable from other forms of acute pan-
creatitis but eventually develop chronic pancreatitis
after 10–20 years of alcohol abuse. Early in the course
of the disease, when attacks occur, the diagnosis of
underlying chronic pancreatitis is difficult without tis-
sue specimens, because the diagnosis of chronic
pancreatitis is usually made after definite signs of
chronic pancreatitis appear (e.g. pancreatic calcifica-
tion, exocrine and endocrine insufficiency, or typical
duct changes by CT or ERCP). Most of the models
described suggest possible mechanisms of alcohol-rela-
ted injury, including perturbations in exocrine
function, changes in cellular lipid metabolism, induc-
tion of oxidative stress, and activation of stellate cells.
However, the exact mechanism of pancreatic damage
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by ethyl alcohol remains unclear and may be related
to other factors. Alcohol could be directly toxic to the
acinar cell because it causes lipid accumulation, lea-
ding to cellular necrosis and eventual fibrosis.
However, in contrast to what is seen in liver disease,
a steatopancreatitis precursor to fibrosis has not been
demonstrated. It is interesting that years of alcohol
exposure are required for precipitation of alcoholic
pancreatitis. Alcohol increases the mitogenicity of
pancreatic fluid, leading to formation of protein plugs
and stones. Ductal obstruction by stones can lead to
stasis of pancreatic fluid and further stone formation,
eventually leading to atrophy and fibrosis of the glad.

In contrast to the stone theory, which is based on the
development of fibrosis without acute pancreatitis, the
necrosis-fibrosis hypothesis entails the development
of fibrosis from recurrent, perhaps subclinical, attacks
of acute pancreatitis. Inflammation and necrosis from
the initial episodes of acute pancreatitis produce scar-
ring in the periductular areas, and scarring obstructs
the ductules, leading to stasis within the duct and sub-
sequent stone formation. Support for this theory
comes from histopathologic studies that revealed mild
perilobular fibrosis in resolving acute pancreatitis,
with marked fibrosis with ductal distortion occurring
later. It is thought that a stepwise progression occurs
to fibrosis from recurrent episodes of acute pancrea-
titis. The correlation between the frequency and
severity of acute attacks to the rate of progression to
chronic pancreatitis supports this theory.

Drugs

Medications are an infrequent but important cause of
acute pancreatitis. Although there are reports that
drug-induced acute pancreatitis accounts for 1–4% of
all cases, drug-induced acute pancreatitis probably
accounts for less than 1% of cases. More than 120
drugs have been implicated, mostly from anecdotal
case reports, however, clinicians must be careful not
to blame a drug when a patient with acute pancreati-
tis does not have an obvious underlying cause. Many
of the published case reports suffer from a combina-
tion of inadequate criteria for the diagnosis of acute

pancreatitis, failure to rule out more common causes,
or a lack of a rechallenge with the medication. Also,
many case reports inappropriately implicate drugs
when the latter have been administered for very long
periods (> 6 months) before the onset of acute pan-
creatitis. Drug-induced pancreatitis tends to occur
within 4–8 weeks of beginning a drug. 

Lipids

Hypertriglyceridemia is the third most common
identifiable cause of pancreatitis after gallstones and
alcoholism, accounting for 2–5% of cases. Serum
triglyceride concentrations above 11 mmol/L may
precipitate attacks of acute pancreatitis. The patho-
genesis of hypertriglyceridaemic pancreatitis is
unclear, but the release of free fatty acids by lipase
may damage pancreatic acinar cells or endothelial
cells. Most people who abuse alcohol have moderate
but transient elevations of the serum triglyceride
levels because alcohol itself not only damages the
pancreas but also increases serum triglyceride con-
centrations in a dose-dependent manner. In contrast
with acute pancreatitis from other causes, the
serum amylase and lipase level may not be substan-
tially elevated at presentation. 

Hyperkalaemia

Hyperkalaemia of any cause is rarely associated with
acute pancreatitis. Proposed mechanisms include
deposition of calcium salts in the pancreatic duct
and calcium activation of trypsinogen within the
pancreatic parenchyma

Trauma

Either penetrating trauma (gunshot or stab wounds)
or blunt trauma can damage the pancreas. In most
cases, there is also injury to adjacent viscera.

GASTROENTEROLOG 11



Post-endoscopic retrograde
cholangiopancreatography pancreatitis

Acute pancreatitis is the most common and feared
complication of ERCP, associated with substantial
morbidity and occasional mortality. Around 2000
ERCPs are performed annually in Slovenia. Asymp-
tomatic hyperamylasemia occurs commonly after
ERCP, probably because of absorption of pancreatic
enzymes through the papillotomy cut. Clinical acute
pancreatitis occurs in 5% of diagnostic ERCPs, 7%
of therapeutic ERCPs, and up to 25% in those with
suspected sphincter of Oddi dysfunction or in those
with a history of post-ERCP pancreatitis.

The mechanisms that lead to post-ERCP pancreatitis
are complex and not fully understood. Rather than a
single pathogenesis, post-ERCP pancreatitis is belie-
ved to be multifactorial, involving a combination of
chemical, hydrostatic, enzymatic, mechanical, and
thermal factors. Some risk factors have been identi-
fied as predictors of post-ERCP:

Patient-related: young age, female gender, suspec-–
ted sphincter of Oddi dysfunction, recurrent
pancreatitis, history of post-ERCP pancreatitis,
normal serum bilirubin level;
Procedure-related: pancreatic duct injection, dif-–
ficult cannulation, pancreatic sphincterotomy,
precut access, balloon dilation;
Operator- or technique-related: trainee participa-–
tion, non-use of a guidewire for cannulation,
failure to use a pancreatic duct stent in a high-risk
procedure.

Pancreatitis may develop in up to 24 hours after
ERCP. Studies have found serum pancreatic enzy-
mes after ERCP as useful predictors of pancreatitis
development. Serum amylase values above four-
times the upper limit of normal or lipase levels
above eight-times the upper limit of normal four
hours after completing the procedure have a high
specificity (> 90%) for predicting post-ERCP pan-
creatitis (8). Conversely, if the serum amylase was
less than 1.5-times the upper limit of normal or
lipase less than two-times the upper limit of nor-

mal, pancreatitis was unlikely. In the presence of
abdominal pain, a normal serum amylase and/or
lipase rules out acute pancreatitis at that moment.

A recent multicentre, double-blinded, randomized
controlled trial of 602 patients undergoing a high-
risk ERCP demonstrated a significant reduction of
post-ERCP pancreatitis when given post-procedure
rectal indomethacin (9). Other than rectal nonste-
roidal anti-inflammatory drugs have failed to show
any consistent benefit in multiple randomized stu-
dies evaluating several drugs.

Pancreatic stent placement decreases the risk of
post-ERCP pancreatitis in high-risk patients and
has become a standard practice for patients who
are thought to be at high risk for pancreatitis after
the procedure. It is effective presumably by preven-
ting cannulation-induced oedema that can cause
pancreatic duct obstruction. In all reported studies,
which cumulatively include 1500 high-risk patients
undergoing ERCP, only one patient developed severe
pancreatitis after a pancreatic duct stent had been
placed (10).

Guidewire cannulation, whereby the biliary or pan-
creatic duct is initially cannulated by a guidewire
inserted through the catheter or sphincterotome,
has been shown to decrease the risk of pancreatitis,
However, the decrease in post-ERCP pancreatitis
could to be related to a decreased need for precut
sphincterotomy in patients undergoing guidewire
cannulation.

Pancreas divisum

Pancreas divisum is the most common congenital
malformation of the pancreas, occurring in 5–10%
of the general healthy population, the vast majority
of who never develop pancreatitis. Controversy con-
tinues to surround the issue as to whether pancreas
divisum with otherwise normal ductal anatomy is
a cause of acute recurrent pancreatitis.
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Sphincter of Oddi dysfunction

Sphincter of Oddi dysfunction is also a controversial
cause of acute pancreatitis. The main argument in
favour of this entity as a cause of acute pancreatitis
is the many observational series that report that
endoscopic pancreatic sphincterotomy or surgical
sphincteroplasty reduces recurrent attacks of pan-
creatitis. However, a recent prospective study found
that despite endoscopic therapy, patients with pan-
creas divisum or Sphincter of Oddi dysfunction had
recurrent attacks in 50% and 55%, respectively (11).

Genetic Factors

Genetic mutations in the trypsinogen gene or trypsin
inhibitors have been well documented as a cause of
chronic pancreatitis. Mutations in the cystic fibrosis
transmembrane conductance regulator (CFTR) gene
have also been implicated in acute and chronic pan-
creatitis. The CFTR anion channel allows for chloride
and bicarbonate secretion into the pancreatic ducts
and thus allows flushing of the liberated enzymes and
proenzymes into the duodenum. There are more than
1200 mutations that have been described for the
CFTR gene. Some of these are considered severe and
some mild. Homozygous severe mutations produce a
viscid, concentrated, acidic pancreatic juice leading to
ductal obstruction and pancreatic insufficiency in
infanthood. Heterozygotes of minor or major muta-
tions may lead to acute recurrent or chronic
pancreatitis by altering acinar or ductal cell function
(e.g. alteration of bicarbonate conductance) (7). CFTR
mutations associated with pancreas divisum could
have a synergistic effect in the pathogenesis of acute
pancreatitis. Although most patients with pancreas
divisum (7–10% of the general population) never
develop pancreatic disease, it may be that those per-
sons who also harbour dysfunction in the CFTR
transporter are at risk of developing pancreatitis when
both are present in the same host (1).

Autoimmune pancreatitis 

Autoimmune pancreatitis typically presents as a
mass or fullness in the pancreas or with signs and
symptoms of chronic pancreatitis. Acute pancreati-
tis resulting from autoimmune pancreatitis is rare.

Rare causes

Rare causes of pancreatitis are systemic or local
ischemia as a result of vasculitis, emboli or intraoperative
hypotension. Infection with viruses or parasites can
cause pancreatitis. Ascaris lumbricoides is a frequent
cause of pancreatitis in some countries. Anatomic de-
velopmental disorders such as annular pancreas, cho-
ledohocele or peripapillary diverticula can are have
also been implicated as causes of acute pancreatitis. 
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Review article

ABSTRACT

Acute pancreatitis is a complex disease that results in
significant morbidity and mortality. The majority of
articles suggest that mortality related to acute pancre-
atitis has, on the whole, reduced over time. Early
severity stratification remains a challenging issue to
overcome to improve outcome. In this review article,
we focused on recent publications related to assess-
ment of severity of acute pancreatitis, i.e., scoring
systems and individual biochemical markers and
their role in predicting clinical outcomes. Based on
data presented, what seems to be evident is that
there is no single scoring system that can be regarded
as the most useful in acute pancreatitis.

INTRODUCTION

Acute pancreatitis (AP) is a complex disease that
results in significant morbidity and mortality. The
majority of articles suggest that AP-related mortality
has, on the whole, reduced over time (1, 2). This can
be attributed to a whole host of factors, including
better recognition of the signs of severity (through
the assistance of severity indices), and newer thera-
pies for the complications associated with AP (1).

Early severity stratification remains a challenging
issue to overcome to improve outcome (3). In this
review article, we will focus on recent publications
related to assessment of severity of AP, i.e., scoring
systems and individual biochemical markers and
their role in predicting clinical outcomes. 

Before we start presenting results of recent publi-
cations, we want to look at survey data on AP sever-
ity assessment in daily clinical practice in
Switzerland (4). It is interesting that not all, but
87% of participants (193/233 from 63 hospitals)
use scoring systems (4). The most frequently used
are Ranson (87%) and Acute Physiology and
Chronic Health Evaluation (APACHE) II (23%)
scores. A majority of participants were not satisfied
with the currently available tool to assess severity
(59%). Only 12% of all participants use the revised
Atlanta classification. The authors concluded that
further efforts must be made to expand physicians’
awareness of scores’ existence and significance (4).

The best known, revised Atlanta classification of
AP was published in 2012 to provide simple func-
tional clinical and morphological classification.
The modification (5):
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addresses the clinical course and severity of–
disease,
divides AP into interstitial edematous AP and–
necrotizing AP
distinguishes an early phase (first week) and–
late phase (after the first week) and
emphasizes systemic inflammatory response syn-–
drome (SIRS) and multiple organ failure (MOF).

The goal is for radiologists, gastroenterologists, sur-
geons, and pathologists to use the revised classifi-
cation to standardize imaging terminology to facili-
tate treatment planning and enable precise com-
parison of results among different departments
and institutions (5, 6). Based on a recent survey
(4), we need to put more effort to implement
revised Atlanta classification in everyday practice.

The Bedside Index for Severity in Acute Pancreatitis
(BISAP) was developed for prediction of in-hospital
mortality in AP. Classification and Regression Tree
(CART) analysis was applied on data collected from
17,992 cases of AP from 212 hospitals in 2000–
2001. The new scoring system was validated on data
collected from 18,625 AP cases from 177 hospitals
in 2004–2005 in the United States (7). Five
variables were identified for prediction of in-hospital
mortality. One point is assigned for the presence of
each during the first 24 hours: blood urea nitrogen
> 25 mg/dL, impaired mental status, SIRS, age >
60 years or the presence of pleural effusion. The
BISAP area under the curve (AUC) during revalida-
tion was 0.82 versus APACHE II score of 0.83 (7).
Since first revalidation, 12 other studies used
BISAP index to determine predictive performance,
and systematic review has been performed to deter-
mine prognostic accuracy of the BISAP for severe
AP (7). In meta-analysis, pooled AUC was higher
than in original revalidation study. It was 0.85 for
BISAP and 0.92 for revised Atlanta classification
(8). With high heterogeneity, BISAP has very good
performance for severe AP across different patient
population and aetiologies, but the impact of incor-
porating the BISAP into clinical practice to improve
outcome in AP is still unknown (8).

The most recent paper by Vasudevan et al. (9) looked
at different scoring systems and biochemical markers,
and how well they predicted outcome in AP. They
include the APACHE II score ≥ 7, BISAP ≥ 2, SIRS
score ≥ 3 and C-reactive protein ≥ 82ng/mL pre-
dicted severity of AP. They also found that predictors
of infected pancreatic necrosis were as follows:
PANC 3 score ≥ 1, BISAP score ≥ 2 and Marshall
score ≥ 2 and C-reactive protein ≥ 98 (9). In the
same study, predictors of mortality were BISAP ≥ 2,
APACHE II ≥ 10 and blood urea nitrogen ≥ 17 (9).

They also suggested that BISAP and APACHE II
were comparable in predicting outcome, but unlike
APACHE II, BISAP predicted all three outcomes
with the same cut off and hence is robust scoring
system (9). Despite this finding, APACHE II score
remains gold standard in assessing severity of AP.

Early Warning Score (EWS) has been extensively
used in the United Kingdom, as a score that facili-
tate early detection of unwell patients on medical
wards with the aim to start treatment on time.
Jones et al. (10) compared EWS score with different
variables and APACHE II score by including 629
patients with AP. They found EWS was the best
predictor of adverse outcomes (AUC values 0.81,
0.84 and 0.83 for days 1, 2 and 3, respectively) and
was the most accurate predictor of mortality on
both days 2 and 3 (AUC values 0.88 and 0.89,
respectively). Multivariate analysis revealed that a
EWS ≥ two was independently associated with
severity of pancreatitis, adverse outcome, and mor-
tality (10).

Another general scoring system, Emergency
General Surgery disease grading system to measure
anatomical severity, although recently introduced
in clinical practice (by American Association for
the Surgery of Trauma), has shown initial validity
for prediction of length of hospital stay and
increased rates of readmission in AP patients (11).

Recent study conducted by Beduchi et al. and
another study conducted by Paanda et al., both
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aimed to assess the efficacy of PANC 3 score to
predict AP severity (haematocrit, body mass index
(BMI) and pleural effusion) by including 64 and 74
patients, respectively, in the studies (12, 13). They
both found PANC 3 score easy and quick to use,
with 50% sensitivity and 100% accuracy, with 91%
positive and 100% negative predictive value (12).
Beduchi’s et al. study performed in Brazil agrees
with Jekura’s et al. study performed in Japan con-
ducted on 116 patients with AP (14). Multiple logis-
tic regression analysis revealed that BMI of 25
kg/m2 was associated with significant mortality.
They suggested to add BMI > 25 kg/m2 as an addi-
tional parameter to a Japanese prognostic factor
score to enhance predictive value of the prognostic
factor score for AP-related mortality (14).

However, the role of BMI is not as clear-cut from
the literature as it might seem – the findings of
many papers would appear to suggest that higher
BMI increases one’s risk of AP (14), yet a recent
analysis by Kim et al. found lower BMI to be
closely associated with mortality in AP (15). While
it seems plausible that the comorbidities associated
with a higher BMI may put one at risk of a poorer
prognosis from AP (such as fatty liver), the findings
of Kim et al. arguably mean that the relationship
between BMI and prognosis in AP would be worth
elucidating further (15).

Promising multivariate prediction model for
patients with AP in intensive care unit that has bet-
ter AUC than APACHE II (0.91 versus 0.80), has
been recently presented (16). Variable with statisti-
cal significance in multivariate analysis were age,
no alcoholic and no biliary etiology, development
of shock, development of respiratory failure, need
of continuous renal replacement therapy and intra-
abdominal pressure (16). The only issue with this
scoring system is that patients were already admit-
ted to the intensive care unit and they already
developed SIRS and MOF. When AP patients
already reach intensive care unit stage, it is very
obvious that the outcome may be poor. 

BIOCHEMICAL MARKERS AS
PREDICTORS OF SEVERITY OF
ACUTE PANCREATITIS

Recent study conducted by Hong et al. showed that
albumin levels within 24 hours of patient admission
correlate with the development of persistent organ
failure and mortality in AP (17). As levels of serum
albumin decrease, the incidence of organ failure is
3.5%, 10.6%, and 41.6% in patients with normal
albumin, mild and severe hypoalbuminemia,
respectively. Decreased albumin levels were also
proportionally associated with prolonged hospital stay
(p < 0.001) and the risk of death (p < 0.001).
Multivariate analysis suggested that biliary etiology,
chronic concomitant diseases, hematocrit, blood urea
nitrogen, and the serum albumin level were indepen-
dently associated with persistent organ failure (17).
All these factors have already been looked at as indi-
cators of severity of AP (8, 9, 10) and they have been
included in different scoring systems (8, 9, 10). In
Hong’s et al. study, blood urea nitrogen and the serum
albumin level were also independently associated
with mortality. Area under receiver operating charac-
teristic curves of albumin for predicting organ failure
and mortality were 0.78 and 0.87, respectively (17).

Another biochemical marker that has potential to
predict organ failure or death in patients with AP is
cortisol. Study performed to assess whether copeptin,
pro-atrial natriuretic peptide, proadrenomedullin,
and cortisol are associated with disease severity in
patients with AP included 142 patients with AP (18).
Disease severity was rated by the Atlanta 1992 and
2012 criteria and organ failure by the modified
Marshall score. The aforementioned laboratory mark-
ers, C-reactive protein, and procalcitonin were mea-
sured. Patients with moderate to severe AP showed
significantly higher plasma concentrations of all
biomarkers than did those with mild AP. Mortality
from severe AP was as high as 21%. All biomarkers
except cortisol had only modest discriminatory abil-
ity, with areas under the receiver operating charac-
teristic curve between 0.44 and 0.66. Cortisol
showed an AUC of 0.78 compared with the APACHE
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II score with an AUC of 0.75. Authors concluded
that cortisol was the best predictor of organ failure
or death (18). All biomarkers were associated with
disease severity to a similar degree as C-reactive pro-
tein, the criterion-standard marker in AP.

Intestinal fatty acid binding protein (IFAB) is
another promising prognostic marker in AP. Based
on prospective study that compared 94 AP patients
with 100 control patients, that has found signifi-
cantly higher IFAB in AP group (p<0.001) and also
higher IFAB level of IFAB in patients with severe
AP versus mild AP (p=0.03, the authors propped a
model by which IFABP > 350 pg/mL and citruline
< 18mcg/L can predict poor prognosis in 34% of
patients with AP (19).

Total serum calcium and albumin-corrected calcium
measured within 24 hours of AP are also useful
severity predictors in AP (20).

It is well known that coagulation disorders can
develop with severe AP. Plasma thrombin-
antithrombin III complex (TAT) levels are markers
of coagulation disorder. When measuring TAT in
46 patients with AP and 30 healthy volunteers,
Fidan et al. found plasma TAT level significantly
higher in severe AP group compared with AP
group and healthy control. Based on this study,
coagulation disorder is more pronounced as severity
of disease increased (21).

Based on data presented, what seems to be evident
is that there is no single scoring system that can be
regarded as the most useful in AP. A systematic
review by Gravante et al. found that, except
APACHE II, most do not have a high degree of sen-
sitivity, specificity or predictive value (22).
Moreover, one of the criticisms of the use of
APACHE II in the management of AP is that it
requires the collection of a large number of param-
eters, many of which are unlikely to be relevant in
AP (7). It seems likely, therefore, that the use of
scoring systems in AP will continue to be an exten-
sively debated and studied area in the literature. 

Arguably the commonest mode of death in AP is
MOF, which can be defined as ‘the presence of
altered organ function in an acutely ill patient such
that homeostasis cannot be maintained without
intervention’ (23). The SIRS is commonly associ-
ated with MOF, and its persistence is known to be
a risk factor for the development of MOF and
death in AP (24). It is, however, important to note
that organ dysfunction in AP is a process and that
the stage at which a patient is in this process can
determine their overall mortality – early organ dys-
function usually has no significant effect on mor-
tality, but deteriorating organ dysfunction has high
mortality (25). Early, prompt management can,
therefore, have a tremendous impact on patient
outcomes.

Arguably the most important risk factor in AP is
infected pancreatic necrosis – it occurs in up to
70% of patients with AP during the natural disease
course (26), and the mortality rate is more than
20% (27). However, the use of prophylactic antibi-
otics to prevent this complication occurring is
highly controversial, with some articles suggesting
that antibiotic prophylaxis reduces mortality in AP
(28, 29), and others demonstrating no significant
beneficial effect of antibiotic prophylaxis (30).
Current management guidelines do not definitively
commit one way or another on the issue of antibi-
otic prophylaxis in AP – indeed; guidelines from
the United Kingdom Working Party on Acute
Pancreatitis recommend that if antibiotics are used
at all, they should be given for a maximum of 14
days (27). Interestingly, a recent study by Baxter et
al. found that the routine use of nonsteroidal anti-
inflammatory drugs in AP might help prevent
some of the complications associated with AP,
including pancreatic necrosis (although it was
found to make no significant difference on mortal-
ity) (30). While the use of nonsteroidal anti-inflam-
matory drugs as a therapeutic measure in AP is
something that needs to be explored. Further, this
finding offers a potential breakthrough in the pre-
vention of this highly fatal complication.
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ABSTRACT

Acute pancreatitis is an acute inflammatory disease
of the pancreas that may also involve surrounding
structures and remote organs. Imaging plays an
important role as it confirms the diagnosis, identi-
fies causative factors, helps to grade the extent and
severity of disease, is crucial for the early detection
of complications and helps to guide treatment.
Ultrasound is the first-line imaging modality in our
center for determining the cause of the disease
(e.g., gallstones) and to rule out other causes of
acute abdomen. Magnetic resonance cholangiopan-
creatography is reserved for detection of choledo-
cholithiasis, not shown on other modalities, for fur-
ther characterization of collections, to help diagnose
disconnected pancreatic duct and for patients in
whom contrast-enhanced CT is contraindicated.
Contrast-enhanced CT is considered the gold stan-
dard in the evaluation of acute pancreatitis, as it
evaluates the extent and evolution of the disease,
stages its severity and detects complications.
Imaging of acute pancreatitis requires familiarity
with the appropriate radiologic nomenclature as
defined by the revised Atlanta classification so that

imaging descriptions are standardized and commu-
nication with clinicians and surgeons is precise.
The purpose of this review article is to present an
overview of acute pancreatitis and the role of dif-
ferent imaging modalities, as well as to emphasize
the importance of revised Atlanta classification
and CT severity score. 

INTRODUCTION

Acute pancreatitis (AP) is an acute inflammation of
the pancreas resulting from an autodigestion of the
gland. In approximately 80% of patients, AP is a
self-limiting disease which subsides spontaneously,
while 15–20% of patients develop severe form of
disease, characterized by the development of pan-
creatic or peripancreatic necrosis, resulting in gen-
eral and local complications responsible for a mor-
tality rate of 8–35% (1, 2). The incidence of AP in
Slovenia in 2001 was 40/100.000 with younger
patients (between 20 and 40 years) being affected
more commonly recently. Gallstones and alcohol
are the most common causes of AP, and additional
variants occur when patients are stratified by sex
(2, 3).
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DIAGNOSIS AND THE ROLE OF
IMAGING MODALITIES

According to revised Atlanta classification, two of
the following three criteria must be met for the
diagnosis of AP: 1) acute onset of persistent, severe
epigastric pain, 2) lipase/amylase elevation > three
times the upper limit of normal and 3) characteristic
imaging features on imaging modalities (4). Imaging
modalities available for the diagnosis of AP include
US, contrast-enhanced CT (CE-CT), MRI and mag-
netic resonance cholangiopan-
creatography (MRCP). Although
many patients will meet the cri-
teria for AP by symptoms and
laboratory results alone and
may not require imaging ini-
tially, imaging may be per-
formed early in the disease
course when the cause of the
disease is unclear, to look for
causative factors such as chole-
docholithiasis and pancreatic
cancer. Imaging for the diagno-
sis of pancreatitis is also appro-
priate when abdominal pain
suggests pancreatitis, but the
amylase or lipase level is not
elevated to the threshold value,
which is often the case at delayed
presentation. Also, imaging helps to grade the extent
and severity of AP, is crucial for the early detection
of complications and to help guide treatment (5, 6).
The onset of pancreatitis is considered to coincide
with the first day of pain, not the day on which the
patient presents for care or the day of hospital
admission (4).

Imaging of AP requires not only understanding of
the disease subtypes and associated complications
but also familiarity with the appropriate radiologic
nomenclature as defined by the Atlanta symposium
in 1992 and more recently, modified by the Acute
Pancreatitis Classification Working Group in 2008
(7, 8). It is important for the radiologist to adopt

this new nomenclature so that imaging descriptions
are standardized and communication with clinical
and surgical colleagues is precise to proper manage
the patient (8).

ULTRASOUND

Ultrasound is usually the first-line imaging modality
in our center in suspected biliary pancreatitis and
to rule out alternative diagnosis, because it is quick,
easy to perform, readily available, avoids radiation

and can be carried out at bed-
side. The advantage of US in
the early AP is to evaluate the
gallbladder and biliary tract to
detect gallstones (Figure 1) and
the dilatation of the bile ducts.
Changes in pancreatic paren -
chyma due to AP may only be
seen in 30% of cases. In such
cases, enlarged gland with
obscured margins and hypoe-
choic parenchyma due to inter-
stitial edema may be seen. Focal
ill-defined hypo- or hyperechoic
areas of edema or hemorrhage
in the parenchyma and peri-
pancreatic fluid collections may
be seen. Also, US is used to
characterize the contents of the

fluid collections. One of major limitations of US is
the inability to make differential diagnosis of the
interstitial and necrotizing pancreatitis (9, 10). 

COMPUTED TOMOGRAPHY

CE-CT is considered the gold standard in the evalua-
tion of AP. It plays a significant role in evaluating the
extent of disease and evolution of the disease and its
complications (11). In 2012, International Association
of Pancreatology/American Pancreatic Association
(IAP/APA) evidence-based guidelines provided rec-
ommendations concerning key aspects of medical
and surgical management of AP. According to these
guidelines, the indications for initial CT assessment
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Figure 1. Ultrasound showes gallstones
(arrow) in the lumen of the fully distended
gallblader with no signs of acute cholecy-
stitis



in patients with AP are 1) diagnostic uncertainty, 2)
confirmation of severity based on clinical predictors
of severe AP, or 3) failure to respond to conservative
treatment or in the setting of clinical deterioration.
Optimal timing for initial CT assessment is at least
72–96 hours after onset of symptoms (12). Routine
early CT in AP is not recommended for the following
reasons: 1) there is no evidence that early CT
improves clinical outcome or that early detection of
necrosis will influence treatment, 2) CT scoring sys-
tems are not superior to clinical scoring systems in
predicting prognosis and severity of disease (13), 3)
there is evidence to suggest that an early (inappropri-
ate) CT may increase the duration of hospital stay
(14), has low yield without direct management impli-
cations (15), does not improve clinical outcomes (16),
and poses risks of contrast allergy and nephrotoxicity.
Early CT (before 72 hours) may be useful to rule out
bowel ischemia or intra-abdominal perforations in
patients presenting with both AP and acute abdomen.
Follow-up CT (or in some cases MRI) is indicated
when there is a lack of clinical improvement, clinical
deterioration, or especially when invasive intervention
is considered (12).

It is recommended to perform multidetector CT
with thin collimation and slice thickness (i.e., 5 mm
or less), 100–150 mL of non-ionic intravenous con-
trast material at a rate of 3 mL/s, during the pancre-
atic and portal venous phase (i.e., 50–70 seconds
delay). During follow-up, only a portal venous phase
is sufficient (12). Adding the arterial phase to this
protocol makes vascular complications, such as hem-
orrhage and pseudoaneurysms to be detected more
clearly. Unenhanced CT helps in detecting calcified
gallstones and pancreatic calcifications in chronic
pancreatitis and adds to diagnosis of suspected intra-
abdominal or pancreatic hemorrhage (17). 

MAGNETIC RESONANCE IMAGING

According to the revised Atlanta classification, MRI
imaging is reserved for detection of choledocholithia-
sis (Figure 2a) not visualized on CE-CT images (18,
19) and to further characterize collections for the

presence of non-liquefied material (debris and
necrotic fatty tissue) (Figure 2b) (20). MRI has an
important role in patients in whom CE-CT is con-
traindicated (e.g., due to allergy to iodinated intra-
venous contrast agents or pregnancy) (20, 21). It may
also better show the disconnection of the pancreatic
duct that creates persistent fistulation and inflamma-
tion with an increased incidence of infection (22).

REVISED ATLANTA CLASSIFICATION

In the revised Atlanta classification system, new defi-
nitions were created to stratify AP into two subcate-
gories based on imaging findings: interstitial oedema-
tous pancreatitis (IEP) and necrotizing pancreatitis.
The imaging-based revised classification involves care-
ful assessment of CT images for collections of fluid
and non-liquefied material in and around the pancreas
(i.e., areas of pancreatic parenchymal and peripancre-
atic necrosis). The terminology for fluid collections is
completely revised. It is important for the radiologist
to adopt this new nomenclature so that imaging
descriptions are standardized and communication
with clinical and surgical colleagues is precise. The
classification also points out other important findings
to be evaluated with imaging such as causes of pancre-
atitis, including cholecystolithiasis and choledocholithi-
asis, or complications related to AP (extrahepatic bil-
iary dilatation; splenic, portal, and mesenteric venous
thrombosis; varies; arterial pseudoaneurysm; pleural
effusion; and ascites). Also, inflammatory changes
due to pancreatic secretions in other intra-abdominal
organs need to be reported. 
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Figure 2. Magnetic resonance cholangiopancreato-
graphy. A – coronal plane showing gallstone (arrow)
in the common billiary duct, just before papilla Vateri,
B – T2 sequence in axial plane showing walled off ne-
crosis with non-liquefied material (arrow) inside it



Interstitial oedematous pancreatitis and
necrotizing pancreatitis

IEP is more common and represents non-necrotizing
inflammation of the pancreas. At CE-CT, the entire
pancreas will enhance, with no unenhanced (necrotic)
areas (Figure 3a). Necrotizing pancreatitis accounts
for 5–10% of cases of AP (4). There are three
subtypes of necrotizing pancreatitis; the subtypes are
based on the anatomic area of necrotic involvement:
1) pancreatic only, 2) peripancreatic only, and 3) com-
bined pancreatic and peripancreatic, which is the
most common (75% of cases). The combined subtype

demonstrates non-enhancing pancreatic parenchyma,
as well as non-enhancing heterogeneous peripancreatic
collections, and typically accumulating in the lesser
sac and anterior pararenal space (Figure 4a) (23). 

Pancreatic and peripancreatic collections

The revised Atlanta classification makes an important
distinction between collections that contain purely
fluid (those encountered in IEP) and collections that
contain necrotic debris in addition to fluid (those
encountered in necrotizing pancreatitis) and includes

22 GASTROENTEROLOG

Figure 3. Interstitial oedematous pancreatitis. A – axial
contrast-enhanced CT in venous phase, shows enlarged,
heterogeneously enhanced gland (*), with indistinct
margins and some stranding and minimal fluid (arrow)
in the peripancreatic fat; acute peripancreatic fluid
collection in the anterior pararenal space (arrowhead) is
also present. B – five weeks later, the collection becomes
more organised with capsule and is termed pseudocyst

Figure 4. Acute necrotizing pancreatitis – combined pan-
creatic and peripancreatic necrosis. A – axial CT image
in venous phase shows pancreas that is almost completely
non-enhancing (*), only a small part of processus unci-
natus is enhancing; non-enhancing peripancreatic acute
necrotic collections in the left and right pararenal spaces
are also present (arrow). B – axial CT image obtained four
weeks after onset, capsule is evident and some heterogeneity
(*) is seen within this collection, reflecting the presence of
non-liquefied material in walled-off necrosis. C – walled-
off necrosis in left anterior pararenal space (*) and left
paracolic space (arrow) are seen on axial CT images

Table 1. Revised Atlanta classification of fluid collections in acute pancreatitis. IEP – interstitial edematous
pancreatitis, APFC – acute peripancreatic fluid collection, ANC – acute necrotic collection, WON – walled-off necrosis

Type of acute pancreatitis Fluid collections

< 4 weeks after onset

IEP APFC

Necrotizing pancreatitis ANC
• parenchymal necrosis alone
• peripancreatic necrosis alone
• pancreatic and peripancreatic necrosis

≥ 4 weeks after onset

IEP pancreatic pseudocyst

Necrotizing pancreatitis WON



new definitions that more accurately describe the
various types of collections encountered: acute peri-
pancreatic fluid collection (APFC), pseudocyst, acute
necrotic collection (ANC), and walled-off necrosis
(WON). The important distinctions for classifying
collections correctly are the time course (< 4 weeks
or ≥ four weeks from onset of pain and the presence
or absence of necrosis at imaging (Table 1).

APFC occur during the first four weeks and are pre-
sent only in patients with IEP because the pathogen-
esis involves inflammation without necrosis. They
are visualized as homogeneous fluid-attenuation col-
lections that lack a wall (Figure 3a). They are always
peripancreatic in location (4). Most APFCs resolve
spontaneously, and drainage should be not be per-
formed because of the risk of infecting an otherwise
sterile collection (24). If an APFC has not resolved
after four weeks, it is referred
to as a pseudocyst. It becomes
more organized and develops a
capsule that manifests as an
enhancing wall at CE-CT (Figure
3b). Pseudocysts may have a
connection to the pancreatic
ductal system, which is best
seen at MRCP.

ANC are present within the first
four weeks of symptom onset
and are poorly organized necrotic
collections that occur only in
necrotizing pancreatitis (Figure
4a). They are often multiple,
with a loculated appearance, and
may extend inferiorly as far as
the pelvic sidewalls. They typically demonstrate a vari-
able amount of fluid and can be distinguished from
APFCs by the presence of non-liquefied debris, such
as solid-appearing components or fat globules within
the fluid. In the early phase of pancreatitis, differenti-
ating between an APFC and an ANC can be difficult,
and the diagnosis of necrosis may be uncertain.
Imaging in the second week is usually helpful for dis-
tinguishing an APFC from an ANC. After four weeks

the collection is referred to as WON, has a thick
enhancing wall, contains fluid and necrotic fat and
pancreatic tissue, which are well demonstrated at
both CE-CT and MRI as non-liquefied debris within
the fluid (Figure 4b, Figure 4c, and Figure 2b). WON
may be confined to the pancreatic parenchyma but
more commonly occurs in the peripancreatic space
and can often occur in both locations, with a coalescent
collection extending from the lesser sac into a portion
of parenchyma (4). There is evidence that MRI out-
performs CT with better assessment of the ratio of
fluid to necrotic debris in collections older than four
weeks. Therefore, MRI is a valuable alternative to CE-
CT for planning interventions because it allows deter-
mination of the amount of necrotic debris that must
be removed using more aggressive interventions (25).

Infection and local complications 

Any collection can be sterile or
infected, although infection
occurs far more frequently in
necrotic collections. The only
imaging finding of an infected
collection is the presence of gas
within the collection (Figure 5)
(4). Infected collections can also
manifest with gas bubbles due
to a pancreatic-enteric fistula,
which can occasionally be seen
when necrotic collections erode
through the bowel wall, most
commonly in the colon and
duodenum (Figure 6) (26).

Figure 5. Infected necrosis. Axial un-en-
hanced CT shows gas bubbles (arrow)
in the acute necrotic collection in bursa
omentalis, suggesting secondary infection
of the collection

Figure 6. Pancreaticoenteric fistula. Axial contrast-
enhanced CT shows fistula (arrow) between walled-off
necrosis in the mesenterium and small bowel loop. Gas
bubbles (*) due to secondary infection from fistula are
seen in walled-off necrosis
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In addition to infection, vascular complications are
common, occurring in a quarter of patients with AP,
and can cause substantial morbidity and mortality.
Inflammatory reactions can lead to splenic vein
thrombosis, the most common vascular complication.
Second, pancreatic enzymes can cause vessel erosion
and lead to either spontaneous arterial hemorrhage
or pseudoaneurysm of (in order of decreasing fre-
quency) the splenic, gastroduodenal, and pancreati-
coduodenal arteries (Figure 7) (27). 

COMPUTED TOMOGRAPHY
SEVERITY INDEX

A significant progress has been achieved in the eval-
uation of patients with AP with computed tomogra-
phy severity index (CTSI) classification developed
by Balthazar et al. in 1990. The classification was
found to have an excellent correlation between
necrosis, the length of hospitalization, development
of complications and death (in patients with CTSI
≥ 7, the morbidity rate was 92% with the mortality
rate 17%) (11). In 2004, Mortele et al. applied ‘The
Modified CTSI’ which simplifies the evaluation of
fluid collections and necrosis rate and adds the ex-

trapancreatic complications (Table 2) (28). Compared
to Acute Physiology and Chronic Health Evaluation
(APACHE) II score, CTSI more accurately diagnoses
clinically severe disease and better correlates with
need for intervention and pancreatic infection (29).

CONCLUSION

Alongside with clinical and laboratory findings, imaging
plays an important role in the management of AP.
Imaging confirms the diagnosis, identifies etiology,
helps to grade the extent and severity of disease and
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Figure 7. Pseudoaneurysm as a cosequence of acute
necrotizing pancreatitis. A – axial and B – coronal contrast-
enhanced CT shows pseudoaneurysm that is feeding from
gastroduodenal and superior mesenteric artery

Table 2. Modified computed tomography severity index for severity of acute pancreatitis. 
0–2 – mild acute pancreatitis, 4–6 – moderate acute pancreatitis, 7–10 – severe acute pancreatitis

Prognostic indicator Points

Pancreatic inflammation

Normal pancreas 0

Enlargement of the pancreas 1

Peripancreatic inflammation 2

One acute peripancreatic fluid collection 3

Two or more acute peripancreatic fluid collection 4

Pancreatic necrosis

None 0

30% 2

30–50% 4

>50% 6

Maximum 10 points 



helps detecting complications and to guide treatment.
Ultrasound is used to rule out biliary pancreatitis and
to exclude other pathologic conditions. Computed
tomography is the modality of choice to stage the
severity of disease, to detect the presence and extent of
fluid collections and necrosis, to identify complications
and to guide treatment. MRCP is especially useful for
imaging patients with iodine allergies. It may assist in
diagnosis of choledocholithiasis, characterizing collec-
tions and evaluation of an abnormal or disconnected
pancreatic duct. The choice of the proper imaging
modality depends on the clinical condition of the
patient and the onset of epigastric pain in AP.
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ABSTRACT

Infection of pancreatic necrosis seriously aggravates
the course of pancreatitis. Gram-negative bacilli
and anaerobes from the intestinal flora were the
most common pathogens involved in the infection
of pancreatic necrosis in the past. Gram-positive
flora became more important recently because of
antibiotic prophylaxis and prolonged course of the
disease. In most cases, infection of necrosis develops
in the second phase of the disease. In addition to
infection of pancreatic necrosis, extra-pancreatic
infections may complicate the course of diseases in
critically ill patients with severe pancreatitis.
Infection of pancreatic necrosis can be definitively
diagnosed with fine needle aspiration and culture
of the aspirate. Contrast-enhanced CT showing
extra-luminal air in the necrosis is helpful when
fine needle aspiration is not indicated. Procalcitonin
level may be used as another diagnostic tool.
Routine antibiotic prophylaxis of infection of pan-
creatic necrosis is currently not recommended, but
further studies are needed. The choice of antibiotics
for the infection of pancreatic necrosis depends
upon the antimicrobial spectrum, local antimicro-
bial susceptibility of the potential causative agents

and the penetration of antibiotics in the pancreatic
tissue. The duration of antibiotic treatment in
patients with infected pancreatic necrosis is not
well defined and depends upon the feasibility of
the source control. 

INTRODUCTION

The annual incidence of acute pancreatitis ranges
from 13 to 45 per 100,000 people (1). The inci-
dence is increasing probably as a consequence of
obesity epidemics and related increase in gallstones.
Most cases are mild and improve spontaneously.
Severe necrotizing form develops in 15–20% of
patients (2, 3). Overall mortality has decreased in
recent years to 2%, but it remains above 30% in
most severe forms of disease. Severe forms are
defined primarily with systemic inflammatory
response and organ failure. In most severe cases,
the so-called critical pancreatitis, organ failure is
combined with infection of pancreatic necrosis (2).
Overall, a half of deaths in patients with pancreatitis
are caused by infected necrosis (4). Necrosis affect-
ing 30% of pancreatic tissue on contrast-enhanced
CT increases the risk of infection (5). 
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MICROBIOLOGY AND
PATHOGENESIS OF INFECTED
PANCREATIC NECROSIS

Typical gastrointestinal flora with predominance of
Gram-negative bacilli and anaerobes was reported
as causative agent of infected pancreatic necrosis
in the past. More recently, it was found that Gram-
positive microorganisms prevail probably because
of frequent preceding antibiotic treatment and pro-
longed survival. Enterococci and coagulase-negative
staphylococci became common isolates from pan-
creatic necrosis. Multiple microorganisms are iso-
lated in most cases (6). The isolated flora is often
resistant to antibiotics which limits the choice of
antibiotic treatment and further complicates the
course of the disease (3). Fungal infections, another
consequence of broad-spectrum antibiotics and
intensive care (bacteriology), are also clearly linked
to increased hospital stays cost, reoperations, as
well as overall morbidity and mortality (3). The
incidence of fungal infections of pancreatic necrosis
varies from 5 to 8%, but it may increase to 15 or
even 70% in patients who need surgical interven-
tion and is higher in patients with prior antibiotic
exposure (7). The pathogenesis of infection in pan-
creatic necrosis is not fully elucidated, but the flora
and the benefit of enteral nutrition or selective
digestive decontamination suggest translocation of
bacteria because of its altered permeability caused
by systemic inflammation and local situation in the
abdominal cavity (5).

CLINICAL COURSE OF INFECTION IN
PATIENTS WITH SEVERE
PANCREATITIS

The course of severe pancreatitis may be divided in
two phases. The first phase is characterized by sys-
temic inflammatory response related to pancreatic
inflammation rather than infection. Extra-pancre-
atic foci of infection such as cholecystitis, cholangi-
tis, bacteremia or pneumonia may be present in
some cases (5). The second phase that develops 7–14
days later is dominated by infectious complications,
most often infected pancreatic necrosis (4). The
development of infected pancreatic necrosis has
been shown to peak between weeks 2 and 4 (5).
Other types of infection may develop in the second
phase as well as complications of prolonged diseases
and intensive care treatment (5). The types of
infections and their usual timing are presented in
Table 1.

DIAGNOSIS OF INFECTION IN
PANCREATIC NECROSIS

Definitive diagnosis of infection requires positive
culture or Gram stain from CT- or US-guided fine
needle aspiration (FNA) biopsy or open surgery.
FNA is a safe method with minimal risk for false
positivity; false negative results appear in 10%. If
infection is highly suspected, the FNA may be
repeated (5). Some authors do not recommend rou-
tine FNA because of insufficient proof that possible
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Table 1. Infections in patients with severe pancreatitis (8)

Type of infection Frequency (%) Timing (days)

Infected necrosis 47 17.6 

Pneumonia 28 10.7 

Bacteraemia 11 13.7 

Gastrointestinal infections 8 16.8 

Urinary tract infections 6 20.5



shortening of the diagnostic procedure improves
the outcome (9). Instead, FNA should be used
selectively when there is no clinical response to
adequate therapy, or when the clinical and imaging
features of infection are uncertain (10). However,
in the settings with high prevalence of antimicrobial
resistance and especially in patients previously
treated with broad-spectrum antibiotics, FNA may
become a more important diagnostic tool. Contrast-
enhanced CT may be highly suggestive for infection
if there are extra-luminal air bubbles found in
necrotic tissue (5), but some authors warn against
solely relying on the presence of extra-luminal gas,
which may lead to overtreatment in a patient who

is doing clinically well without antibiotics or any
intervention (3). Procalcitonin (PCT) has been
investigated as a tool for the diagnosis of infected
pancreatic necrosis. In an older study, a cut-off
value at 1.8 ng/mL was suggested with sensitivity
and specificity above 90%. A larger more recent
study found that at PCT concentration ≥ 5.6
ng/mL infected necrosis and multiple organ dys-
function can be diagnosed with 90% sensitivity
and 89% specificity. The distinction between
infected and non-infected necrosis can be made at
PCT level ≥ 4.0 ng/mL with 65% sensitivity and
89% specificity (11, 12).
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Table 2. Recent meta-analyses on the efficacy of antibiotic prophylaxis in patients with acute pancreatitis. 
RTC – randomized controlled trial

Author, year
(ref.)

Time of
publication of
the studies
included in the 
meta-analysis

Number of
studies included
in the 
meta-analysis

Type of studies
included in the 
meta-analysis

Results 

Jafri, 2009
(14) until May 2008 8 RTC

Infected necrosis: no effect
Surgery: no effect
Mortality: no effect
Significant reduction of extra-
pancreatic infections

Villatoro, 2010
(15) November 2008 7 RTC

Infected necrosis: no effect
Surgery: no effect
Mortality: no effect
Extra-pancreatic infection: no effect
Fungal infections: no effect
Significant reduction in pancreatic
infection and no effect on mortality
with imipenem

Wittau, 2011
(16)

1980 to
December 2009 14 RTC

Infected necrosis: no effect
Surgery: no effect
Mortality: no effect
Extra-pancreatic infection: no effect

Jiang, 2012
(13) Up to 2009 11 RTC No effect on mortality.

Lim, 2015 
(17)

Up to October
2013 11 Two cohort 

studies, 9 RTC

Infected necrosis: no effect
Mortality: effect was shown in
cohort studies and all studies, 
but not in RTC
Surgery and fungal infections: no
effect



ANTIBIOTIC PROPHYLAXIS

Antibiotic prophylaxis in acute pancreatitis has
been a matter of debate for decades. The first
studies gave negative results probably because of
the spectrum of antibiotics and inclusion of patients
with milder forms of pancreatitis. After the intro-
duction of new broad-spectrum antimicrobial agents,
there were several studies that showed some benefit
of prophylaxis. The studies were small and hetero-
geneous, and therefore unconvincing; however,
their results were confirmed by the first meta-analy-
sis (5). After the year 2000, two well-designed larger
studies that followed turned the circle again: none
of them was able to show any benefit of antibiotic
prophylaxis (5, 13). Several studies and meta-
analyses were published after that; their results do
not support antibiotic prophylaxis in general. Recent
meta-analyses are presented in Table 2.

Based on the existing body of evidence there is a
large consensus that antibiotic prophylaxis in severe
acute pancreatitis is not recommended (1–3, 5, 9,
10, 18). However, some authors warn against relying
on the evidence that is still weak (19). The compli-
ance of the wide-spread guidance is still very poor; a
systematic review of studies and patient-based data
published in 2016 showed that antibiotic prophylaxis
is still given to 41–88% of patients with acute pan-
creatitis. Partially the poor adherence to guidance is
caused by the level of evidence. Further larger well-
designed studies are needed to improve the evidence.
Currently, for practical purposes, some authors sug-
gest individualized approach (10, 13) with antibiotic
prophylaxis in very severely ill patients. 

ANTIBIOTIC THERAPY

Antibiotic therapy in acute pancreatitis may be
empirical or targeted. The decision for empirical
treatment that may also be called the treatment on
demand is based on clinical deterioration of
patients including signs and symptoms suggestive
of infection. The above mentioned diagnostic tools
such as CT scan and PCT may be used to guide the

decision. Appropriate samples for cultures should
be done before the start of the treatment. As in
other cases of severely ill patients, empirical antibi-
otics may be discontinued if relevant cultures
(blood cultures, FNA) remain sterile. The choice of
antibiotic in empirical treatment should target
mixed flora including Gram-negative rods and
anaerobes, but also Gram-positive cocci in patients
who received antibiotic therapy for prophylaxis or
an extra-pancreatic infections. Local susceptibility
patterns should be taken into account. Another
important factor is the penetration of the drug into
the pancreatic tissue. The penetration of aminogly-
cosides is insufficient. Ureidopenicillins
(piperacillin) and higher generation cephalosporins
penetrate moderately well, but this may be com-
pensated with their good bactericidal efficacy for
the susceptible microorganisms. The best penetra-
tion was observed for fluoroquinolones and car-
bapenems. Fluoroquinolones should be combined
with anti-anaerobic agents, usually metronidazole,
and another drug with good pancreatic penetration
(5). The choice of antibiotics may be complicated
in infections with multi-resistant microorganisms.
Prudent antibiotic prescribing and infection pre-
vention measures should be undertaken to avoid
the colonization and infection of patients with dif-
ficult-to-treat microorganisms. 

The duration of antibiotic treatment of infected
pancreatic necrosis is not well defined. A recent
study reports on 14 days therapy with a wide range
from 10 to 64 days (20). In the case of adequate
source control, there is no need for prolonged
treatment. Patients should be followed clinically,
with repeated imaging studies and possible addi-
tional source control if needed and feasible.
Antibiotics may be discontinued if the infection
seems to be healed. In clinically stable patients
with prolonged antibiotic treatment, the termina-
tion of the therapy may be attempted even if the
symptoms of inflammation have not completely
disappeared (21).
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Review article

ABSTRACT

Acute pancreatitis is an inflammatory condition of the
pancreas that is painful and at times deadly. Severe
acute pancreatitis constitutes 20% of the patients pre-
senting to hospital with acute pancreatitis. In acute
pancreatitis early recognition, vigorous fluid resusci-
tation, careful pulmonary care and close supervision
is required. In severe cases patients will also require
intensive care unit admission. Although the incidence
of acute pancreatitis is on the rise, due to more syste-
matic approach and specialist care outcomes have
improved over the last decade. But this improvement
comes at a cost and acute pancreatitis is considered as
a significant burden on health systems across the
world. Before 2012, acute pancreatitis was categorised
as mild or severe. In 2012 with revised classification
of acute pancreatitis two phases early and late, while
three categories of severity mild, moderate and severe
were identified. Moderately severe pancreatitis is defi-
ned by the presence of transient organ failure, local
complications (peripancreatic fluid collections, pan-
creatic and peripancreatic necrosis) or exacerbation of
co-morbidities. In this review article we have outlined
symptoms, causes, diagnosis and management of
moderately severe pancreatitis and complications ari-

sing because of the disease process. It also provides
simple but clear guideline and suggestions to clini-
cians for management of this illness.

INTRODUCTION

Acute pancreatitis is one of the most common
gastrointestinal diseases diagnosed worldwide. The
severity of inflammation can vary from very mild
self-limiting inflammation to severe disease causing
severe inflammation and necrosis of pancreas, which
can result in multiple organ failure and is associated
with mortality. Pancreatitis can be a very challenging
and complex disease for clinicians.

The incidence of pancreatitis varies worldwide ran-
ging from 5 to 80 per 100000. Approximately 20%
of patients admitted with acute pancreatitis have
severe form of the disease and need admission to
intensive care unit. As the number of patients suffe-
ring from pancreatitis are increasing as shown by
epidemiological study conducted by our unit (1), so
is the number of patients with severe acute pancrea-
titis. This results in significant burden on intensive
care services accounting for 8.7% intensive therapy
unit bed occupancy in tertiary referral centres in
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Scotland (2). The financial cost of treating acute pan-
creatitis in UK had been estimated at £200 million
per year in 2012 (3). While acute pancreatitis-related
estimated cost was $3.7 billion in US in 2004 (4). 

The incidence is on the rise; the clinical outcome of
pancreatitis has improved over the recent decades
due to a systematic approach to diagnosis, better
understanding of pathology, monitoring and mana-
gement of the patients by specialists dedicated to
managing pancreatitis and its complications. The
focus of this review will be the management of com-
plications of moderately severe acute pancreatitis.

SYMPTOMS

The most common presentation of pancreatitis is
severe, sharp epigastric pain which often radiates
through to back. Onset of pain is usually sudden
and reaches maximum intensity in matter of minu-
tes to hours. Pain is classically described as boring
knife like constant pain which is not relieved by sim-
ple analgesics. Nausea, vomiting and dry retching
are common associated symptoms. Depending on
severity of disease patients could appear from well
to extremely ill with shock.

AETIOLOGY

The two most common causes of pancreatitis are
cholelithiasis and alcohol accounting for about 80%
of the cases. There is regional and gender based
variation as to the aetiology of the pancreatitis.
Alcohol being more common cause among men
while cholelithiasis remained most common cause
of pancreatitis in females. There is also geographi-
cal variation found for example gallstones being the
predominant cause in Greece while alcohol being
most common cause in Hungary (5). There is a
steady rise in alcohol related pancreatitis in many
countries especially in young population (1). But it
is not uncommon to diagnose pancreatitis in
patients in absence of these two aetiologies. The
other causes of pancreatitis are iatrogenic, heredi-
tary, autoimmune (6), hyperlipidaemia, trauma,

neoplasms, drugs, toxins and idiopathic. List of
possible aetiologies are given in Table 1.

DIAGNOSIS

History and examination consistent with pancreatitis
along with raised amylase or lipase (more than three
times the normal limit) is considered diagnostic for
acute pancreatitis. Serum amylase concentration
increases almost immediately after the onset of an
acute episode, but the magnitude of increase in serum
amylase has no correlation with severity of the disease.
Milder form of pancreatitis is often associated with
higher level of amylase as compared to the critical
disease. In addition author and co-workers demonstra-
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Table 1. List of causes of pancreatitis

Aetiologies of acute pancreatitis

Common causes: 
• Gallstones (including microlithiasis)
• Alcohol 
• Idiopathic
• Hyperlipidaemia
• Hypercalcemia 
• Sphincter of Oddi dysfunction
• Drugs and toxins 
• Post-endoscopic retrograde

cholangiopancreatography 
• Traumatic 
• Postoperative
Uncommon causes:
• Pancreas divisum
• Periampullary cancer 
• Cancer of the pancreas 
• Periampullary diverticulum
• Vasculitis 
Rare causes: 
1. Infective: 
• Coxsackie virus
• Mumps
• HIV
• Parasitic
• Ascariasis 
2. Autoimmune: 
• Systemic lupus erythematosus
• Sjogren’s syndrome a-1 
• Antitrypsin defificiency



ted that a rise of 90 mg/dL in C-reactive protein from
admission to 48 hours can predict the severity of
pancreatitis (7). Glasgow-Imrie Criteria (8) and
APACHE-II are used to determine severity of the
disease. It takes into account number of variables
which are explained in detail in Table 2. Imrie score
of three or more is considered as high risk for severe
pancreatitis. The laboratory values are usually evalua-
ted at 48 hours after admission, not upon admission.
This scoring system was developed in the 1980s, prior
to significant advances in the treatment and evalua-
tion of pancreatitis, including advanced imaging.

Diagnosis of pancreatitis is confirmed by radiological
investigation usually contrast-enhanced CT scan due
to other conditions associated with hyperamylasaemia.
Once diagnosis of pancreatitis is made, accurately pre-
dicting the severity of the disease helps in following
appropriate management strategy for the patient.
Many scoring systems have been devised to report
severity of the disease, but none of them has proven
perfect. Clinical judgment based upon clinical and
laboratory data at admission might underestimate the
severity of acute pancreatitis. These scoring systems
are superior to clinical judgment for triaging patients
to more intensive care and aggressive therapy.

CLASSIFICATION

In 1992, the Atlanta classification for acute pancrea-
titis was introduced as a universally applicable
classification system for the various manifestations of
acute pancreatitis. This system was designed to faci-
litate understanding and correlation of findings seen
by gastroenterologists, pathologists, radiologists, and
surgeons. This approach was to be particularly useful
for assessment and treatment of the various fluid col-
lections identified during acute pancreatitis. This
initial Atlanta classification system represented major
progress, but advancing knowledge of the disease pro-
cess, improved imaging, and ever-changing treatment
options such as minimally invasive radiologic, endos-

GASTROENTEROLOG 33

Table 2. Glasgow criteria – a scoring index for severity
of acute pancreatitis. PaO2 – arterial partial pressure
of oxygen, WBC – white blood count, LDH – lactate
dehydrogenase

Table 3. Original Atlanta classification and Revised Atlanta classification

Yes No

PaO2 < 59.3 mmHg (7.9 kPa) +1 +0

Age > 55 years +1 +0

WBC >15 x 10ł/µL (109/L) +1 +0

Calcium < 8 mg/dL (2 mmol/L) +1 +0

Urea > 44.8 mg/dL (16 mmol/L) +1 +0

LDH > 600 IU/L +1 +0

Albumin <3.2 g/dL (32 g/L) +1 +0

Glucose >180 mg/dL (10 mmol/L) +1 +0

Classification of Acute Pancreatitis

Atlanta Classification 1992 Revised Atlanta Classification 2012

Mild acute pancreatitis
(Acute interstitial/oedematous pancreatitis)
• Absence of organ failure
• Absence of local complications

Mild acute pancreatitis 
• No organ failure 
• No local or systemic complications

Moderately severe acute pancreatitis 
• Organ failure that resolves within 48 hours
• Local or systemic complications without persistent

organ failure

Severe acute pancreatitis
(acute haemorrhagic necrotising pancreatitis)
• Local complications
• Organ failure Severe acute pancreatitis 

•Persistent organ failure (> 48 hours)
Single organ failure 
Multiple organ failure



copic, and laparoscopic procedures soon rendered
some of the definitions inadequate or ambiguous,
presenting a need to revise and update the Atlanta
classification. In 2008, a global consensus statement
was developed that included broad and internatio-
nal participation of many experts in the field of
pancreatitis and was led by the Acute Pancreatitis
Classification Working Group. This working group
gathered input and revised the Atlanta classification
system to improve clinical assessment and manage-
ment of acute pancreatitis and to clarify appropriate
terms for peripancreatic fluid collections, pancreatic
and/or peripancreatic necrosis, and their changes
over time. The Revised Atlanta Classification in 2012
(9) specifically introduced a new category of modera-
tely severe pancreatitis Table 3.

Mild acute pancreatitis is characterised by the absence
of organ failure and absence of local or systemic com-
plications. Patients with mild acute pancreatitis
respond well to conservative management and morta-
lity is very rare (10).

Moderately severe acute pancreatitis is characterised
by the presence of transient organ failure and local
or systemic complications. Moderately severe acute
pancreatitis may resolve without intervention but
may require prolonged specialist care. Moderately
severe pancreatitis is associated with less mortality
than severe pancreatitis (11), but frequently requires
interventional management of local complications
and surveillance for long term complications and
progression to chronic pancreatitis.

Severe acute pancreatitis is characterised by persistent
organ failure (12, 13). Organ failure that develops
during the early phase is set in motion by the activa-
tion of cytokine cascades resulting in systemic
inflammatory response syndrome (SIRS) (12, 14, 15).
When SIRS (Table 4) is present and persistent (12, 13,
16), there is an increased risk of progression to persi-
stent organ failure. Persistent organ failure may be
single or multiple organ failure. Patients who develop
persistent organ failure within the rst few days of the
disease are at increased risk of death, with a mortality

as high as 50% (12–14). The development of infected
necrosis among patients with persistent organ failure
is associated with high mortality.

MANAGEMENT

Management of acute pancreatitis is initially conser-
vative and supportive involving analgesia, fluid
resuscitation, oxygen therapy and monitoring of
intake and output. Early and adequate fluid resusci-
tation (first 24–48 hours of admission) is associated
with decreased rates of persistent SIRS and organ fai-
lure (17). After a brief period of fasting, oral diet
should be introduced and there is no evidence to sup-
port prolong fasting in mild cases (18). The most
important considerations in mild cases involve defi-
ning aetiology to reduce the risk of further attacks and
performing early cholecystectomy in the setting of
mild biliary pancreatitis (19, 20). In acute severe pan-
creatitis with persistent organ failure, management
should be in an intensive care setting for multiple
organ support and goal directed monitoring and the-
rapy. Otherwise the management principles will be as
outlined below for moderately severe pancreatitis.

MANAGEMENT PRINCIPLES IN MODERA-
TELY SEVERE ACUTE PANCREATITIS 

In moderate cases, frequent non-invasive monitoring,
observations and investigations are required to moni-
tor progress of disease. Patients should receive high
dose proton pump inhibitors due to the risk of stress
ulceration and gastrointestinal bleeding. There should
be early consideration for consultations with and
transfer to specialist units with access to radiological,
endoscopic and surgical expertise. Early systemic com-
plications such as pleural effusions should be drained
if causing respiratory compromise. 

We advocate early initiation of enteral feeding which
is associated with reduced infective complications and
reduced hospital stay of patients (21). Nasojejunal fee-
ding can be safely and effectively established at the
bedside (22) (Figure 1). The benefit over parenteral
nutrition may be partly due to preservation of the gut
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membrane, reduced bacterial translocation and there-
fore less infective transformation of pancreatic
necrosis and fluid collections (23). Nasogastric feeding
has been demonstrated to be as effective as nasojeju-
nal in small trials (17). A randomised trial has also

shown that in severe cases, oral feeding can be initia-
ted early if tolerated by the patient (24). However,

nasojejunal feeding has the advantage of maintaining
the enteral route even in patients with persistent
nausea, vomiting and delayed gastric emptying. Paren-
teral feeding should be second-line only, where enteral
feeding is not tolerated or difficult to establish, or
occasionally in the management of persistent pancrea-
tic fistula. 

A major focus of the management in moderately
severe pancreatitis involves the timing and methods
of intervention for the most common local complica-
tions; pancreatic necrosis and peripancreatic fluid
collections. These can be classified practically as acute
pancreatic necrosis and acute pancreatic fluid collec-
tions (PFCs). Invasive intervention should be delayed
if possible for four weeks to allow maturation to wal-
led-off necrosis (WON) and chronic fluid collections
or pseudocysts. If patient is asymptomatic, stable and
no signs of infection are present, collections can be
managed conservatively. Reasons for intervention inc-
lude suspected infected necrosis or mechanical
complications of PFCs or pseudocysts such as gastric
outlet or biliary obstruction (Figure 2). It is now well
established that initial radiologically guided, percuta-
neous catheter drainage should be undertaken rather
than open primary surgical necrosectomy. This can be

followed by minimally
invasive, video-assisted,
retroperitoneal debride-
ment if necessary (25).

In many cases, percuta-
neous drainage alone will
be sufficient for WON
(Figure 3). More recently,
a completely endoscopic
approach has become an
attractive alternative for
both WON and acute
PFCs. This consists of en-
doscopic ultrasound-gui-
ded transluminal drainage
followed, if necessary, by
endoscopic necrosectomy
(26). In some cases, lapa-
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Figure 1. Plain film demonstrating good position of a
nasojejunal feeding tube

Figure 2. Algorithm explaining the pathway for the management of collections in
pancreatitis



roscopic (24) or open surgery is still required for per-
sistent phlegmon or persistent fistula. The over-riding
principle of all forms of interventional management
should favour an organ-preserving approach, which
involves debridement or necrosectomy combined with
a drainage strategy that maximizes post procedural
evacuation of retroperitoneal debris and exudate (27). 

Antibiotic prophylaxis remains controversial in mode-
rately severe pancreatitis and should be carefully
considered. Obtaining needle aspirations of WON or

PFCs for culture is not practical and no longer recom-
mended (17). In the absence of persistent organ
failure, justification for antibiotic usage would include
suspicion of infected necrosis due to persistent fever,
raised inflammatory markers or radiological findings
such as gas within necrotic collections.

Endoscopic drainage is very effective for mature
pseudocysts and preferable to surgical pseudocyst-
enterostomy (21, 22) (Figure 4). Endoscopic stenting
of the main pancreatic duct is also a useful adjunct
to percutaneous drainage in cases of main duct
disruption with persistent pancreatic fistula which
can occur in the setting of significant necrosis.

In the setting of moderately severe pancreatitis due
to gallstones, urgent endoscopic retrograde choan-
giopancreatography (ERCP) for choledocholithiasis
is only recommended if the patient develops cholan-
gitis, otherwise it should be delayed until the acute
episode is resolving. Definitive cholecystectomy
should be delayed until resolution of WON and PFCs
(17). In cases where there is a predicted long delay,
consideration should be given to performing ERCP
and sphincterotomy to avoid recurrent acute pan-
creatitis. Biliary obstruction can complicate acute
pancreatitis of other aetiology due to compression
initially or inflammatory strictures in later stages.
ERCP and biliary stenting is usually effective but per-

cutaneous transhepatic
external biliary drainage
may be required if there is
concomitant duodenal
compression or necrosis. 

Pseudoaneurysm forma-
tion is a relatively uncom-
mon complication if both
necrotising pancreatitis
and persistent pseudo-
cysts. Affected vessels inc-
lude the gastroduodenal
and splenic artery. They
may be detected inciden-
tally during contrast CT
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Figure 3. Computed tomography showing a large bore
retroperitoneal percutaneous drainage catheter

Figure 4. Computed tomography showing a pseudocyst (left) and endoscopically placed
pseudocyst-gastrostomy stent with almost complete resolution (right)



scanning but may cause life-threatening haemorr-
hage. They can present with intra-abdominal or ga-
strointestinal tract bleeding. Image-guided thrombin
injections or angiography and embolization are the
preferred treatment methods (28) (Figure 5). Venous
thrombosis of the splenic or portal vein is commonly
observed in necrotising pancreatitis due to inflam-
mation and direct venous compression. We do not
advocate routine anti-coagulation although this
should be considered if there is significant extension
of thrombosis into either the intra-hepatic portal
vein or the superior mesenteric vein.

Due to advances in management and modern inter-
ventional techniques, mortality in moderately severe
pancreatitis is low but it comes with high morbidity
(11). It is therefore crucial that specialist centres and
referring hospitals develop follow-up protocols to
deal with the long-term complications. It is estimated
that one third of patients will develop diabetes. This
pancreaticogenic or type 3c diabetes can be poorly
managed if not recognised early and may require
specialist endocrine input (29). We estimate that at
least 10% will progress to chronic pancreatitis. Exo-
crine deficiency is often underdiagnosed and can
become established at a much shorter interval pre-

viously thought (30). The associated malabsorption
and systemic inflammation means that patients are
at higher risk of osteoporosis (19).

In conclusion, moderately severe pancreatitis is a
complex process that requires specialist input from
surgeons, gastroenterologists, radiologists, nurse-spe-
cialists and dieticians and a multi-disciplinary team
approach long-term management.
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Figure 5. Computed tomography showing a gastroduodenal artery pseudoaneurysm
in a patient with necrotising pancreatitis (white arrow: left) treated with image-guided
thrombin injection (right)
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ABSTRACT

Endoscopic retrograde cholangiopancreatography
(ERCP) combines upper endoscopy with radio-
graphic imaging of bile and pancreatic ducts, thus
allowing a variety of therapeutic interventions. Its
benefits in the minimally invasive management of
biliary and pancreatic disorders are challenged by
a higher potential for serious complications than
any other standard endoscopic technique (estimated
at 5%). The most frequent complications of ERCP
and endoscopic biliary sphincterotomy are pancre-
atitis, cholangitis, haemorrhage and duodenal per-
foration. A number of less common adverse events
have also been described including cardiopul-
monary complications, aspiration, contrast allergy,
impaction of a retrieval basket and numerous other
events reported in only small numbers of patients
or individual case reports.

INTRODUCTION

Endoscopic retrograde cholangiopancreatography
(ERCP) combines upper endoscopy with radio-
graphic imaging of bile and pancreatic ducts (1),
thus allowing a variety of therapeutic interventions
(2, 3). The procedure is invasive and is associated
with a relatively high risk of complications.
However, its invasiveness, cost and complication
rate still compare favourably to alternative surgical
approach to pancreatobilliary pathology (4).

Standard protocols improve the safety of ERCP.
These include pre-defined indications for the pro-
cedure, analgesia and sedation protocols, recom-
mendations regarding appropriate therapeutic tech-
niques and the education and experience level of
endoscopists, performing the procedure (5).

Success and complication rates both correlate with
the experience of the endoscopist performing the
procedure. At least 180-200 procedures (including at
least 80 deep cannulations of the desired duct)
should be performed during the training period and
adequate number of procedures should be performed
annually to maintain the acquired competence (6–8).
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INDICATIONS

The sensitivity and specificity for detection of com-
mon bile duct stones does not differ significantly
between ERCP, magnetic resonance cholangiopan-
creatography and endoscopic ultrasound. However,
the complication rate of the latter two is signifi-
cantly lower than that of ERCP. ERCP should
therefore be used only with therapeutic intent.
ERCP (with endoscopic sphincterotomy) should be
performed in patients with high probability of (or
confirmed) choledocholithiasis, with or without
associated acute biliary pancreatitis or cholangitis.
It is also indicated as palliative procedure in
patients with biliary obstruction due to pancreatic
or biliary cancers and therapeutic procedure in
selected patients with chronic pancreatitis.
Diagnostic ERCP is not indicated in patients with
sphincter of Oddi dysfunction type 2 and should
not be performed in patients with low probability
of common bile duct stones and in patients without
defined pancreticobiliary pathology (2, 3).

The most important step in the prevention of
ERCP-associated complications is adherence to
indications and avoidance of unnecessary proce-
dures (9).

PREPROCEDURAL PREPARATION

Patients should not ingest any solid food for 8–12
hours before the procedure and should undergo
basic laboratory tests, including complete blood
count and prothrombin time. Anticoagulants use
should be held for appropriate period of time prior
to the procedure (9). Patients should be made
aware of the risks and benefits associated with the
procedure during the procurement of the informed
consent (11).

COMPLICATIONS OF ENDOSCOPIC
RETROGRADE
CHOLANGIOPANCREATOGRAPHY

Endoscopic procedures can result in different neg-
ative outcomes. Complications are undesired events
that require medical management resulting in hos-
pital admission or prolongation of hospital stay.
Incidents are undesired events, which do not clas-
sify as complications (and can be organisational in
nature). Adverse effects are unwanted but inevitable
consequences of the procedure, such as the loss of
normal sphincter activity due to sphincterotomy
(11, 12).

Complications, resulting from ERCP can be broadly
divided into focal, resulting from direct endoscopic
contact (e.g. perforation) or nonspecific, occurring
outside upper gastrointestinal tract (e.g. cardiopul-
monary complications). Complications may be early
(within 30-day period after the procedure) or late.
The severity of the complications can be assessed
based on the length of the hospital stay, the need
for blood transfusions, intensive care unit admis-
sion, and surgical intervention or on the resulting
long-term disability or death (13, 14). 

The overall incidence of the ERCP-related compli-
cations differs significantly among the studies.
Specific complications (pancreatitis, perforation,
bleeding, cholangitis) occur in 6.9% of the proce-
dures, according to the pooled data of 21 studies
involving 16,855 patients. Severe events were
reported in 1.7% and 55 deaths were reported
(0.33%) (15).

Pancreatitis

Acute pancreatitis is the most common complica-
tion of ERCP and is defined as clinical syndrome
of typical upper abdominal pain and rise in plasma
lipase or amylase levels. Isolated elevation of serum
amylase concentration in the absence of abdominal
pain is common after ERCP, but has no clinical sig-
nificance (16, 17).
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The estimate of post-ERCP pancreatitis (PEP) inci-
dence rates from 1.6 to 15% and is usually mild
(resulting in up to three days of hospital stay prolonga-
tion). Severe acute pancreatitis (resulting in hospital-
ization of more than 10 days or local complications) is
reported in 0.8% with a 0.2% mortality rate (18, 19). 

Risk factors for the occurrence of PEP include
endoscopist inexperience, difficult cannulation,
pancreatic duct injection, pancreatic sphinctero-
tomy, sphincter of Oddi dysfunction, younger
patient age, female sex, normal serum bilirubin
and a history of recurrent pancreatitis (20).

The most important aspect of PEP prevention is
close attention to good ERCP technique, supple-
mented by the use of rectal nonsteroidal anti-inflam-
matory drugs. The number of cannulation attempts
should be minimal and care has to be taken to avoid
unnecessary pancreatic duct cannulation and con-
trast injection. Pancreatic stents should be prophy-
lactically placed in all patients with high risk for
developing PEP (21). Rectal use of indomethacin or
diclofenac before or shortly after ERCP significantly
reduces the incidence of PEP and is recommended
in all patients undergoing the procedure (21–23).

Bleeding

Post-ERCP bleeding is usually associated with
sphincterotomy. Other causes (Mallory-Weiss tears
or submucosal haemorrhages resulting from papilla
manipulation, ampullary tumours, undetected
bleeding diathesis) are highly infrequent (14, 18). 

Bleeding severity can be graded as mild, with clinical
evidence of bleeding, haemoglobin drop of less than
30 g/L and no need for blood transfusions. Moderate
bleeding requires blood transfusions of four units or
less, but no surgical or angiographic intervention.
Severe bleeding requires surgical or angiographic
treatment or blood transfusion of five units or more.
The half of all bleeding complications occurs immedi-
ately after sphincterotomy. Bleeding can be delayed
for up to several days post-procedure. Post-ERCP

bleeding frequency has significantly decreased in the
recent decades and now occurs after 1.2% of proce-
dures and is associated with a mortality of 0.05% (23).

Sphincterotomy is the most frequent reason for
post-ERCP bleeding. Patient-related risk factors
include coagulopathy, anticoagulation and anti-
platelet drugs, cirrhosis, renal failure and hemodial-
ysis. Technique-related factors that can lead to
bleeding are rapid cutting, sphincterotomy length
and needle-knife sphincterotomy (24).

The risk of bleeding can be reduced by identifica-
tion of patients at risk, correcting coagulopathy,
holding anticoagulant medications before the pro-
cedure and the use of adequate technique.
Complete blood count and prothrombin time have
to be obtained prior to the procedure in all
patients (25).

Most episodes of post sphincterotomy bleeding stop
spontaneously and the bleeding is rarely life threat-
ening, expect in patients with a bleeding diathesis.
Haemostasis is usually achieved endoscopically,
using diluted adrenaline injection, haemoclipping,
balloon tamponade or temporaly covered self-expand-
ing metal stent insertion. Surgical or angiographic
interventions are rarely indicated (25).

Septic complications

Septic complications of ERCP include ascending
cholangitis, acute cholecystitis, liver abscess,
infected pancreatic pseudocyst and infection caused
by iatrogenic perforation. These complications are
infrequent, but associated with highest mortality
of all ERCP-related complications (5, 6, 14, 26).

Pathogenic bacteria can enter the biliary tract by retro-
grade or haematogenous route. Immunocompromised
patients and patients with obstruction of biliary
pathways are most susceptible to septic complications
(27). Gram-negative enteric bacteria are most fre-
quent causative organisms. Multidrug-resistant
pathogens have caused several outbreaks of nosoco-
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mial infections due to technical problems with
cleaning of duodenoscopes in the recent years (28). 

Asymptomatic periprocedural bacteraemia often
accompanies ERCP, however clinical consequences
are rare and antibiotic prophylaxis is not indicated
in most patients (28, 29).

Ascending cholangitis is the most frequent septic
complication of ERCP and usually results from
incomplete drainage of obstructed biliary system.
Its incidence is estimated at 0.4–10% (28–32).
Cholangitis usually occurs 24–72 hours after the
procedure. Its course can be mild with fever lasting
24–48 hours, moderate, requiring endoscopic or
percutaneous intervention, or severe with septic
shock or requirement for surgical intervention (33,
34). Cholangitis can lead to liver abscess formation.

Acute cholecystitis occurs in 0.1–6% of procedures
and is usually caused by influx of non-sterile con-
trast medium into the gallbladder or obstruction of
cystic duct by covered metal stents. Clinical presen-
tation and treatment do not differ from acute
cholecystitis from other causes (30–32).

Infections of the pancreas are uncommon.
Pseudocyst infection can occur due to pancreatic
duct injection (30).

Prevention of septic complications of ERCP
includes the use of prophylactic antibiotic therapy,
when indicated (30). Endoscopes have to be prop-
erly reprocessed and radiographic contrast solution
has to be sterile. Biliary obstruction should be
endoscopically decompressed and patients with
failed definitive decompression should be referred
for percutaneous or surgical drainage (32).

Perforation

Four types of perforation can result from ERCP
(33). Free bowel wall perforations (type I) are rare
and usually occur in patient with pre-existent stric-
tures, diverticula or surgically altered anatomy.

Retroperitoneal perforations (type II) occur sec-
ondary to periampullary injury and are the most
common, reported in 0.5–2.1% (34). Perforation of
the pancreatic or biliary duct (type III) can occur
due to guidewire or dilatation of biliary strictures.
Type IV perforation (retroperitoneal air alone) can
be asymptomatic, resulting from sealed microper-
foration, and requires careful observation, but no
intervention in the absence of symptoms.

The risk of perforation of any type increases with the
duration of the procedure, performance of sphinc-
terotomy and biliary stricture dilatation (35, 36). 

Free abdominal perforation (type I) is usually rec-
ognized early due to clear clinical and radiologic
signs. Retroduodenal perforations (type II) can be
recognized fluoroscopically during the procedure
or later during evaluation of post-ERCP abdominal
pain. CT should be performed in all patients sus-
pected of having a perforation; plain radiographic
films do not carry appropriate sensitivity (37). 

Patients with type I perforations require surgical
treatment. Retroduodenal perforations can be man-
aged endoscopically with covered stents or over-the-
scope clips, followed by fasting and intravenous hydra-
tion, nasogastric suction and parenteral antibiotic
therapy. Surgical treatment is required in 20–50% of
patients and necessity for surgical treatment is associ-
ated with 9.4% mortality (15, 17, 38). Prognosis of
patients with perforation depends upon prompt diag-
nosis, the clinical setting and patient comorbidities. 
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ABSTRACT

Background. Severe complications after endo-
scopic retrograde cholangiopancreatography
(ERCP) are perforation, bleeding, and necrotizing
pancreatitis. This study aimed to analyze the
results of surgical treatment of severe complications
after ERCP and to identify possible risk factors
associated with complications after surgical repair.

Methods. Complications after ERCP requiring sur-
gical intervention at the Department of Abdominal
Surgery at University Medical Centre Ljubljana
between January 2003 and December 2013 were
evaluated. Data about incidence, management,
and outcome were retrospectively collected from
medical records.

Results. Surgical intervention of complications fol-
lowing ERCP was required in 29 patients. The
indication for ERCP was therapeutic in 21 (72.4%)
patients and diagnostic in eight (27.6%) patients.
Sphincterotomy was done in 26 (89.7%) patients
with an addition of pre-cutting technique in six
(20.7%) patients. Duodenal diverticula were
observed in five (17.2%) patients. Endoscopists

noted difficulties during the procedure in 12
(41.4%) patients. There were 23 perforations; three
retained Dormia baskets, two unstoppable bleedings
and one patient with severe necrotizing pancreatitis.
A tailored approach was used for selection of
patients requiring operative treatment.
Postoperative morbidity was 44.8% and mortality
10.3%. Indication for ERCP (p=0.015), sphinctero-
tomy (p=0.025) and presence of diverticula
(p=0.027) influenced the type of perforation. In
older patients (p=0.128), patients with American
Society of Anaesthesiologists (ASA) score 3/4
(p=0.085) or heart rate before surgery > 100
beats/minute (p=0.045) postoperative complications
occurred more frequently. ASA score and heart
rate were statistically significant predictive factors
for mortality (p=0.046 and 0.003).

Conclusions. ERCP is a procedure with consider-
able risk for complications and tailored approach is
advocated in the management of them. Patient age
and comorbidities considerably influence morbidity
and mortality after operation.
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INTRODUCTION

Since its introduction in 1968, endoscopic retro-
grade cholangiopancreatography (ERCP) has
become commonly performed endoscopic proce-
dure (1). The diagnostic and therapeutic utility of
ERCP has been well demonstrated for a variety of
biliary and pancreatic diseases, including manage-
ment of choledocholithiasis, diagnosis and man-
agement of biliary and pancreatic neoplasms, and
postoperative management of biliary complications
(2). Although ERCP, with or without sphinctero-
tomy, is considered as a safe procedure, it is associ-
ated with small number of serious complications,
such as pancreatitis, perforation, bleeding, and
cholangitis (3). Reported complication rates vary
widely in the published literature. However, experi-
enced and referral centers report complication rate
of less than 1% (4). With increased availability of
less invasive tools such as magnetic resonance
cholangiopancreatography and endoscopic US,
ERCP is nowadays less commonly used for diag-
nostic purposes. Instead, we can observe greater
diversity and complexity of procedures performed
with ERCP in increasingly ill patients (elderly, with
significant comorbidity, often in need of palliative
treatment for known malignant disease). Therefore,
severity of complications after ERCP is expected to
follow accordingly.

Perforations related to ERCP occur in 0.3–1.3% of
patients (5, 6), with mortality rate of 15–18% (7).
Retroperitoneal perforations represent the majority
of cases and are usually due to sphincterotomy.
Less commonly, intraperitoneal perforations are
observed which are caused by endoscope itself (6).
Since these injuries are rare, there are no consensus
guidelines about their management. Howard and
Stapfer independently proposed a similar classifica-
tion scheme for duodenal perforations and selective
management based on the type of injury (7, 8). 

Stapfer et al. classified ERCP-related duodenal–
perforation into four types as follows (Figure 1) (7):
Stapfer type I: duodenal perforation caused by–
the endoscope (often lateral duodenal wall),

Stapfer type II: periampullary perforation of–
the medial wall of the duodenum associated
with sphincterotomy or precut papillotomy,
Stapfer type III: perforation of the bile or pan-–
creatic duct due to instrumentation (guidewires,
baskets, stenting),
Stapfer type IV: retroperitoneal air alone, usually–
related to insufflation to maintain patency of a
lumen and as such, it is not considered a true
perforation.

Traditionally, perforations after ERCP have been
managed surgically (6, 10). However, in recent
studies, several cases of successful conservative
management for selected patients have been
reported (7), and tailored approach was proposed
(11). A tailored approach aims at recognition of
patients with perforations that require operative
treatment based on the type of injury and clinical
findings (11). Immediate surgical treatment is
required in Stapfer type I perforations as well as
certain Stapfer type II perforations (either being
large or associated with initial non-operative treat-
ment failure) (7, 8, 11). Patients are also treated
surgically in case of retained Dormia basket, severe
pancreatitis or bleeding after sphincterotomy that
could not be stopped with endoscopic techniques.

GASTROENTEROLOG 45

Figure 1. Classification of endoscopic retrograde
cholangiopancreatography-related duodenal perforations
according to Stapfer et al. (9). Type I – lateral duodenal
wall perforation, Type II – periampullary perforation,
Type III – ductal perforation, Type IV – retroperitoneal
air alone



Our study aimed to analyze the results of surgical
treatment of severe complications after ERCP in a
single surgical referral center and to report useful
treatment modalities. The secondary aim was to
detect risk factors associated with outcome.

PATIENTS AND METHODS

A retrospective review of ERCP-related complications
that were surgically managed at the Department of
Abdominal Surgery at University Medical Centre
Ljubljana between January 2003 and December 2013
was conducted. We attempted to identify clinical out-
comes and evaluate factors associated with postopera-
tive morbidity and mortality. Charts were reviewed
for the following data: demographics, American
Society of Anaesthesiologists (ASA) score, heart rate
before operation, indication for ERCP (diagnostic,
therapeutic), technical characteristics of ERCP (sphinc-
terotomy, pre-cutting technique, diverticula), time
between ERCP and operation, type of complication
(perforation type according to Stapfer, retained
Dormia basket, bleeding, necrotising pancreatitis),
type of operative management, postoperative hospital
stay, postoperative complications and mortality. 

Categorical data are presented as absolute numbers
or percentages and were analyzed with Pearson’s
chi-square or Fisher’s exact test where appropriate.
Continuous variables were categorized and also
tested with Pearson’s chi-square test. A double-

sided p-value of <0.05 was considered statistically
significant. All statistical analyses were carried out
using the IBM Statistical Package for Social
Sciences for Windows, version 22.0 (Armonk, NY:
IBM Corporation).

RESULTS

During a 10-year period, 29 patients required sur-
gical treatment of ERCP-related complications.
The majority of patients (23/29) underwent ERCP
at University Medical Centre Ljubljana. In the
same period, 10.280 ERCP procedures were per-
formed. Therefore, overall rate of complications
requiring surgical management was 0.2%. The
other six patients were referred to our department
from other hospitals.

Patient demographics

There were 17 (58.6%) men and 12 (41.4%)
women, with median age of 66 years (range 23–88
years). Nine (31.0%) patients had ASA score of 2,
13 (44.8%) patients had ASA score of 3, six (20.7%)
patients had ASA score of 4 and one (3.4%) patient
had ASA score of 5.

Technical details

The indication for ERCP was therapeutic in 20
(69.0%) patients and was performed for removal of
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Table 1. Complications after ERCP that required surgical management. N – number of patients with complication

Complication N

Periampullary perforation (Stapfer type II) 11

Lateral duodenal wall perforation (Stapfer type I) 7

Ductal perforation (Stapfer type III) 4

Retained Dormia basket 3

Bleeding 2

Periampullary perforation and bleeding 1

Pancreatitis 1



bile duct stones (N=15), treatment of leak after
laparoscopic cholecystectomy (N=2), stent placement
in periampullary tumor (N=2) and stent placement
in primary sclerosing cholangitis (N=1). Diagnostic
ERCP was performed in the remaining nine (31.0%)
patients as workup of elevated liver function tests.
Endoscopists reported difficulties during the proce-
dure in 12 (41.4%) patients, whereas the rest of
ERCP procedures were uneventful. Sphincterotomy
was done in 27 (93.1%) patients with an addition of
pre-cutting technique in six (20.7%). Diverticula
were present in five (17.2%) patients. 

Complications

The most frequent complication was Stapfer type
II perforation (N=11), followed by Stapfer type I
perforation (N=7). All the complications with their
incidence are listed in Table 1. A complication was
recognized during ERCP in 12 (41.4%) patients.
We noted six perforations; three retained Dormia
basket and three patients with bleeding.
Radiological confirmation of complication was
achieved with abdominal US (N=1), abdominal CT
(N=11) or a combination of US and CT (N=5).

Surgical management

All patients with confirmed perforation were surgi-
cally managed as soon as possible. The same was
true for patients with retained Dormia basket.
Bleedings were surgically treated only if endoscopic
and supportive medical management failed. Patients
with pancreatitis were also managed non-surgically
and surgery was performed only if necessary.

The time between ERCP and operation was < 24
hours in 17 (58.6%) patients, 24–72 hours in nine
(31.0%) patients and > 1 week in three patients.
The reason for such delay in surgical treatment was
unknown in one patient, who was transferred to
our department from another hospital. The other
two patients had minor bile duct perforation, which
became clinically obvious so late. Heart rates of
patients before operation were < 80 beats/minute

in 18 patients, 80–100 beats/minute in 7 patients
and > 100 beats/minute in three patients.

In all three cases of bleeding from sphincterotomy
site, hemostatic sutures were applied. Additionally,
cholecystectomy was performed, and T-tube was
inserted. In one of these three cases, a duodenal
diverticulum and large perforation were found.
Here, duodenojejunostomy was performed at the
end of the procedure. Retained Dormia baskets
were removed after choledochotomy or pancreatec-
tomy. In both cases with Dormia basket retained in
common bile duct, T-tube was inserted. In one case
where Dormia basket was retained in the pancreatic
duct, pancreaticojejunostomy was performed. In
duodenal perforations, primary suture of perfora-
tion was performed, and T-tube was inserted for
temporary removal of bile flow. In cases of large
perforation or inflammation in the retroperitoneal
space, pyloric exclusion or antrectomy was done.
In one case of retroperitoneal perforation after
sphincterotomy, Whipple procedure was performed
due to periampullary adenocarcinoma. All operative
procedures are listed in Table 2.

Postoperative course was complicated in 13 (44.8%)
patients. Most frequently, abscess fluid collections
were observed (seven patients). Other complications
were colocutaneus fistula, pancreatitis, bleeding,
bile duct stenosis, fluidothorax, and inflammation
of operative wound. Reoperation was needed in
five (17.2%) patients due to abscess fluid collection.
Operative drainage was performed in three patients.
In fourth patient, T-tube was removed, and chole-
dochojejunostomy was created. In fifth patient that
previously underwent antrectomy with Billroth II
reconstruction, the latter was converted into Roux-
en-Y anastomosis. Additionally, right hemicolectomy
with Brooke ileostomy was required due to gan-
grenous right colon. Unfortunately, three (10.3%)
patients died after operation due to bleeding, pan-
creatitis and septic complications after reoperation
for retroperitoneal abscess fluid collection.
Postoperative hospital stay ranged from 8–132
days, with an average of 27 days.
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In statistical analysis, a correlation between different
variables and type of complication after ERCP was
tested (Table 3). With increasing ASA score, there
were more lateral wall perforations (Stapfer type I)
(22.2% in ASA2, 23.1% in ASA3, 33.3% in ASA4;
p=0.021). All complications that occurred after
diagnostic ERCP procedures were retroperitoneal
(Stapfer type II) (100%), whereas perforations after
therapeutic ERCP were retroperitoneal only in
55.0% and lateral wall perforations occurred in
35.0% (p=0.053). In the presence of diverticulum,
we observed lateral wall perforations in 60.0%. If

the diverticulum was not present, complication
mainly occurred as retroperitoneal perforation
(75.0%) (p=0.112). All perforations that occurred
after pre-cutting technique were retroperitoneal
(100%). On the other hand, 25.0% of perforations
that occurred after normal sphincterotomies were
located in the lateral wall. However, this difference
was not statistically significant (p=0.196). The type
of complication after ERCP was associated with
heart rate before operation – all patients with bleed-
ing presented with tachycardia (> 100 beats/minute)
(p=0.054). The results are listed in Table 3.
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Table 2. Details on operative treatment of complications after endoscopic retrograde cholangiopancreatography.
N – number of patients. D1 – proximal horizontal part of the duodenum

Complication Procedure N

Stapfer type I perforation Cholecystectomy, T-tube, primary repair 4

T-tube, primary repair 2

Antrectomy (together with perforation in D1), Billroth II reconstruction 1

Stapfer type II perforation T-tube, primary repair 4

Cholecystectomy, T-tube, primary repair 2

T-tube 1

Primary repair 1

Choledohoscopy, biopsy, T-tube 1

T-tube, necrosectomy, primary repair, pyloric exclusion 1

Whipple procedure 1

Stapfer type II perforation
with bleeding

Cholecystectomy, T-tube, hemostatic sutures, duodenojejunostomy 1

Stapfer type III perforation Cholecystectomy, T-tube 1

T-tube, evacuation of fluid collection 1

Duodenotomy, extraction of stone and stent, T-tube, evacuation of fluid
collection

1

Cholecystectomy, Roux-en-Y choledochojejunostomy 1

Retained Dormia basket Cholecystectomy, duodenotomy, extraction of Dormia basket and stone,
T-tube

2

Pancreatectomy, extraction of Dormia basket, pancreaticojejunostomy 1

Bleeding Cholecystectomy, T-tube, duodenotomy, hemostatic sutures 2

Pancreatitis Cholecystectomy, T-tube 1



Since morbidity after operative procedure is a
major concern, statistical analysis was performed to
test the correlation between different variables and
postoperative morbidity (Table 4). Postoperative
morbidity was reported in 55.0% and 22.2% of
patients that underwent therapeutic and diagnostic
ERCP, respectively (p=0.101). Similarly, higher post-
operative morbidity rates were observed in patients
with heart rate before surgery of >100 beats/minute

when compared to ones with heart rate of < 100
beats/minute (75.0% vs. 33.3%, respectively).
(p=0.044). Higher ASA scores were associated with
greater postoperative complication rate (0.0% in
ASA2, 61.5% in ASA3, 66.7% in ASA4 and 100.0%
in ASA5; p=0.011). The same variables were evalu-
ated regarding postoperative mortality. All three
patients who died were found to have tachycardia
(heart rate > 100/minute) before surgery (p=0.003).
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Table 3. Correlation between different variables and the type of complication after endoscopic retrograde
cholangiopancreatography (Stapfer type I perforation, Stapfer type II perforation, bleeding). ASA – American Society
of Anaesthesiologists score, ERCP – endoscopic retrograde cholangiopancreatography

*statistical significance

Post-ERCP complication type

χ2 p-value

Age 6.705 0.349

ASA 14.882 0.021*

Indication for ERCP 5.872 0.053

Evidence of diverticulum 4.371 0.112

Sphincterotomy with or without pre-cutting technique 6.038 0.196

Heart rate 5.830 0.054

Time between ERCP and operation 2.145 0.342

Table 4. Correlation between different variables and postoperative morbidity and mortality

*statistical significance

Morbidity Mortality

χ2 p-value χ2 p-value

Sex 0.083 0.537 2.362 0.124

Age 4.997 0.172 0.740 0.864

ASA 11.168 0.011* 10.062 0.018*

Indication for ERCP 2.696 0.101 1.506 0.220

Evidence of diverticulum 1.506 0.220 0.679 0.404

Sphincterotomy with or without pre-cutting technique 0.679 0.706 1.506 0.471

Heart rate 4.067 0.044* 8.784 0.003*

Time between ERCP and operation 0.083 0.774 2.362 0.124



Interestingly, all three patients were male (p=0.124)
and were operated > 24 hours after ERCP (p=0.124).
Again, there was good correlation between ASA
score and mortality rate (0.0% in ASA2, 7.7% in
ASA3, 16.7% in ASA4 and 100.0% in ASA5;
p=0.018). In Table 4, results of correlation between
different variables and postoperative morbidity and
mortality are listed.

DISCUSSION

Although it is regarded as a safe procedure, ERCP
is technically complex and carries a potential for
serious complications. Overall complication rate
after ERCP of up to 10% is reported in the
literature (4, 7, 12). However, several factors,
including indication for the procedure and endo-
scopic expertise, were found to influence the
ERCP outcome (4, 12, 13). In our review of 10.280
ERCP procedures performed at University Medical
Centre Ljubljana during the 10-year period, we
identified 23 complications that required surgical
treatment (six other patients were referred from
other hospitals). This results in the complication
rate of 0.2% which is in line with serious complica-
tion rate that was previously reported in other
high-volume centers, being < 1% (4).

Perforation related to ERCP is rare but serious
complication with great mortality if overlooked
and left untreated. There is still no consensus on
the appropriate treatment. Management algorithms
have been proposed but are based on low level of
evidence due to relative infrequency and hetero-
geneity of endoscopic injuries. Traditionally, imme-
diate surgical management for ERCP-related perfo-
rations was advocated. However, successful conser-
vative management for selected patients have been
reported (7, 11). Howard and Stapfer independently
proposed a similar classification scheme for duode-
nal perforations (7, 8). In this paper, the ERCP-
related perforations were categorized according to
Stapfer since this is currently the most widely used
classification system. 

In a systematic review by Cirocchi et al. (13), imme-
diate surgical treatment was found to give the best
results regarding postoperative reintervention and
mortality rate in patients with Stapfer type I perfo-
rations. The converse was true in patients with
Stapfer type III and IV perforations as they are usu-
ally small can close spontaneously and can, there-
fore, be managed non-operatively. However, the
approach to patients with Stapfer type II perforation
remains controversial and should be individualized
based on the perforation severity, patient’s condi-
tion and reserve (11, 13). When periampullary lac-
eration is not considered large, patients can initially
undergo conservative treatment given their clinical
condition is stable with no signs of sepsis. Delayed
operative exploration is required in minority of
patients and depends on clinical findings (septic
deterioration despite conservative treatment) and
CT imaging (fluid collections suggesting continuous
leak from the perforation site) (7, 11). 

A tailored approach was proposed to determine the
need for immediate operative treatment based on
the type of injury and clinical findings (11).
Importantly, failed non-surgical management was
associated with higher mortality, morbidity and
reoperation rates as well as prolonged hospital stay
(7). Similar was observed when the delay in surgical
treatment was due to undiagnosed perforation (8). 

Postoperative mortality of 16.6–37.5% was reported
in patients with ERCP-related perforations that
underwent surgical treatment (either immediate or
after non-operative treatment failure) (7, 11, 14,
15). In our series, none of the patients that was
referred to our department for surgical treatment of
perforation died. Nevertheless, we observed overall
postoperative mortality rate of 10.3%. Three patients
died who were operated due to post-ERCP bleeding
(N=2) and post-ERCP pancreatitis (N=1). Overall
postoperative morbidity rate was 44.8%. Five
patients required reoperation, among whom three
were reoperated more than one time. Although not
statistically significant, we observed higher rates of
postoperative morbidity in patients undergoing
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therapeutic ERCP compared to diagnostic one.
Besides, postoperative morbidity and mortality
rates were higher in patients with higher ASA
score. The majority (69.0%) of patients had ASA
score of 3 or more and approximately half (55.2%)
of the patients were older than 65 years, reflecting
the complexity of our patient population.

When comparing the treatment strategies from
previous reports and reviewing the outcomes of
our patient series, we acknowledged that our
approach to patients with ERCP-related complica-
tions is rather aggressive. Early surgical treatment
was offered to all patients with severe complication,
especially when perforation was suspected. All
patients with confirmed perforation were surgically
managed as soon as possible. Since we reviewed
data over a 10-year period during 2003–2013, this
may be because patients included in the review
were operated on by different surgical teams in dif-
ferent eras with varying surgical techniques and
trends. Nevertheless, a rather aggressive approach
proved to be beneficial in our case series regarding
postoperative morbidity and mortality rates. We
believe that rapid identification of post-ERCP com-
plication and early recognition of patients that
need to be managed operatively is essential for bet-
ter outcome. Prompt intervention may minimize
the morbidity and mortality associated with that
complication. Besides, elderly and frail patients
may be offered a surgical management earlier
since they have no reserves to withstand the physi-
ological stress in case of failure of non-operative
management.

In conclusion, no guidelines on appropriate man-
agement of ERCP-related severe complications exist
due to their rarity and insufficient evaluation.
Although surgical management was advocated in
the past, management has shifted toward a more
selective approach in the last decades. Early diagnosis
is required for timely and safe surgical intervention.
A rather aggressive surgical approach, offering early
surgical management in selected cases provided best
outcome in our setting.
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Review article

ABSTRACT 

Acute pancreatitis remains one of the leading causes
for hospitalization in the United States. Although
most cases are mild and require no surgical treatment,
severe acute pancreatitis is still a life-threatening con-
dition requiring active approach in treatment. Until
the 80s, the treatment of necrotizing pancreatitis was
limited and consisted of ostomies and sump drains
and subtotal pancreatectomies. Since then, a variety
of methods have been introduced, and today mini-
mally invasive techniques are used. With the intro-
duction of a step-up approach, further improvements
in treatment of severe acute pancreatitis have been
done with a reduction in mortality rate. 

INTRODUCTION

Acute pancreatitis is one of the leading causes for
hospitalization due to gastrointestinal disorders
(1). The incidence of acute pancreatitis continues
to rise in the Western countries and reaches
14/100 000 people per year (2 –4). Although most
cases are mild and self-limiting, mortality rate of
severe acute pancreatitis remains high with more
than 3,000 deaths per year in the United States (5).

Before the early 70s of the last century, there were
no adequate studies to stratify the severity of acute
pancreatitis. In 1974, Ranson et al. published criteria
in assessing prognosis in early acute pancreatitis (6).
The first widely accepted scoring system was
Balthazar-Ranson CT scoring system, published in
1985. Balthazar et al. widened the scoring system by
including proofs of necrosis due to application of
intravenous contrast in 1990. Still today it is the most
commonly used radiological scoring system (6).

The Atlanta classification of severity, published in
1992, made it possible to stratify hospitalized patients
into two groups: mild acute pancreatitis and severe
acute pancreatitis (6, 7). The Atlanta classification of
severity was revised in 2012 and severity of pancreatitis
was divided into mild acute pancreatitis, moderately
severe acute pancreatitis, and severe acute pancreatitis.
It is important to point out that radiological definitions
of local complications associated with interstitial and
necrotizing pancreatitis were included in the classifi-
cation (6, 8). In the case of interstitial pancreatitis,
peripancreatic fluid collections and pseudocysts can
be found on radiological examination, while necrotiz-
ing pancreatitis can be radiologically defined as acute
necrotic collection and walled-off necrosis (6, 8).
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Nowadays there are two opposite approaches to
treating necrotizing pancreatitis. The first one prefers
‘step-down’ approach in which open necrosectomy is
the first choice, followed by less invasive methods
used for residual collections. The second one prefers
‘step-up’ approach, which relies initially on less inva-
sive techniques (9).

TREATMENT OF NECROTIZING
PANCREATITIS 

Currently, the main indication for surgical treatment
in severe acute pancreatitis is the infection of pan-
creatic or peripancreatic necrosis, especially when
it is associated with organ failure (10). Conventional
open necrosectomy has a high rate of postoperative
complications and a high rate of postoperative dia-
betes. The earlier the surgery is performed during
the development of acute pancreatitis, the poorer
the results of surgical treatment (11–16).

In the 70s, surgical treatment of necrotizing pancre-
atitis consisted of ostomies and sump drains and
subtotal pancreatectomies with drainage. However, in
the 80s, debridement of necrosis with variety of tech-
niques was widely performed (6). Later, in the first
years of 21st century, a minimally invasive retroperi-
toneal necrosectomy came in use (6, 17).

Radiological drainage of infected pseudocyst and necrosis
has undergone improvement so that, in a certain per-
centage, the collections can be adequately percutaneously
drained without the need for surgical intervention (6).

Endoscopic drainage of walled-off necrosis (so-
called since 2012) was reported in 1996, suggesting
that endoscopic therapy may be a viable manage-
ment option. Eleven patients were included in the
study; nine of them did not need a surgical inter-
vention afterward (18).

In 2006 the Dutch research group presented the ran-
domized controlled multicentre trial where minimally
invasive step-up approach was compared to maximal
necrosectomy in patients with acute necrotizing pan-

creatitis (PANTER trial) (19). The results were pub-
lished in 2010 in the New England Journal of
Medicine (20). 

The key in step-up approach is not the removal of all
necrotic tissue but rather the control of septic focus (20).

THE PANTER TRIAL

In an article published in the New England Journal of
Medicine, two approaches in dealing with necrotizing
pancreatitis were compared – the step-up approach
and, the traditional, open necrosectomy. In the study,
88 patients with necrotizing pancreatitis were ran-
domly assigned to receive either an open necrosectomy
or the minimally invasive step-up approach. The step-
up approach consisted of percutaneous drainage, fol-
lowed by a minimally invasive retroperitoneal necro-
sectomy (video-assisted retroperitoneal debridement)
if necessary. Major complications (such as new onset
multiple organ failure or multiple systemic complica-
tions, perforation of a visceral organ, enterocutaneous
fistula, bleeding) or death were observed as primary
endpoint. In the group of patients that received open
necrosectomy, major morbidity or death was observed
in 69% (31/45) of patients as opposed to the group
receiving a step-up approach where major morbidity
or death was seen in 40% (17/43) of cases. In the
latter group, 35% of patients were treated with percu-
taneous drainage only. The step-up approach group
also had less incisional hernias and new-onset diabetes.
The study concluded that the new step-up approach
had better outcome than open necrosectomy in
patients with necrotizing pancreatitis (20).

HOSPITAL DEL MAR GROUP

In an article by Hospital Del Mar group published in
International Journal of Surgery, two management
options for patients with severe acute pancreatitis were
compared. In a cohort retrospective study, two groups
of patients were observed. Group A consisted of
patients treated up to June 2010. Patients were man-
aged primarily with surgery. Group B consisted of
patients treated since July 2010. These patients were
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primarily managed with minimally invasive methods.
In the group A, 19 out of 83 patients had at least one
laparotomy, and five were managed with minimally
invasive methods. In the group B, 17 out of 81 patients
were treated with minimally invasive methods, and
three patients had a laparotomy. While there were no
differences between the two groups in the time spent
in intensive care unit and hospital time in general,
there was a significant difference in overall mortality
and postoperative mortality (18.1% and 50% in group
A versus 6.2% and 0% in group B, respectively). The
group concluded that the step-up approach in combi-
nation with minimally invasive surgery is a feasible
way of dealing with severe acute pancreatitis leading to
a significant drop in mortality rate (21).

OUR EXPERIENCE

In our hospital, patients with acute pancreatitis are
hospitalized at the Department of Internal Medicine,
where further treatment is conducted according to
the guidelines. Severe acute pancreatitis cases are
hospitalized in the intensive care unit of this depart-
ment. There, further intensive treatment is done
using a step-up approach according to the guidelines
if possible or not otherwise indicated.

CONCLUSION

Patients with severe acute pancreatitis should be
treated in specialty centers by a multidisciplinary team
providing minimally invasive techniques as part of the
step-up approach. The benefits of the step-up approach
regarding reduction of acute complications, but also
late-onset complications such as diabetes, were proven
in multiple studies. Accordingly, reduction of compli-
cation leads to cost reduction. Taking all of these facts
into account, a minimally invasive step-up approach
presents a preferred treatment strategy.

References
1. Shaheen NJ, Hansen RA, Morgan DR, et al. The

burden of gastrointestinal and liver diseases. Am J
Gastroenterol. 2006; 101 (9): 2128-38.

2. Fagenholz PJ, Castillo CF, Harris NS, et al. Increasing
United States hospital admissions for acute pancreatitis,
1988-2003. Ann Epidemiol. 2007; 17 (7): 491-7.

3. Yousaf M, McCallion K, Diamond T. Management of
severe acute pancreatitis. Br J Surg. 2003; 90 (4): 407-20.

4. Yadav D, Lowenfels AB. The epidemiology of pancreatitis
and pancreatic cancer. Gastroenterology. 2013; 144 (6):
1252-61.

5. Peery AF, Dellon ES, Lund J, et al. Burden of gastroin-
testinal disease in the United States: 2012 update.
Gastroenterology. 2012; 143 (5): 1179-87.

6. Banks PA. Acute pancreatitis: landmark studies, man-
agement decisions, and the future. Pancreas. 2016; 45
(5): 633-40.

7. Bradley EL 3rd. A clinically based classification system
for acute pancreatitis. Summary of the International
Symposium on Acute Pancreatitis, Atlanta, Ga,
September 11 through 13, 1992. Arch Surg. 1993; 128
(5): 586-90.

8. Banks PA, Bollen TL, Dervenis C, et al. Classification
of acute pancreatitis–2012: revision of the Atlanta clas-
sification and definitions by international consensus.
Gut. 2013; 62 (1): 102-11.

9. Windsor JA. Minimally invasive pancreatic necrosectomy.
Br J Surg. 2007; 94 (2): 132-3.

10. Uhl W, Warshaw A, Imrie C, et al. IAP guidelines for the
surgical managemen of acute pancreatitis. Pancreatology.
2002; 2 (6): 565-73.

11. Poves I, Fabregat J, Biondo S, et al. Results of treatment
in severe acute pancreatitis. Rev Esp Enferm Dig. 2000;
92 (9): 586-94.

12. Bausch D, Wellner U, Kahl S, et al. Minimally invasive
operations for acute necrotizing pancreatitis: comparison
of minimally invasive retroperitoneal necrosectomy with
endoscopic transgastric necrosectomy. Surgery. 2012;
152 (3 Suppl 1): S128-34.

13. Mier J, León EL, Castillo A, et al. Early versus late
necrosectomy in severe necrotizing pancreatitis. Am J
Surg. 1997; 173 (2): 71-5.

14. Besselink MG, de Bruijn MT, Rutten JP, et al. Surgical
intervention in patients with necrotizing pancreatitis.
Br J Surg. 2006; 93 (5): 593-9.

15. Poves Prim I, Fabregat Pous J, Garcia Borobia FJ, et al.
Early onset of organ failure is the best predictor of mor-
tality in acute pancreatitis. Rev Esp Enferm Dig. 2004;
96 (10): 705-13.

16. Tsiotos GG, Luque-de León, Sarr MG. Long-term out-
come of necrotizing pancreatitis treated by necrosectomy.
Br J Surg. 1998; 85 (12): 1650-3.

17. Carter CR, McKay CJ, Imrie CW. Percutaneous necro-
sectomy and sinus tract endoscopy in the management
of infected pancreatic necrosis: an initial experience.
Ann Surg. 2000; 232 (2): 175-80.

18. Baron TH, Thaggard WG, Morgan DE, et al. Endoscopic
therapy for organized pancreatic necrosis.
Gastroenterology. 1996; 111 (3): 755-64.

19. Besselink MG, van Santvoort HC, Nieuwenhuijs VB, et
al. Minimally invasive ‘step-up approach’ versus maximal
necrosectomy in patients with acute necrotising pancre-
atitis (PANTER trial): design and rationale of a ran-
domised controlled multicenter trial
[ISRCTN13975868]. BMC Surg. 2006; 6: 6.

20. van Santvoort HC, Besselink MG, Bakker OJ, et al. A
step-up approach or open necrosectomy for necrotizing
pancreatitis. N Engl J Med. 2010; 362 (16): 1491-502. 

21. Morató O, Poves I, Ilzarbe L, et al. Minimally invasive
surgery in the era of step-up approach for treatment of
severe acute pancreatitis. Int J Surg. 2018 Jan 30. doi:
10.1016/j.ijsu.2018.01.017. [Epub ahead of print]

54 GASTROENTEROLOG



GASTROENTEROLOG 55

Review article

ABSTRACT

Acute pancreatitis is an acute inflammatory pancreatic
disease with a complex pathophysiological back-
ground. It can vary from mild to severe form, with
multiple organ failure and severe tissue catabolism.
In recent years, the incidence is increasing in
younger population; it can be associated with earlier
alcohol intake. Severe forms are more frequent in
chronic patient, who already have an inflammation-
related cachectic metabolic predisposition. On the
physiological level, nutritional support translates into
a metabolic support and modulation of catabolism.
As such, it represents the important part of multi-
modal approach to the patient with acute pancreatitis.
The main aim of nutritional strategy is prevention or
treatment of malnutrition, immune system modula-
tion, and gut barrier protection. Therefore, after eval-
uating the nutritional and metabolic status of a
patient, an early treatment with medical, nutritional
therapy is recommended. In severe cases, such ther-
apy can be more significant as a measure to prevent
infection rather than just achieving optimal nutrition.
There is some evidence supporting the use of phar-
maconutrition, including probiotics, glutamine,
omega-3 fatty acids, and vitamins.

INTRODUCTION

Acute pancreatitis (AP) is an acute inflammatory
pancreatic disease (1). The so-called ‘Sentinel Acute
Pancreatitis Event’ (SAPE) hypothesis explains the
pathogenesis of AP as ‘sentinel event’ or vicious
circle of inflammation which is caused by different
etiological causes. The acute insult is mediated via
migration of early pro-inflammatory cells into and
around pancreatic acinus, followed by stimulation
of premature activation of proteolytic enzymes,
auto-digestion and lastly pro-fibrotic response in
pancreatic tissue. Another mechanism which can
occur simultaneously is the inhibition of pancreatic
products retained in the pancreatic tissue. The
extent and severity of disease are related to patho-
physiological metabolic consequences of pancreatic
inflammation and patient’s previous nutritional
and metabolic condition. 

Approximately 80% of patients have a mild form of
disease. There is evidence that the incidence of mild
AP is increasing in younger population, mainly
males. This trend may be associated with earlier alco-
hol intake. As expected, more severe forms occur
more frequently in older patients with comorbidities
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who can be already pre-cachectic or even cachectic.
In such cases, AP represents a complex metabolic
syndrome associated with inflammation related to
the chronic disease development. This makes an ade-
quate nutritional support especially crucial in patients
with severe and complicated pancreatitis. In severe
AP, undernutrition has a negative impact on the
nutritional status and the disease progression.
Additionally, the pathophysiology-based scientific evi-
dence highlighted the proper use of nutritional strat-
egy as a key therapeutic mode to limit inflammation
and to prevent or treat AP-related complications (2).
The current review describes nutritional requirements
and the role of nutritional management in multimodal
management of AP.

METABOLIC CHANGES AND
NUTRITIONAL REQUIREMENTS
DURING ACUTE PANCREATITIS

In AP, basal metabolism is increased, mainly under
the influence of systemic inflammatory response
cytokine mediators. In severe cases of AP, the use of
indirect calorimetry is recommended to avoid over- or
underfeeding. The resting energy expenditure varies
according to the disease severity and duration. A range
between 77–158% of the predicted energy expenditure
has been reported (3). The non-protein energy intake
of 25–35 kcal/kg body weight/day is recommended
(Table 1). Overfeeding and hyperglycemia should be
avoided. In cases of septic complications, the rate of
protein catabolism is elevated in 80% of cases, and
nutrient requirements are increased. A prolonged neg-
ative nitrogen balance may contribute to the loss of
functional body mass and adverse clinical outcome (4).

Carbohydrate metabolism

Systemic inflammatory response syndrome (SIRS)
and oxidative stress result in insulin resistance and
changes in glucose metabolism. Gluconeogenesis
from protein degradation is increased, and glucose
intake is an important source of energy and helps,
to certain degree, offset the protein catabolism (5).
However, the administration of glucose in excess

can overload the metabolic needs and may be even
harmful due to hyperglycemia development and
lipids synthesis. Evidence of glucose intolerance
occurs in the majority of cases (incidence 85%) (6).
Poor control of hyperglycemia is one of the major
risk factors for infections and further metabolic
complications. Strict monitoring and the adaptation
of glucose intake to metabolic needs is one of the
key elements of nutritional supports. Blood glucose
concentration should not exceed ten mmol/L (180
mg/L). In case of hyperglycemia, insulin treatment
is recommended; the dosage should not be higher
than 4–6 units/hour. The impaired glucose oxida-
tion rate cannot be normalized by insulin adminis-
tration. Daily intake of 3–6 g/kg body weight of
carbohydrates is recommended (Table1).

Protein metabolism

Protein degradation is increasing with severity and
complications of AP. In patients with septic compli-
cations, the nitrogen losses are as much as 20–40
g/day. An increase in protein turnover must be
compensated with nutritional support. The optimal
goal of daily protein supply is 1.2–1.5 g/kg body
weight (Table 1). Lower protein intakes must be
individually adapted in patients with renal or
severe hepatic failure.

Lipids metabolism

Alterations in lipids metabolism are increasing with
the severity of AP. An elevated serum level of triglyc-
erides is a common finding in AP. The influence of
SIRS on lipid metabolism is probably the main con-
tributing factor, but not all mechanisms of altered lipid
metabolism are entirely clear. The evidence for fat
intake intolerance can be found in only 12–15% of
cases (6). Severe hyperlipidemia may also contribute to
the development of AP (7). Lipids can be given up to 1
g/kg body weight/day, but blood triglyceride levels
must be monitored carefully (Table 1). The ideal con-
centration of plasma triglycerides should be < 4
mmol/L (363 mg/L); however, blood levels of triglyc-
erides up to 12 mmol/L (1090 mg/L) are tolerated.
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EXOCRINE PANCREATIC
STIMULATION BY MACRONUTRIENTS

Oral and enteral forms of enteral nutrition (EN) may
stimulate the exocrine pancreatic secretion. The
potential stimulation of exocrine pancreatic enzyme
secretion was considered as a possibly harmful con-
sequence of enteral or oral feeding. However, it
seems that in severe AP the secretory response to
EN is suppressed enough to allow the inflammation
to resolve, even with continued delivery of EN (8, 9).
Recently, the research evidence that showed a mini-
mal stimulation of exocrine pancreas secretion has
changed the nutritional concept in AP profoundly.
Current guidelines recommend that enteral feeding
into the jejunum 20–120 cm beyond the ligament of
Treitz can be safe and without any major stimulation
of autodigestive processes in the pancreas while
maintaining the gut integrity by modulating the gas-
trointestinal tract systemic immunity (7, 10, 11, 12).
Since similar findings were presented for gastric and

oral feedings, it seems that the same nutritional
approach can be seen as a therapeutic possibility in
current management of AP (13, 14, 15). Moreover,
as oral and gastric enteral feeding approaches are
more simple for the patient, it is now the right time
to state that current evidence does not support an
early start of nasoenteric tube feeding in all patients
with severe AP in order to reduce the risks of infec-
tion, complications, and death (Table 2) (16). Based
on guidelines from gastroenterology and pancreatic
societies, tube feeding is indicated when patients are
predicted not to be able to tolerate an oral diet for
up to seven days, regardless of disease severity (17).

The intravenous infusion of macronutrients is safe
regarding exocrine pancreatic stimulation (18).
The administration of glucose intravenously does
not stimulate exocrine pancreatic secretion. The
main risk of intravenous glucose in AP is hyper-
glycemia. Intravenous lipids do not stimulate pan-
creatic exocrine secretion.
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Table 1. Daily energy and macronutrients intake in acute pancreatitis (2). BW – body weight

Table 2. The benefits of enteral nutrition

Energy 25–35 kcal/kg BW

Protein 1.2–1.5 g/kg BW

Carbohydrates 3–6 g/kg BW, depends on blood glucose concentration (aim for < 10 mmol/L)

Lipids Up to 1 g/kg BW, depends on blood triglyceride concentration (aim for < 4 mmol/L)



NUTRITIONAL MANAGEMENT OF
ACUTE PANCREATITIS

The first step in nutritional care process in AP is to
diagnose the severity AP (Table 3). It includes clini-
cal, laboratory and radiological criteria. In patients
with chronic illnesses, diagnostic criteria for cachexia
may be considered (Table 3) (20). They include
markers of nutritional and metabolic status and
markers of inflammation. In the International
Classification of Disease 10 system (ICD-10,
Diagnosis code R-64), cachexia is defined as a wast-
ing condition associated with major chronic illnesses
(cancer, chronic obstructive pulmonary disease,
chronic heart failure, chronic kidney failure, chronic
infection, sepsis, etc.) (Figure 1). Fluid therapy is an
essential part of nutritional support therapy.

In the past, the bowel rest was a part of clinical rou-
tine of AP management. It was thought that this
approach would limit the inflammation associated
with AP. Current guidelines, however, which are
based on recent scientific research, recommend
early oral/enteral feeding (Table 4).

Nutritional support in mild to moderate
pancreatitis

Oral feeding in AP is associated with shorter length
of stay, decreases of pain, less opioid therapy and
less food intolerance (22, 10). There is no evidence
that low-fat diet would be better than a regular diet
and there is no need for a liquid diet (23, 24). Early
EN support can be of importance in patients with
pre-existing severe malnutrition or situations when
early refeeding (in 5–7 days) was not possible (24).
Parenteral nutrition (PN) is not recommended
unless the patient is malnourished (11, 24).

Nutritional support in severe acute
pancreatitis

In patients with severe AP and patients with comor-
bidities, an early nutritional support is necessary. An
early EN can reduce the incidence of complications
and have an important contribution to increased
survival rate. It is important to start feeding as soon
as possible since the major benefits of early feeding
are effective only if it begins in 48 hours (ESPEN
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Table 3. Key diagnostic terms based on the Atlanta 2012 Classification (20)

Diagnosis of acute
pancreatitis (two of
the following): 

Abdominal pain (acute onset of a persistent, severe, epigastric pain often radiating to
the back)

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

Characteristic findings of acute pancreatitis on computed tomography or magnetic
resonance imaging

Mild acute pancreatitis: No organ failure, local or systemic complications
Moderately severe acute pancreatitis: Organ failure that resolves within 48 hours and/or local or systemic
complications without persistent organ failure
Severe acute pancreatitis: Persistent organ failure > 48 hours
Interstitial edematous acute pancreatitis: Acute inflammation of the pancreatic parenchyma and peri-
pancreatic tissues, but without recognizable tissue necrosis
Necrotizing acute pancreatitis: Inflammation associated with pancreatic parenchymal necrosis and/or peri-
pancreatic necrosis

Complications Local complications of acute pancreatitis: acute peripancreatic fluid collections,
pancreatic pseudocysts, acute necrotic collections, walled-off pancreatic necrosis

Organ failure and systemic complications of acute pancreatitis: respiratory -
PaO2/FiO2 ≤ 300; cardiovascular - systolic blood pressure < 90 mm Hg (off inotropic
support), not fluid responsive, or pH < 7.3; renal - serum creatinine ≥ 170 µmol/L



Guidelines: Grade A (24)). In the last decade, the
nutritional strategy in AP has changed. The nutri-
tional management has shifted from PN to EN.
Enteral feeding in AP has been shown to reduce

catabolism and loss of lean body mass as well as to
modulate the acute phase response and potentially
down-regulate the splanchnic cytokine response
(Table 2). EN is safe and well-tolerated form of nutri-

tional support in AP
(10–17). Despite the
need for additional
research evidence, con-
tinuous infusion of EN
is currently preferred to
cyclic or bolus enteral
feeding. In patients with
severe AP, the adequate
EN is not always possi-
ble. In such case, EN
can be combined with
PN to reach nutritional
goals (Table 4) (24, 26).

In last years, the nature
of EN in severe AP has
been newly defined.
Jejunal feeding is not
always necessary, and
gastric or even oral feed-
ing is sometimes possible
(3). However, a clear out-
line of recommendations
cannot be given. A poten-
tial useful approach in
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Table 4. A clinical approach for nutrition in severe acute pancreatitis (7). 
CH – carbohydrates, PN – parenteral nutrition, EN – enteral nutrition

Figure 1. Pre-cachexia diagnosis (21)



patients who have or will develop a severe form of
pancreatitis is illustrated in Table 5. 

In clinical practice, more trials using such concepts
are warranted. The major advantage of gastric feed-
ing is to reduce the time to the feeding onset, facil-
itate delivery of EN, and minimize chances for
ileus and intolerance. Despite the slightly increased
risk of aspiration with gastric feeding, an evaluation
for ‘residual’ gastric volume does not seem to be
helpful in resolving this issue. The limitation of
jejunal feeding is the need for expertise in tube
placement below the ligament of Treitz.

Still, a matter of debate is also the use of recom-
mended elemental enteral formulas (7). Today, it is
common to start with a standard polymeric formula,
and if this is not tolerated, a peptide-based formula
is used. This approach is supported by the meta-
analysis from Petrov et al. (27). They concluded
that the polymeric formula compared to the
(semi)elemental formula showed no significantly
higher risk of feeding intolerance, infectious com-
plication or mortality in AP patients. Also, the cost
of polymeric formulas is known to be lower. These
findings are in line with new guidelines from the
Society of Critical Care Medicine (SCCM) and the
American Society for Parenteral and Enteral
Nutrition (ASPEN) (23).

Pharmaconutrition

At present, formulas with pharmaconutrients can-
not generally be recommended because the current
evidence still needs confirmation from larger stud-

ies. Potential pharmaconutrients are glutamine,
arginine, n-3 polyunsaturated fatty acids, antioxi-
dants and pre- and probiotics.

There is a possible benefit of glutamine supple-
mentation in patients with AP (28). With glutamine
supplementation, many beneficial effects were
found, such as a faster recovery of immunological
parameters, shorter recovery period and less dis-
ease complications.

The concept of using pre- and probiotics to
prevent intestinal bacterial translocation is very
attractive and had been studied in many trials with
inconclusive outcomes. The guidelines from SCCM
and ASPEN concluded that the use of probiotics
could be considered in patients with severe AP
who are receiving early EN (23). The remaining
problems are the lack of standardized commercial
products and that different probiotics in different
dosages have been used in the studies.

Fluids

Fluid requirements should be assessed within six
hours after the admission and re-assessed at fre-
quent intervals for the next 24–48 hours (10). A
hydration therapy is critical to prevent further
organ failure and reduce mortality. An early aggres-
sive hydration has the highest beneficial impact in
the first 6–12 hours (28). However, if more than 4
L of fluids are given in first 24 hours, this
approach can worsen the prognosis. Evidence indi-
cates enhanced SIRS and higher CRP values in
patients who received saline in comparison to
Lactated Ringer’s (LR). That can be explained by
saline infusion causing higher acid load on acinar
and inflammatory cells whereas LR solution con-
tains sodium lactate which reduces immune activa-
tion in models of AP. According to this explanation,
LR solution may be the preferred isotonic crystal-
loid replacement fluid (28). 
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Table 5. Practical approach to feeding in acute pancreatitis.

Try to start early (48–72 hours) with an oral nutrition
regimen

If not tolerated
Place a multilumen gastro/jejunal tube and start with
gastric feeding

If not tolerated
Start jejunal feeding



SUMMARY

Among all patients with AP, 75–80% have a form
of mild to moderate disease and need individually
adapted nutritional support if they are at nutritional
risk. Patients with a severe disease, complications
or the need for surgery, require an early nutritional
support. In the severe cases, an early nutritional
support can be more significant as a measure to
prevent infection rather than as a mean of providing
nutritional support.
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INTRODUCTION

Gastroenterologists are often confronted with the
delayed complications of necrotizing pancreatitis.
One such complication is walled-off necrosis (WON),
which represents the local encapsulation of necrotic
debris that typically takes more than a month to
demarcate from the remnants of acute necrosis.
Knowing this natural history is important when
considering the timing of invasive interventions
for managing both infected and sterile WON.
Optimal intervention strategies for this condition
have evolved over the past several decades. In the
distant past, WON was managed almost exclusively
with open surgical debridement. Unfortunately,
this method was associated with excessive morbidity
and mortality. Therefore, the intervention shifted
to percutaneous catheter drainage, which was lim-
ited in efficacy by an inability to adequately
debride large amounts of necrosis. 

A major current focus is on the technique and
devices used for endoscopic transmural manage-
ment. There has been a debate about whether plas-
tic stents, which have been the standard for years
but are limited by their narrow luminal caliber, are

well suited for draining necrotic collections, and
thus newer types of stents with larger calibres have
been investigated. Self-expanding metal stents (SEMS)
have appeared to be effective, but some limitations
have been encountered, including migration, ingrowth,
bleeding, and stent occlusion. 

Recently, a novel dumbbell-shaped, lumen-apposing
metal stent (LAMS) was designed with the idea that
the opposing flanges would help anchor the stent,
and the wide-bore saddle region would permit easy re-
entrance into the cavity for debridement. In general,
multiple endoscopic sessions are typically required,
especially because LAMS must be removed. However,
the actual number of endoscopic sessions needed
tends to vary, largely because there is significant
patient-to-patient heterogeneity in the size, location,
and composition of WON collections. Also, the tech-
nique and endoscopist comfort level with more
aggressive necrosectomy have evolved over the past
decade, and these could factor into the number of
procedures required for resolution. LAMS have been
shown to have high clinical (77–92%) and technical
success (97.5–100%) rates for drainage of peripancre-
atic fluid collections (PFCs), including both pancreatic
pseudocysts (PP) and WON, along with low adverse
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event rates (5–11%). Due to their increased luminal
diameter, LAMS are preferable in patients where
endoscopic necrosectomy is required.

We found that LAMS had excellent clinical efficacy
for management of PFCs with a technical success of
98% with low heterogeneity and clinical success rate
of 93% with moderate heterogeneity. To further
refine our results, we conducted a subgroup analysis
to evaluate the clinical success in both PP and WON.
We did not find any significant difference in clinical
success for management of PP and WON. This is con-
trary to the previous studies on endoscopic drainage
with plastic stents and fully covered SEMS which
reported around 90% clinical success for PP while
only 50–65% for WON. We believe that this is due to
multitude of reasons. First of all, larger diameter
allows both PP and WON to empty promptly in the
gastric or duodenal lumen, thereby increasing success
rate. Furthermore, larger luminal diameter allows
direct endoscopic necrosectomy and irrigation via
nasocystic catheter which probably explain the same
clinical success in WON when compared to PP. On
the other hand, the benefit of performing endo-
scopic retrograde cholangiopancreatography and
transpapillary pancreatic ductal drainage in addition
to endoscopic US-guided transmural drainage was
assessed. Among 174 patients with pseudocysts, 95
received transmural drainage, and 79 received com-
bined drainage. Transpapillary drainage was unsuc-
cessful in more than half of the patients with
attempted transpapillary stenting. No difference in
long-term resolution rates was observed. Also,
transpapillary drainage was negatively associated
with pseudocyst resolution, indicating that the pres-
ence of a pancreatic stent may hinder the patency
and maturation of the cystoenterostomy fistula.

During endoscopic US-guided drainage, the pseudo-
cyst is first visualized using a linear echo-endoscope
to determine the best puncture site. In general, trans-
gastric puncture is more preferable than transduode-
nal puncture owing to more stable position of the
endoscope and better luminal visibility in the stom-
ach. Colour Doppler mode would be utilized to

ensure the absence of aberrant vessels or varies along
the intended puncture track. After puncture of the
pseudocyst by a 19-gauge needle, the track is dilated
with either electrocautery or balloon dilator. One or
two double pigtail plastic stents would be placed in
the pseudocyst using the double wire technique.
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ABSTRACT

Pancreatic fluid collections and vascular complica-
tions are frequent complications of pancreatitis. The
revised Atlanta Classification classified pancreatic
fluid collections as acute or chronic, with chronic
fluid collections subdivided into pseudocysts and
walled-off pancreatic necrosis. Management of pan-
creatic fluid collections has evolved over the past
two decades from surgical necrosectomy to more
conservative, less invasive procedures, such as per-
cutaneous drainage, percutaneous pseudocyst-gas-
trostomy, endoscopic transgastric necrosectomy, and
video-assisted retroperitoneal debridement. Major
vascular complications related to pancreatitis can
cause life-threatening hemorrhage and have to be
dealt with as an emergency. Embolization is the
most frequent treatment of choice in patients with
acute hemorrhage. This article aims to present the
role of minimally-invasive interventional therapies,
such as percutaneous drainage, percutaneous pseu-
docyst-gastrostomy and endovascular embolization
in patients with complications of pancreatitis.

INTRODUCTION

Management of necrotizing fluid pancreatitis has
evolved over the past two decades from more aggres-
sive and traditional surgical necrosectomy to more
conservative management relying on minimally inva-
sive percutaneous and endoscopic necrosectomy (1,
2). Percutaneous drainage is performed using the
same techniques as are used for conventional intraab-
dominal collection drainage. According to the revised
Atlanta Classification, in many cases of acute pancre-
atitis, there are three well-defined fluid collections:
acute peripancreatic fluid collections (APFCs) and
the so-called walled-off pancreatic necrosis (WON) or
pseudocysts which both develop in the late phase of
the disease (Figure 1b, 2b). In many cases, these
anatomic entities can be successfully treated with
radiological interventional methods (3).

Venous thrombosis, involving the splenic, mesenteric,
or portal veins, is the most frequent vascular compli-
cation. Pseudoaneurysm formation is the second most
frequent vascular complication of pancreatitis, result-
ing from vessel erosion, usually caused by a pseudocyst
and WON (4). The most commonly involved vessels
are the splenic, gastroduodenal, and pancreaticoduo-
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denal arteries (Figure 3a). Pseudoaneurysms are not
an early complication because they take time to
develop. However, they are associated with high mor-
tality rates due to the risk of rupture, ranging from
around 12% if treated to > 90% if untreated. The risk
factors for major vascular complications include necro-
tizing pancreatitis, multiple organ failure, sepsis, and
pancreatic fluid collections such as abscesses, pseudo-
cysts or WON. Previous pancreatic necrosectomy,
long-term anticoagulation therapy, and underlying
vasculitis also elevate the probability of developing
this complication (5).

Hemorrhage is as a life-threatening complication of
pancreatitis, which may occur with or without the
prior formation of a pseudoaneurysm after surgical
intervention, or as a consequence of the formation
of varices, and may occur in the peritoneal cavity,
retroperitoneum, gastrointestinal tract, or directly
in the Wirsung duct.

Interventional radiologists play a crucial role in the
treatment of vascular complications of pancreatitis.
Surgery is indicated in the presence of hemodynamic
instability. Embolization is the most frequent treat-
ment of choice in patients with acute hemorrhage or
peripancreatic pseudoaneurysms using a variety of
embolic agents, such as coils and glue (6). 

This article aims to present the role of minimally-inva-
sive interventional therapies such as percutaneous
drainage, percutaneous pseudocyst-gastrostomy and
endovascular embolization in patients with complica-
tions of pancreatitis. 

PERCUTANEOUS DRAINAGE

Procedure

Percutaneous drainage of APFCs is a well-established
and common procedure, and a simple drainage will
often suffice for these collections (1, 7, 8). The
drainage catheter is predominantly placed under US
guidance. Strict sterility is maintained, and local anes-
thesia is applied. For therapeutic drainage, if possible,

a retroperitoneal approach is preferred over an anterior
transperitoneal approach (Figure 2). In most cases,
Seldinger image-guided technique is used for drainage
catheter insertion. The Seldinger technique, named
after the Swedish radiologist Sven-Ivar Seldinger, con-
sists of advancing an 18-gauge needle into the target
collection under US, CT or cone beam CT guidance.
After the access is obtained, contrast injection under
fluoroscopy can be performed to evaluate the extent
of the collection and to elucidate any fistulous connec-
tions to the main pancreatic duct or adjacent bowel.
A 0.035-inch guidewire is advanced through the nee-
dle, and the needle is exchanged for the catheter over
the wire and secured into the drained collection.
Depending on the quality of the fluid, different sizes
of drains should be used. If there is an abscess, the
thicker (14–30 French), otherwise the thinner (8–10
French) pig-tail catheter is to be used (Figure 2d). The
drained fluid should be sent for bacteriological analysis
in each case. Multiple drains can be inserted at a time
if necessary. Each catheter should be irrigated with
5–10 mL of sterile saline solution at least three times
per day. Drainage catheters typically remain in place
until the drained fluid is clear and <10–30 mL per day
(7, 8). Follow-up imaging to confirm drainage catheter
position and document collection resolution is often
necessary. Ultrasound examination is the most suitable
for the observation of size and change of the fluid col-
lection. It is inexpensive and can also be performed at
the bedside. 

Complications

Complications, related to percutaneous drainage,
such as injury of the surrounding organs and bleed-
ing, are rare (2%) (1, 8). More commonly, the drain
can become clogged or dislodged, requiring replace-
ment. A late complication of percutaneous drainage
is the development of pancreatic fistulae to the skin
or gastrointestinal tract; however, most of fistulas
close spontaneously (8).
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PERCUTANEOUS PSEUDOCYST-
GASTROSTOMY

In 1985, professor S. Hancke of Denmark developed
an original method using US-guided percutaneous
intervention to ensure prolonged internal cystogastric
drainage until the pseudocyst collapses and seals off
(9, 10). It can be done under local anesthesia without
laparotomy. The endoscopist introduces gastroscope
into the stomach. A 20-cm 18-gauge needle is inserted
under US guidance. The route of a needle insertion
into the pseudocyst through both, the anterior and
posterior gastric wall, is ascertained by the endoscopist.
If the route cannot be confirmed, the puncture needs
to be repeated. After a guidewire and a dilator have
been introduced according to Seldinger’s method, a
double pigtail catheter is inserted so that its distal
curve reaches into the pseudocyst and its proximal
curve into the stomach lumen (Figure 1e). A 15-cm
pigtail catheter is attached to the front part of a 30-cm
18-gauge needle with mandrin. Behind the pigtail,
there is a 15-cm hard catheter (the so-called ‘pusher’)
attached to the needle as well; using this, the front part
of the pigtail is pushed with a wire into the pseudocyst
while the distal part remains in the stomach. The
depth of catheter insertion can be regulated with the
help of a thread, which is also attached to the needle.
Finally, the wire, thread, and the pusher are removed.
The difference in pressures forces the pseudocyst con-
tents into the stomach. The position of the distal curve
is monitored by US, as it can be seen in the remaining
peripancreatic liquid. The position of the proximal
curve in the stomach lumen is assessed by the endo-
scopist. The endoscope is also used for minor adjust-
ments of the proximal curve position and the cutting
of a thread when it cannot be removed spontaneously. 

PERCUTANEOUS DRAINAGE OF
ACUTE PERIPANCREATIC FLUID
COLLECTIONS AND PSEUDOCYST

APFC develop in the early phase of interstitial edema-
tous pancreatitis (IEP) (Figure 1a). They develop
within the peritoneal and retroperitoneal spaces and
less frequently in the mediastinum. Early in the course

of the disease (<4 weeks), the APFCs do not have defi-
nite epithelial walls and their boundaries are limited
by the natural fascial barriers of retroperitoneum and
peritoneum (11). In most cases, spontaneous resolution
occurs without intervention. If APFCs do not resolve
spontaneously and persist beyond four weeks, an iden-
tifiable wall is developed, and APFCs become pseudo-
cysts (Figure 1b, 1c). Approximately 25% of pseudocyst
can cause a spectrum of symptoms, mostly related to
mass effects (11, 12). Pseudocysts can also become
infected, necessitating treatment. When they are asso-
ciated with some local complications, such as infection,
hemorrhage, rupture and symptoms, such as abdomi-
nal distension, nausea, vomiting and upper GI bleeding,
intervention is needed.

Percutaneous drainage involves a placement of an
external drainage catheter into the pseudocyst. Once
the presence of non-liquefied material and infection
has been excluded, simple percutaneous drainage is
usually sufficient for large and symptomatic pseudo-
cysts. Most infected pseudocysts are drained percuta-
neously rather than surgically (1, 2, 12). Initial studies
comparing surgical drainage to percutaneous drainage
found both procedures to be efficacious (13). However,
more recent comparative studies have generally favored
percutaneous drainage over surgical drainage, with
some studies even demonstrating a mortality benefit
(1, 11, 13). Percutaneous drainage has been recently
compared also to endoscopic drainage. A recent study
directly comparing percutaneous vs. endoscopic man-
agement retrospectively reviewed 81 patients (14).
This study found equal technical success rates and
adverse events rates between the techniques, but a
decreased reintervention rate, a shorter hospital
stay, and a decreased number of follow-up abdominal
imaging studies among patients treated with endo-
scopic drainage. Internal drainage is a percutaneous
US-guided internal cystogastric drainage of pancre-
atic pseudocysts using a double pigtail catheter. The
method is minimally invasive and also feasible in high-
risk surgical patients. It requires a team, consisting of
an interventional radiologist, an ultrasonographer, and
an endoscopist. In properly selected patients, the
results are excellent. Pseudocyst should be mature and
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preferably connected to the posterior wall of the stom-
ach. Optimally, pseudocyst should measure > 5 cm,
although a slightly smaller pseudocysts (4.5 × 4 cm)
were successfully treated as well (10).

PERCUTANEOUS DRAINAGE OF
ACUTE NECROTIC COLLECTIONS AND
WALLED-OFF PANCREATIC NECROSIS 

Percutaneous image-guided drainage for acute necrotic
collection (ANC) or WON involves placement of a
catheter into collection under US guidance with flu-
oroscopy, CT or cone beam CT guidance (Figure 2).
Ideally, a retroperitoneal approach is taken. Non-
infected ANCs do not require intervention at an early
phase (2, 7, 11). If they cause symptoms, such as
abdominal pain and mechanical obstruction, clinical
deterioration, or signs of sepsis, intervention is need
(2, 11). In WON patients, if they are asymptomatic and
WON is not infected, it is not necessary to perform
intervention, regardless of the size and distension. If
those patients experience symptoms, such as severe
pain, obstruction or in a case of infected WON, they

should be treated (1, 2, 11, 12). Percutaneous drainage
procedure has proved to be effective alternative to
surgery, particularly early in the course of complications
from severe acute pancreatitis with necrosis. If CT
demonstrates residual collections, and little or no
drainage from the percutaneous catheter is observed,
several drainage catheters may have to be placed and
irrigated to achieve percutaneous necrosectomy and to
reduce toxicity (2). Traditionally, the success rate of
percutaneous drainage alone (defined as survival with-
out the need for additional surgical necrosectomy)
ranged from 35–84%, with mortality rates ranging
from 5.6–34% and morbidity ranges of 11–42%, most
commonly due to pancreatic cutaneous fistulas and
pancreaticoenteric fistulas, which occur in as many as
20% of cases (1, 11). Consequently, percutaneous
drainage is more often used as an adjunct therapy,
often serving as the first step of a step-up approach
to endoscopic or surgical drainage. The Dutch PAN-
TER trial illustrated this concept by comparing open
necrosectomy with a less-invasive step-up approach
in 88 patients (15). In the step-up approach, patients
first underwent percutaneous drainage of the collec-

tion, followed by a mini-
mally invasive retroperi-
toneal necrosectomy, if
clinical improvement was
not achieved. Results
showed that the minimally
invasive approach was
associated with an overall
decreased mortality rate,
fewer major and long-
term complications, and
reduced overall healthcare
costs. Of note, percuta-
neous drainage alone with-
out subsequent necrosec-
tomy was achieved in 35%
of patients. 

Two different strategies are
applied for percutaneous
treatment. The first com-
prises the insertion of US-
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Figure 1. Percutaneous US-guided internal cystogastric drainage of pancreatic
pseudocysts using a double pigtail catheter. Evolution of interstitial edematous
pancreatitis and pancreatic pseudocyst during 10 months in a 49-year-old male
patient. A – axial CT image of interstitial edematous pancreatitis; B – during the
course of the disease the patient developed a pancreatic pseudocyst as shown on the
CT image; C – axial CT eight months after the onset of interstitial edematous
pancreatitis; D – US image obtained right before the percutaneous pigtail catheter
placement; E – fluoroscopic image, obtained during procedure (pigtail catheter)



guided percutaneous drainage to evacuate the infected
PFCs and then, along with the administration of
antibiotics, waiting for clinical improvement and a
complete resolution of the disease. Multiple drainage
catheters may be inserted, and irrigations can be made
through them. Drainage catheters can be replaced as
often as necessary. The aim of this strategy, known as
the ‘step-up approach,’ is to improve the patient’s con-
dition and to delay surgery until the infectious pan-
creatic necrosis is better delimited. Several studies
have shown that with the placement of percutaneous
drains alone, 23–47% of patients can achieve complete
resolution of the acute disease and do not require any
additional procedures (1, 15). The second strategy
consists of placement of a percutaneous drainage as a
guide to locate the anatomic space where the necrosis
should be drained. After placing the drains, the
patient is immediately transferred to the operating
theater. At that time, using either general anesthesia
or local anesthesia with sedation, the tract is progres-

sively dilated until obtaining a diameter (30 French)
large enough for the insertion of a rigid nephroscope
(video-assisted retroperitoneal debridement), through
which the necrosis can be washed and fragments
removed under direct vision. Large caliber drains are
then inserted through the tract to allow continuous
washing. This maneuver can be repeated as often as
necessary to achieve complete removal of necrosis
fragments (1, 2, 8, 16).

ENDOVASCULAR APPROACH

Procedure

Procedures are usually performed in the endovas-
cular suite under local anesthesia. Femoral artery
is the preferential access site. A 5-French sheath is
placed into accessed artery. The celiac (CA) and supe-
rior mesenteric arteriograms (SMA) are performed by
injecting 30–50 mL of iodinated contrast material at

the rate of 5–6 mL/sec-
ond. A 4-French or 5-
French catheter is tele-
scoped through the
sheath, through which a
microcatheter is used for
embolization. Exclusion
of the pseudoaneurysm
from systemic circulation
can be achieved by slowing
the flow within the pseu-
doaneurysm (using coils,
stent grafts), inducing
thrombosis (coils and liq-
uid embolic agents) and
stimulating inflammation
(coils and liquid agents).
Coils or micro coils are
the preferred and most
widely used agents for
embolization of pseudoa-
neurysms (4, 5). Another
option for successful
embolization of a pseu-
doaneurysm while pre-
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Figure 2.  A 64-year-old man with gallstone-induced severe necrotizing pancreatitis.
A – axial contrast-enhanced CT image obtained six days after the admission shows
extensive pancreatic necrosis and peripancreatic fluid accumulation; B – axial contrast
enhanced CT image shows walled-off necrosis obtained right before percutaneous
drainage catheter placement 51 days after onset of symptoms; C – a retroperitoneal
percutaneous drain insertion under US and fluoroscopic   control; D –  image shows
percutaneous placement of 12-French catheters



serving distal organ perfusion is stent-assisted coiling
of a pseudoaneurysm. An uncovered metallic stent is
selectively placed across the neck of the pseudoa-
neurysm to preserve the flow within a visceral vessel.
The aneurysm is then cannulated through the inter-
stices of the stent and embolized with micro coils.
Alternatively, endovascular treatment with placement
of a covered stent across the pseudoaneurysm isolates
the aneurysm from the circulation while preserving
flow to the organ (Figure 3). It should be emphasized
that, when treating aneurysms in the pancreaticoduo-
denal distribution, a careful search for an occlusion of
collateral supply to these aneurysms is essential before
ending the procedure. When pseudoaneurysms are
associated with pseudocyst formation, cyst decompres-
sion should be undertaken. Postembolization angiog-
raphy of both the SMA and CA is performed to ensure
successful exclusion of the aneurysmal segment.

Indications

All patients, presenting with hemorrhage, unstable
hemodynamic status and mass effect symptoms due to
a pseudoaneurysm, need embolization. However, due
to high mortality of rupture, all pseudoaneurysms
require treatment as soon as detected (4, 7, 17). Since
pseudoaneurysms have thin walls, their size does not
correlate with the risk of rupture. Small pseudoa-

neurysms may cause life-threatening hemorrhage,
while a large pseudoaneurysm may be detected inci-
dentally. However, this is not the case with true
aneurysms that need treatment when sized > 2 cm or
with mass effect. Embolization for incidentally detected
pseudoaneurysms in asymptomatic patients is still con-
troversial. Due to high risk and mortality of rupture,
we embolize all pseudoaneurysms irrespective of
whether the patient is symptomatic or not. 

Complications

Complications can be divided into puncture site,
intervention site, and postembolization complica-
tions. Puncture site complications include bleeding,
hematoma, pseudoaneurysm formation, arterial
thrombosis, arteriovenous fistula and nerve dam-
age. Most of these complications are rare if proper
puncture and postprocedural compression is done.
Closure devices may also be used for hemostasis
with good results. Intervention site complications
include rupture of the pseudoaneurysm, arterial
dissection, non-target embolization, distal migration
of coils, and straight deployment of a coil.
Recurrence of the pseudoaneurysm may occur sec-
ondary to its incomplete exclusion or collateral
supply, and rarely due to migration of coils, and
needs repeated embolization (6, 7). 

Follow-up

Follow-up is an impor-
tant and integral part of
the management of pseu-
doaneurysms. For pseu-
doaneurysms, visible on
ultrasonography, follow-
up with the same modal-
ity 24–48 hours after the
procedure and possibly
one month later is ade-
quate (17). Computed
tomography angiography
is usually not required in
asymptomatic patients,
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Figure 3.   Patient with severe blood loss after surgical treatment of pancreatic
pseudocyst. A –MRI of pancreatic pseudocyst prior to surgery; B – axial  CT image
demonstrates large (symptomatic) pseudoaneurysm; C – angiography demonstrates
pseudoaneurysm  of the right hepatic artery arising from the superior mesenteric artery
(replaced right hepatic artery to the superior mesenteric artery), coil embolization of
the artery is contraindicated due to possibility of an end-organ ischemia; D – thus,
covered stent-graft was deployed across the site of arterial injury with complete
exclusion of pseudoaneurysm



but becomes necessary when there is a strong clin-
ical suspicion of recurrence and when pseudoa-
neurysm is inaccessible to US imaging. Endovascular
approach is the treatment of choice for recurrent
pseudoaneurysms and in failed cases. Thus, follow-
up evaluation varies from case to case and initially
includes clinical assessment, followed, if necessary,
by US or CTA. 

CONCLUSION

The role of interventional radiology in the manage-
ment of acute pancreatitis complications falls into
two main categories: percutaneous drainage of PFCs
and endovascular management of pancreatitis-related
pseudoaneurysms. Percutaneous drainage for both
PFCs, pseudocysts, and WON is indicated for infected
collections or when they cause severe symptoms. The
majority of the pseudoaneurysms can be successfully
treated with endovascular repair.
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ABSTRACT

Acute pancreatitis is one of the most common gas-
trointestinal disorders requiring urgent hospitalization
worldwide. It is a highly unpredictable disease with a
wide range of clinical courses. Most attacks of acute
pancreatitis are mild to moderate and resolve sponta-
neously, but about 10% of patients will develop
severe acute pancreatitis. Uncomplicated acute pan-
creatitis is a one-week disease. Failure to recover or
the persistence of local and systemic signs of pancre-
atic inflammation beyond the first week are signs
that a complication may be brewing. Recognizing the
natural course of severe acute pancreatitis is necessary
in multidisciplinary approach. Only a small subset of
necrotizing pancreatitis patients will require emergent
surgery in less than four weeks from the onset of
acute pancreatitis for organ failure and acute decom-
pensation due to an intra-abdominal catastrophe.
The strategy of postponing surgical intervention
beyond four weeks from the onset of acute pancreati-
tis was implemented in the treatment algorithm sev-
eral years ago. Surgical removal of pancreatic necrosis
can be achieved by open or minimally invasive
approach. Necrosectomy can be performed at once
or in a staged manner (open-staged or closed-continu-

ous lavage). These methods do not compare with, but
rather complement other techniques. In general, sur-
gical intervention should be done – if at all – at a late
stage after the onset of pancreatitis.

INTRODUCTION

The incidence of acute pancreatitis (AP) varies consid-
erably throughout the world, with a reported annual
incidence of 13–45 cases per 100.000 persons (1).
Gallstones and alcohol misuse are long-established risk
factors, but several new causes have emerged. Ninety
percent of patients will have a mild form of interstitial
edematous pancreatitis, and most of them will resolve
spontaneously. However, about 10% of patients will
develop severe AP. In the United States alone, AP
leads to 270.000 hospital admissions annually, and
inpatient costs exceed 2.5 billion dollars (2). The mor-
tality reaches up to 30% in patients that develop pan-
creatic necrosis and suffer a severe course (3). 

The natural course of the disease has two stages: the
early toxic/hypovolemic phase, and the late septic
phase. Hypovolemia and organ failure caused by exces-
sive fluid sequestration and the release of biologically
active compounds dominate the early phase in the first
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two weeks. During the late course, local and systemic
septic complications are the main findings (4). 

Recognizing the natural course of severe AP in a mul-
tidisciplinary approach has become the standard of
care and decreased the mortality to about 20% during
the past 20 years. Beside improved intensive care
management and progress in interventional drainage,
postponing surgical interventions from early necro-
sectomy to delayed operation had a beneficial effect
on the outcome of these patients (5). Consequently,
recent guidelines recommended that invasive inter-
vention (i.e., percutaneous catheter drainage, endo-
scopic transluminal drainage or necrosectomy) should
be delayed where possible until at least four weeks
after initial presentation to allow the collection to
become ‘walled-off.’ But regardless of the time from
the onset of AP and the presence of necrosis, patients
with intra-abdominal catastrophes (hemorrhage, vis-
ceral ischemia, perforation, abdominal compartment
syndrome) require immediate intervention (6).

NATURAL COURSE OF THE DISEASE

Ninety percent of patients will have a mild form of
interstitial edematous pancreatitis, but about 10% will
develop severe AP. According to the Revised Atlanta
Classification, AP can be subdivided into two types:
interstitial edematous pancreatitis and necrotizing
pancreatitis. In the Revised Atlanta Classification,
clear definitions of pancreatic and peripancreatic col-
lections are made (7, 8). 

Interstitial edematous pancreatitis usually resolves
within the first week. Some patients will develop
acute peripancreatic fluid collections (APFC) that will
resolve with medical support alone or will go on to
develop a pancreatic pseudocyst. Pancreatic pseudocyst
presents as a delayed (usually four weeks) complication
of interstitial edematous pancreatitis with a well-
defined wall and devoid of solid material. 

The subject of this article concerns those patients
who develop necrotizing pancreatitis. These patients
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Figure 1. Natural course of acute pancreatitis
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develop APNC involving necrosis of the pancreatic
parenchyma and the peripancreatic tissue, the pan-
creatic parenchyma alone, or the peripancreatic tis-
sue alone. When APNC persists beyond four weeks
from the onset of pancreatitis, the term walled-off
necrosis (WON) can be applied. These terms repre-
sent morphologic abnormalities noted on contrast-
enhanced CT scan that are used for classification
purposes and to guide treatment (Figure 1).

When treating patients with necrotizing pancreati-
tis, it is important to be cognizant of the time from
onset of symptoms since recent data demonstrates
that delayed intervention leads to lower morbidity
and mortality rates. Over a four-week period, APCs
evolve: the peripancreatic tissue inflammation sub-
sides, the tissue within the collection demarcates into
viable and non-viable components, and the perimeter
of the collection matures into the defined wall of
WON. A distinction should also be made between
sterile and infected necrosis since the presence of
infection means a different prognosis, natural history,
and approach to treatment. Patients with sterile WON
will usually resolve over time without any intervention.
In fact, a percutaneous drain should not be placed
into sterile collections unless there is a very good indi-
cation since it will iatrogenically infect the collection
after a short time and complicate the patient’s man-
agement. A small subset of patients with sterile WON
will require pancreatic necrosectomy either because
of persistent symptoms such as anorexia, early satiety,
vomiting, pain, fever, or failure to thrive. All patients
with WON who become infected require treatment
with parenteral antibiotics in combination with effec-
tive drainage/necrosectomy (9, 10).

INFECTION

Infection develops in 30–70% of patients with necro-
tizing pancreatitis and accounts for more than 80% of
deaths from AP. The risk of infection increases with
the amount of pancreatic glandular necrosis and the
time from the onset of AP, peaking at three weeks.
Infection is presumed when there is gas present in
the WON on CT scan. It is also diagnosed definitively

with an image-guided fine needle aspiration (FNA)
showing positive Gram stain and culture. Since patients
carry a significant risk of converting from sterile to
infected tissue over time, patients should be followed
closely, and an FNA performed if clinically indicated
with a change in abdominal pain, fever, or leukocytosis.
Since FNA has a false negative rate of about 10%, a
negative FNA may be repeated after appropriate inter-
vals, such as 5–7 days, if a clinical suspicion of
infection persists. FNA has a low iatrogenic infection
rate along with a high sensitivity and specificity (10).

However, according to evidence-based guidelines, rou-
tine percutaneous FNA of peripancreatic collections
to detect bacteria is not indicated, because clinical
signs (i.e., persistent fever, increasing inflammatory
markers) and imaging signs (i.e., gas in peripancreatic
collections) are accurate predictors of infected necrosis
in the majority of patients. Although the diagnosis of
infection can be confirmed by FNA, there is a risk of
false-negative results (6). According to an international
expert survey, none of the experts use FNA routinely,
85% selectively and 15% never (11). 

INDICATIONS AND TIMING FOR
INTERVENTION 

Once the patient is determined to be infected, they
require complete external drainage or face a near
100% mortality. While deciding amongst percutaneous,
endoscopic, video-assisted, laparoscopic or open surgi-
cal options, a percutaneous drain should be placed
within 24 hours of a diagnosis of infection to initiate
external drainage (12). Once a percutaneous drain
has been placed, the catheters should be upsized every
3–4 days to an 18–20-French goal. A CT is repeated
about two weeks after the first drain was placed. If the
patient has a remaining large collection and at least
four weeks have elapsed since onset of disease, plans
are made for surgery. In general, surgery for APNC
should be delayed until the WON phase due to lower
morbidity and mortality. While waiting for this safer
time, sepsis control can be temporized with percuta-
neous drains and when necessary, the addition of par-
enteral antibiotics. Careful attention must be paid to
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the protein and calorie requirements in these patients
which are very high. Most patients are unable to con-
sume their total caloric needs, and almost all will
require supplemental enteral or parenteral nutrition
and close monitoring of their nutritional status with
serum markers. Enteral nutrition (nasogastric or naso-
jejunal) is the preferred route when tolerated since it
has been shown to be associated with significant
decreases in the risk of pancreatitis associated morbid-
ity and mortality (13).

But regardless of the presence of necrosis, a small sub-
set of severe pancreatitis patients will require emer-
gency surgery for organ failure and acute decompensa-
tion due to an intra-abdominal catastrophe such as
haemorrhage, visceral ischemia, perforation, and
abdominal compartment syndrome. Acute decompen-
sation is most often due to a reactivation of the
systemic inflammatory response or a non-surgical
source of infection. Because of this, intensive support
should be given for 24–48 hours along with a search
for the cause, but if an intra-abdominal catastrophe is
suspected the patient will need an emergency laparo-
tomy (14). 

INDICATIONS FOR SURGERY 
Severe AP with APFC or APNC, less than four–
weeks from the onset of pancreatitis, with
organ failure and suspected intra-abdominal cata-
strophe unresponsive to 24–48 hours of intensive
support. 
WON, by definition greater than four weeks from–
the onset of necrotizing pancreatitis, that is:

infected; with infection documented by gas•
seen in the collection on contrast-enhanced
CT scan or with a positive FNA or
sterile but symptomatic.•

PREOPERATIVE PLANNING AND
SURGICAL APPROACHES TO
NECROSECTOMY

There are many excellent surgical options for pancre-
atic debridement (15). Transgastric endoscopic meth-

ods and percutaneous drains can also be used as pri-
mary or adjunctive methods.

Percutaneous drainage (PD) of pancreatic necrosis
involves placement of single or multiple catheters that
are used for irrigation and drainage of retroperi-
toneum. Surgical intervention can be postponed, and
even the need for surgical necrosectomy can be elimi-
nated in many patients. Over the past two decades,
PD has been increasingly utilized to stabilize critical
patients both as ‘a bridge to surgery’ and sometimes
as definitive therapy. The preferred route for PD is
retroperitoneal approach through the flank because it
avoids enteric leaks and dissemination of infected
material into the peritoneal cavity. Also, a retroperi-
toneal approach for PD allows the tract to be used as
guidance for retroperitoneal surgical video-assisted
retroperitoneal necrosectomy (VARD). PD is beneficial
especially as a prelude to definitive necrosectomy or
when combined with another modality of treatment.
However, PD is technically not adequate or feasible
when retroperitoneal hemorrhage, bowel necrosis,
duodenal/biliary obstruction further complicates ANP.
One of the drawbacks, when PD is used alone, is also
limited ability to remove necrotic debris (16).

Advances in technology and instrumentation allow
the use of minimally invasive techniques which lessen
the surgical stress in an already compromised patient.
Minimally invasive methods are increasingly being
used for operative necrosectomy in patients with
infected WON with open necrosectomy reserved for
patients who fail minimal access techniques or require
an emergent exploration.

Several minimally invasive techniques have been
developed. Despite small variations in the different
techniques applied, they have in common that infected
necrosis of the retroperitoneum is accessed under
endoscopic visualization with subsequent necrosectomy
and lavage. The techniques involve either intraoperative
dilatation of a percutaneous drain tract, which was cre-
ated by US- or CT-guidance preoperatively, or a direct
approach of the infection with a retroperitoneoscope.
Depending on the location of the infectious tissue,
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access can be gained from the left or the right flank
and over one or more routes (17).

In general, access to debridement involves retroperi-
toneal or transperitoneal approach by open or min-
imally invasive surgery. 

The most popular surgical minimally invasive
retroperitoneal debridement methods are: 

step-up approach consisting of PD followed by–
VARD,
percutaneous necrosectomy and sinus tract–
endoscopy, and
minimal access retroperitoneal pancreatic–
necrosectomy (MARPN).

The minimally invasive transperitoneal debridement
method is laparoscopic debridement.

Methods for open transperitoneal or retroperitoneal
debridement are:

necrosectomy followed by continuous postope-–
rative lavage,
conventional drainage with placement of stan-–
dard surgical drains and reoperation as needed,
open management technique with necrosectomy–
followed by scheduled re-laparotomies through an
open abdomen (laparostomy and system of a con-
tinuous negative pressure), and
open retroperitoneal approach through the base–
of the 12th rib.

The techniques described here will be the minimally
invasive methods. Open retroperitoneal approach
through the base of the 12th rib followed by contin-
uous postoperative lavage is the open method upon
which a majority of these minimally invasive surgical
techniques are based. 

The step-up approach and VARD technique was
described by Horvath et al. which now has phase I fea-
sibility, phase II safety and efficacy, and phase III ran-
domized controlled data supporting its use (18–20).
The phase III results from the Dutch PANTER trial
have provided strong data in support of the step-up

approach. In this randomized controlled trial, patients
with infected pancreatic or peripancreatic tissue were
randomized to either open necrosectomy or minimally
invasive step-up approach. Patients randomized to the
step-up arm had a lower rate of incidence of postoper-
ative organ failure, a lower rate of major complications,
and a lower risk of death. Postoperatively, the step-up
arm had fewer incisional hernias, less diabetes, less
exocrine insufficiency with the need for pancreatic
enzyme supplementation, and lower healthcare uti-
lization and medical costs. Also, surgical intervention
(other than drain placement) was avoided in one-third
of patients in the step-up arm (20).

Once the patient with WON is determined to be
infected, a percutaneous drain is placed. If this drain is
not effective, a VARD will be needed. The patient will
need a minimum of one percutaneous drain placed
into the collection from the flank, to be used as an
intraoperative guide. When doing the VARD procedure,
the surgeon follows the path of this drain through the
retroperitoneum and into the collection. Even if
another drain is already in place, it is important for the
interventional radiologist to place a drain as close as
possible to the left mid-axillary line just under the
costal margin for operative guidance. The position of
this drain inside the collection and its location to
nearby anatomical structures will be used by the sur-
geon to guide operative debridement. A VARD tech-
nique involves a small subcostal incision followed by
placement of a port. Through port, a video scope is
inserted. Necrosectomy is achieved with irrigation,
hydrodissection and different instruments which are
inserted directly through the wound (10). 

Percutaneous necrosectomy and sinus tract
endoscopy

The method was first described by Carter et al. (21).
Sinus tract endoscopy involves intraoperative dilata-
tion of the percutaneous drain tract followed by irri-
gation, lavage, and suction using a flexible or rigid
endoscope (22).
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Percutaneous necrosectomy 

Percutaneous necrosectomy starts with insertion of
an 8-French pigtail catheter into the cavity of retroperi-
toneal necrotic collection, the surgeon having carefully
selected a path that will allow subsequent dilatation. A
path of choice is to enter the area of infected necrosis
between the lower pole of the spleen and the splenic
flexure. In predominately right-sided pancreatic head
necrosis, they used a path through the gastrocolic
omentum, anterior to the duodenum. However, this
results in a more technically difficult necrosectomy
and prevents dependent postoperative drainage. The
catheter is secured, and the patient is transferred to
the operating room. With the patient under general
anesthesia, access to the infected cavity is maintained
using a guidewire, over which the catheter tract is
then dilated to 30-French using graduated dilators and
radiologic guidance. This allows a 30-French special
guidewire to be inserted. An operating nephroscope
that allows intermittent irrigation and suction with a 4
mm working channel is then passed along the special
guidewire into the infected cavity. Piecemeal removal
of solid material (necrosectomy) is then performed
using soft grasping forceps through the working chan-
nel by repeatedly passing the instrument into the
cavity until all loose necrotic tissue is removed. Finally,
a drain is passed into the cavity to allow high volume
continuous postoperative lavage (500 mL/hour).

Sinus tract endoscopy 

This method is used in patients with a previous pri-
mary debridement, either at open laparotomy or
after the above technique, in whom residual sepsis
is suspected. In the operating room and under gen-
eral anesthesia, the previously sited drain or drains
are removed. Either flexible or a rigid endoscopic
system is used, depending on the suspected amount
of residual necrosis. Sinus tract endoscopy using a
flexible endoscope is tedious, and only small frag-
ments of necrotic tissue can be removed with each
pass of the endoscope. However, the advantage is
access to pockets of necrosis which can be limited
when using rigid endoscopic systems. For flexible

endoscopy, each tract is dilated to 45-French using a
balloon dilator. A flexible endoscope is then passed
through the skin opening. Irrigation and suction
allows fluid collection to be cleared, and residual
solid necrotic tissue or adherent slough can be teased
away using a variety of endoscopic instruments. At
the end of the procedure, a tube drain is placed in
the cavity, after which lavage begins again.

Minimal access retroperitoneal pancreatic
necrosectomy

This method was described by Rarity et al. Under CT-
guidance a 12-French pigtail catheter was inserted
into the infected cavity. After moving the patient to
the operating room, the catheter was exchanged over
a guide wire with serial dilators to 30-French size. A
nephroscope was then used for access, and metal for-
ceps used for piecemeal removal. Two drains were
placed for irrigations (23). The same group has shown
significant benefits for a minimal access approach
including fewer complications and deaths compared
with open necrosectomy (24).

Laparoscopic debridement 

Laparoscopic debridement is performed with laparo-
scopic visualization followed by necrosectomy through
separate ports. Laparoscopic debridement through
transperitoneal route has gained little acceptance
because of the risk of disseminating retroperitoneal
infection into the peritoneal cavity. There have been
only a few case series related to the laparoscopic
approach. Parekh described using three ports for
access: a hand access device and two standard laparo-
scopic ports. Access to the retroperitoneum was
obtained either through an infracolic approach or the
greater omentum between the stomach and colon.
Gentle finger dissection was used for debridement,
and several drains were left for postoperative drainage
(25). Zhu et al. described using at least four standard
ports, and going through the gastrocolic ligament to
approach the pancreas. A special retractor was used to
elevate the stomach for exposure. Many drainage
tubes were used for postoperative lavage (26).
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The laparoscopic approach may be theoretically
suitable late in the course of the disease for patients
with WON who has to undergo simultaneous chole-
cystectomy. However, it should be undertaken only
by highly experienced minimally invasive surgeons. 

CHOLECYSTECTOMY

All patients with pancreatitis should have a US of
the gallbladder performed. If gallstones or sludge
are present, a cholecystectomy should be planned.
Patients undergoing VARD should have a laparo-
scopic cholecystectomy within six months following
complete resolution of the peripancreatic collections
and inflammatory process. Patients undergoing a
transperitoneal open or laparoscopic necrosectomy
may have a cholecystectomy attempted at the time of
their surgery; however, it may not be possible to per-
form a safe cholecystectomy when there is a large
amount of necrosis because of significant inflamma-
tion in the portal vein.

POSTOPERATIVE LAVAGE 

With both the minimally invasive and open necrosec-
tomy procedures, postoperative lavage can be per-
formed. Saline or Ringer’s lactate is continuously
infused in through a percutaneous drain at about 100-
200 mL/hour and passively drains out through other
drains. Postoperative lavage is continued for up to five
days or until the effluent is clear. Following the lavage
period, all drains are opened to gravity drainage. A CT
scan is first obtained two weeks postoperatively to eval-
uate the collections. Criteria for drain removal include
all the following: 

complete resolution of retroperitoneal collections–
on contrast-enhanced CT scan,
drain outputs of 10mL/day or less, and–
absence of elevated amylase levels in the drain–
effluent.

COMPLICATIONS 

The main complications of pancreatic necrosectomy
include: 

perioperative hemorrhage,–
enteric fistulas (including gastric, small bowel,–
and large bowel),
pancreatic fistulas, most often from a disconnec-–
ted duct (‘orphaned tail’),
incisional hernias, and–
pancreatic endocrine and exocrine insufficiency.–

Bleeding occurs if vessels traversing the cavity are
debrided or disrupted or by using the suction device
too aggressively. Structures traversing the cavity that
do not easily fracture with gentle blunt pressure are
blood vessels unless proven otherwise and should be
left undisturbed. If significant hemorrhage is detected,
the first step is to tightly pack the retroperitoneal
wound and wait. This is often sufficient to stop most
bleeding and to gain hemodynamic stability. Adjunctive
use of angiographic embolization should also be
strongly considered. Dissection of the indurated and
inflamed tissues of the retroperitoneum is discouraged
as this will frequently result in further hemorrhage.
The distorted anatomy also makes routine exposure
techniques extremely difficult. If packing does not
quickly control bleeding in VARD, there should be a
low threshold for performing an open laparotomy with
retroperitoneal packing followed by angiographic
embolization. 

Visceral injury to the left colon during VARD is best
avoided by accessing the retroperitoneum under direct
vision and utilizing preoperatively placed drainage
catheters as a digital manual road-map into the cavity.
Blunt finger dissection also facilitates safe entry into
the cavity, minimizing the risk of visceral injury.
Despite careful technique, patients will still develop
enteric fistulas. Fistulas may require prolonged PD,
but almost all fistulas will close without surgery.
Patience is required since most enteric fistulas will not
close until all collections are drained, and the patient is
anabolic and has a normal serum albumin which may
take months. Most pancreatic fistulae can also be
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treated with patience and PD. Persistent pancreatic fis-
tulas are treated with a distal pancreatectomy of the
orphaned tail (10, 27).

IS NECROSECTOMY OBSOLETE FOR
INFECTED NECROTIZING
PANCREATITIS? 

Necrosectomy has been a mainstay of surgical proce-
dures for infected necrotizing pancreatitis. Currently,
the management of necrotizing pancreatitis has under-
gone a paradigm shift toward minimally invasive tech-
niques for necrosectomy, obviating the need for open
necrosectomy in most cases (28). There is increasing
evidence that minimally invasive approaches are asso-
ciated with improved outcomes over traditional open
necrosectomy (18–28). A recent international mul-
tidisciplinary consensus conference emphasized the
superiority of minimally invasive approaches over
standard open surgical approaches (9). 

Recently, however, increasing evidence on the efficacy
of endoscopic technique shows good outcomes when
treating walled-off necrotizing pancreatitis without a
necrosectomy (29). Moreover, a simple PD can elimi-
nate the need for necrosectomy in many patients. The
success of these drainage-only procedures raises the
question of whether necrosectomy is obsolete. With
further refinement of the drainage procedures, a
paradigm shift from necrosectomy to drainage might
be inevitable (30).

CONCLUSIONS

The treatment of necrotizing pancreatitis has under-
gone significant advances. Many lessons have been
learned from the stalwart work done by surgeons in
the past century. Changes over that time include
improved intensive care, a move toward delayed
surgery to after four weeks from the onset of symptoms,
and the use of percutaneous drains and other minimal
access techniques. With these advances, patients are
experiencing a much lower morbidity and mortality
than in the past. The less invasive approach can poten-
tially keep an infection compartmentalized, specifically

avoiding contamination of virgin spaces, such as the
peritoneal cavity. It may reduce systemic inflammatory
and septic response as a consequence of a major open
operation and release of infected necrosis. 
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Review article

ABSTRACT

Severe acute pancreatitis is a clinical disorder associated
with significant morbidity and mortality. The main
characteristic of the disease is severe systemic inflam-
mation which can be complicated by multiple organ
failure and infection of pancreatic necrosis. Repeated
assessment of acute pancreatitis severity based on clin-
ical signs, intensive care monitoring, blood tests and
imaging tools should be performed to determine the
optimal way of treatment for each patient. Infectious
complications in severe acute pancreatitis are important
problem and have an impact on outcome in patients
who survived the first inflammatory hit of the disease.
Diagnosis of infected pancreatic necrosis is often chal-
lenging, but should not delay adequate treatment,
which consists of source control and antimicrobial
agents. At this moment, the only rational indication
for antibiotic treatment is documented infection.
Surgical treatment of severe acute pancreatitis is nowa-
days delayed and includes minimally invasive tech-
niques. Postoperative care of patients with severe
acute pancreatitis is oriented towards supportive treat-
ment and prevention of complications. 

INTRODUCTION

Severe acute pancreatitis (SAP) is severe inflamma-
tory disorder associated with significant morbidity
and mortality. According to different studies, mortality
from SAP ranges from less than 10% to more than
80% (1). Early phase of SAP is characterized by severe
systemic inflammatory response and subsequent mul-
tiple organ failure. In later stages, SAP can be compli-
cated by infection of pancreatic and peripancreatic
necroses and sepsis which further deteriorate multiple
organ dysfunction. Surgical management of SAP was
the gold standard of therapy in previous decades.
Lately, this approach has changed due to many
reports of better survival in patients in whom surgical
treatment was delayed or was minimally invasive.
Nevertheless, surgery should be performed in some
patients. The main goals of postoperative management
are to provide adequate supportive treatment and to
prevent or timely recognize complications. Approach
to postoperative intensive care management of patients
with SAP is reviewed in this article. 
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IDENTIFICATION AND TREATMENT
OF ORGAN DYSFUNCTION

Circulation

Extensive hemodynamic monitoring of patients with
SAP is important not only in postoperative period
but in general. Systemic inflammatory response syn-
drome (SIRS) is present from the beginning of SAP
(1, 2). Postoperatively, hemodynamic instability results
not only from severe inflammation but can be a con-
sequence of severe postoperative bleeding or sepsis.
PiCCOTM and LidcoTM technology and rarely Swan-
Ganz catheter (in the case of heart failure and acute
respiratory distress syndrome (ARDS)) are used for
continuous hemodynamic monitoring. Echocardiog-
raphy is also used for non-invasive evaluation of cir-
culatory status of such unstable patient. In the early
stage of SAP, it is important to stabilize the patient
with adequate fluid resuscitation. Inadequate fluid
resuscitation and consequent prolongation of shock
aggravate organ failure, which is strongly related to
early mortality (3, 4). Postoperatively, the main con-
cern should be not to overload the patient with intra-
venous fluids. Vigorous fluid resuscitation that was
used in the past is nowadays not acceptable anymore
because of many negative side effects which can de-
teriorate patient’s status (aggravation of intra-abdom-
inal hypertension (IAH) with deterioration of abdom-
inal organ blood flow and their function). Endpoints
of randomized controlled trials (RCT) are that con-
servative fluid resuscitation in comparison to liberal
is associated with lower incidence of organ dysfunc-
tion (odds ratio 0.69) and lower mortality (odds ratio
0.40) (5). Most of such patients are mechanically ven-
tilated, and fluid resuscitation should be applied to
maintain stroke volume variability (SVV) or pulse
pressure variability (PPV) around 10% which indicate
euvolemic status. SVV and PPV are both dynamic
variables of preload and are superior in mechanically
ventilated patients in comparison to static variables
(for example central venous pressure, intra-thoracic
blood volume index, global end-diastolic volume in-
dex) (6, 7). After optimization of patient’s fluid status,
mean blood pressure of 65 mmHg should be main-

tained by the use of vasoactive drugs. Urine output
should be kept at least 0.5 mL/kg/hour while moni-
toring pulse, blood pressure, oxygen saturation, and
blood tests. Balanced electrolyte infusions (Ringer
lactate) are recommended by IAP/APA (International
Association of Pancreatology/American Pancreatic
Association), while some studies indicate increased
mortality in SAP if colloid infusions are used (8, 9,
10). In some cases, specific electrolyte solutions are
used to correct electrolyte disturbance. 

Ventilation

Acute respiratory failure (ARF) in SAP is usually a
combination of hypoxemic and hypercapnic ARF.
Hypoxemia is a result of capillary endothelial and alve-
olar epithelial damage, which promote development of
ARDS. These changes are surrogate for ventilation-
perfusion mismatch, for decrease of diffusion capaci-
tance for oxygen and formation of right-left intrapul-
monary shunt. On the other hand, ileus, ascites and
meteorism of gut increase intra-abdominal pressure
(IAP) which together with pleural effusions decreases
compliance of respiratory system. This increases work
of breathing which causes exhaustion of respiratory
muscles, leading to hypercapnic respiratory failure.
Patients with SAP suffer from severe pain, and con-
comitant use of strong opioid analgesics can depress
respiratory drive and aggravate hypercapnic ARF. In
mild forms of acute pancreatitis, non-invasive ventila-
tion can be performed but only in hypoxemic type of
ARF, while in SAP the ventilatory support is mostly
invasive and is completely based on algorithms for pro-
tective lung ventilation. All approaches that are usually
used in ARDS patients for setup ventilation parameters
(see below) can also be used in patients with ARDS
caused by SAP. Prone positioning is relatively con-
traindicated in case IAP is high or if intra-abdominal
operation with negative pressure wound therapy inser-
tion was performed. The primary targets for ARDS
treatment are to ensure adequate gas exchange while
minimizing the risk of ventilator-induced lung injury.
Both pharmacologic (muscle relaxation by using neu-
romuscular blocking agents, inhaled vasodilators, cor-
ticosteroids) and non-pharmacologic strategies (lung
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recruitment, positive end-expiratory pressure (PEEP)
selection, tidal volume setting, O2 and CO2 target
matching protective ventilatory strategies, prone posi-
tioning and extracorporeal assistance) are used to
reach this objective (11, 12). The gravity is the main
reason for collapsing dorsal part of lung parenchyma
in ARDS patient. This phenomenon is even more pro-
nounced in extra-pulmonary ARDS as is the case in
SAP where elevated diaphragm, because of IAH, com-
presses lung tissue even more. IAH has serious impact
on function of respiratory as well as peripheral organs.
In the presence of alveolar capillary damage, which
occurs in ARDS, IAH promotes lung injury as well as
oedema, impedes the pulmonary lymphatic drainage,
and increases intra-thoracic pressure, leading to atelec-
tasis, airway closure and deterioration of respiratory
mechanics and gas exchange. In these regions, during
each breath cycle, the lung tissue opens during inhala-
tion and collapses during exhalation, causing the for-
mation of atelectrauma. Talmore et al. described a pro-
tocol of PEEP adjustment by using transpulmonary
pressure (PTP) (difference between airways (PAW) and
oesophageal (PESO) pressure) which must be positive at
the end of expiration to prevent atelectrauma to occur
(13). PESO is usually measured at the level of the heart.
It very closely reflects the pressure in surrounding col-
lapsed lung tissue. PESO is not the same as pleural pres-
sure, but it is very closely related to changes in pleural
pressure. In this study, PEEP setting guided by PESO

improved oxygenation, respiratory system compliance
and cumulative survival in comparison to conventional
protocol guided by ARDSnet PaO2/FiO2 tables. At the
moment, there is lack of data from RCT on how to
manage ARDS patients with IAH although some sug-
gestions have been made. According to these, optimal
ventilator management of patients with ARDS and
IAH would include the following: a) measurement of
intra-abdominal and PESO and hemodynamic monitor-
ing; b) ventilation setting with protective tidal volume,
recruitment manoeuvre, and level of PEEP set accord-
ing to the ‘best’ compliance of the respiratory system
or the lung; c) deep sedation with or without neuro-
muscular paralysis in severe ARDS; and d) open
abdomen in selected patients with severe abdominal
compartment syndrome (14, 15). 

Intra-abdominal hypertension

Incidence of IAH in SAP is between 60–85% (16).
This high incidence is the reason that IAP should be
measured in each SAP patient admitted to intensive
care unit. Main reasons for IAH in SAP are inflam-
matory process in retroperitoneal space, formation
of ascites and ileus. Four levels of IAH are described
by World Society for Abdominal Compartment
Syndrome (WSACS): grade I IAP 12–15 mmHg; grade
II: IAP 16–20 mmHg; grade III: IAP 21–25 mmHg;
grade IV: IAP > 25 mmHg. For normal function of
abdominal organs the abdominal perfusion pressure
(APP), defined by the difference between mean
arterial pressure (MAP) and intra-abdominal pres-
sure (APP = MAP – IAP), should be ≥ 60 mmHg.
ACS is present when IAP above 20 mmHg and
APP ≤ 60 mmHg is accompanied by failure of at least
one organ (most frequently associated with decrease in
diuresis pointed out as acute renal failure) (17). The
other important moment is the speed of IAH develop-
ment. In acute development (in a few hours), ACS can
occur at lower or higher levels of IAP and APP. When
IAH develops within several weeks or months (like in
pregnancy or obesity), ACS does not occur. 

In patients with SAP, IAP should be measured each
4–6 hours. In daily practice, IAP is measured by using
additional pressure setup placed on urinary catheter
which is inserted into urinary bladder. Alternative
approach is to insert additional balloon catheter into
the stomach or to insert commercially available
NutriVentTM probe which allows to measure PESO,
needed for PTP calculation, and gastric pressure (PGA)
which represents intra-abdominal one (18). 

With non-surgical approaches, the IAP should be
kept ≤ 15 mmHg and APP ≥ 60 mmHg with no signs
of intra-abdominal organ failure. Non-surgical proce-
dures for lowering IAP are:

Improving compliance of abdominal wall:1.
adequate analgesia and sedation,•
inclination of upper body < 20°,•
use Trendelenburg position if possible, and•
the use of neuromuscular blocking agents.•
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Removal of content from intra-abdominal cavity:2.
gastric and gut decompression by insertion•
of nasogastric or rectal tube,
the use of prokinetic drugs (neostigmine),•
the use of enema,•
reduction or abolishment of enteral feeding,•
colonoscopic decompression, and•
insertion of urinary catheter.•

Optimization of fluid resuscitation:3.
avoid excessive fluid infusion,•
the use of hypertonic or colloid solutions,•
the use of diuretics in hemodynamically•
stable patients, and
in the case of oliguric or anuric acute renal•
failure replacement renal therapy should
be used.

Optimization of systemic and regional organ4.
blood flow:

continuous hemodynamic monitoring for•
optimization of preload and the use of ino-
tropic/vasoactive drugs for optimal oxygen
delivery, and
optimal ventilation (see above).•

In case of secondary ACS where IAP, despite non-sur-
gical interventions, is above 20 mmHg and organ fail-
ure occurs, surgical methods for abdominal decom-
pression have to be employed. Surgical laparostomy
should be performed either by median laparotomy or
even more frequently by bilateral transversal laparo-
tomy (19, 20). Three different methods for temporary
laparostomy formation are currently used: a) technique
for skin closure; b) technique for fascia closure; c) clo-
sure technique by continuous negative pressure in
use (VAC technique). 

Infection control

More than 80% of patients with SAP die due to sec-
ondary infections of pancreatic and peripancreatic
necrosis (21). Main source of infection is intestinal
microbiota, which is translocated to pancreatic tissue
from hyperpermeable gut during systemic inflamma-
tion. The most common pathogens are Escherichia
coli (26%), Pseudomonas spp. (16%), Staphylococcus

spp. (15%), Klebsiella spp. (10%), Proteus spp. (10%),
Streptococcus spp. (4%), Enterobacter spp. (3%),
Enterococcus spp. And anaerobic bacteria (16%). By
rule, fungal superinfection occurs late in the disease
course, usually several weeks to months after the
beginning of inflammation (8). 

At the moment there is lack of data on effectiveness of
prophylactic antibiotic treatment (22). In the review
article by Villatoro et al. which included seven RCTs
with 404 patients, there was no significant difference
in mortality between patients who received prophylactic
antibiotic treatment versus patients who received
placebo (8.4% versus 14.4%, non-significant). At the
same time, there were no differences in the amount of
infected necrosis between the groups (19.7% versus
24.4%, non-significant). There was only significant
reduction in overall infection rate in the group that
received treatment (37.5% vs. 51.9%). When fluoro-
quinolones in combination with metronidazole were
used, there were no differences in mortality rate, inci-
dence of secondary pancreatic necrosis infections and
incidence of overall infections rate, respectively. On
the other hand, when imipenem was used instead,
there was significant reduction in incidence of sec-
ondary pancreatic necrosis infections, but again without
any impact on survival. Conclusion of the study was
that there were not enough data to support prophylactic
use of antibiotics in SAP (23). In 2012 another meta-
analysis in SAP was published and failed to confirm
positive effect of prophylactic antibiotic treatment on
survival rate. They calculated that 1429 patients have
to be treated by antibiotics to prevent one death (24).
Similar data were published by Wittau et al. in another
meta-analysis of 14 RCTs and no differences were
observed in mortality rate, the incidence of infected
pancreatic necrosis and non-pancreatic infection, as
well as the rate of surgical interventions between treat-
ment and control group (25). In a prospective random-
ized study by Maravi-Poma et al., incidence of local
and systemic mycoses was tripled in SAP patients who
received prolonged antibiotic treatment (26). Improper
use of antibiotics increases the incidence of antibiotic-
associated diarrhea and diarrhea caused by Clostridium
difficile. As side effects of prophylactic antibiotic treat-
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ment seem to outweigh its benefits, routine use of
antibiotics in SAP cannot be recommended (27).

The only rationale for antibiotic use in SAP is proven
infection of pancreatic necrosis (8). Clinically, it is
very difficult to distinguish between sterile and
infected necrosis. Infected pancreatic necrosis should
be suspected when prominent SIRS persists for more
than 7–10 days and if clinical condition worsens. In
this case, CT-guided fine needle aspiration of sus-
pected infected pancreatic or peripancreatic tissue
should be performed. Pancreatic necrosis is present
when bacteria are isolated from this material or
when air inclusions are seen on CT scan. If percuta-
neous drainage of such areas is planned, CT-guided
fine needle aspiration is not necessary. 

At the moment, there is lack of data for empirical
antibiotic treatment recommendation. Some studies
favor imipenem and ertapenem, which penetrate pan-
creatic tissue very well and reach the tissue concentra-
tion above minimal inhibitory concentration for bac-
teria, most frequently found in pancreatic necrosis
(28, 29). Similar data are available for moxifloxacin
(30). In vitro efficacy of all three antibiotics against
bacteria most often isolated from pancreatic necrosis
(E. coli, Enterobacter cloacae, Enterococcus faecalis
and Bacteroides fragilis) were very similar to each
other, with only moxifloxacin being more efficient
against E. cloacae, E. faecalis and anaerobic bacteria
in mixed cultures (31). Precise data about length of
the treatment are not available. Most authors suggest
that treatment should be continued at least fourteen
days after removal of infection source (8, 27, 32). 

Mortality of SAP patient with infected pancreatic
necrosis is up to 30% and is in 80% related to septic
complications. In patients with infected pancreatic
necrosis and multiple organ failure without surgical
treatment, mortality is close to 100% (33). Mortality
decreases if surgical procedures are employed. Dutch
researchers published data about decreased mortality
in patients where step surgical approach was used
(percutaneous drainage or endoscopic transluminal
drainage followed by minimally invasive retroperi-

toneal necrosectomy). If possible, surgical procedures
should be delayed by the fourth week. In that time,
pancreatic necrosis is expected to be surrounded by
granulation tissue (34). Pancreatic abscess can occur
late in the course SAP. Antibiotic treatment in com-
bination with percutaneous drainage is usually suffi-
cient treatment option. In case abscess persists, surgi-
cal drainage should be performed. For SAP in associ-
ation with cholangitis, urgent endoscopic retrograde
cholangiopancreatography (ERCP) is indicated in the
first 24 hours while for the rest of the biliary pancre-
atitis there is lack of data for identification of proper
period when ERCP should be performed (8).

Most common infection complications after pancreatic
necrosectomy are infection of the remaining pancreatic
tissue and common hospital infections such as venti-
lation-associated pneumonia, catheter-related infec-
tions, etc. Behrman et al. reported 17.8% occurrence
of postoperative pancreatic infections in patients after
elective pancreatic necrosis resection. Polymicrobial
infections were seen in 55% of patients. Prolonged
use of vancomycin was associated with occurrence of
vancomycin-resistant enterococci (35).

Nutrition

Optimal nutritional support in SAP has been under
debate for decades. Bowl at rest (nothing by mouth)
strategy has been implemented conventionally to
treat SAP (36, 37, 38). However, dietary restrictions
exacerbate patient’s malnutrition due to imbalance
between reduced food intake and higher nutritional
requirements, leading to further catabolism, bacterial
translocation (39), and ultimate mortality (40).
Evidence of clinical trials has demonstrated parenteral
nutrition (PN) in preventing pancreatic stimulation
and many benefits of enteral nutrition (EN). However,
in daily practice, it remains challenging to predict
whether EN will be tolerated in patients with acute
pancreatitis (41). Strategic approaches to include
nutritional supplements have also been attempted to
provide additional immune regulatory and antioxida-
tive effects. Probiotics and prebiotics have been
shown to stabilize disturbed intestinal barrier.
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However, currently, there is no firm evidence that
probiotic use improves mortality in critically ill
patients (42, 43). Due to immunosuppressive and
inflammatory nature of the disease, immunonutrients
like glutamine and omega-3 fatty acids have been
added to parenteral or enteral formulas to modulate
immune functions, suppress the hyperinflammatory
responses, and re-establish tissue and organ home-
ostasis in clinical practice (44, 45). Supplements with
antioxidative properties like glutamine and vitamin
C have also been suggested to provide additional ben-
eficial effects (46). In a meta-analysis by Yao H et al.
where PN was compared with EN in SAP, EN was
associated with a significant reduction in overall mor-
tality (risk ratio 0.36, 95% CI 0.20–0.65, p=0.001)
and the rate of multiple organ failure (risk ratio 0.39,
95% CI 0.21–0.73, p=0.003). Author concluded that
EN should be recommended as the preferred route
of nutrition for critically ill patients with SAP (47). In
case oral feeding is not tolerated, enteral feeding
through a nasogastric or nasojejunal feeding tube
should be attempted within the first 72  hours of
administration. PN should be minimized for its risks
of infection and other complications. Only if enteral
route is not available or tolerated, PN may be consid-
ered. Overall, nutritional support plays a critical role
in clinical management of SAP, although the optimal
timing remains unclear. Predicting the nutritional
tolerance of patients with acute pancreatitis remains
challenging as the current evaluation system needs to
be improved. Various nutritional supplement(s) together
with PN or EN with currently mixed clinical outcomes
is a subject of interest for future evaluation and may
lead to promising outcomes (48). Another meta-
analysis compare early enteral nutrition (EEN) with
delayed ones (DEN) and conclude that EEN within 48
hours is superior to DEN beyond 48 hours for patients
with SAP; however, more studies are required to verify
this conclusion (49). Otherwise, nutrient requirements
for patients with SAP can be found in ESPEN
(European Society for Clinical Nutrition and
Metabolism) guidelines: a) energy 25–35 kcal/kg body
weight/day; b) protein 1,2–1,5 g/kg body weight/day;
c) carbohydrates 3–6 g/kg body weight/day corre-
sponding to blood glucose concentration between

6 and 10 mmol/L); d) lipids up to 2 g/kg body
weight/day corresponding to blood triglyceride con-
centration below 12 mmol/L (50).

Pain control

Pain is the main feature of acute pancreatitis and is the
main reason for admission of majority of patients (51–
53). There are no extensive studies on the pharmaco-
logical control of pain in acute pancreatitis which is
quite surprising given the importance of this symptom
during the disease. There is also lack of evidence
regarding degree of efficacy of the various pharmaco-
logical substances used to treat different forms of
acute pancreatitis. On the other hand, there are
several reports concerning the possibility that non-
steroidal anti-inflammatory drugs (NSAIDs) may actu-
ally induce acute pancreatitis (54–57). On the other
hand, NSAIDs have also been used to prevent ERCP-
induced acute pancreatitis (58). In meta-analysis by
Pezzilli et al., authors attempted to answer the
questions whether NSAIDs may induce acute pancre-
atitis, whether their prophylactic use can prevent post-
ERCP pancreatitis, and whether they are capable of
controlling pain in acute pancreatitis. They concluded
that: 1) there is a risk for acute pancreatitis associated
with the use of NSAIDs and, in clinical practice, it
seems that naproxen should be the preferred analgesic
in limiting the risk of development of acute pancreatitis;
2) both diclofenac and indomethacin may significantly
reduce the risk of acute pancreatitis after ERCP result-
ing in major clinical and economic benefits and,
finally, 3) NSAIDs are able to control the pain in
patients with acute pancreatitis. However, further clin-
ical studies on the best NSAID to be used in clinical
practice are needed. An example comes from the use
of diclofenac; this is a drug largely used to treat pain in
acute pancreatitis. It is useful in preventing post-ERCP
pancreatitis, but it is considered as major NSAID
responsible for inducing acute pancreatitis in general
population (59).

Acute pancreatitis is always very painful. There is
some drug options for treating pain, and stronger
analgesics (opioids) are often needed. Analgesics are
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usually given as infusion therapy or through epidural
catheter. Sometimes it is possible to adjust the dose of
the analgesics by patient himself (so-called patient-con-
trolled analgesia) where overdosing is less possible.

Opioids may be an appropriate choice for treatment
of acute pancreatitis pain. Compared with other anal-
gesic options, opioids may decrease requirement for
supplementary analgesia. There is currently no differ-
ence regarding risk of  pancreatitis complications or
clinically serious adverse events between opioids and
other analgesia options. Recently published meta-anal-
ysis on acute pancreatitis pain included five RCTs with
a total of 227 participants (age range 23–76 years; 65%
men) (60). Opioids assessed were intravenous and
intramuscular buprenorphine, intramuscular pethi-
dine, intravenous pentazocine, transdermal fentanyl
and subcutaneous morphine. Buprenorphine is non-
narcotic analgesic with effect superior to procaine
which, unlike procaine, does not exacerbate acute pan-
creatitis by inducing contraction of the sphincter of
Oddi (61). Buprenorphine has an analgesic effect sim-
ilar to that of pethidine. One RCT, comparing subcuta-
neous morphine with intravenous metamizole reported
non-significant reduction in improvement of pain
intensity (primary outcome) (risk ratio 0.50, 95% CI
0.19–1.33). Three studies compared analgesia using
opioids with non-opioid treatments. After excluding
one study in which opioids were used through contin-
uous intravenous infusion, there was a decrease in the
number of patients requiring supplementary analgesia
(risk ratio 0.53, 95% CI 0.30–0.93). In a single study,
there were no differences regarding the need of sup-
plementary analgesia between patients who received
buprenorphine or pethidine (risk ratio 0.82, 95% CI
0.61–1.10). There were no differences in pancreatitis
complications between the drugs tested. No clinically
serious or life-threatening adverse events occurred
related to treatment. No differences for this outcome
were found between opioid and non-opioid treatments,
or for type of adverse event (nausea-vomiting and som-
nolence-sedation). One death in the procaine group
was reported across all trials. One RCT comparing
pethidine with intramuscular buprenorphine reported
non-significant differences of supplementary analgesic,

adverse events, and survival. One RCT comparing fen-
tanyl with placebo found no difference in adverse
events. Findings of this review are limited by the lack
of information to allow full appraisal of the risk of bias,
measurement of relevant outcomes and small numbers
of participants and events covered by the trials.

Epidural anesthesia (EA) is widely used to induce anal-
gesia in the perioperative period and has been used to
decrease pain in patients with SAP (62). Also, experi-
mental studies have shown a specific beneficial effect
of EA in SAP attributed to a sympathetic nerve block-
ade that redistributes splanchnic blood flow to non-
perfused pancreatic regions (63, 64). First RCT on the
use of EA for treatment of acute pancreatitis showed
that there were no complications of epidural procedure,
no catheter-related infections, and no hemodynamic
complications during median time of EA of 5.7 days
(65). Authors were able to show a significant improve-
ment in arterial perfusion of the pancreas which was
observed in 13/30 (43%) measurements in the EA
group, and in 2/27 (7%) measurements in the control
group. In the EA group, none of the patients developed
clinical sepsis and only one needed intubation,
whereas, in control group, six patients needed intuba-
tion for acute respiratory distress (7.7% versus 27.3%
were intubated, respectively, p=0.22). Furthermore,
the use of antibiotics was not different between two
groups (61.5% of patients of EA group and 68.2% of
control group, p=0.689), nor was the duration of ther-
apy. During hospitalization, EA group developed nine
cases of loco-regional complications and 10 cases of
systemic complications compared to controls with 12
cases of loco-regional complications and 13 systemic
complications. Visual Analogue Scale evaluation
showed improvement in subjective pain during the
first 12 days in the EA group compared to the control
group, with a significant difference on day of EA
implementation and at ten days. The results for the
mean pain score on a scale 1–10 were before random-
ization 6.55 versus 7.31, p=0.57; after EA implementa-
tion 1.6 versus 3.5, p=0.02; at day one 0.57 versus 2,
p=0.06; at day five 1.86 versus 1.38, p=0.69; at day ten
0.2 versus 2.33, p=0.034; at day twelve 0 versus 2.8,
p=0.071. Conclusion of the study was that EA is a safe
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procedure which significantly increased blood flow to
the pancreatic gland with consequent lower develop-
ment of necrosis and suggest a trend towards improve-
ment of clinical outcome for patients with SAP.

CONCLUSION

In intensive care medicine, SAP remains to be a chal-
lenging clinical disorder with multiple complications
and high mortality. Main pathophysiological mecha-
nisms with impact on outcome are uncontrolled sys-
temic inflammatory response from the beginning
and infection of pancreatic necrosis in late phase of
the disease. Pre- and postoperative management of
SAP patients must offer intensive care monitoring
and supportive therapy. Timely recognition of poten-
tial complications, especially infections, improves
outcome of SAP.
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ABSTRACT

In recent years we witnessed dramatic changes in the
management of patients with acute necrotizing pan-
creatitis. We moved from open surgery which was
often performed too early in the course of disease to
less aggressive procedures, trying to delay surgical
treatment as long as possible. Surgery might be con-
sidered as an option in the early phase of the disease
only when abdominal compartment syndrome evolves
as a consequence of underlying disease and resuscita-
tion. Additionally, surgical treatment is required in late
phase for patients with proven infected pancreatic
necrosis and organ failure where other measures and
techniques have failed to improve patient’s condition.
For these patients, surgical debridement is still consid-
ered the treatment of choice. The strategy of a ‘step-
up’ approach, performing first percutaneous or even
endoscopic drainage of infected collections, and con-
tinuing with surgical procedures through new access
routes (preferably retroperitoneal) or endoscopic necro-
sectomy in case of absence of improvement, has been
now widely adopted. These concepts require a multi-
disciplinary approach to acute necrotizing pancreatitis
regarding open necrosectomy in the management of

severe acute necrotizing pancreatitis. The ‘step-up’
approach significantly reduced morbidity and mortality
in acute necrotizing pancreatitis when compared to
primary surgical intervention. Patients have to be
referred to reference centers where all the needed
recourses, knowledge and logistics is available.

INTRODUCTION

Acute pancreatitis (AP) is associated with an overall
mortality of about 5% and due to an incidence
between 30 and 45/100.000 people per year; it is a
frequent and potentially fatal disease (1, 2). In most
cases, AP represents a mild, self-limited disease but
in 15–25% severe acute pancreatitis (SAP) develops,
manifested with pancreatic parenchymal and peri-
pancreatic tissue necrosis (3). The mortality, however,
depends on disease severity and may be as high as
20% in patients with severe and complicated pancre-
atitis (1, 3). Pancreatic necrosis (PN) accounts for
substantial additional morbidity, with mortality rates
remaining as high as 10–20% despite the advances
in critical care (3). Characteristics of moderate and
severe pancreatitis are local or systemic complica-
tions. Local complications include acute peripancre-
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atic fluid collections, pancreatic pseudocysts, acute
necrotic collections and walled-off necrosis (WON).
Acute necrotizing pancreatitis (ANP) evolves in
about 10–30% of the patients with AP and is associ-
ated with a particularly poor outcome (1, 3). The
clinical course of SAP is divided in two phases. An
early inflammatory phase that lasts first two weeks,
and a late phase after the first two weeks marked by
infectious complications. Mortality rates in the event
of infected ANP increase up to 30% with surgical
intervention and nearly 100% in the absence of any
intervention (4).

Historically, early open surgical intervention with
laparotomy for extensive PN had been broadly adopted.
Nearly all patients with ANP have been treated with
open necrosectomy (ON). ON used to be performed
early in the course of the inflammation, even in
patients with sterile necrosis (5). However, due to a
high morbidity and the need of repetitive laparotomy,
outcomes were unsatisfactory (6). During the last
decade, several studies showed better outcome for less
invasive treatment approaches including transgastric
and percutaneous drainage or endoscopic necrosec-
tomy (ENS). Nowadays, it is accepted that intervention
is only indicated if infected necrosis is suspected and
that intervention should be delayed for at least 3–4
weeks after onset of pancreatitis if possible. The so-
called step-up approach consisting of conservative
treatment followed by drainage and minimally invasive
interventions results in a decrease in overall morbidity
and defines the recommended standard care of
therapy nowadays (7).

The most common indication for surgery of PN is
infection which can be accompanied by single or
multiple organ failure. It is a rare event during the
first week of clinical course. Secondary infection of
PN develops later in 40–70% of patients with a
mortality rate greater than 20%. Infected PN is
found in 80% of patients dying from AP. In
contrast, mortality for sterile PN is low and can be
successfully treated by a conservative approach,
although surgery might be required for late compli-
cations or persistent ANP (8).

The diagnosis of infected PN is based on the presence
of sepsis with CT findings of extraluminal gas in
necrotic areas of pancreas and surrounding tissue.
Diagnosis is confirmed by positive cultures of percuta-
neous fine-needle aspirates of necrosis and fluid. A
persistent single or multiple organ failure refractory to
supportive treatment may also constitute an indication
for surgery. Several studies have shown that, oppositely
to what happens when infection constitutes the indica-
tion for surgery, necrosectomy does not provide a sig-
nificant benefit regarding mortality, and thus, it must
be considered as the last resource in a patient in whom
medical treatment does not result in improvement (9).
Indication for surgery in ANP must derive from the
need to control complications and not to influence the
inflammatory process itself. The intention of every
procedure must be removal of all necrotic and
infected tissue. Number and localization of fluid col-
lections and viscosity of the content are determin-
ing factors for the selection of the best therapeutic
approach. Morbidity associated to open pancreatic
debridement includes pancreatic fistula (50%), endo-
and exocrine pancreatic failure (20%), intestinal fistula
(10%) and the common prolonged hospitalization and
delay in the incorporation to daily life activities (10).

In surgical approach, debridement is preferred over
resection because it preserves the most of functional
pancreatic tissue. Resection is often technically impos-
sible and is associated with unacceptable morbidity
and mortality in patients with ANP (10). The best
results are obtained when the indication for surgery
may be delayed up to one month after the onset of the
clinical symptoms. Unless evident infection of necrosis
exists, survival improves as the surgical procedure is
postponed. A better demarcation of necrosis and its
conversion to WON involves less bleeding and less
removal of viable tissues during surgical procedure (9).

Two different treatment strategies define the timing
of the surgical approach for a patient with ANP. ‘Step-
down’ consists of immediate surgical approach when
there is an established indication, and later a more
conservative treatment for the residual disease.
Currently, there is increasing evidence in the literature,
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that a ‘step-up’ concept, where more conservative pro-
cedures (percutaneous, laparoscopic or endoscopic)
constitute the initial treatment of patients with ANP
and a final surgical ON is performed later in the
course of disease, and only when necessary, is superior
to the ‘step-down’ concept regarding the survival and
morbidity.

RATIONALE AND TIMING OF
NECROSECTOMY

Intention of necrosectomy performed with preservation
of remaining vital pancreatic tissue is to accomplish
locally focused control of necrosis and ascites from the
lesser sac and the peritoneal cavity. Continuous lavage
of the lesser sac and peritoneal cavity influences the
systemic inflammatory response and has been shown
to be a useful adjunct of necrosectomy (11). This
diminishes or interrupts the devastating progress of
inflammation and absorption or systemic release of
various inflammatory mediators that account for
remote organ failure (12).

Also, necrosectomy should be restricted to patients
with PN in whom conservative, endoscopic or inter-
ventional treatment has failed. Development of multi-
ple organ dysfunction syndrome (MODS) or even fail-
ure (MOF) frequently complicates the early phase of
the disease, but half of these patients respond well to
conservative management (13). Therefore, prolonged
intensive conservative treatment is essential for the
selection of patients who do not require surgery. The
effectiveness of necrosectomy in patients with PN is
also directly related to the grade of demarcation of
necrosis. Demarcation develops at the end of the 2nd

week after symptom onset (14). The presence of
infected PN is nowadays a uniformly accepted indica-
tion for drainage, interventional or surgical. However,
this indication for surgery has also been challenged,
and even some patients with infected PN can be
treated conservatively, and extended conservative
treatment protocols may result in a favorable out-
come (15). In critically ill patient with infected PN, it
remains to be proven how much conservative treat-
ment someone can bear before interventional or sur-

gical techniques becomes necessary to prevent further
deterioration of patient’s condition. Deterioration
with MODS and MOF can occur in SAP within a few
hours or days after the onset of symptoms. In the
past, early surgical intervention was favored. However,
outcomes were rather disappointing and associated
with mortality rates of up to 65%. When comparing
early (within 72 hours of symptoms) with late (at least
12 days after onset) pancreatic debridement in
patients with ANP, mortality rates were 56% and
27%, respectively (16). Every effort should be made to
avoid surgical intervention in the first two weeks even
in the presence of MOF and withholding of necrosec-
tomy until four weeks (17). Nowadays, there is general
agreement that surgery in ANP should be performed
as late as possible (8). The late phase, two weeks after
the onset of the disease, is agreed to provide optimal
operative conditions with well demarcated necrotic
tissue. Procedures should be limited to pure debride-
ment and only one single intervention. This approach
decreases the risk of bleeding, perforation of intestine
and occurrence of intestinal fistula, minimizes the
loss of vital pancreatic tissue, and thus reduces the
rate of endocrine and exocrine pancreatic insuffi-
ciency. Only in the case of proven infected necrosis,
uncontrollable intraabdominal hypertension with com-
partment syndrome or in the presence of rare compli-
cations, such as massive bleeding or bowel perforation,
early surgery is justified in patients with SAP.

OPEN PANCREATIC NECROSECTOMY

During the last decades, numerous surgical procedures
in SAP has been proposed for the surgical manage-
ment of SAP, from minimally invasive to extensive
resections. Neither of them accomplished a significant
reduction in the overall mortality of SAP (16). The
reason for such disappointing results is linked to the
fact that none of these treatment protocols sufficiently
addressed the underlining pathophysiological mecha-
nisms of the disease. 

It is obvious that appropriate operative technique for
the treatment of ANP is not resection but should con-
sist of careful removal of PN and preservation of vital
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pancreatic tissue and organs in vicinity. This concept
resulted in decreased mortality rates that were originally
greater than 50%, to about 20% (18). However, despite
these improvements, recurrent sepsis after necrosec-
tomy because of inadequate drainage or incomplete
necrosectomy, continues to pose a major drawback.
Currently, necrosectomy aims to remove the focus of
necrotic and infected tissue so that further complica-
tions are avoided by limiting the inflammatory process.
This can be achieved with minimal injury to vital pan-
creatic tissue and organs in vicinity and maximization
of postoperative removal of pus, necrotic remnants,
and fluid with pancreatic exocrine secretions and
other inflammatory mediators (19).

ON was considered as the standard gold treatment for
decades, and it was usually associated to a therapeutic
‘step-down’ approach. Traditional ON through a mid-
line or subcostal bilateral incision consists of assess-
ment of the entire abdominal cavity, debridement of
the necrotic pancreatic tissue and the access to lesser
sac and pancreatic area through the hepatogastric and
gastrocolic ligament or by a transmesenteric access
through the transverse mesocolon, depending on
necrosis extension and localization. Once the necrosis
is exposed and samples for bacterial and fungal cul-
tures taken, debridement is carried out bluntly. After
all loose debris has been removed, the retroperitoneal
cavity is irrigated. Whenever it is possible adequate
debridement should be achieved within a single pro-
cedure. Once the necrosectomy has been performed,
the options that were described are: 

Closure of the abdominal wall over drains and–
‘relaparotomy on demand’ depending on clinical
course (20);
Scheduled laparotomies with repeated lavage,–
usually every second day, until debridement has
been completed. Open abdomen and temporary
abdominal closure techniques are recommended
when this approach is selected, but scheduled
laparotomies closing the abdomen after each revi-
sion have also been reported (21);
Necrosectomy combined with open packing (22);–
Necrosectomy combined with closed packing–
(23);

Closed technique with abdominal wall closure–
over lavage system with large-bore drains in the
pancreatic area (24);
Focused open necrosectomy (FON) with US gui-–
dance (25);
Necrosectomy with scheduled re-explorations–
combined with open abdomen treatment and
temporary abdominal closure with negative pres-
sure wound therapy with instillation (NPWTi) in
retroperitoneum.

Currently closed technique of ON with abdominal wall
closure over lavage system in the pancreatic area is the
most recommended option based on mortality below
10%. This is significantly inferior to those associated to
the rest of the techniques except to the NPWTi tech-
nique. Comparing different methods of ON is difficult
because of the heterogenicity of patients and surgeons
(9, 10, 26). Although necrosectomy is performed in a
more or less identical fashion, the techniques differ in
the way they provide exit channels pus and infected
debris. In some techniques drainage of the retroperi-
toneum is active, combined with either continuous
lavage or intermittent soaking. Series of patients
treated with ON at experienced care centers showed
mortality rates below 15% for all techniques. Results
of different techniques of ON are presented in Table 1.

On-demand relaparotomy

When adequate debridement is achieved during ON
within a single procedure, drains are placed in
retroperitoneum, or abdominal cavity and abdominal
wall is closed. If adequate source control is achieved
no further re-laparotomies are needed. Relaparotomy
is only performed in patients with clinical deterioration
or lack of clinical improvement with a likely intra-
abdominal cause. Other infections must be ruled out
using laboratory tests, imaging modalities, or both.
Deterioration after the previous procedure is consid-
ered in case of ACS, intra-abdominal bleeding with
hemodynamic instability, burst abdomen, perforation
of visceral organ, anastomotic leakage, ischemia or
necrosis of a visceral organ and finally intra-abdominal
abscess that cannot be drained percutaneously.
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Scheduled laparotomies with repeated
lavage 

The necrotic space is unroofed in a controlled fashion,
with care to protect neighbouring vital anatomical
structures. Necrosectomy is carried out by a non-
aggressive, blunt dissection without inducing hemor-
rhage. All necrotic tissues amenable to debridement
are removed at the initial procedure. After necrosec-
tomy and irrigation of the debrided areas, abdominal
wall closure is performed. Fascia can be sewn, and
abdominal wall closed. Contemporary approach is to
leave abdomen open and to temporarily close the
abdominal wall with one of the temporary abdominal
wall closure techniques. Negative pressure wound clo-
sure techniques, especially V.A.C ® with ABThera™
dressing (KCI, San Antonio) are most often used with

currently the best results regarding the survival rate
and frequency of delayed primary fascial closure (27).
Reoperation is performed 48 hours after the initial
procedure, and additional necrosectomy and debride-
ment are performed as needed. Procedures are
repeated at 48 hours intervals until source control has
been achieved. When all necrotic debris has been
removed, the abdomen is closed over drains.

Necrosectomy combined with open
packing

The open packing technique is based on the continu-
ous re-exploration principle, with open lavage of the
necrotic areas. After debridement, the lesser sac is
lined with non-adherent sheet, to protect adjacent
intestinal surfaces and to prevent injuries, and packed.
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Table 1. Mortality of open necrosectomy procedures

Technique Patients (n) Infected necrosis, n (%) Mortality, n (%) Relaparotomy, n (%)

Open packing

Bradley 1993 71 71 (100) 15 1–5/patient

Branum 1998 50 42 (84) 6 (12) 2–13/patient

Bosscha 1998 28 28 (100) 11 (39) 17/patient

Nieuwenhuijs 2003 38 18 (47)

Planned relaparotomies

Sarr 1991 23 18 (75) 4 (17) 2–>5/patient

Tsiotos 1998 72 57 (79) 18 (25) 1–7/patient

Closed packing

Fernandez 1998 64 36 (56) 4 (6) 11 (17)

Rodriguez 2008 167 120 (72) 19 (11.4) 21 (12.6)

Closed continuous lavage

Beger 1988 95 37 (39) 8 (8) 26 (27)

Farkas 1996 123 123 (100) 9 (7)

Buchler 2000 29 27 (93) 7 (24) 6 (22)

Nieuwenhuijs 2003 21 7 (33)

Negative pressure wound therapy-instillation

Trotovšek 2017 10 10 (100) 1 (10%) 3/patient



The abdomen is left open, and re-exploration and
debridement performed every 24 to 48 hours until
necrosectomy is complete and there is evidence of
granulations. The wound then heals entirely by sec-
ondary intention, or it is closed over drains, with or
without lavage of the cavity (22). This approach has
been mostly abandoned.

Necrosectomy combined with closed
packing

The goal of this technique is to perform a single oper-
ation with thorough debridement and removal of
necrotic and infected tissue while minimizing the
need for reoperation or subsequent pancreatic
drainage. Access to the pancreas is gained via the left
mesocolon. Entry into the necrotic cavity is made
bluntly, and the cavity with its recesses is explored and
necrotic tissue and fluid evacuated. When necrosis
is present also on the right side, an additional incision
in the right mesocolon is made, or even paracolic gut-
ters are opened to remove all necrotic tissue. After irri-
gation of pancreatic bed, Penrose drains stuffed with
gauze (23) are used for packing the large, stiff cavity
that results after debridement. Drains fill the cavity
and provide compression and not only drain the area.
The number of drains depends on the size of the
cavity, and they are gradually removed during the
first week after procedure.
Also, soft, silicone, closed
suction drains are intro-
duced in cavity too and
are removed when they
have no more output. The
abdomen is closed, pri-
marily as usual (23).

Closed technique
with lavage system 

ON with continuous
lavage of the lesser sac
and retroperitoneum is
performed over two to
four flushing drains. The

abdomen is closed and lavage with 10–15 L/24
hours is performed for few days to allow sufficient
drainage of debris and exudates. This procedure
seems to have the lowest mortality and is advocated
by the authors (26).

Focused open necrosectomy with ultra-
sound guidance

Laparotomy and FON is performed with the assis-
tance of perioperative ultrasound. FON can be an
alternative method to conventional ON in patients
with infected necrosis and unresolved sepsis. After
routine implementation of intraoperative navigation
with ultrasound, FON was implemented using small
lumbal and subcostal approaches in the surgical
treatment of patients with infected necrosis. ON and
drainage were performed through small, focused lum-
bal or subcostal incisions accessing infected necrotic
tissue and fluid collections. Percutaneous catheter
drainage inserted before surgery for temporary sepsis
control is used as a guide and helps to perform less
traumatic intervention. In patients with several distant
infected necrosis or fluid collections, repeated inter-
ventions to achieve drainage and removal of sequesters
is used, providing necrosectomy and drainage in sev-
eral steps, when necessary. Mortality can be as low as
6% in selected patients. 
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Figure 1. The V.A.C. VERAFLO CLEANSE™ dressing (KCI, San Antonio) is
inserted in retroperitoneal space through opened gastrocolic ligament



Negative pressure wound therapy with
instillation

After entering the peritoneal cavity through bilateral
upper transversal incision, gastrocolic ligament is
divided. Exploration of the entire pancreas, as well
as determination of the extent of necrosis, is per-
formed. The necrotic space is unroofed in a con-
trolled fashion, with care to protect neighbouring
vital anatomical structures. Necrosectomy is carried
out, and all devitalized tissues amenable to debride-
ment are removed avoiding hemorrhage at the
initial necrosectomy. After necrosectomy, an exten-
sive irrigation of the debrided areas is performed.
The V.A.C. VERAFLO CLEANSE™ dressing (KCI,
San Antonio) is inserted in retroperitoneal space.
The tubular shape of it allows flexibility in address-
ing wounds with complex geometries. Special struc-
ture and material of the foam provides non-aggres-
sive way of tamponade, suction, and instillation of
fluid in retroperitoneal space where ON was per-
formed (Figure 1). Temporary abdominal wall clo-

sure with ABThera™ dressing (KCI, San Antonio)
is achieved and tubular foam is pulled through the
ABThera™ dressing (Figure 2) and positioned
under the double channel T.R.A.C. pad® intended
for use with V.A.C. ULTA™ Negative Pressure
Wound Therapy System with instillation capability.
Reoperation is performed 48 hours after the initial
procedure, and not more than three changes of
dressings are performed to avoid damage to sur-
rounding organs and vessels and to prevent lateral-
ization of the abdominal wall. Instillation is per-
formed for 30 minutes with 500 mL of saline in
cycles of 4–6 hours of continuous negative pressure
(125 mmHg). Additional necrosectomy and blunt
debridement are performed as needed. In 6–8 days
after initial procedure, when pancreatic bed is clean
of necrotic debris, the abdomen is closed over
drains. Drains are routed through retroperitoneum
to the flanks, posterior to the hepatic and splenic
flexure of colon. Abdominal wall is closed with con-
tinuous slowly absorbable suture. Mortality in feasi-
bility study was 10%.

CONCLUSION

The operative manage-
ment of AP is focused on
managing the acute com-
plications and the long-
term sequelae. Using the
least amount of interven-
tion to achieve the stated
goals has always been the
case. However, the evolu-
tion of interventional, en-
doscopic and minimally
invasive surgical tech-
niques has greatly ex-
panded the tools available.
With new approaches and
with introduction of less
invasive treatment modal-
ities than ON, patients
are experiencing a much
lower morbidity and mor-
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Figure 2. The V.A.C. VERAFLO CLEANSE™ dressing (KCI, San Antonio) (thick
arrow) is inserted in retroperitoneal space. Temporary abdominal wall closure with
ABThera™ dressing (KCI, San Antonio) (long arrow) is achieved and tubular foam
is pulled through the ABThera™ dressing



tality than in the past. ON has been a golden stan-
dard of surgical procedures for infected necrotizing
pancreatitis. Currently, the management is moving
toward minimally invasive techniques for necrosec-
tomy, obviating the need for ON in most cases. Per-
cutaneous drainage by itself can eliminate the need
for necrosectomy in many patients. But in selected
cases where other methods have failed, surgery and
ON remains the last option in managing of these
critically ill patients. 
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ABSTRACT

Background: The present study analyses complica-
tions after pancreatic resections, however, the focus
was to reveal any impact factors for perioperative mor-
bidity and mortality as well as repercussion of periop-
erative morbidity on long-term survival in pancreatic
head resection.

Methods: In a retrospective study, altogether 300
patients after pancreatic resections were analyzed
for morbidity and mortality. Of these, 240 were
pancreatic head resections or total pancreatectomies
(PD/TP), 57 left pancreatectomies and three Fray
procedures. According to Clavien-Dindo classifica-
tion, all complications with grade II and more were
defined as overall complications (OAC). Clinical-
pathologic factors of 240 patients after PD/TP
were further analyzed for correlations with morbid-
ity, 30- and 90-day mortality, and long-term survival.
Overall complications, all surgical (ASC), all general
(AGC), and some specific types of complications
like leaks from the pancreatoenteric anastomosis
(PL) or pancreatic fistula (PF; type A, B, and C),

leaks from other anastomoses (OL), bleeding (BC),
and abscesses (AA) were studied for correlation
with clinical-pathologic factors.

Results: For all pancreatic resections, the incidence
of OAC was 34%, ASC 27%, and AGC 14%. Overall
30- and 90-day mortality were 4.7% and 7.3%, respec-
tively, and decreased to 2.8% and 4.5% in the second
period (p=0.025). In left pancreatectomies, the inci-
dence of OAC was 22.8%, ASC 19.3%, and AGC 14%.
The 30- and 90-day mortality rates were 3.5% and
5.3%, respectively (in the first and second period),
and dropped to 0% in the second period. In PD/TP,
the incidence of OAC was 37.1%, ASC 29.2%, and
AGC 15.8%. All surgical complications presented
themselves as PL, OL, BC and AA in 19% (of 208 PD),
5.8%, 5.8% and 2.5%, respectively. Age, ASA score,
amylase on drains, and PF B and C correlated sig-
nificantly with different types of complications in
PD/TP. The 30- and 90-day mortality for PD/TP
was 5% and 7.9%, respectively (in the first and sec-
ond period), and decreased to 3.5% and 5.6% in the
second period. In three patients with Frey proce-
dure, there were no complications and no fatalities.
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Conclusions: Morbidity after pancreatic resections
remains stable. However, 30- and 90-day mortality de-
creased. High amylase on drains and higher mean
age were independent indicators of morbidity, whereas
PL and BC revealed as independent predictor for
30-day mortality, and physical status, OAC and PFC
for 90-day mortality.

INTRODUCTION

Pancreatic resection, especially pancreatic head
resection or total pancreatectomy (PD/TP), remains
a significant challenge for many pancreaticobiliary
surgeons. The complications associated with pancre-
atic procedures are well described (1, 2). They are
usually of higher grade than in comparable abdomi-
nal surgical procedures. Many attempts have been
made to lower these complications (1, 3–7). Some
authors have claimed that modifications of the surgi-
cal techniques, especially the formation of the pan-
creatojejunostomy, could have a positive impact on
the postoperative course. Others have claimed that a
better selection of patients would decrease the mor-
bidity and mortality (8–13). Since perioperative
morbidity and mortality are important predictors
for long-term survival of patients after PD (14, 15),
we performed a retrospective study to determine fac-
tors associated with perioperative and specific surgi-
cal complications, general complications, and peri-
operative mortality. The identification of such nega-
tive prognostic factors could help to prevent compli-
cations or even mortality and could, therefore, have
an impact on long-term survival after pancreatic
surgery. Factors like postoperative pancreatic fistula,
age, and poor general condition have all been deter-
mined to have a negative impact on the postoperative
course (1, 4, 13, 16, 17). The drawbacks of some of
these studies, however, are the small number of
included patients, the inclusion of low-volume cen-
ters, and the short-term postoperative follow-up of
the patients. In our study, we, therefore, evaluated
which clinical-pathologic factors significantly influ-
ence morbidity, mortality, and long-term results in
our reference institution for pancreatic diseases,
where meanwhile 40–50 pancreatic procedures are

performed annually. Preoperative workup, surgical
procedures, and postoperative care became highly
standardized. All these factors enabled us to perform
a detailed study of factors influencing the periopera-
tive course after pancreatic surgery.

PATIENTS AND METHODS

For the present retrospective study, the data of 300
patients after pancreatic resections performed from
January 1,2008, to March 31, 2017, at the Department
of Abdominal Surgery at University Medical Centre
Maribor were analyzed. Clinical and pathological
data were prospectively stored in a computerized
database. Data for the follow-up were obtained by our
outpatient follow-up and by the National cancer regis-
ter of Slovenia. Complete follow-up was obtained up
to June 1, 2017. We obtained informed consent from
all patients and performed all procedures, according
to the guidelines of the Helsinki Declaration. The
analysis includes patients having had PD and TP.
There are no urgent resections included. The indica-
tions for the resection were malignant and premalig-
nant lesions of the region sited in the head of pan-
creas, and chronic pancreatitis in few cases (Table 1).

PREOPERATIVE WORKUP

Patients’ preoperative physical status was expressed
by the American Society of Anaesthesiology (ASA)
score (18). Before the surgery, all patients were sub-
mitted to CT. Additional abdominal MRI or endoul-
trasonography (EUS) with or without biopsy was
done only in selected patients. Beside usual standard
laboratory blood tests, tumor markers CEA and CA
19-9 were also evaluated. Preoperative endoscopic
biliary drainage (EBD) was done in patients with
bilirubin value > 200 mmol/l or in subicteric patients
when further preoperative workup was necessary. 

Preoperative preparation

Intravenous antibiotic (1.5 g cefuroxime and 0.5 g
metronidazole or 0.35 g gentamycin and 0.6 g clin-
damycin) and subcutaneous antithrombotic (4000 IE
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enoxaparin or 3800 nadroparin or 5000 IE dalteparin)
prophylaxis were successively used in all patients one
hour and 12 hours before operation. Urine catheter
and nasogastric tube were usually inserted after induc-
tion of anesthesia. 

Surgical technique

The usual operative approach was median or bilateral
subcostal laparotomy. After confirming respectability
(no distant dissemination, no tumor infiltration of the
coeliac trunk, hepatic artery or superior mesenteric

artery), the strategy was to perform a curable resection
(R0) in malignant and premalignant lesions and to
relieve symptoms as in chronic pancreatitis. Usually,
pylorus-preserving PD, Whipple resection or TP (in
patients with very soft texture of the pancreas unsuit-
able for anastomosis) were performed. In malignant
disease, lymphadenectomy was done in hepatoduode-
nal ligament, around common hepatic artery, superior
mesenteric artery (usually 180–2700), and occasionally
between vena cava and aorta. Resection borders on
the bile duct and pancreas were checked for neoplastic
infiltration by frozen section examination. If infiltra-
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Table 1. Indications for pancreatic resection in 300 patients. PD/TP – pancreatic head resection/total
pancreatectomy, MD-IPMN – main duct-intraductal papillary mucinous neoplasm

Indication for pancreatic resection All PD/TP

Pancreatic adenocarcinoma 164 135

54.7% 56.7%

Neuroendocrine tumor of the pancreas 21 9

7% 3.8%

MD-IPMN 6 3

2% 0.8%

Franz’s tumor 3 1

1.0% 0.4%

Non-Hodgkin lymphoma 2 2

0.7% 0.8%

Distal bile duct carcinoma 43 43

14.3% 17.9%

Adenocarcinoma of the papilla Vateri 30 30

10% 12.5%

Duodenal adenocarcinoma 8 8

2.7% 3.3%

Gastric cancer 2 2

0.7% 0.8%

Chronic pancreatitis 16 7

5.3% 2.9%

Pancreatic cystadenoma 4 0

1.3% 0%

Metastasis of renal cell carcinoma 1 0

0.3% 0%

Total 300 240



tion of the superior mesenteric (VMS) or portal vein
(VP) was suspected, en bloc resection of the infiltrated
vein was done to assure the curability of resection.

Vascular reconstruction was done by direct continuous
6.0 monofilament non-absorbable suture; however, if
more extended distance had to be bridged, vascular
prosthesis was used. Anastomosis to pancreatic stump
was exclusively performed by duct to mucosa end-to-
side pancreaticoenteric anastomosis (PEA) using 5.0
monofilament non-absorbable sutures in two layers
followed by single-layer bilioenteric anastomosis
(BEA) with interrupted 5.0 absorbable poly filament
sutures. In selected patients (mostly with thin duct
and soft texture of the pancreas), trans-anastomotic
lost stent was used. The continuity of the gastroin-
testinal tract was further established by omega gas-
troenteric anastomosis (GEA) done with 3.0 absorbable
monofilament sutures. In all patients, single-layer
continuous enteroenteric anastomosis (EEA) between
afferent and efferent loop was done with 4.0 polyfila-
ment absorbable suture. Two drains were placed in
the right subhepatic region (one in space of resected
head of the pancreas and one above BEA anastomo-
sis) and one in the Douglas region. 

Postoperative care

Almost all patients were admitted in the high depen-
dency unit except if admission to the intensive care
unit was indicated. Patients started to receive fluid
food on the first day. Gastric tube was removed after
appearance of bowel movements or the first stools.
Amylase was checked in the drained fluid on day 3
and after that when any clinical suspicion for anasto-
motic leaks was present. In selected patients (soft
pancreas remnant) however, parenteral somatostatin
(6 mg/24 h) was administrated for 6–10 days.

Definitions and statistical analyses

All complications (OAC) according to Clavien–Dindo
classification grade II or more were considered as
postoperative morbidity (19). All surgical (ASC), all
general (AGC), and all surgical and general complica-

tions (SGC) were analyzed. Also, special group of com-
plications like leak from PEA (PL), leaks not from
PEA (OL), abdominal abscess (AA) and abdominal or
intestinal bleeding (BC) were identified. Any postop-
erative mortality within 30 and 90 days was considered
a probable consequence of surgery and was declared
as postoperative mortality (30- and 90-day mortality).
Receiver operating curve (ROC) analysis for morbidity
and mortality determined the threshold values of amy-
lase secretion on abdominal drains. An area under
curve (AUC) of > 0.75 was used to determine the value
of significance. The ROC analysis was used to deter-
mine sensitivity and specificity of the determined amy-
lase cut-off value, which revealed to be more than
seven ukat/L. 

Sensitivity and specificity for prediction of pancreatic
fistula (PF) type B or C at cut-off seven ng/mL were
100% and 85.4%, respectively. Consequently, any
secretion of amylase-rich fluid on drains more than
seven ukat/L was defined as elevated. Patients with
high amylase on drains from PEA were declared to
have PF and were retrospectively classified in three
types of PF (A, B, C), respecting clinical picture, thera-
peutic consequences, and ISGPF (International Study
Group of Pancreatic Fistula) recommendations (20).

Two chronologically successive groups of patients
(period 1 (P1): from January 1, 2008, to December 31,
2012 (124 patients); and period 2 (P2): from January
1, 2013, to March 31, 2017 (176 patients) were com-
pared for perioperative morbidity, and 30- and 90-day
mortality.

Continuous data are expressed as mean ± standard
deviation, and categorical variables are given as per-
centages. Continuous variables were compared with
Student’s t-tests for parametric data and Mann-Whitney
U tests for nonparametric data. Chi-square tests were
used for comparisons of discrete variables. 

All of the predictors that were significant on univari-
ate analysis (p > 0.05) were included in the multivariate
analysis. In the multivariate analysis, a binary logistic
model was used. Survival analysis was performed with
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the Kaplan-Meier method. The differences between
groups were compared with the log-rank test. P-val-
ues < 0.05 were defined as the limit of significance.
For statistical analysis, SPSS version 22.0 for Windows
7 (IBM Analytics, Armonk, NY) was used.

Our study aimed to evaluate the incidence of mor-
bidity and mortality and to reveal any correlations
with clinical-pathologic factors. In addition to mor-
bidity and mortality, the impact of morbidity and
mortality on survival was studied. The second aim
was to reveal any differences between two chrono-
logically successive groups (P1 and P2).

RESULTS

Altogether 300 patients had pancreatic resection (male
160, female 140, mean age 66.4 years). The indications
for resections and characteristics of the analyzed
patients after all pancreatic resections, left pancreatec-
tomy and PD/PT are presented in Table 1 and Table
2a–d. For all pancreatic resections, the incidence of
OAC was 34%, ASC 27%, and AGC 14%. Overall 30-
and 90-day mortality were 4.7 and 7.3%, respectively,
and decreased to 2.8 and 4.5% (p=0.025) in P2. In left
pancreatectomies, the incidence of OAC was 22.8%,
ASC 19.3%, and AGC 14%. The 30- and 90-day mortal-
ity rates were 3.5 and 5.3%, respectively (P1 and P2),
and dropped to 0% in P2. In three patients with Frey
procedure, there was no complications and no fatalities. 
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Table 2a. Clinical-pathologic features in 300 patients after pancreatectomy. P1 – first study period (2008–2012),
P2 – second study period (2013–2017), ASA – American Society of Anaesthesiologists score

P1 P2 All p-value

Gender male 62 98 160 0.4

50% 55.7% 53.3%

female 62 78 140

50% 44.3% 45.7%

Age mean (years) 66.1 ± 9.9 65.98 ± 10.1 66.4 0.9

ASA 1 25 57 82 0.06

20.2% 32.4% 27.3%

2 70 83 153

56.5% 47.2% 51%

3 29 36 65

23.4% 20.5% 21.7%

Hospital stay (n = 278) mean (days) 20.2 ± 13.6 18.7 ± 12.4 19.3 0.3

Overall complications (OAC) 42 60 102 0.5

33.9% 34.1% 34%

Surgical complications (ASC) 30 51 81 0.2

24.2% 29% 27%

General complications (AGC) 22 20 42 0.08

17.2% 11.4% 14%

30-day mortality 9 5 14 0.06

7.3% 2.8% 4.7%

90-day mortality 14 8 22 0.025

11.3% 4.5% 7.3%



The incidence of OAC in PD/TP was 37.1%, ASC
occurred in 29.2% whereas AGC in 14.2%. All surgi-
cal complications presented themselves as PL, OL,
BC and AA in 19% (of 208 PD), 5.8%, 5.8% and
2.5%, respectively. In case of OL, five were from
GEA and ten from BEA. Bleeding occurred in alto-
gether 14/240 patients. Two patients had early
intestinal bleeding, and 12 occurred after 24 hours.
Other rare surgical complications occurred in alto-
gether 4.5% (Table 3). All general complications in
PD/TP are described in Table 4. 

Drained fluid was checked for amylase in 189/207
patients after PD. Elevated amylase more than seven
ukat/L on drains was found in 73 patients (38.6%). In

63 patients (33.3%), the high amylase on drains origi-
nated from PEA whereas in 10 patients amylase-rich
secretion evidently did not originate from PEA (six
bile leaks, two leaks from GEA, one ileus, and one
strangulation of the mobile cecum). The rate of PF A
was 14.4%, PF B 9.6%, and PF C 9.6%. Determination
of PF in groups A, B and C did not correlate with
means of amylase value in discharged secretion on
drains in ordinal fashion; it was rather the conse-
quence of clinical factors and therapeutic measures.

One of the common consequences of complications
was significantly prolonged hospital stay (OAC:
30.9 ± 16 vs. 14.2 ± 4.5 days; p < 0.0001). Overall
30- and 90-day mortality was 5% and 7.9%.
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Table 2b. Clinical-pathologic features in 57 patients after left pancreatectomy. P1 – first study period (2008–2012),
P2 – second study period (2013–2017), ASA – American Society of Anaesthesiologists score

P1 P2 All p-value

Gender 
male

11 16 27 0.17

50% 55.2% 53.3%

female
17 13 30

50% 43.3% 45.7%

Age mean (years) 59.4 ± 13.4 58.5 ± 12.2 58.9 0.8

ASA  
1

8 12 20 0.58

28.6% 41.4% 35.1%

2
17 14 31

60.7% 48.3% 54.4%

3
3 3 6

10.7% 10.3% 10.5%

Hospital stay (n=278) mean (days) 16.8 ± 9.4 18.4 ± 16.3 17.7 0.68

Overall complications (OAC) 8 5 13 0.24

28.6% 17.2% 22.8%

Surgical complications (ASC) 6 5 11 0.47

21.4% 17.2% 19.3%

General complications (AGC) 5 3 8 0.33

17.9% 10.3% 14%

30-day mortality 2 0 2 0.23

7.1% 0% 3.5%

90-day mortality 3 0 22 0.035

10.7% 0% 7.3%



Correlation of clinical-pathologic factors and
perioperative morbidity in pancreatic head
resection and total pancreatectomy

Age and physical status

Patients with OAC and AGC were older, and their
physical status according to ASA was worse. Physical
status was worse also in a group of patients with PL
(29.5% vs. 16.1%; p=0.042). Regarding this, no cor-
relations were found in other subsets of complica-
tions (AA, BC, and OL) (Table 5).

Preoperative bilirubin value and endoscopic biliary
drainage 

At our disposal were only bilirubin values from the
period within a week before the PD, and the majority
of patients was transferred to our institution with
already placed EBD more than one week before the
operation. This prevented us to make any conclu-

sive analysis on this issue. Patients with preopera-
tively placed EBD had lower mean preoperative
bilirubin values than those without EBD (57.4 ± 66 vs.
83.8 ± 86mmol/L; p=0.005). Increased mean biliru-
bin level was noted in BC (134.7 ± 104 vs. 70.7±
71.6 mmol/L; p=0,005). Endoscopic biliary drainage
was in 37.6% of our patients associated with the
occurrence of ASC and in 30% with PL (ASC: 37.6%
vs. 24.5%, p=0,024, PL: 30% vs. 12.5%, p=0,004),
but there have been no correlations of EBD with
other settings of complications (Table 5).

Type of resection and vascular resections 

All clinical-pathologic factors were comparable in
patients that underwent PD or TP, except AA which
was more likely after TP (1% vs. 12.1%; p=0.004).
Resections of VMS/VP correlated only with AGC
revealing even less complications if vascular resection
has been done (2.5% vs. 16.5%; p=0.011). This correla-
tion was difficult to explain since patients with vascular
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Table 2c. Observed clinical-pathologic features in patients after pancreatic head resection and total pancreatectomy. P1 –
first study period (2008–2012), P2 – second study period (2013–2017), ASA – American Society of Anesthesiologist score

P1 P2 All p-value

Gender (n=240) male 51 80 131 0.4

53.1% 55.6% 54.6%

female 45 64 109

46.9% 44.4% 45.4%

Age (n=240) mean (years) 66.1 ± 9.9 65.98 ± 10.1 66.4 0.91

ASA (n=240) 1 17 43 17 0.103

17.7% 29.9% 17.7%

2 53 68 53

55.2% 47.2% 55.2%

3 26 33 26

27.1% 22.9% 27.1%

Preoperative histology (n=240) 4 32 36 0.0001

4.2% 22.2% 15.0%

Hospital stay (n=222) mean (days) 21.2 ± 14.5 19 ± 11.6 19.8 0.138

Preoperative total bilirubin (n=240) mean (mmol/L) 67.6 ± 71.5 79.0 ± 85.5 74.7 0.028

Preoperative endoscopic biliary drainage (n=240) 34 51 85 0.554

35.4% 35.4% 35.4%



resection were comparable regarding the age and
physical status (mean age: 65.2 vs. 66.1 years; p=0.556;
ASA3 vs. ASA1/2: 22.2% vs. 25%; p=0.456) (Table 5).

Type and size of the tumor 

Data of tumor dimensions were available for 201
patients. There was a high correlation between
tumor size and tumor type revealing non-pancreatic
carcinomas (NPCs) to be smaller and pancreatic ade-
nocarcinomas (PACs) to be larger. In groups of OAC,
ASC, and PL, smaller size of tumor significantly pre-
dicted the onset of complications. Calculation revealed
that patients with NPC were more prone for onset of
OAC than those with PAC (Table 5). 

Amylase on drains 

Complications after PD were associated with amylase
rates more than seven ukat/L. The mean amylase
value was increased only in OAC and ASC (OAC:

150.6 ± 252 vs. 21 ± 62; p < 0.0001, ASC: 179.9 ± 270
vs. 24 ± 73; p < 0.0001). Since PF A has never been
noticed, it did not have any negative impact on any
complications. There is an inverse correlation of mean
amylase level and AA (1.1 ± vs. 72.5 ± 177 ukat/L;
p < 0.0001) proving that abscesses did not originate
from pancreatic leak. Smaller size of the tumor
proved to be a predictor for the occurrence of PL
(30.3 ± 18 vs. 22.5 ± 9; p=0.001). Amylase rates more
than 7 ukat/L and PF B were more often noted in
NPCs (amylase < 7 ukat/L: 48.4% vs. 25.3%; p=0.002,
PF B: 17.2% vs. 6.3%; p=0.029), but there was no
correlation at the whole between PF C and type of
tumour (Table 5).

Correlation of clinical-pathologic factors and
perioperative mortality in pancreatic head
resection and total pancreatectomy

Patients who suffered complications in terms of OAC,
ASC, AGC, BC, PL and PF C were at a significant
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Table 2d. Observed clinical-pathologic features in patients after pancreatic head resection and total
pancreatectomy. P1 – first study period (2008–2012), P2 – second study period (2013–2017), PD – pancreatic
head resection, TP – total pancreatectomy, VMS – superior mesenteric vein, VP – portal vein

P1 P2 All p-value

Type of pancreatic head
resection (n=240)

PD 92 115 207 0.0001

95.8% 79.9% 86.3%

TP 4 29 33

4.2% 20.8% 14.2%

Resection of VMS/VP 
(n=240)

12 28 40 0.17

12.5% 19.4% 16.7%

Type of vascular
reconstruction (n=240)

Direct suture 10 14 24 0.043

10.4% 9.7% 10.0%

Vascular graft 2 14 16

2.1% 9.7% 6.7%

Overall complications (OAC) (n=240) 34 55 89 0.383

35.4% 38.2% 37.1%

30-day mortality (n=240) 7 5 12 0.152

7.3% 3.5% 5.0%

90-day mortality (n=240) 11 8 19 0.080

11.5% 5.6% 7.9%



higher risk for postoperative mortality (OAC 30-day:
13.5% vs. 0%; p < 0.0001, OAC 90-day: 20% vs. 0.7%;
p < 0.0001, ASC 30-day: 14.3% vs. 1.2%; p < 0.0001,
ASC 90-day: 20% vs. 2.9%; p < 0.0001, AGC 30-day:
14.1% vs. 4.3%; p < 0.0001, AGC 90-day: 20% vs.
2.9%; p < 0.0001, BC 30-day: 35.7% vs. 3.1%; 
p < 0.0001, BC 90-day: 34.3% vs. 7.2%; p < 0.0001,
PL 30-day: 22.2% vs. 2%; p < 0.0001, PL 90-day:
33.3% vs. 3.2%; p < 0.0001, PF C 30-day: 33.3% vs.

2.9%; p < 0.0001, PF C 90-day: 50% vs. 4.7%; 
p < 0.0001). On the other hand, OL and AA did not
impact the 30- and 90-day mortality.

Age did not correlate to 30- or 90-day mortality;
however, ASA physical status did (30-day: 11.9% vs.
2.8%; p=0.011, 90-day: 18.6% vs. 4.4%; p=0,001). 
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Table 3. Surgical complications in patients after pancreatic head resection and total pancreatectomy. PF –
pancreatic fistula. GEA – gastroenteroanastomosis

Type of all surgical complications (n=240) n % % 90-day mortality

No surgical complications 169 70.4 3

PF B or C 28 11.7 25

PF B or C and bleeding 8 3.3 62.5

Bleeding in the intestines 2 0.8 0

Intraabdominal bleeding – no PF 4 1.7 25

Bile leak 10 4.2 0

Leak from GEA 5 2.1 20

Dehiscence of laparotomy 3 1.3 0

Intraabdominal abscess 6 2.5 0

Ileus 1 0.4 0

Thrombosis of vascular graft 2 0.8 0

Volvulus coeci 1 0.4 0

Stenosis of coeliac trunk 1 0.4 0

Total 240 100.0 7.9

Table 4. General complications in patients after pancreatic head resection and total pancreatectomy

Type of all general complications (n = 240) n % % 90-day mortality

No general complications 202 84.2 5.0

Pneumonia 8 3.3 25

Cardiorespiratory decompensation 3 1.3 100

Heart failure 9 3.8 11.1

Pulmonary embolism 4 1.7 25

Different infections 10 4.2 10

Renal failure 1 0.4 100

Brain stroke 1 0.4 0

Miscellaneous 2 0.8 0

Total 240 100.0 7.9
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Patients with amylase-rich secretion more than 
7 ukat/L were also at a higher risk to die within 30
or 90 days after operation (amylase > 7ukat/l 30-day:
14.3% vs. 1.7%; p=0.002, amylase > 7ukat/L 90-day:
20.6% vs. 3.4%; p < 0.0001). However, mean value of
amylase on drains was significantly higher in patients
that died within 90 days compared to those who died
in 30 days (90-day: 172 ± 231 vs. 59.1 ± 170ukat/L;
p = 0.013). Tumor type or size of the tumor, mean pre-
operative total bilirubin, EBD, and PF A and B did
not correlate with 30- and 90-day mortality.

Multivariate analysis in pancreatic head resection
and total pancreatectomy

Predictors found to be significant for morbidity and
30- and 90-day mortality in the univariate analysis
were included in the multivariate logistic regression
analysis. 

For OAC, higher mean age and drained amylase
more than 7 ukat/L (age: CI 95%: 1.019–1.103;
p=0.004, amylase > 7ukat/L: 95% CI: 0.045–0.204;
p < 0.0001) were predictive. For ASC, higher mean
amylases and drained amylase more than 7 ukat/L
(mean amylase: 95% CI: 1.000–1.007; p=0.047,
95%, amylase > 7 ukat/L: 95% CI: 0.070–0.427; 
p < 0.0001) were specific. Moreover, for AGC, physi-
cal status, mean age and mean level of total bilirubin
preoperatively (ASA: 95% CI: 1.007–1.121; p=0.028,
mean age: 95% CI: 1.042–6.715; p < 0.041, mean total
bilirubin: 95% CI: 0.981–0.999; p < 0.027) revealed
as independent predictors.

For 30-day mortality, PL and BC revealed as inde-
pendent predictors (PL: 95% CI: 0.026–0,522;
p=0.005, BC: 95% CI: 0.024–0 537; p=0.006). In
case of 90-day mortality, physical status, OAC and
PF C (ASA: 95% CI: 1.404–16.514; p=0.012, OAC:
95% CI: 1.622–117.599; p=0.016, PF C: 95% CI:
2.030–28.244, p=0.003) were noticed as predictive
factors.
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Survival analyses in pancreatic head resection
and total pancreatectomy

Patients who had OAC, ASC, AA, OL or AGC have
had comparable expectation for long-term survival to
those without complications (OAC: 866 ± 139 vs. 760
± 174 days, Log Rank: p=0.242; ASC: 866 ± 134 vs.
901 ± 216 days, Log Rank: p=0.234; AA: Log-rank:
p=0,048, OL: 836 ± 123 vs. 1159 ± 673 days; Log-
rank: p=0.760, AGC: 866 ± 135 vs. 760 ± 197 days,
Log Rank: p=0.431). Complications like PL in PD and
BC in all resected patients seriously compromised the
expected long-term survival (PL: 938 ± 67 vs. 499 ±
146 days; Log Rank: p=0.010, BC: 901 ± 128 vs. 409 ±
457 days; Log Rank: p=0.046). On the other hand, in
patients who survived complications, the long-term
survival was not impacted by any complications.

Differences between two chronologically
successive groups in pancreatic head resection
and total pancreatectomy

Two chronologically successive groups of patients were
comparable on most clinical-pathologic factors except
for preoperative gained histology, preoperative total
bilirubin, and type of resection (Table 2). The indica-
tions for TP were: postoperative bleeding from the
pseudoaneurysm of the proximal part of the common
hepatic artery combined with leak of the PEA (one
patient); PAC and main duct IPMN (nine patients); dif-
fuse main duct IPMN (one patient); very soft pancreas
(10 patients); positive resection margins (five patients);
tumour extending to the body of the pancreas (five
patients); and formerly removed left pancreas (two
patients) (Table 1). Five out of 10 patients with
extremely soft pancreas also had vascular reconstruc-
tions with prosthetic interposition, and three already
had insulin-dependent diabetes. The overall (P1 and
P2) 30- and 90-day mortality in our cohort were 5 and
7.9%, respectively. In P2, the rates for 30- and 90-day
mortality became lower, 3.5% and 5%, respectively, but
the statistical difference between P1 and P2 reveals
only borderline statistical value (p=0.08) (Table 2).

DISCUSSION

Pancreatic resections present the only curative option
for patients with malignant and premalignant diseases
and relief of symptoms in selected group of patients
with chronic pancreatitis. However, due to high mor-
bidity and mortality, the treatment should not be
worse than the disease (21).

Despite marked progress on the field of pancreatic
resections, morbidity remains quite high for decades
whereas mortality rates gradually improved (22–27). 

There was no exception in our study with morbidity,
irrelevant of type of resection, remained stable within
the two observed periods. On the other hand the 30-
and 90-day mortality for all resections together
decreased in the second period (30-day: 2.8%, p=0.06;
90-day: 4.5%, p=0.025). Almost the same, decrease
can be observed in PD/TP in P2, but the difference in
90-day mortality tightly misses the statistical signifi-
cance (30-day: 3.5%, 90-day: 5.6%, p=0.06). This result
is well comparable to the reports of other authors. In
many studies, postoperative mortality was defined tra-
ditionally as mortality within 30-days or during the ini-
tial hospitalization. This might had led to an underes-
timated postoperative morbidity and mortality rates.
As shown by some meta-analyses, even in centers of
excellence, the 90-day mortality rate is double of the
30-day mortality rate and significantly differs regarding
the hospital volume. One of the consequences of post-
operative morbidity for patients who survive the com-
plication was significantly prolonged hospitalization
(5, 15, 26, 18). In our study, it was ranging between 30
and 44 days. 

It has often been documented that higher age and low
physical status can significantly affect the occurrence
of postoperative complications (12, 13). In our study,
higher mean age and higher ASA score impacted the
incidence of OAC and AGC. American Society of
Anaesthesiologists score alone impacted ASC and PL.
Regarding our results, higher mean age was an inde-
pendent predictor for OAC and AGC whereas ASA
score was for AGC. On the other hand, specific compli-
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cations like BC, AA, and OL did not correlate with age
or physical status. Age did not prove as an independent
prognostic factor for any complications; however, ASA
score did for 90-day mortality. Therefore, our results
support the conclusion not to restrain patients from
PD or TP only because of their age; however, caution
is needed while selecting the patients for PD or TP. 

There is an on-going debate on whether jaundiced
patients with obstructive lesion and higher bilirubin
in the head of the pancreas should be drained or
not (29–34). Since only relevant laboratory data
from the immediate preoperative period were at
our disposal for the study, we can hardly profoundly
discuss this issue. Based on our data, however, we
observed higher mean total bilirubin values in
patients with BC and lower for the group with AGC.
The results regarding EBD match with the results
from others revealing higher incidence of ASC and
PL in patients with EBD (31, 35–38). There was no
correlation of mean total bilirubin or EBD with 30-
and 90-day mortality (32, 39, 40).

Our study confirms comparable results regarding
the perioperative morbidity and mortality between
PDs and TPs except for abdominal abscesses, which
occurred more often in TP. This fact could speak for
TP in selected cases of patients with pancreas rem-
nant, untenable for PEA, especially in elderly in less
good general condition who do not tolerate this kind
of complications at all (41–43). In patients with pre-
existing insulin-dependent diabetes, this decision
could be even easier. Relevant criteria for decision-
making in this regard are still missing. Further anal-
yses are needed for long-term quality of life, especially
concerning insulin-dependent diabetes (44–46).

Resection of VMS or VP for infiltration was formerly
regarded as a relative contraindication for the PD.
However, nowadays it presents a standard treatment
and was performed in 16.7% of our patients. In our
study, neither type of pancreatic resection nor the inci-
dence of VMS/VP resection influenced the occurrence
of postoperative morbidity and mortality (47–52). 

The proportion of chronic pancreatitis in PACs and
NPCs included in the reports can differ significantly,
and if cases with predominantly hard pancreas rem-
nant predominate, as in patients with chronic pancre-
atitis, the overall risk for postoperative morbidity and
mortality rates could reveal at a lower rates. In our col-
lective of patients, chronic pancreatitis and PAC con-
tributed to 2.9% and 56.7% of patients, respectively,
remaining more than 40% of patients with diseases
where the pancreas remnant could be softer (Table 1)
(9, 53–55). 

To our results, concerning only PACs and NPCs,
OACs were more likely to occur in NPCs and tumours
of smaller size. Moreover, the majority of NPCs were
also smaller than PACs. The size of tumor affects the
onset of OAC, ASC, and PL; however, neither 30- nor
90-day mortality were statistically impacted by type or
size of the tumor (56–58). 

Patients with amylase more than seven ukat/L on
drains and pancreatic fistula were retrospectively clas-
sified in three types of PF (A, B, C) respecting clinical
picture, therapeutic consequences, and ISGPF PF
recommendations (20). Mean values of amylase in dis-
charged secretion did not differ between PF A, B, and
C. There is consensus among all reports that PF neg-
atively affected the postoperative course in patients
after PD (59, 60). 

Our experience with PF was similar. In PD, the high
mean amylase on drains or amylase more than seven
ukat/L predicted the onset of complications, espe-
cially if surgical complications were involved (OAC,
ASC, and PL). However, exception was AA where
the mean amylases on drains were low proving that
abscesses did not originate from pancreatic leak.
Pancreatic fistula type A was not associated with any
serious morbidity in postoperative course of our
patients. Patients with OAC, ASC, AGC, BC, PL, PF
C and high mean amylase or amylase more than
seven ukat/L are at a higher risk to die within 30 or
90 days. Although most studies agree about the
impact of PF on morbidity and mortality, there are
fewer consensuses on how to prevent the occurrence
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of PF. Most effort is focused on how to perform a
save anastomosis in case of soft, friable pancreas tex-
ture with a thin pancreatic duct (5–7, 10, 61, 62). 

Both periods (P1 and P2) were comparable regarding
almost all clinical-pathologic factors except for type of
pancreatic resection and vascular reconstructions,
and the count of performed TPs. There were more
TPs in P2 as in P1 (20.8% vs. 4.2%). Both types of
pancreatectomies were comparable regarding age,
physical status, tumor markers, mean bilirubin value,
morbidity, and mortality. Logically, there were no PF
in TP. In addition to other indications, TP was per-
formed in 11 patients with pancreas remnant unsuit-
able for anastomosis. Our results regarding perioper-
ative mortality is good (30- and 90-day mortality was
0%); however, the indications for TP must be posed
very responsible, and the inform consent must be
done preoperatively in this issue (24, 41, 43). 

Most subtypes of complications did not compromise
the long-term survival in our cohort of patients. The
exceptions were PLs in PDs and BCs in PDs and TPs
where the 5-year survival was significantly compro-
mised. On the other hand, in patients who survived
any of these complications, the long-term survival was
not impacted by any complications (59, 60, 63, 64).

In conclusion, the present study indicates that amy-
lase-rich secret on drains and higher mean age are
independent indicator for OAC whereas, PL and BC
proved as an independent predictor for 30-day mor-
tality, and physical status, OAC and PF C for 90-day
mortality. Endoscopic biliary drainage, smaller size of
tumor and NPC can provoke complications, however;
there was no repercussion on postoperative mortality.
Even though the decrease in 30- and 90-day mortality
(3.5% and 5.6%) tightly missed the significance, the
trend of better surgery in pancreatic resections in our
institution seemed to be encouraging and can also be
based on significant decrease in perioperative mor-
bidity in all pancreatic resections together. Most sub-
types of complications did not compromise the long-
term survival in our cohort of patients. The exceptions
were specific complications like PLs and BCs where

the 5-year survival was significantly compromised. On
the other hand, in patients who survived these com-
plications, the long-term survival was not impaired by
any complication. The worse scenario in pancreatic
resection is an older patient in bad physical condition
having small tumor or NPC, amylase reach output on
drains after resection, and eventually BC.
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ABSTRACT

Pancreatic necrosis is an acute necrotic collection in
which there is a variable amount of fluid and necrosis,
and it is the most severe stage of inflammation associ-
ated with pancreatitis, being a potentially life-threaten-
ing disease. While sterile pancreatic necrosis without
organ failure is treated conservatively, surgical debride-
ment is the keystone in the management of infected
pancreatic necrosis. Surgical intervention consists of
laparotomy and necrosectomy. This is an invasive pro-
cedure that is associated with high morbidity and mor-
tality rates. Being so, the interventions for necrotizing
pancreatitis have undergone a paradigm shift away
from open surgical necrosectomy towards minimally
invasive techniques. Surgical necrosectomy through
laparotomy is still the gold standard treatment of
symptomatic pancreatic necrosis, despite its postopera-
tive mortality rate of 20–40% and morbidity reaching
as much as 78%. It is a successful procedure, but it is
associated with significant morbidity due to risks of
incisional hernia (25–50%), hemorrhage (10%), enteric
fistula (17–20%), and mortality (6–34%). Therefore,
some less invasive techniques have been developed,
including radiological drainage and a minimal access

retroperitoneal approach. There are two basic types
of this technique. One type, called video-assisted
retroperitoneal debridement, is a hybrid technique
combining open lumbotomy with a laparoscopic tech-
nique, introduced by Gambiez et al., who originally
removed the necrotic debris visualized using a medi-
astinoscope through a small lumbotomy. The other is
minimal access retroperitoneal pancreatic necrosec-
tomy, introduced by Carter et al. In this technique, a
nephroscope was originally used through a tract
formed along a drain that was inserted during previous
open necrosectomy. The visualization of the necrosis
was aided by instillation of saline, and the necrotic
debris was removed through the working channel of
the nephroscope.

INTRODUCTION

Pancreatic necrosis is an acute necrotic collection in
which there is a variable amount of fluid and necrosis
(1), and it is the most severe stage of inflammation
associated with pancreatitis, being a potentially life-
threatening disease. Infected pancreatic necrosis is a
late infective complication of acute necrotizing pancre-
atitis in which infection tends to spread from the pan-
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creas to the peripancreatic tissues, retroperitoneum,
and, more rarely, the peritoneal cavity. Bacterial
translocation mainly from the gut is the most widely
accepted mechanism in the pathogenesis of infected
pancreatic necrosis (2). This condition is the most
important risk factor contributing to death in severe
acute pancreatitis, and it is accepted that infected pan-
creatic necrosis should be managed surgically to pre-
vent sepsis. Surgical intervention consists of laparotomy
and necrosectomy (3). This is an invasive procedure
that is associated with high morbidity and mortality
rates. Being so, the interventions for necrotizing pan-
creatitis have undergone a paradigm shift away from
open surgical necrosectomy toward minimally invasive
techniques. The surgical strategy for proven infected
necrosis has evolved; nowadays open necrosectomy is
more or less abandoned. Instead, a step-up approach is
adopted, consisting of percutaneous drains, video-
assisted retroperitoneal debridement (VARD) and min-
imal access retroperitoneal pancreatic necrosectomy
(MARPN).

BACKGROUND

Gallstones and alcohol are still the most frequent
causes of acute pancreatitis, a disease with an increas-
ing incidence during the past 20 years. This disease
has a variety of clinical presentations from a mild,
transitory illness to a severe, rapidly fatal disease. In
about 80–90% of pancreatitis cases patients develop
a mild and self-limited course with low morbidity and
mortality (5). However, 10–20% of patients have a
rapidly progressive inflammatory response associated
with prolonged length of hospital stay and significant
morbidity and mortality by developing severe forms
of acute pancreatitis (6).

Severe acute pancreatitis has a two-phase clinical
course. The early phase (1–2 weeks after the onset of
symptoms) manifests the features of the systemic
inflammatory response syndrome (SIRS) which impli-
cates a complex inflammatory cascade and is often
associated with multiple organ failure. The late phase
is characterized by infectious complications, which are
the major causes of mortality (2, 7, 8). Infection of

necrotic pancreatic parenchyma occurs in around 30%
of patients with necrotizing pancreatitis (7) and is
observed after the second week of the acute attack,
usually as a consequence of bacterial translocation.
Microorganisms responsive for the transformation of
sterile into infected pancreatic necrosis enter pancreatic
tissue through multiple pathways, including biliary
and duodenal-pancreatic reflux, hematogenous and
lymphatic dissemination, and local bacterial transloca-
tion from the gut being the most important route of
infection (9).

Necrotizing forms may present as acute necrotic
collections (intra- or extrapancreatic solid-liquid het-
erogeneous collection with no defined wall, diag-
nosed during the first four weeks of the clinical
course) or walled-off necrosis (with similar charac-
teristics but with well-defined wall and with a later
diagnosis above four weeks) (9). Both events present
themselves as critical factors determining the clinical
course of acute pancreatitis. Without radiologic,
endoscopic or surgical intervention, infected necro-
sis eventually leads to death in almost every patient.

A SURGICAL APPROACH – FROM
NECROSECTOMY AND LAPAROTOMY
TO MINIMALLY INVASIVE
PROCEDURES

While sterile pancreatic necrosis without organ failure
is treated conservatively, surgical debridement is the
keystone in the management of infected pancreatic
necrosis (10). During the initial phase of acute necro-
tizing pancreatitis, the most important parts of medi-
cal treatment are fluid resuscitation, early enteral
nutrition, endoscopic retrograde cholangiopancre-
atography if cholangitis is present and intensive care
unit (ICU) support (9). On the contrary of sterile pan-
creatic necrosis, for infected necrotizing pancreatitis,
the surgical approach is mandatory. Intervention is
indicated when infection of (peri-)pancreatic necrosis
is proven by fine needle aspiration, (peri-)pancreatic
gas collections in the necrotic cavity are shown on
CT scans or when sepsis persists after maximal sup-
port on the ICU (11).

114 GASTROENTEROLOG



Strategies for the management of patients with
necrotizing pancreatitis remain controversial. Surgical
necrosectomy through laparotomy is still the gold
standard treatment of symptomatic pancreatic necro-
sis, despite its postoperative mortality rate of 20–40%
and morbidity reaching as much as 78% (12). It is a
successful procedure, but it is associated with significant
morbidity due to risks of incisional hernia (25–50%),
haemorrhage (10%), enteric fistula (17–20%), and
mortality (6–34%) (13). Therefore, some less invasive
techniques have been developed, including radiolog-
ical drainage and a minimal access retroperitoneal
approach (14).

Recent developments in minimally invasive procedures
(laparoscopic, endoscopic, interventional radiologic)
have been suggested as an alternative to open surgery
and refueled the enthusiasm about the use of these
techniques in the management of infected pancreatic
necrosis. In this context, there has been changes in
optimal time for surgery and the type of access for
necrosectomy: from a classical open approach (with
closure over large-bore drains for continued postopera-
tive lavage or semi-open techniques with scheduled re-
laparotomies), trends have changed to a ‘step-up’ phi-
losophy with initial percutaneous drainage and poste-
rior minimally invasive or endoscopic access to the
retroperitoneal cavity for necrosectomy if no improve-
ment has been previously achieved.

Percutaneous drainage is one of the first minimally
invasive techniques employed for the treatment of
infected pancreatic necrosis. The improvement of per-
cutaneous necrosectomy is minimally invasive retroperi-
toneal necrosectomy performed under the visual con-
trol offered by optical devices.

Retroperitoneal approach constitutes the maximum
example of minimally invasive necrosectomy (9). It
is performed through small incisions with endoscopic
material, guided by a percutaneous drainage. This
drainage is placed once infection of pancreatic or
peripancreatic necrosis is suspected. It is positioned
in the (peri-)pancreatic collection through the left
retroperitoneum in a lateral position to avoid access

to the abdominal cavity and to provide all the advan-
tages of the minimally invasive approach (7).

There are two basic types of this technique. One type
is VARD which is a hybrid technique combining open
lumbotomy with a laparoscopic technique, introduced
by Gambiez et al. (15) who originally removed the
necrotic debris visualized using a mediastinoscope
through a small lumbotomy. Another minimally inva-
sive necrosectomy is MARPN, which was introduced
by Carter et al. (15). In this technique, a nephroscope
was originally used through a track formed along a
drain that was inserted during previous open necro-
sectomy. The visualization of the necrosis was aided
by instillation of saline, and the necrotic debris was
removed through the working channel of the nephro-
scope (11, 15, 16).

All these minimally invasive endoscopic and laparo-
scopic techniques combine the benefits of open
necrosectomy and percutaneous drainage while avoid-
ing the problems associated with each of them (13).
They have many advantages in comparison with
open surgery such as reduced inflammatory response
to intervention, substantially reduced extent of bac-
teremia, reduced risk of development of multiple
organ failure, reduced rate of postoperative respiratory
and wound complications, shorter stay in the ICU,
and faster convalescence (12). Therefore, a staged,
multidisciplinary, step-up approach with minimally
invasive or endoscopic access for necrosectomy is
widely accepted nowadays for management of pan-
creatic necrosis.

Although these approaches are increasingly gaining
popularity since the morbidity and mortality rates
have been decreased significantly, the main setback is
the range of minimally invasive methods in treatment
of acute necrotizing pancreatitis. That is the reason
why there is a lack of studies comparing minimally
invasive versus open surgery, and there is no unanim-
ity on the optimal surgical strategy (12).
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VIDEO-ASSISTED RETROPERITONEAL
DEBRIDEMENT

VARD is a technique that can be considered as a
hybrid between endoscopic and open retroperitoneal
necrosectomy (7). It is a procedure that aims at mini-
mizing complications and mortality by reducing sur-
gical stress in the already critically ill patients. This
reduction is achieved by minimizing the surgical inci-
sion and staying exclusively in the retroperitoneum,
without contaminating the intraperitoneal space.

The VARD procedure was first described by Horvath
et al. in 2001 (17). This first report described the
results of six patients who underwent percutaneous
drainage followed by VARD from 1995 to 1999. Four
of them were successfully treated, and laparotomy with
its related complications was avoided. Following these
results, there was a case-study in The Netherlands
comparing 15 patients undergoing VARD with other
15 patients undergoing open necrosectomy in necro-
tizing pancreatitis (18). In the group that underwent
VARD, there were less postoperative complications
and a trend towards lower mortality supporting a
potential benefit of the retroperitoneal approach over
laparotomy (13, 18).

The VARD procedure is part of a step-up approach
consisting of percutaneous retroperitoneal catheter
drainage followed by VARD, if necessary. Once the
necrosis infection is diagnosed, drainage is placed in
the infected collection through the left retroperi-
toneum. If this does not lead to clinical improvement,
surgery is needed. The surgery is preferably postponed
until after four weeks since the beginning of the dis-
ease. This is considered as a key point in the procedure
since it allows the peripancreatic or pancreatic collec-
tions to sufficiently demarcate and the wall to mature,
thus optimizing the conditions for debridement.

To do the VARD, the patient is positioned in a supine
position with the left side 30–40° elevated. Then a 4–
5 cm left subcostal incision is made, in the left flank at
the mid-axillary line, close to the exit point of the per-
cutaneous drain. With the help of CT images and by

using the in situ percutaneous drain as a guide into
the (peri-)pancreatic collection, the fascia is dissected
and by that, the retroperitoneum is entered. The
cavity is cleared of purulent material using a standard
suction device. Following the percutaneous drain
deeper into the cavity, loose necrotic material is
removed while periodic irrigation and consequent suc-
tion are performed to enhance vision. When debride-
ment can no longer be performed under direct vision,
a single extra-long laparoscopic port is placed into the
incision and video scope is introduced. At this stage
CO2 gas (10 L/min) can be infused through the percu-
taneous drain, still in position, to inflate the cavity,
thereby facilitating inspection. Under videoscopic assis-
tance, further debridement of retained necrotic tissue
is performed with laparoscopic forceps.

The goal of VARD is not to remove all necrotic tissue.
It allows for large pieces of necrosis to be removed,
but only loose necrosis is removed to reduce the risk of
bleeding from viable pancreatic tissue and nearby
blood vessels. However, leaving large undrained pockets
of necrosis should be avoided because this may cause
on-going sepsis. In VARD, the small incision enables
the surgeon to remove larger pieces of necrosis with a
shorter operating time and less need for repetitive pro-
cedures. When the bulk of necrosis is removed, the
cavity is irrigated with saline until the fluid comes
clear and then the percutaneous drain is removed.
After closing, continuous postoperative lavage is per-
formed. One week after the procedure repeated CT is
performed to evaluate the resolution of the collection
and to assess whether necrosis is still present.

MINIMAL ACCESS RETROPERITONEAL
PANCREATIC NECROSECTOMY

MARPN is a minimally invasive procedure that has
been showing benefits regarding morbidity and mor-
tality when compared to traditional open approaches.
When planning this minimal access approach, some
technical considerations also need to be assessed in
deciding appropriateness for a MARPN. Both a high-
quality CT and an interventional radiologist are
required to do this (14).
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Having decided to perform a MARPN, the patient is
transferred to the radiology department, and under
CT guidance the access to the necrotic cavity is
obtained via the left flank, and a 12-French pigtail
catheter is inserted under CT-guidance (14, 19). Most
commonly, this is through a window between the
upper pole of the left kidney and lower pole of the
spleen. Afterward, the patient is transferred to the
operating theatre, placed in a supine position on the
operating table and a sandbag can be used under the
site of catheter entry to improve access to the track
with the operating nephroscope. Under x-ray screening
and general anaesthesia, the catheter is exchanged
over a guide wire for serial renal dilators and the
track is dilated to 30-French (19). Then the necrosis
is removed with forceps and samples are sent for
microbiological examination. After initial debride-
ment, an irrigating drain, consisting of a 28-French
chest drain and 10-French nasogastric tube sutured
together, is inserted into the cavity and 0.9% saline
solution is used to irrigate the cavity uninterruptedly
at a rate of 125 mL/h. The patients are carefully
monitored postoperatively, using serial CT scans and
CRP measurements to follow disease progress.
Repeated debridements are performed at 7- to 10-day
intervals until the necrosis cavity is seen to be clear
and lined by healthy granulation tissue. 

It is standard that the initial procedure involving
dilatation of the track is performed under general
anesthetic with following procedures performed using
local anesthetic with or without light sedation, accord-
ing to patient preferences. In patients with severe
comorbidities, such as aortic stenosis, local anesthetic
can be used from the outset.

In some patients, more than one access path is cre-
ated to gain access to all the necrotic areas—access
from the right side or anteriorly is technically more
challenging but feasible as long as the distance
between the abdominal wall and necrosis is not too
great. When the necrosis has been cleared, the irri-
gation is stopped, and the patient is discharged
home with a simple tube drain left in situ. This is
later removed during regular outpatient follow-up.

The indications for MARPN are the same as those
for open intervention. Any apprehension over the
possibility of co-existing intraperitoneal pathology,
particularly ischemic colon disease, is a contraindi-
cation to a minimal access approach. Any suspicion
of this should mandate a colonoscopy to assess the
viability of the colon further.

CONCLUSION

Minimally invasive techniques have been introduced
for the management of infected pancreatic necrosis to
minimize the perioperative trauma and to limit its neg-
ative influence on organ function. Nowadays, endo-
scopic, radiological, laparoscopic, and hybrid tech-
niques combining different minimally invasive modal-
ities are used for the treatment of acute pancreatitis,
depending on the experience of the institution. There
are no clinical or radiological criteria allowing the pre-
diction of which minimally invasive techniques might
prove successful in patients with infected necrosis (11).
Therefore, the choice of a minimally invasive procedure
depends mainly on the expertise of the treating team
and the preferred technique used in the institution.

There are many minimally invasive techniques avail-
able for the treatment of complicated acute pancreatitis.
In some patients, it is useful to combine various tech-
niques or to use them at different stages of the disease.
On the other hand, open necrosectomy does not
exclude the possibility of subsequent usage of mini-
mally invasive procedures. As compared with open
necrosectomy, the step-up approach aims at control of
the source of infection, rather than complete removal
of the infected necrotic tissue, and that is the principal
problem common to all the minimally invasive tech-
niques, the difficulty in removal of the necrotic debris
and the establishment of adequate drainage of the
necrotic and purulent fluid (11, 15, 16, 20). Because
of this, it is often necessary to repeat sessions of
necrosectomy, which can be a disadvantage for these
minimal procedures.

A multicentre study was enrolled by Medical centers
in the Netherlands and published in the New England
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Journal of Medicine in 2010. It randomly assigned 88
patients with necrotizing pancreatitis and suspected
or confirmed infected necrotic tissue to undergo pri-
mary open necrosectomy or a step-up approach to
treatment. The step-up approach consisted of percuta-
neous drainage followed, if necessary, by minimally
invasive retroperitoneal necrosectomy. The conclusions
of this study are presented in Table 1. This study
revealed that the minimally invasive step-up approach,
when compared with primary open necrosectomy,
reduced the rate of major complications or death, as
well as long-term complications, healthcare resource
utilization, and total costs, among patients who had
necrotizing pancreatitis and confirmed or suspected

secondary infection. With the step-up approach, more
than one-third of patients were successfully treated
with percutaneous drainage and did not require major
abdominal surgery.

In conclusion, the role of minimally invasive tech-
niques remains unclear, however, these techniques
seem to be promising methods for the treatment of
complicated acute pancreatitis, and they are gaining
popularity among the surgical community. The
selection of a minimally invasive procedure depends
on the extent of necrosis, timing of intervention,
patient’s condition, and the experience and prefer-
ence of the institution. Shortly, further develop-
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Table 1. Summarized data from van Santvoort et al. study (20). ICU – intensive care unit

Minimally invasive
step-up approach
(N=43)

Primary open
necrosectomy 
(N=45)

Risk ratio 
(95% CI)

P-value

Major complication or death 17 (40%) 31 (69%) 0,57 (0,38–0,87) 0,006

M
aj

or
 c

om
pl

ic
at

io
ns

New-onset multiple organ failure
or systemic complications 5 (12%) 19 (42%) 0,28 (0,11–0,67) 0,001

Multiple organ failure 5 (12%) 18 (40%)

Multiple systemic complications 0 1 (2%)

Intraabdominal bleeding
requiring intervention 7 (16%) 10 (22%) 0,73 (0,31–1,75) 0,48

Enterocutaneus fistula or
perforation of visceral organ
requiring intervention 

6 (14%) 10 (22%) 0,63 (0,25–1,58) 0,32

Death 8 (19%) 7 (16%) 1,20 (0,48-3,01) 0,70

O
th

er
 o

ut
co

m
e Pancreatic fistula 12 (28%) 17 (38%) 0,74 (0,40–1,36) 0,33

Incisional hernia 3 (7%) 11 (24%) 0,29 (0,09–0,95) 0,03

New-onset diabetes 7 (16%) 17 (38%) 0,43 (0,20–0,94) 0,02

Use of pancreatic enzymes 3 (7%) 15 (33%) 0,21 (0,07–0,67) 0,002

H
ea

lth
 c

ar
e

re
so

ur
ce

s 
ut

ili
za

ti
on Total number of operations per

patient 0–6 1–7

Total number of drainage
procedures per patient 1–7 0–6

Days in ICU – median (range) 9 (0–281) 11 (0–111)

Days in hospital – median (range) 50 (1–287) 60 (1–247)



ments in minimally invasive techniques and increas-
ing popularity of hybrid methods for the treatment
of infected pancreatic necrosis might be expected.
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ABSTRACT

In last decades, development of minimally invasive
approach is showing better clinical results compared
to open surgical procedures in patients with acute
necrotizing pancreatitis. However, there is still con-
siderable proportion of patients with necrotizing pan-
creatitis who are not candidates for minimally invasive
approach or in whom minimal invasive approach has
failed. Negative pressure therapy shows some benefi-
cial effect in patients complicated by intra-abdominal
hypertension or abdominal compartment syndrome.
Current literature lacks evidence-based definite guide-
lines regarding the use of negative pressure therapy.
This paper reviews currently published indication for
the use of negative pressure therapy in patients with
severe acute necrotizing pancreatitis. 

INTRODUCTION

Treatment of a patient with severe acute necrotizing
pancreatitis is challenging and associated with high
rate of morbidity and mortality. Recent trends show
advantages of the step-up approach compared to open
surgical necrosectomy. However, there is still consid-

erable proportion of a patients who are not candidates
for minimally invasive or step-up approach. The use
of negative pressure therapy (NPT) has introduced a
new treatment modality in management of the open
abdomen (OA).

INTRA-ABDOMINAL HYPERTENSION
AND ABDOMINAL COMPARTMENT
SYNDROME

Severe acute necrotizing pancreatitis is associated
with development of systemic inflammatory response
syndrome (SIRS). Pathophysiological consequences
of inflammatory response and local cytokine release
are increased capillary leakage and development of a
tissue edema (1–3). Gut edema results in a reduction
or even obstruction of a venous outflow thus leading
to elevated venous pressures (4–6). Elevated venous
pressure leads to transvascular movement of fluid
that exceeds draining capacity of the abdominal and
the thoracic lymphatic system. As a consequence
accumulation of peritoneal fluid is observed. This
leads to development of intra- abdominal hyperten-
sion (IAH) and abdominal compartment syndrome
(ACS) with multiple organ failure (MOF) (4–6). 

*Assistant Miha Petrič, MD
Division of HPB Surgery and Liver Transplantation, Department of Abdominal Surgery, University Medical Centre Ljubljana,
Zaloška cesta 7, 1000 Ljubljana, Slovenia
E-mail: miha.petric@kclj.si

Negative Pressure Therapy in Acute
Pancreatitis – Indications

Miha Petrič*
Division of HPB Surgery and Liver Transplantation, Department of Abdominal Surgery, University
Medical Centre Ljubljana, Ljubljana, Slovenia
Gastroenterolog 2018; Supplement 2: 120–122

Key words: negative pressure therapy, open abdomen, indication, acute pancreatitis



PANCREATIC NECROSIS

Pancreatitis starts in acinar cells with premature intra-
acinar activation of digestive enzymes. As a conse-
quence, activated pancreatic enzymes cause autodiges-
tion and may cause cell death. Injury to the pancreatic
duct or its branches results in a leakage of pancreatic
enzymes into the lesser sac and the retroperitoneum
with development of a pseudocyst. In severe form of
acute pancreatitis cell death and autodigestion due to
leakage of active form of pancreatic enzymes leads to
devitalized tissue. The amount of necrotic tissue is one
of the strongest predicting factor of mortality in
necrotic pancreatitis. Pancreatic necrosis can follow
three different outcomes: spontaneous resolution, per-
sistent fluid collection with development of a pseudo-
cyst or in a case of infection, formation of abscess or
infected necrosis. 

OPEN SURGICAL TREATMENT IN
ACUTE NECROTISING PANCREATITIS
WITH INFECTED PANCREATIC
NECROSIS

Surgery remains a cornerstone in treatment of abdom-
inal sepsis. Elimination of necrotic tissue, lavage, and
drainage of purulent material in combination with
antibiotic therapy and intensive care treatment is con-
sidered gold standard in treating of abdominal sepsis.
However, due to the natural course of severe necrotiz-
ing pancreatitis, surgical necrosectomy with a single
operation is not achieved in majority of a patients
(7–9). Consequently, numerous surgical interventions
are needed. This invasive approach is associated
with high rates of complications (34–95%) and death
(11–39%) and with a risk of a long-term pancreatic
endocrine and exocrine insufficiency (7–9).

ABDOMINAL NEGATIVE PRESSURE
THERAPY IN MANAGEMENT OF THE
OPEN ABDOMEN

During the latest decades trends are shifting from tra-
ditional open surgical necrosectomy to minimally inva-
sive necrosectomy with the use of a ‘step up’ approach.

A minimally invasive step-up approach, as compared
with open surgical necrosectomy, reduced the rate of
major complications and is thus associated with lower
morbidity and mortality in patients with necrotizing
pancreatitis and infected pancreatic necrosis (10).
However, there is still considerable proportion of
patients who are not candidates for minimally invasive
treatment or in which minimally invasive treatment is
not successful. This population of patients usually has
more than one surgical procedure which leads to
development of OA. The management of OA is associ-
ated with severe acute and late complications (11–13):

high rate of enteroatmospheric fistula,–
persistent sepsis,–
MOF,–
development of ‘frozen abdomen’ and–
lateralization or destruction of abdominal wall–
muscles.

In recent years, the need for programmed surgical
lavage led to the development of numerous techniques
such as Bogota bag, towel clamp, and zipper technique.
However, none of those above techniques proved to
have satisfactory clinical results. Implementation of
NPT in treating patients with an OA bears a promise
for better clinical results.

Current indications for NPT treatment in patients
with severe acute necrotizing pancreatitis are (14):

ACS unresponsive to conservative or radiolo-–
gical percutaneous interventions,
severe abdominal infection in cases when the–
source of sepsis cannot be fully controlled and
acute mesenteric ischemia considered for a–
second look.

NPT offers a temporary abdominal closure in a
patient with ACS. It also actively removes the exudate
from all the abdominal compartments thus contribut-
ing to lowering systemic and locoregional inflammatory
response. It also allows easy access to abdominal cavity
in case of planned surgical necrosectomy or other sur-
gical procedure. The best results have been demon-
strated with a continuous pressure of 125 mmHg and
a 24–72 hours interval between dressing changes (12).
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The use of NPT prolonged historical interval for
delayed primary fascial closure from four to five days
to as long as one month after initial procedure (15).
However, recent report from Kaplan et al. (13) showed
that if the abdominal wall is not closed within 7–10
days, formation of adhesions and fascia retraction ren-
der this impossible. There is still no evidence-based
conclusion which type of NPT regime offers best
results, and further studies are needed. Inappropriate
use of NPT can also lead to increased rate of enteroat-
mospheric fistula, bleeding, bowel obstruction, fascial
retraction and development of frozen abdomen.
Mortality rates vary between 7–38% (16, 17) and can
even reach 50% in patients with peritonitis, severe sep-
sis or septic shock (16, 17).

CONCLUSION

NPT offers new treatment possibilities and enhance
patient recovery by removing cytokine-rich peritoneal
fluid, alleviating IAH or ACS and allowing easy
approach for planned lavage and necrosectomy. It is
efficient and feasible in patients with severe acute
necrotizing pancreatitis. Definitive protocol of NPT
is still not agreed, and further prospective studies
are needed.
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ABSTRACT

Acute cholecystitis is one of the most common
causes of hospitalization for gastrointestinal disease.
Subsequent surgical treatment is very often required.
Although cholecystectomy is the definitive manage-
ment, the timing of surgery about the first episode of
acute cholecystitis remains an area of debate and
considerable practice variation. Early cholecystectomy
confers several benefits compared with delayed chole-
cystectomy not only for patients with acute cholecys-
titis but also for patients after endoscopic retrograde
cholangiopancreatography as well as for patients with
mild pancreatitis.

INTRODUCTION

Gallstones are present in about 10–15% of the adult
population of the Western world. Up to 5% of these
adults become symptomatic; mostly they have biliary
colic, many develop acute cholecystitis (AC). 

AC is one of the most common causes of hospital-
ization for gastrointestinal disease. Subsequent sur-
gical treatment is very often required. The disease can
be mild, self-limiting or on the other hand, can even

present itself as a potentially life-threatening illness.
This lethal potential of AC is strongly determined
by the general condition of the patient. Initially, AC
was considered a contraindication for laparoscopic
cholecystectomy (LC). For quite a long time, surgeons
performed LC only after they were sure the inflam-
mation settled down completely because they feared
of higher complication rates, including injury to the
bile duct. Another reason for preferring to delay the
operation was (is?) a strong belief that early opera-
tion increases the risk of an open operation. Hence,
a waiting time of at least six weeks was employed.
Even in the Society of American Gastrointestinal and
Endoscopic Surgeons (SAGES) guidelines back in
1993, AC was considered a relative contraindication
for LC (1). With growing surgical experience and pub-
lished evidence, a laparoscopic approach for AC was
established (2).

Endoscopic retrograde cholangiopancreatography
(ERCP) is considered standard treatment for patients
with common bile duct stones and is successful in
more than 90% of patients. Nevertheless, ERCP can
induce complications including pancreatitis and chole-
cystitis. These complications may affect a subsequent
laparoscopic cholecystectomy, leading to conversion
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to open procedure, perioperative complications and
longer operative time (3–6). 

The incidence of acute biliary pancreatitis is increas-
ing across the globe, probably due to increased risk
of gallstone disease because of increase in obesity (7).
In 80% of patients, the pancreatitis remains mild.
However, 20% of patients develop severe pancreati-
tis, which is associated with high morbidity and
mortality (8). 

General recommendations for patients are to undergo
cholecystectomy only after the signs of inflammation
have resolved (i.e., interval cholecystectomy (IC)) (9).
Published international guidelines recommend early
LC for patients with mild pancreatitis. However, the
definitions of early differ greatly between the guide-
lines. The International Association of Pancreatology
(IAP) recommends that all patients with gallstone
pancreatitis should undergo cholecystectomy as soon
as the patient has recovered from the attack. American
Gastroenterological Association and the British Society
of Gastroenterology, on the other hand, recommend
cholecystectomy within a 2- to 4-week interval after
discharge. The rationale of early cholecystectomy is to
reduce the risk of recurrent biliary adverse events.
Among these, a recurrent attack of biliary pancreatitis
could be severe and even fatal (10–13).

Nowadays the main controversies about treating this
conditions are around the timing of surgery but also
the need for surgery as compared to conservative man-
agement, particularly in high-risk surgical patients.

REVIEW OF THE LITERATURE

Bile duct injury (BDI) is the most feared complication
of cholecystectomy, laparoscopic as well as open. It
has a substantial morbidity and even mortality with
huge impact on quality of life and life expectancy.
Observational studies have suggested a higher num-
ber of BDI in patients, operated early from the symp-
toms onset. However, several randomized controlled
trials and meta-analyses subsequently published by
Gurusamy, Kolla, Wu, Chong, and others did not

confirm these findings. These studies proved LC is
safe with no significant differences in adverse events
(including BDI) as well as no higher proportion of
conversion to open cholecystectomy when compared
to delayed LC. However, the early LC should be per-
formed up to seven days from onset of symptoms
(preferably within 72 hours) in a unit with appropriate
surgical expertise (14–16).

Cochrane review agrees with these findings. In their
meta-analysis, published in 2013, they analyzed six tri-
als, where 488 participants with AC and fit to undergo
LC were randomized to early LC (244 patients) and
delayed LC (244 patients). Early LC was defined as LC
performed within seven days of clinical presentation.
Delayed LC was defined as routine LC, intended to be
performed six weeks after the index admission. The
researchers found no significant differences between
early and late LC in mortality, BDI, and other serious
adverse events or the incidence of conversion to open
surgery. Moreover, approximately one-sixth of patients
in the delayed group had either non-resolution of
symptoms or recurrence of symptoms before their
planned operation and had to undergo emergency LC.
The authors concluded that early LC seems safe and
may shorten the total hospital stay (17). 

Tokyo guidelines propose that the treatment strategy
should be considered and chosen after the assessment
of the disease severity, the patient’s general status, and
underlying disease. Consequently, for mild AC (Grade
I), the LC should be done as soon as possible after
onset if the patient can withstand the surgery (as sug-
gested by the Charlson Comorbidity Index (CCI) and
American Society of Anaesthesiologists (ASA) score).
If not, conservative treatment is indicated and delayed
surgery considered once treatment is seen to take
effect. Recommendation is the same for moderate AC
(Grade II) provided the patient is in an advanced surgi-
cal center (ASC). However, if it is decided that the
patient is not fit for surgery, conservative treatment
with biliary drainage should be considered. For severe
AC (Grade III), a normalization of function through
organ support and antibiotics is the priority. After that,
early LC can be considered in an ASC by a dedicated
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hepato-pancreatic-biliary surgeon with extensive expe-
rience in the setting that allows for intensive care man-
agement. In patients, deemed not fit for surgery, con-
servative treatment is commenced with early biliary
drainage considered if gallbladder inflammation can-
not be controlled otherwise (18). Gallbladder drainage,
also known as percutaneous cholecystostomy (PC) is
indeed a potential alternative to cholecystectomy in
high-risk patients, who are not suitable candidates for
surgery due to co-morbidities. Its role is still not deter-
mined as there is a lack of good quality evidence to
support its use.

According to recently published consensus guidelines
of the World Society of Emergency Surgery (WSES)
on AC, the LC should be offered to all patients with
exception of those with high-risk morbidity or mor-
tality as soon as the diagnosis of AC is made and the
risk of choledocholithiasis evaluated. In agreement
with Tokyo guidelines and other reports they also
recommend early LC in favor to delayed LC as long
as it is completed within ten days of onset of symp-
toms. Beyond ten days, the LC should not be offered
to patients unless symptoms suggestive of worsening
peritonitis or sepsis warrant an emergency surgical
intervention. The WSES consensus, like Tokyo guide-
lines, also addresses the alternative treatments for
high-risk patients. In a contrast to Tokyo guidelines
in which PC is an integral part in both moderate as
well a severe AC, WSES consensus considers PC as a
possible alternative after the failure of conservative
treatment only in a small subset of patients unfit for
emergency surgery due to their severe co-morbidities
(19). Currently, the CHOCOLATE trial is ongoing: it
is a randomized controlled trial comparing PC with
early LC in critically ill patients (APACHE score 7–
14) with AC. Results of this trial may clarify the real
role of PC (20). 

Regarding the optimal timing of LC after ERCP, the
evidence is scarce. In a systematic review published
recently, Friis et al. included 14 studies (randomized
controlled studies but also cohort studies) with a total
of 1930 patients included. Their pooled estimate
revealed an increase from a 4.2% conversion rate

when LC was performed within 24 hours from ERCP
to 7.6% for 24–72-hour delay to 12.3% when per-
formed within two weeks, to 12.3% for 2–6 weeks,
and to a 14% conversion rate when operation was
delayed more than six weeks. Accordingly, the authors
concluded that it is preferable to perform LC within
24 hours from ERCP or within the first few days, at
the latest, to reduce conversion rate. Moreover, early
LC does not increase mortality, perioperative compli-
cations or length of stay. On the contrary, it reduces
the risk of recurrence and progression of disease in
the delay between ERCP and LC (21). 

Traditionally, early LC for patients with mild pancre-
atitis was preferred, but only after an interval of vary-
ing length. However, the Dutch group published a
very comprehensive review challenging such approach.
In their review, they analyzed eight cohort studies
and one randomized trial, all together including 998
patients. Cholecystectomy was performed during index
admission in 483 patients (48%) without any reported
readmissions. Interval cholecystectomy was performed
in 515 patients (52%) after 40 days. Before IC, 95
patients (18%) had to be readmitted for recurrent bil-
iary events, including recurrent biliary pancreatitis
(43.8%). There were no differences in operative com-
plications, conversion rate (7%) and mortality (0%)
between index and IC. Authors concluded that
cholecystectomy during index admission for mild
biliary pancreatitis appears safe. Nevertheless they
could not exclude selection bias as baseline charac-
teristics were only reported in 26% of patients.
Therefore the question is whether the two groups
are truly comparable (22).

The review done by Gurusamy et al. is in agreement
with these findings. Authors analysed one random-
ized controlled trial in which 50 participants with
mild acute gallstone pancreatitis were randomized
either too early LC (within 48 hours of admission
irrespective of whether the abdominal symptoms
were resolved or the laboratory values had returned
to normal) or to delayed LC (surgery after resolution
of abdominal pain and after the laboratory values
had returned to normal). Authors concluded that
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there is no increased risk of complications after
early LC for mild acute biliary pancreatitis (23).

CONCLUSION

Treating patients, fit for surgery, with LC as soon as
possible after the onset of symptoms seems to be the
best therapeutic strategy. However, while some authors
believe that LC for patients with AC should be delayed
if not performed up to 7–10 days, there are some who
favor early LC regardless of the time from symptom
onset, provided a sufficient laparoscopic experience
exists. Despite the available evidence end expert con-
sensus supporting early LC, rate of early surgery
remains variable. Early LC seems to be the best
approach for patients after ERCP or mild pancreatitis,
as well. Gallbladder drainage, also known as percuta-
neous cholecystostomy, is a possible alternative to sur-
gical treatment in a very select subgroup of critically ill
patients, unfit for surgery. However, good evidence,
clearly supporting its role, is lacking, at least for the
time being.
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Review article

ABSTRACT

Blunt pancreatic trauma is an uncommon injury but
has high morbidity and mortality. In modern era of
trauma care, pancreatic trauma remains a persistent
challenge to radiologists and surgeons alike. Early
detection of pancreatic trauma is essential to prevent
subsequent complications. However, early pancreatic
injury is often subtle on CT and can be missed unless
specifically looked for. Signs of pancreatic injury on
CT include laceration, transection, bulky pancreas,
heterogeneous enhancement, peripancreatic fluid
and signs of pancreatitis. Pancreatic ductal injury is a
vital decision-making parameter as ductal injury is an
indication for laparotomy. While lacerations involving
more than half of pancreatic parenchyma are sugges-
tive of ductal injury on CT, ductal injuries can be
directly assessed on MRI or endoscopic retrograde
cholangiopancreatography. Pancreatic trauma also
shows temporal evolution with increase in extent of
injury with time. They are associated with consider-
ably high morbidity and mortality in cases of delayed
diagnosis, incorrect classification of the injury, or
delays in treatment.

INTRODUCTION

The pancreas is a relatively uncommon organ to be
injured in trauma (7–9%), occurring in less than 2% of
blunt trauma cases. This injury is associated with con-
siderably high morbidity and mortality in cases of
delayed diagnosis, incorrect classification of the injury,
or delays in treatment (1, 2). Mortality for pancreatic
injuries ranges from 9% to 34%; however, only 5% of
the pancreatic injuries are directly related to the fatal
outcome. Physical examination is usually not reliable
in the setting of acute pancreatic trauma (3). Early and
accurate diagnosis can decrease morbidity and mortal-
ity, and various imaging modalities play a key role in
recognition of pancreatic injuries (4, 5). Knowledge
about the mechanisms of pancreatic injury, the pres-
ence of coexisting injuries, the time to diagnosis, the
presence or absence of major ductal injury, and the
roles of various imaging modalities are essential for
prompt, early and accurate diagnosis. Early detection
of disruption of the main pancreatic duct (MPD) is of
paramount importance because such disruption is the
main cause of delayed complications like pseudopan-
creatic cysts (6). The most common site of traumatic
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pancreatic injury is at the junction of the body and tail.
Significant pancreatic injury may occur in the absence
of abnormality on various imaging modalities (7).
Conservative management is mainly advocated for
pancreatic trauma without ductal injuries. CT is rou-
tinely used as the first-line imaging modality in acute
abdominal trauma cases and is helpful in recognizing
injuries to the pancreas and other organs and their
associated complications (8). US is useful in cases of
pancreatic ascites and pseudocyst formation, which
are more likely to occur in cases with traumatic pan-
creatitis (3, 9). Magnetic resonance cholangiopancre-
atography (MRCP) allows direct imaging of the pancre-
atic duct and its disruption (10). Recently, with empha-
sis on early detection of ductal injury and an increasing
trend towards non-operative management of low-grade
pancreatic injuries, MRI, endoscopic retrograde cholan-
giopancreatography (ERCP) and endoscopic stenting
have also been incorporated into pancreatic trauma
management protocols (2, 4–8).

ANATOMIC CONSIDERATIONS

The pancreas is a long J-shaped, soft, lobulated
retroperitoneal organ. It is situated transversely across
the posterior abdominal wall, at the back of the epi-
gastric and left hypochondriac regions at level of lum-
bar spine (L1–2) (11). The MPD of Wirsung traverses
the entire length of the gland. The superior pancreati-
coduodenal artery from the gastroduodenal artery
and the inferior pancreaticoduodenal artery from the
superior mesenteric artery run in the concave contour
of the second part of the duodenum to supply the
head of the pancreas. The pancreatic branches of the
splenic artery supply the neck, body, and tail of the
pancreas. The body and neck of the pancreas drain
into the splenic vein, whereas the head drains into
the superior mesenteric and portal veins. The proxim-
ity of many larger vessels such as the inferior vena
cava, portal vein, and abdominal aorta makes injuries
to the pancreas difficult to manage because of the risk
of exsanguinating hemorrhage, which is a frequent
cause of death in patients with a pancreatic injury.
The splenic artery and splenic vein run superior and
posterior to the body and tail of the pancreas and are

relatively easier to expose and control compared to
the inferior vena cava and portal vein. The vascular
anatomy causes problems in repairing the injuries to
the head of the pancreas whereas injuries to the body
and tail are easier to manage (11, 12) (Figure 1). 

CLASSIFICATION AND GRADING OF
PANCREATIC INJURIES

Pancreatic injuries are classified and graded according
to the damage to the pancreatic parenchyma and the
ductal system. Grading of pancreatic injuries enables
an exact description of injuries, can influence man-
agement and allows a comparison of outcomes and
effective quality control of treatment (13). There are
several classification systems of traumatic pancreatic
injuries (14, 15) but the pancreatic organ injury scale
(OIS) proposed by the American Association for the
Surgery of Trauma (AAST) fulfils most of these crite-
ria and at present is the universally accepted classifi-
cation scheme (16). This OIS involves five grades,
which concedes the significance of more complex
injuries to the pancreas, particularly to the pancreatic
duct and the pancreatic head (Table 1). This classifica-
tion scheme can also be correlated with other
organ injury scales, as well as integrated into more
complex scoring systems, such as Injury Severity
Score or Trauma Score-Injury Severity Score from
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which probability of survival of an individual case
is determined.

CLINICAL AND LABORATORY
DIAGNOSIS

Pancreatic injury should be suspected in all polytrauma
patients or patients with history of any high-risk mech-
anism of injury. Due to the deep retroperitoneal loca-
tion of pancreas, early diagnosis of pancreatic injury
may be missed. Isolated pancreatic trauma may be
clinically occult initially and can present later with
complications while in polytrauma patients, pancreatic
trauma may be masked by signs of more severe other
organ injuries (17). Clinically, patients may present
with diffuse abdominal or epigastric pain, epigastric
ecchymosis, abdominal guarding, tenderness and
absent bowel sounds, along with metabolic acidosis
and leucocytosis secondary to the inflammatory
response induced by leakage of pancreatic enzymes
(18, 19). Both serum amylase and lipase are unreliable
markers for pancreatic trauma. While serum amylase
is usually elevated after pancreatic trauma, it can also
be normal in up to 40% of patients (20). Thus initial
serum amylase levels are neither sensitive nor specific
for diagnosis of pancreatic trauma and can also be ele-
vated in non-pancreatic abdominal and bowel injuries
(21, 22). Hence serum amylase determinations may
support clinical suspicion in the diagnosis of pancreatic

trauma but are not reliable or cost-effective as screening
tools. While absolute values of serum amylase do not
correspond to the grade and severity of injury, hyper-
amylasemia in general is an indicator of development
of complications, pancreatic fistula and pseudocyst for-
mation (23). Also while initial amylase may be normal,
repeat amylase measurements at later intervals, persis-
tent or significant hyperamylasemia (more than three
times baseline) are suggestive. Thus, the trend of
serum amylase/lipase levels (increase/decrease) rather
than any absolute value are helpful indicators of pan-
creatic involvement and development of subsequent
complications (24, 25).

IMAGING IN PANCREATIC TRAUMA

The objectives of imaging are: 1) to detect pancreatic
trauma as early as possible to mitigate the conse-
quences of delayed diagnosis; 2) to identify ductal
injury; i.e. to identify grade 3 and above injuries as
ductal involvement has higher morbidity and mortal-
ity; 3) to evaluate evolution of pancreatic trauma; and
4) to diagnose complications and facilitate image-
guided interventions. With these objectives in mind,
CT is the workhorse of imaging in pancreatic trauma.
MRI with MRCP and ERCP are useful in definitive
diagnosis of ductal injury both early and late cases
while a newer modality like contrast-enhanced US
(CEUS) has also been evaluated in pancreatic trauma.
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Ultrasound

A US examination will usually be performed to
enable the diagnosis of free abdominal fluid or gross
damage to the liver or spleen. The pancreas is not
easily identified and examined to its full extent;
therefore, pancreatic injuries, parenchymal or ductal,
will frequently be missed. However, routine abdomi-
nal US examination in the emergency room will
establish the diagnosis of an intra-abdominal injury
and therefore establish the need for an urgent explo-
rative laparotomy. To disclose MPD injury in blunt
and penetration pancreatic trauma, intraoperative
US has proven to be helpful.

Computed tomography

When initially evaluating for injury, CT scanning is a
simple, non-invasive means of evaluating the pancreas.
New-generation helical CT scanners quickly enable an
overview of abdominal injuries in severely traumatic
patients. CT was reported to have 90% sensitivity in
detecting pancreatic disruption by The et al. (30).
Furthermore, CT allows additional assessment of the
severity and extent of pancreatic tissue damage and
concomitant injuries. Another factor affecting diagnos-
tic performance in pancreatic trauma is the evolution
of pancreatic injury. Findings can be subtle in early
cases leading to a low CT sensitivity. In the study by
Arkovitz et al. (26), CT had 85% sensitivity within the
initial 24 hours after pancreatic injury while overall
sensitivity was 90%. The pancreas can appear normal
in 20–40% of patients with acute blunt pancreatic
injuries, especially when imaging is done within the
first 12 hour after injury. This is due to the obscuration
of the fracture plane, hemorrhage, and close apposition
of the pancreatic fragments. On repeat scanning at
12–24 hours, an abnormality which was initially
ambiguous or subtle becomes more evident. Findings
become more radiologically apparent over time with
the development of post-traumatic pancreatitis, edema,
leakage of pancreatic enzymes, and subsequent autodi-
gestion of the surrounding parenchyma (27, 28). The
delay in CT findings of pancreatic injury is especially
pronounced in pediatric or thin patients who often

lack the contrast provided by surrounding adipose tis-
sue to appreciate pancreatic injuries (29, 30). CT can
either miss or underestimate depth of laceration too in
very early stage because accumulation of fluid within
the gap and separation of fragments is a time-
dependent phenomenon (31). Thus, the inability to
detect early pancreatic trauma even with advanced
multidetector CT technology is not a reflection of fail-
ure of technology but due to the natural history and
evolution of trauma (32).

Magnetic resonance
cholangiopancreatography

MRCP is another non-invasive diagnostic tool that
allows the evaluation of pancreatic injuries with high
sensitivity and specificity. Particularly in stable patients
with suspected pancreatic injury, MRCP enables the
non-invasive detection or exclusion of pancreatic duct
trauma and pancreatic specific complications. It may,
therefore, provide information that can be used to
guide management decisions in the further course of
pancreatic trauma patients; however, its purely diag-
nostic nature and its inability to provide real-time
visualization of ductal findings and extravasation are
two of its disadvantages. Recently, secretin-stimulated
MRCP was also reported to be a safe, non-invasive test
that can provide additional useful information about
duct integrity and facilitate management (47).

Endoscopic retrograde
cholangiopancreatography

ERCP was documented to be a useful diagnostic tool,
displaying sensitivity and specificity of 100% for pan-
creatic duct injury. ERCP was also reported to be the
definitive test for pancreatic duct injury, particularly,
to demonstrate the site of duct disruption and the
grade of duct injury, whether the branch or main duct
and partial or complete disruption of the MPD (53).
Recently, ERCP has been shown not only to provide
sufficient information for conclusive diagnosis but also
to be an effective and safe non-operative treatment
tool. In certain cases of leakages of the pancreatic
duct, transpapillary stent insertion might seal the
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injury and stabilize it in a way that eventually leads
to resolution of the leakage.

MANAGEMENT OF PANCREATIC
INJURIES

Management of pancreatic trauma depends on 1)
grade/severity of injury; 2) location of injury; 3) other
associated abdominal injuries, and 4) time elapsed
after injury (2, 9, 14). If CT shows ductal involvement
(more than 50% depth of laceration), the operative
management is preferred. If CT is equivocal, MRI
(or ERCP) should be done to look for ductal
involvement followed by laparotomy in presence of
ductal involvement.

Many patients with pancreatic injuries have multiple
associated injuries including vascular and other intra-
abdominal organs injury; priority must be given to
stabilizing the patient before any definitive manage-
ment of the pancreatic injury. The initial priorities
include control of hemorrhage and spillage of intesti-
nal contents. The decision regarding therapeutic
approach of the traumatic pancreatic injury, either
with a conservative approach or a surgical approach,
depends upon the integrity of the MPD, extent of
pancreatic parenchymal damage, anatomical location
of the injury, stability of the patient and degree of
associated organ damage (33, 34). In patients with an
isolated pancreatic contusion or superficial lacerations
without ductal disruption, conservative management
may be warranted. Treatment of traumatic pancreatitis
consists of bowel rest, nasogastric suction, and nutri-
tional support (35). ERCP-guided stent placement to
the MPD injury has been indicated in select cases
(36). Endoscopic transpapillary drainage has been
successfully used to heal duct disruptions in the early
phase of pancreatic trauma and in the delayed phase
to treat the complications of pancreatic duct injuries.
However, in patients with major ductal injury after
blunt pancreatic trauma, morbidity and mortality
greatly increase unless surgery is undertaken within
the first 24 hours. By using the pancreatic OIS
grading system of the AAST to help to guide the
appropriate surgical management, the morbidity and

mortality in blunt pancreatic injury are decreased
(37). Grades  and  are treated with non-operative
management techniques or simple drainage, whereas
injuries grade  or higher often require resection with
possible reconstruction and drainage procedures (38).
There are some alternative procedures that can be
used for the management of high-grade blunt pancre-
atic injury, such as duodenal diversion, pyloric exclu-
sion, the Whipple procedure or simple drainage, with
the choice dependent on the patient’s hemodynamic
status and the presence or absence of associated duo-
denal injury (39, 40). Sometimes, the decision to per-
form a pancreaticoduodenectomy is unavoidable in
select cases. If the patient is hemodynamically unsta-
ble, pancreaticoduodenectomy should be performed
as a two-step procedure. After the initial damage con-
trol surgery, anastomoses are completed at a second
surgery when the patient is stable (41). The standard
of care in penetrating injuries is a surgical approach
depending upon the location of the injury and associ-
ated abdominal injuries. Damage control surgery in
hemodynamically unstable patients with massive
injury to the pancreas and associated intra-abdominal
organs reduces morbidity and mortality.

Non-operative management

Literature on non-operative management of the injuries
(NOMI) mostly pertains to pediatric patients with
reported outcomes similar to operative management
(42, 43). However, this approach can also be extended
to adults (8). Proper patient selection (patients with
low-grade injuries, isolated pancreatic injuries, and
absence of ductal involvement on MRI or ERCP), con-
tinuous patient monitoring, radiological follow-up and
availability of radiological or endoscopic interventions
for management of local/pancreatic complications are
keystones to successful NOMI (44, 45). In case of clin-
ical and radiological progression of injury, subsequent
surgical management is preferred over endoscopy as
the laparotomy has better outcomes with lesser com-
plications (2, 3).
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COMPLICATIONS, MORBIDITY, AND
MORTALITY

Despite the relatively low incidence of pancreatic
trauma, morbidity and mortality are high. While iso-
lated pancreatic trauma has an incidence of less than
3% (46), the overall morbidity is 30–50% and mor-
tality is 10–30%. There is a proportionately direct
increase in adverse outcome with 1) increasing grade
of injury; 2) associated organ injuries, and 3) delay in
diagnosis with failure to identify ductal injuries (3, 9,
13, 24, 29, 47, 48). Approximately, one-third of the
patients that survive the first 48 hours develop compli-
cations due to pancreatic injury. Complications include
traumatic pancreatitis, pancreatitis-induced vascular
complications such as pseudoaneurysms, pseudocysts,
pancreatic fistulas, intra-abdominal abscesses, pancre-
atic strictures and chronic obstructive pancreatitis,
wound complications, septicemia and multiple organ
failure (14, 49, 50). Post-traumatic pancreatitis occurs
due to missed or delayed diagnosis of ductal injury.
The incidence of pancreatitis is 17% after pancreatic
injury (51). Patients present with abdominal pain and
hyperamylasemia. CT demonstrates typical imaging
features of pancreatitis with bulky, heterogeneously
enhancing pancreas, intrapancreatic and peripancreatic
collections and can lead to sepsis and multiple organ
failure. Treatment is usually conservative while pan-
createctomy, debridement, and drainage may be done
for failure of conservative treatment. Patients may also
present with recurrent episodes of pancreatitis months
after trauma due to persistent duct leak. This may
require surgical intervention or endoscopic stenting
(52–54). Pancreatic fistula is one of the commonest
complications after pancreatic trauma. Its incidence
varies from 20% in isolated pancreatic trauma to 35%
in combined pancreaticoduodenal injuries (55–57).
Fistula output more than 200 mL/day is a low-output
fistula while output more than 500 mL/day is a high-
output fistula. Conservative management with CT-
guided drainage of fistula over weeks is the treatment
of choice (58). In case of persistently high-output
drainage or internal communication with a hollow vis-
cus or pleural cavity, ERCP may be done to delineate
the fistulous anatomy followed by surgery or endoscopic

stenting (5). Proximal fistulas are better treated by
stenting or Roux-en-Y procedures while distal fistulas
are treated by pancreatectomy (3, 14). Pancreatic pseu-
docysts more commonly occur after missed injuries to
distal pancreas or as a sequelae of NOMI (14, 58).
These are commonly located anterior to body and tail
of pancreas. MRCP or ERCP should be done to look
for communication with pancreatic duct. If communi-
cation is present, endoscopic stenting along with CT-
guided percutaneous drainage is done (59, 60). If
there is no communication with pancreatic duct,
drainage alone is sufficient. If closely apposing stomach
or bowel walls, surgical or endoscopic cystogastrostomy
or cystoenterosotmy are other therapeutic options (61).
Peripancreatic abscess/infected walled-off collections
usually occur secondary to contamination from hollow
viscus or skin flora through the external drain. These
increase morbidity and mortality due to ensuing
sepsis (47, 61, 62–68). On imaging, air foci within peri-
pancreatic collections are suggestive of infection.
However, if external drainage is maintained, presence
of air foci may be normal. In such cases, MRI can
show debris within the collections while positive
culture of fluid in the presence of fever, leucocytosis,
and acidosis are diagnostic. Vascular complications
such as pseudoaneurysms either occur due to compli-
cations of surgery or secondary to erosion of vessel
wall by pancreatic enzymes (69, 70). Post-pancreatitis
and post-traumatic pancreatic pseudoaneurysms com-
monly involve splenic, gastroduodenal and common
hepatic arteries. Pseudoaneurysms are potentially life-
threatening events and can rupture if untreated,
leading to haemorrhagic death. Imminent rupture or
bleeding pseudoaneurysms manifest as upper gas-
trointestinal bleed (haematemesis/melena) or haemo-
bilia. If patient is hemodynamically stable, CT angiog-
raphy is the modality of choice to diagnose site and
size of pseudoaneurysms followed by angioembolization
with coils, glue or thrombin. If hemodynamically
unstable, patients can directly be taken for embolization
(71–74). In cases of failure of embolization or in cases
non-amenable to embolization, surgical management
is done. Pancreatic duct strictures and chronic obstruc-
tive pancreatitis can occur as sequelae of NOMI
wherein fibrosis at injury site can lead to pancreatic
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duct strictures. Chronic obstruction and raised intra-
ductal pressure leads to chronic obstructive pancreatitis,
presenting months to years after trauma (75). MRI is
useful in diagnosis while ERCP and endoscopic stent-
ing are therapeutic. Other options include surgical
pancreaticojejunostomy and distal pancreatectomy for
distal strictures (76).

SUMMARY

Pancreatic trauma remains a difficult diagnosis with
high morbidity and mortality. While multiple detector
CT is the mainstay for diagnosing pancreatic injury,
early scans may miss pancreatic trauma, especially if
not carefully looked for. Thus radiologists should
have a very high index of suspicion for pancreatic
injury and should carefully evaluate all CT scans for
signs of pancreatic involvement.

Early diagnosis of ductal injury is essential to improve
outcomes. If ductal involvement is equivocal on CT,
MRI should be done to comment on ductal injury ver-
sus integrity and guide management. ERCP has a
selective role in management of complications of pan-
creatic trauma. Since pancreatic injury is an evolving
process, serial imaging with CT or MRI should be
done to look for temporal evolution and follow-up in
non-operative management of pancreatic trauma.
Radiology also plays a crucial role in follow-up and
management of complications in pancreatic trauma.
In select situations, including minor injuries, a con-
servative approach may be successful. With modern
imaging modalities and expertise in ERCP, isolated
pancreatic duct injury can be successfully managed. A
surgical approach is appropriate with major pancreatic
injury that necessitates urgent surgical intervention.
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INTRODUCTION

Majority of patients hospitalized with acute pancreatitis
(AP) will develop mild AP caused by bile duct obstruc-
tion or excessive alcohol consumption. Less common
causes include hyperlipemic AP or hypercalcemia.
Idiopathic and iatrogenic AP (after endoscopic retro-
grade cholangiopancreatography (ERCP)) represent
minority of AP. In cases of abdominal or thoracic
trauma, clinical and laboratory signs of AP should be
actively searched for. 

Severe AP will develop in less than 20% and is charac-
terized by concomitant organ failure (e.g., respiratory,
circulatory, liver, renal, coagulopathy). Rather than
concentrating on different scoring systems, clinicians
should focus on risk factors associated with the devel-
opment of AP (age, co-morbidities, presence of systemic
inflammatory response syndrome (SIRS), sepsis, pres-
ence of pleural effusions, elevated hematocrit, increased
body mass index (BMI), altered mental status). Vast
majority of patients with AP will present to the emer-
gency department with no organ failure or pancreatic
necrosis. Those that initially present with symptoms
lasting > 48 hours and have C-reactive protein > 150
are classified as having severe pancreatitis. It is of

utmost importance to initially recognize patients with
severe AP and admit them to intensive care units
(ICU) or high dependency units for close observation.
The use of Ranson’s criteria has limited value, and its
use is discouraged. Acute Physiology and Chronic
Health Evaluation (APACHE) II was developed for
ICU use and is not discriminatory enough to use in
early phase of AP. Its use in emergency department is
not validated. 

It is not possible to predict which patient will develop
severe AP so closed monitoring with daily inflamma-
tory, renal, pancreatic markers and arterial blood
gasses (ABG) with arterial lactate is imperative. 

Patient with AP developing or already with septic
shock, acute respiratory insufficiency (ARI), multiple
organ failure (MOF) should be admitted to ICU for
close monitoring. Arterial line, central venous line,
Foley catheter, nasogastric tube (or orogastric in intu-
bated patients) should be placed. Arterial blood pres-
sure should be monitored invasively; arterial catheter
allows blood to be drawn for ABG analysis and lactate
determination. Urine output should be assessed hourly. 
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The course of severe AP typically shows two mortality
peaks, first within the first week due to SIRS and
MOF and second after 14 days due to (septic) compli-
cations. If not already performed within 24 hours of
admission, ERCP with papillotomy and stent place-
ment should be performed in patients with AP and
concurrent cholangitis. 

DIAGNOSTIC PROCEDURES

Abdominal ultrasound to evaluate for cholelithiasis,
dilated bile and pancreatic duct should be performed on
all patients with AP regardless of their initial blood chem-
istry. Abdominal US can show potential pleural effusion,
peripancreatic fluid, peripancreatic tissue involvement
and additional abdominal pathology. It is readily available,
non-invasive and cheap.

Contrast-enhanced CT is not an imaging method of
choice in early course of AP as it does not add any diag-
nostic value to abdominal US, laboratory and clinical
findings. It should be performed however after 72 hours
if abdominal symptoms continue and patient deteriorates.
CT is invaluable in later course of the disease (not dis-
cussed here). 

FLUID BALANCE

In acute phase fluid resuscitation is often required
with volumes up to 6 L during initial 24 hours. After
each fluid bolus (30 mL/kg ideal body weight) fluid
responsiveness should be reassessed using invasive
methods (stroke volume variation, global end-diastolic
blood volume index (GEDI), velocity time index (VTI))
or non-invasively (vena cava diameter). Measuring cen-
tral venous pressure to determine the volume status is
obsolete method and should be abandoned.
Haemoconcentration (assessed by hematocrit) must be
avoided. Balanced crystalloids share numerous advan-
tages over non-balanced ones. Use of colloids in AP set-
ting, especially starches (HES), regardless whether bal-
anced or not, is contraindicated (FDA, EMA) and
should be avoided. Of note, early aggressive fluid
administration is most beneficial within the first
12–24 hours, and may have little benefit beyond. 

ANALGESIA

Adequate analgesia blunts pro-inflammatory response
during AP, suppresses sympathetic drive, has favorable
effect on respiratory and physical therapy. Multimodal
analgesia is recommended with opioid (tramadol,
piritramide, fentanyl, sufentanil), paracetamol and
nonsteroidal anti-inflammatory drugs (NSAIDs) if
not contraindicated in combination. Special attention
must be paid for patients with renal failure in which
opioids accumulate, and long-acting compounds such
as piritramide are not optimal choice. In the same set-
ting, NSAIDs are contraindicated as well. Rectal
application of NSAIDs has shown to have favorable
effect after ERCP.

Smaller studies consistently showed that thoracic epidural
analgesia (TEA) with epidural catheter placed between
6th and 9th thoracic vertebra, enables opioid-sparing anal-
gesia, secures adequate analgesia with improvement of
gut motility, pancreatic and splanchnic arterial perfusion
and seem to decrease mortality in patients with AP.
We are still waiting for definite results from multicen-
tre trial (EPIAN study). Hypotension should not be
retained as a contraindication for TEA during AP since
it is manageable by fluid administration or pharmaco-
logical interventions. Standard contraindications for
epidural catheter apply, with notion that increased C-
reactive protein does not automatically mean sepsis and
should be interpreted in accordance to other variables.

NUTRITIONAL SUPPORT

Early enteral nutrition via (oro)gastric route is not fea-
sible in all patients with AP but should be heavily
encouraged though. Early trial with minimal nutrients
delivery (20 mL/hour) with standard high protein
enteral formula should be used initially.
Immunomodulatory formulas containing arginine,
glutamine, and omega-3 fatty acids should be avoided.
Gastric residues should not be monitored at regular pre-
determined intervals (e.g., every six hours). There is still
no consensus among clinicians what is still acceptable
residue or whether to return or discharge aspirated
residue. In case of gastric passage blockage or lack of peri-
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stalsis, positioning of enteral tube is recommended.
Commercially available tubes include weighted tubes and
Tiger tube specially designed to anchor into distal duode-
num pass the Treitz ligament enabling direct enteral feed-
ing. Some tubes have additional lumen enabling feeding
into gut while venting through the gastric opening.

Routine use of prokinetic agents demonstrated no
benefit; however, clinicians report regular use of metoclo-
pramide (10 mg every 8 hours), neostigmine (0.5 mg
every 8 hours) together with colonic enemas. To reverse
opioid-induced constipation due to opioid analgesia use
of methylnaltrexone (Relistor) is indicated. Parenteral
nutrition should be avoided during first week and admin-
istration tailored individually (partial parenteral nutrition
in combination with enteral or complete). Use of proki-
netics is indicated in elevated intra-abdominal pressure
(IAP). Enteral or parenteral erythromycin (500 mg every
8 hours) is indicated when metoclopramide and neostig-
mine are ineffective. 

Extensive research has been done on enteral supplemen-
tation of prebiotics and probiotics in patients with AP.
Results were mostly inconclusive (strain of bacteria from
the same species, different species, number of colony-
forming units, etc.) while some studies demonstrated
increased mortality due to septic complication including
endocarditis and bowel perforation. As for now, the use of
pre- and probiotics in patients with AP is contraindicated.

ANTIBIOTIC COVERAGE 

Routine use of prophylactic antibiotics in patients with
severe AP and sterile necrosis is not recommended. Up to
25% of pancreatic necroses will however eventually get
infected, causative agents being enteric Gramm negative
bacteria (E. coli, P. aeruginosa) and anaerobes (Bacteroides
spp.) and Candida spp. In one third the infection is
polymicrobial. In patients with infected necrosis, antibi-
otics known to penetrate pancreatic necrosis with anaero-
bic coverage (e.g., meropenem) may be useful in delaying
percutaneous or surgical intervention, thus decreasing
morbidity and mortality. Other classes include fluoro-
quinolones with metronidazole or high dose
cephalosporins. Material for microbiological must be

obtained, and antibiotic therapy should be adequately
tailored (targeted). Prophylactic use of anti-fungal agents
is contraindicated. Material for microbiology cultivation
should be obtained as soon as possible using US- or CT-
guided fine needle biopsy. In case of open surgery, mate-
rial should be obtained and sent for microbiology as well. 

PROTON PUMP INHIBITORS

Ulcer prophylaxis with proton pump inhibitors does
not have direct favorable effect on the course of AP. Its
use should be individually tailored. 

DEEP VENOUS THROMBOSIS
PROPHYLAXIS

Prophylaxis for deep venous thrombosis in AP is rec-
ommended in all patients with severe AP. Surge in pro-
coagulant inflammatory mediators, stasis, vessel spasm,
and mass effects from the surrounding inflamed pan-
creas all contribute to splenic or portal vein thrombosis
which occurs in up to 20%. Once the diagnosis is con-
firmed, therapeutic heparin treatment should begin.
Standard unfractionated heparin has certain advantages
over low molecular weight heparin, being cheaper, dos-
ing easily adjustable, with predictable kinetics and avail-
able antidote.

RESPIRATORY SUPPORT

SIRS, pleural effusions, decreased compliance of
abdominal and thoracic wall because of volume load-
ing and capillary leak all increase the work of breath-
ing, inevitably leading to ARI. AP is one of the most
common causes of acute respiratory distress syn-
drome. Non-invasive ventilation via face mask or hel-
met should be the initial approach. High-flow oxygen
therapy is easy to use and can be applied in step
down units as well in ICU. In comparison to non-
invasive ventilation, high-flow oxygen therapy enables
moisturizing and heating the delivered gasses. If non-
invasive ventilation fails, invasive mechanical ventila-
tion with strict adherence to protective ventilation
principles should be applied. 
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INTRA-ABDOMINAL HYPERTENSION

IAP monitoring via dedicated gastric tube (Nutrient)
or measuring probe attached to Foley catheter is sim-
ple, non-invasive method that should be part of basic
monitoring in every patient with AP that requires uri-
nary catheterization or gastric tube placement. More
than 60% of patients with AP will develop intra-abdom-
inal hypertension (IAH) during the course of disease.
Failure to recognize increase in IAP (> 12 mmHg) leads
to end-organ failure. Factors that contribute to IAH are
among others decrease in abdominal wall compliance,
increase in intra-luminal contents, capillary leakage or
fluid resuscitation. Pressures greater than 12 mmHg are
consistent with IAH, and pressures > 20 mmHg together
with new onset organ dysfunction is consistent with
abdominal compartment syndrome (ACS).

Some authors recommend maintaining abdominal perfu-
sion pressure (APP) greater than 60 mmHg; however,
WSACS 2013 consensus management statement could
make no recommendations for the use of APP in the
resuscitation or management of patients. The majority of
authors urge clinicians to implement techniques towards
normalizing IAP and not on maintaining APP over pre-
determined value.

Physiological derangements due to intra-
abdominal hypertension 

Increase in IAP leads to increased jugular venous
pressure which in return impairs cerebral venous drainage
and contributes to increased intra-cerebral pressure (ICP).
Compression to inferior vena cava decreases right heart
venous return and decreases cardiac output. Peripheral
venous stasis, especially in lower extremities can compro-
mise arterial flow. Combination of fluid resuscitation and
increased IAP lead to increased central venous pressure
(CVP) which in turn decreases visceral perfusion pressure
leading to gut ischemia, bacterial translocation, and end-
organ failure. Increased CVP impairs renal perfusion
pressure leading to activation of renin-angiotensin-aldos-
terone system which additionally impairs mesenteric per-
fusion. IAH impairs lung functional residual capacity,
increases ventilation/perfusion mismatch. Multiple organ

failure development often leads to acute respiratory dis-
tress syndrome.

Non-surgical interventions to reduce IAP include insertion
of decompression gastric and rectal tube, initiating proki-
netic agents, administering enemas, performing colono-
scopic decompression when indicated and discontinuing
enteral nutrition. Repositioning the patient in supine
position (no head elevation) can be tried as an IAP lower-
ing technique. The use of diuretics and renal replacement
therapy with fluid removal can have favorable effect but
is time-consuming. Especially in patients that already
have intravascular volume depletion, diuretic use leads to
acute kidney injury. The use of deep sedation and analge-
sia, or even neuromuscular blockade, may transiently
improve abdominal wall compliance and reduce IAP
while more durable treatments are being pursued.
Applying high positive end-expiratory pressure (PEEP)
seems to have little or no impact on IAP measurement.
PEEP should be set to counterbalance IAP.

Surgical decompression

Once a diagnosis of ACS is suspected or definitively made
and conservative approach to reduce IAP failed, there
should be rapid progression to surgical decompression.
Although modern management of uncomplicated pan-
creatitis emphasizes avoidance of surgical intervention,
surgical decompression may improve renal or respiratory
function. Early surgical decompression is associated with
reduced mortality in patients with severe acute pancreati-
tis, early multiple organ dysfunction syndrome, and
abdominal compartment syndrome.
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ABSTRACT

The diagnosis of acute pancreatitis is based on clinical
and laboratory data. Transabdominal US as the first
imaging modality used in the evaluation of patients
with acute pancreatitis is usually able to determine its
biliary cause. Sometimes it can show complications,
and the extensiveness of the pathologic changes and
enables graduation of severity of the disease. Contrast-
enhanced US (CEUS) can demonstrate perfusion of
the pancreas and can visualize a non-liquefied necrosis
which was a main limitation of conventional US.
CEUS offers several potential advantages compared
with other imaging techniques, including lower costs,
non-invasiveness, lack of radiation exposure, shorter
scan times, and most importantly, the absence of
nephrotoxicity. An imaging procedure with fewer side
effects deserves consideration as a safer alternative.
Besides many advantages, due to severe pain and
bowel gas in pancreatitis both conventional US and
CEUS have its limitations. In the review lecture, indi-
cations of other diagnostic imaging techniques and
interventional procedures (Doppler, CEUS, CT, MRI,
drainage, angiography with embolization, etc.) will be
shown, and the role of conventional US and CEUS in
the follow-up of the disease will be discussed.
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ABSTRACT

Early cholecystectomy in acute setting should be
carried out in patients with less than 72 hours dura-
tion of symptoms. Most agree that surgical treatment
can be safely done even in longer duration of symp-
toms. Despite attractiveness of quickly rendering
patients pain-free, avoidance of prolonged antibiotic
treatment and recurrent hospitalizations for interval
cholecystectomy, not all patients are eligible for
immediate surgical treatment. In multiple morbid,
old and frail patients, persistence in conservative
treatment, possibly bridged with percutaneous gall-
bladder drainage, might reduce mortality and mor-
bidity rates in this population. Nevertheless, early
surgical treatment will continue to play a major role
in acute presentation of gallbladder inflammation.
Surgeons should be aware of potential problems in
identification of biliary anatomy, being ready to con-
vert to open surgery thus avoiding disastrous bile
duct injuries. Low threshold for conversion or bailing
out with subtotal cholecystectomy remain a legitimate
and valid option. In our department review, retro-
grade analysis of patients operated for acute cholecys-
titis in the last four years was undertaken. The

results are presented with emphasis on surgical
complications management and mortality.
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ABSTRACT

Background. Emergency Medical Unit at University
Medical Centre Ljubljana is almost exclusive hospital
entrance for patients with acute pancreatitis (AP) in
Central Slovenian region (population 550.000). Data
about emergency department flow for this group of
patients are scarce in medical publications, and AP
incidence report for our region is old. We assessed
epidemiological characteristics of patients with AP
and their flow at emergency department.

Methods. We reviewed emergency department med-
ical records of patients with confirmed diagnosis of
AP (ICD-10 diagnosis K85) in the year 2017. The
Manchester triage system (MTS) was used to assign
clinical priority to all patients (5 categories).

Results. Among 24,406 patients, 243 (0.1%) were
diagnosed with AP (male 63%, female 37%) with an
average age of 60.2 ± 18.2 years (male 59 ± 17.1,
female 62 ± 19.9). Their assigned MTS category was
yellow (urgent) in 88%, orange (very urgent) in 11%,
and green or blue (non-urgent) in 1 %. Ultrasound was
performed in 148 patients (61%). At the emergency
department, etiology of AP was determined in 30%

(68% biliary, 11% alcohol-induced, 11% idiopathic and
10% other). Wait time to emergency department physi-
cian examination was 124 ± 131 minutes and overall
time spent at emergency department was 493 ± 370
minutes. 75% of patients were admitted to Department
of Gastroenterology. MTS emerged as the only inde-
pendent predictor of door to physician time (p=0.022)
and time spent in the emergency department (p=0.030)
after adjustment for etiology, age, gender and month
of the year.

Conclusions. Regional incidence for AP in 2017
was 4.4/10.000. Patients were predominantly affected
in their 6th decade, and at emergency department,
AP etiology was determined in 30%. Average waiting
time for a physician was approximately 2 hours,
while overall time at the emergency department
was 8.2 hours. The flow of patients with higher MTS
was faster.
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ABSTRACT

Background. Most episodes of acute pancreatitis (AP)
are mild, needing only brief hospitalization. Severe AP
occurs in 15–20% of patients. Severity scoring systems
usually require 48 hours to become accurate. An
earlier prognostic tool would be helpful. We aimed to
assess the prognostic potential of Manchester triage
system (MTS) score and Bedside Index for Severity in
Acute Pancreatitis (BISAP) score (1). 

Methods. A retrograde review of emergency depart-
ment and hospital medical records of patients with
confirmed diagnosis of AP at Emergency Medical
Unit of University Medical Centre Ljubljana in 2017
was performed. BISAP score was calculated for each
patient. Furthermore, the course of the disease was
stratified into three groups: normal, severe and fatal. 

Results. In 2017, 243 patients (0.1%) were diagnosed
with AP (male 63%, female 37%) with an average age
of 60.2 ± 18.2 years (male 59 ± 17.1, female 62 ± 19.9).
Their consecutively assigned MTS category was pre-
dominantly yellow (urgent) in 88%, followed by orange
(very urgent) in 11%, and green or blue (non-urgent)
in 1%. Retrograde BISAP score could be calculated

in 224 patients (0 points 38%, 1 point 35%, 2 points
21%, 3 points 5%, 4 and 5 points 0%). Disease
course was mild in 70% of patients, severe in 28 %
and fatal in 2% of patients (4 patients). On a multi-
variate model, only BISAP emerged as an indepen-
dent predictor of severe disease (OR 1.84; 95% CI
1.18–2.85; p=0.007) after adjusting for age, gender,
etiology and MTS score.

Conclusions. MTS has a poor prognostic value in
acute pancreatitis. On the other hand we have shown
that BISAP score, an early prognostic tool based on
clinical, laboratory and radiological data, is a good
predictor of severe disease.
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ABSTRACT

Introduction. Pancreatitis is an inflammatory
response of pancreas with changing morphology due
to different causes, which are excessive alcohol con-
sumption (60%), idiopathic (20–30%), or rare diseases
(10%). Due to common pathological mechanisms,
Atlanta classification divides pancreatitis to 1) intersti-
tial oedematous acute pancreatitis and 2) acute necro-
tizing pancreatitis, characterized by inflammation,
associated with pancreatic parenchymal necrosis and
peripancreatic necrosis. Late consequences are pseu-
docyst formation with duodenum and common bile
duct obstruction, thrombosis of splenic vein (and con-
sequently portal hypertension), development of splenic
artery pseudoaneurysm, and long-term metabolic
complications, being exocrine and endocrine pancreas
insufficiency, i.e., diabetes mellitus. Infection is a
complication of acute pancreatitis presented in 10%
of cases with different infectious agents. 

Methods. Retrospective analysis included 95
patients diagnosed with pancreatitis treated at the
Department of Abdominal Surgery at the University
Medical Centre Ljubljana, during the 2-year observa-
tional period from January 2016 to December 2017.

Inflammatory parameters (C-reactive protein, white
blood count), haemoculture results, body tempera-
ture, infectious complications including abdominal
sepsis, hospitalization time and more severe com-
plications were included in the study protocol.

Results. In 13/95 patients (13.7%) antibiotic treatment
was prescribed at different treatment time; in 9/13
patients (69.2%) diagnosed with infectious complica-
tion, average hospitalization time was 25.5 days (range
14–37 days), while four patients were hospitalized for
less than 14 days. Antibiotic prescription was based on
positive inflammatory parameters (elevated white
blood count and C-reactive protein) and elevated body
temperature. Antibiotics were mostly prescribed empir-
ically and were continued if sensitivity to antibiotic
was proved on antibiogram. If not and after consulting
infectiologist, empiric antibiotic treatment was switched
to target. In 8/13 patients (61.53%), microbiology
tests were performed. The microbiology results con-
firmed one sepsis with Enterococcus faecium, hospi-
talized for 14 days; one Candida albicans-positive
haemocultures, hospitalized for 37 days; one septic
shock with polymicrobial sepsis being transferred to
the intensive care unit of the Department of Infectious
Diseases after six days of treatment; and one Citrobacter
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koseri and Enterococcus faecalis-positive drain swab
and haemocultures, hospitalized for 20 days. In
three cases, the antibiotic scheme had to be changed.
In the remaining six patients, antibiotic prescription
was not changed; three patients were treated empiri-
cally, for one patient infectiologist was consulted, and
in two patients the therapy was suitable to microbiol-
ogy test results. Patients were treated as follows: in
four cases ertapenem was prescribed, in two cases
piperacillin/tazobactam, in two cases ertapenem was
switched to piperacillin/tazobactam and one case
was treated with cefazolin and metronidazole which
were later switched to piperacillin/tazobactam, after
infectiologist consult.

Conclusions. Data analysis showed higher infectious
complication rate (13%) than reported in the literature
(10%). Average hospitalization time in complicated
pancreatitis is significantly prolonged, especially in the
cohort of patients with metabolic complications sup-
ported with parenteral nutrition and infectious compli-
cations with sepsis (average 25.5 days). Positive fungal
abdominal swab was treated with prolonged antifungal
parenteral (later switched to oral) agents and supported
with wide analgesic schema. Treatment of metabolic
complications was started, if necessary. Data analysis
showed insufficient approach to microbiological evi-
dence-based treatment, only present in 61.53% of
infectious complication. This cohort of patients pre-
sented with significantly higher complication rate
(transient steatorrhea 5%, exocrine insufficiency 12%)
and prolonged hospitalization time (14–37 days).
Compared to the literature, prescription of antibiotic
scheme was based on local resistance to antibiotic and
only three cases needed to be switched to another
antibiotic scheme. Essentially, lower identification rate
based on haemoculture and abdominal swab was
observed which might explain prolonged hospitaliza-
tion and complication rate. Late complications are
excluded to discussion and also surgical treatment pro-
tocol, this might also explain the incidence of some
other late complications.
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ABSTRACT

Introduction. Pediatric acute pancreatitis (PAP) is
an emerging situation and most frequently the
result of blunt abdominal trauma (23%, United States
15–37%). The condition is characterized with epigastric
pain and elevated serum digestive enzymes. Despite
modern diagnostic methodology and advanced clinical
practice, PAP represents specific and serious clinical
situation associated with significant morbidity and
long-term consequences. Grade I–II require mostly
conservative treatment and grades III–V surgical man-
agement.

Methods. Two pediatric medical records were analyzed
based on the same mechanism of injury (blunt abdom-
inal trauma due to bicycle accident): two boys of 11
years suffered an impact of handlebar into the left
abdominal side. In the same mechanism of trauma,
two different clinical situations were observed: grade II
and grade III pancreas trauma treated conservatively
and surgically (explorative laparotomy, evacuation of
hematoma, drainage), respectively. Average hospital
stay in both cases was ten days; both cases were tran-
siently treated with parenteral nutrition, non-morphine
based pain medication (paracetamol), pancreatic rest,
restoration to metabolic homeostasis management
and short-term antibiotic prescription.

Results. Due to prompt recognition of PAP due to
blunt abdominal trauma both, clinical and surgical
treatment modalities, resulted in no medical short- or
long-term complications. Average hospital stay in both
cases was 26 days; both cases were transiently treated
with parenteral nutrition, non-morphine based pain
medication (paracetamol), pancreatic rest, restoration
to metabolic homeostasis management and short-term
antibiotic prescription.

Conclusions. Traumatic pancreatitis (PAP) is an
increasingly recognized clinical entity that needs to
implement modern diagnostic approach and modal-
ities. The treatment approach adapted to pediatric
population need to be implemented to improve out-
comes and reduce short and long-term consequences.
Well-designed prospective studies are highly recom-
mended for pediatric guidelines of PAP formation.
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ABSTRACT

Any cause for acute abdomen can occur coincidently
with pregnancy. Acute pancreatitis during pregnancy
is rare but severe disease, with high maternal and
fetal mortality. It usually occurs during the third
trimester or the early postpartum period. Maternal
mortality (37%) and perinatal mortality (40%) has
recently decreased thanks to earlier diagnosis and
some maternal and neonatal intensive care improve-
ment. Acute pancreatitis in pregnancy is most com-
monly caused by gallstones (65–100%), alcohol abuse
and hypertriglyceridemia. Most of the patients (60%)
are diagnosed with pancreatitis in the third trimester.
Conservative treatment during the first and third
trimester and laparoscopic cholecystectomy during
the second trimester and early postpartum period
are recommended.  A multidisciplinary approach,
including gastroenterologists, obstetricians, and sur-
geon seems to be the key in improving threats, such
as preterm labor, prematurity and in utero fetal
death. As in any other disease associated with preg-
nancy, acute pancreatitis is associated with greater
concerns as it deals with two lives rather than just
one as in the non-pregnant population.

ETIOLOGY

Acute pancreatitis in pregnancy (APIP) is rare condition
with incidence of 1/1000–12,000 pregnant women.
The wide variation in the incidence is influenced by
the prevalence of its most important etiological factor,
i.e., gallstone disease (4, 5). Some factors have been
recognized as pathogenic cause for APIP: gallstone
increased maternal age, increased pregnancy number,
high fat diet, and high body mass index.

Cholesterol secretion in the hepatic bile increases in
the second and third trimester compared to bile acids
and phospholipids, leading to supersaturated bile.
Fasting and postprandial gallbladder volumes became
greater, with reduced rate and volume of emptying.
Combination of physiological changes leads to the
retention of cholesterol crystals and eventual gallstones.
The formation of biliary sludge and stones is strongly
associated with frequency and number of pregnancies.  

Serum lipoproteins and triglycerides are tree times
elevated in pregnant women. Cholesterol is elevated
25–50 %, because of high estrogen rate. The limit of
triglycerides is 300 mg/dL, and values that are needed
to cause pancreatitis are as high as 750–1000 mg/dL
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(1, 6). The most common misdiagnosis of pancreatitis
in the first trimester is hyperemesis. In women pre-
senting with severe nausea and vomiting in the first
trimester, consider obtaining amylase, lipase levels,
and liver function tests which, when elevated, are di-
agnostic for pancreatitis.

ACUTE PANCREATITIS DEFINITION

APIP is divided into three severity categories. Mild
acute pancreatitis referred to pancreatitis without
organ dysfunction or generalized complications.
Moderate to severe pancreatitis referred to pancre-
atitis with transient organ dysfunction or
localized/generalized complication within 48 hours
after treatment. Severe pancreatitis referred to
pancreatitis with persistent organ dysfunction or
localized complications, including acute peripan-
creatic fluid collection, pancreatic pseudocyst, acute
necrosis and encapsulated necrosis (12). The gen-
eralized complication referred to two of the following:
body temperature > 38 °C or < 36 °C; white blood cell
count > 12,000/mm3 or < 4000/mm3; heart rate >
90 beats/minute, respiratory rate > 20/minute or
pCO2 < 32 mmHg more than 48 hours after treatment.
Acute gallstone pancreatitis was diagnosed by an in-
creased alanine aminotransferase level  >  150  U/L
within 48  hours of onset, as well as radiological
evidence of abdominal US and magnetic resonance
cholangiopancreatography (MRCP) (7). Hypertriglyc-
eridemic pancreatitis is diagnosed based on Chinese
guidelines for the management of acute pancreatitis
(6) with either a serum triglyceride ≥ 11.3 mmol/L or
serum triglyceride 5.65–11.3 mmol/L with a lipid
turbidity appearance after excluding gallstone, al-
cohol or medication factors. Idiopathic pancreatitis
was diagnosed with radiological evidence of pan-
creatitis after excluding gallstone, alcohol, hyper-
triglyceridemia, medication, trauma, autoimmune
and surgical factors (7).

DIAGNOSIS

The approach to pregnant patients with severe abdom-
inal pain is very similar to that for non-pregnant

patients with acute abdomen. However, the physio-
logic changes associated with pregnancy must be con-
sidered when interpreting findings from the history
and physical examination. Nausea, vomiting, consti-
pation, increased frequency of urination, and pelvic
or abdominal discomfort are frequently experienced
in normal pregnancy. 

The diagnosis of acute pancreatitis is often complicated
by other obstetrical emergencies. Common clinical
findings are sudden in onset, severe, constant abdom-
inal pain and may radiate to the back, nausea, severe
vomiting and general physical impairment. During
physical exam, we can find epigastric tenderness and
calm peristaltic, although it is difficult to interpret
abdominal tenderness, muscular guarding and disten-
tion. The underlying inflammation has no direct con-
tact with the parietal peritoneum, and this prevents
the muscular response or guarding that would other-
wise be expected (8). To help distinguish extra-uterine
tenderness from uterine tenderness, examining with
the patient in the right or left decubitus position dis-
placing the gravid uterus to one side is helpful.

Diagnosis of APIP, based on Atlanta classification,
requires two of the following three features: abdominal
pain consistent with acute pancreatitis (acute onset of
a persistent, severe, epigastric pain often radiating to
the back), serum lipase activity (or amylase activity) at
least three times greater than the upper limit of
normal characteristic findings or acute pancreatitis
on contrast-enhanced CT and less commonly MRI or
transabdominal US. Abdominal pain without elevated
serum amylase/lipase activity requires imaging, while
abdominal pain and positive enzymes does not
require imaging (9). 

US is probably the most frequently used radiologic
modality for evaluating a pregnant abdomen. Also, it is
the initial imaging technique of choice to identify a bil-
iary etiology. Gallstones as a potential cause of AP are
identified by abdominal US in most cases. Radiography
and CT evaluation of patients who are pregnant is
often a source of anxiety for the practicing clinician,
although radiation exposure from a single diagnostic
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procedure does not result in harmful fetal effects (10).
Diagnostic endoscopic retrograde cholangiopancre-
atography is to be avoided whenever possible owing to
the associated risks, including bleeding, perforation,
pancreatitis and fetal radiation.

TREATMENT

Initial treatment is supportive and includes intra-
venous fluids for hypovolemia, correction of electrolyte
imbalances, glucose levels, calcium disturbances, with-
holding oral intake, nasogastric suction and total
parental nutrition (11).

In evaluating pregnant patients with AP, the four
important questions to be answered are: does the
patient have AP; if it is AP, what is the predicted
severity; is there a biliary etiology and what trimester
of pregnancy is. The answer to the last question
determines the choice of imaging studies and mode
of therapy (12).

Patients with mild AP do not need antibiotics. In a
pregnant patient, there are concerns with antibiotics
being transplacentally transferred to the fetus with
a risk of teratogenicity. Regardless of initial drug
regimen, therapy should be modified to reflect the
organisms recovered in blood cultures and the clin-
ical status of the patient (4). 

AP patients with gallstones need to be evaluated for
early cholecystectomy to prevent recurrence of AP
later on in the pregnancy when it could be more
serious and dangerous. The second trimester is the
best period for surgery since during this period
organogenesis is complete, and the uterus is not big
enough to obliterate the surgical view for laparoscopic
approach. It has also been recognized that cholecystec-
tomy during the second trimester is safe for both the
mother and the fetus (13, 14).

The indications for surgery in pregnancy are severity
of symptoms, obstructive jaundice, acute cholecysti-
tis intractable to medical treatment and peritonitis.
Although laparoscopy is accepted as safe, reports of

fetal demise after the procedure continue to occur in
the literature (15). Several studies have indicated, how-
ever, that laparoscopic surgery can be safely performed
on pregnant patients during any trimester, without an
appreciably increased risk to the mother or fetus (16).

Pregnancy termination is made by experienced obste-
tricians and gastroenterologists after 34th week of preg-
nancy. The indications were confirmed fetal death in
utero, obligation to use fetal-toxic medication for pan-
creatitis or organ failure. Approaches for pregnancy
termination included Caesarean section, natural birth
including pre-term and termed birth and natural or
drug-induced abortion. Mode of delivery should also
be decided by obstetric indications. If continuation of
the pregnancy is expected to lead to maternal morbidity
or mortality, delivery is indicated. If improvement of
the maternal condition cannot be expected with deliv-
ery, treat the patient with the fetus in utero (3).

CONCLUSION

Acute pancreatitis is rare in pregnancy, occurring most
commonly in the third trimester. Among the various
etiological factors for AP in pregnancy, gallstone
disease is the most common one. Abdominal ultra-
sound, CT scan, endoscopic US, and MRCP are the
available imaging studies in diagnosing a biliary etiol-
ogy for AP. The general management of AP in preg-
nancy is supportive. Laparoscopic cholecystectomy is
ideally performed in the second trimester when the
risk to injure fetus is the least. We are limited with
diagnostic and surgical therapy. Early diagnosis and
good supportive care by multidisciplinary team are
crucial to ensure good maternal and fetal outcomes.
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Case report

ABSTRACT

Pancreatic fluid collections (PFC) can be managed
by a variety of options, including endoscopic, surgi-
cal and percutaneous drainage. Around 80% of
patients with PFC are successfully treated by endo-
scopic treatment alone. Currently, metallic stents
are used for PFC drainage. Lumen-apposing self-
expandable metallic stents (LASEMS) are specifi-
cally designed to improve PFC drainage and cavity
access. Double-pigtail stents may be placed through
these metal stents to reduce migration rate and to
reduce the risk of clogging in patients with an
excessive amount of solid debris. We present a 54-
year-old patient admitted to the Department of
Gastroenterology at the University Medical Centre
Ljubljana after pancreatitis that developed walled-
off necrosis with superinfection. Initial extensive
antibiotic treatment did not yield any results.
Using the echoendoscope, we found a large collec-
tion adherent to the gastric wall. Under endoscopic
ultrasound-guidance, LASEMS was placed to drain
the PFC. For stent fixation, we also placed double-
pigtail stent. Ultrasound exam showed walled-off
necrosis regression and the patient was discharged
two weeks later. Three weeks after discharge, the

patient developed sepsis and CT showed new PFC,
which was managed by inserting second LASEMS
and double-pigtail stent. Both PFCs were being
irrigated endoscopically several times, and nasocys-
tic catheter was also inserted for cyst irrigation.
After a month of treatment, we removed one of the
LASEMS and control CT showed complete regres-
sion of one of the PFC and extensive regression of
the second PFC. The patient improved significantly
and was discharged after two months.
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Original article

ABSTRACT

Background. Acute pancreatitis (AP) is acute inflam-
mation of the gland that can extend to peripancreatic
tissue and distant organs. Approximately 80% of
patients suffer from edematous pancreatitis, a mild
form of the disease, while 15–20% of patients
develop necrotizing pancreatitis with various compli-
cations. The aim of the study was to determine the
etiology of the disease, to evaluate the role of inter-
leukins and different scoring systems in the course
and outcome of the disease.

Methods. Patients with fulfilled diagnostic criteria for
the diagnosis of AP (abdominal pain and at least a
three-fold increase in activity of amylase and lipase)
who were treated in the period from May 1, 2012, to
January 31, 2015, were included. On admission and
48 hours later we analyzed extended laboratory
parameters, including inflammatory markers and
interleukins. Different imaging methods were per-
formed during hospitalization. We built a severity
scoring system by applying Ranson and Bedside
Index of Severity in Acute Pancreatitis (BISAP)
scores. By assessing these results and local and sys-
temic complication, we classified AP according to

Atlanta classification into mild and severe. We per-
formed a Mann-Whitney U test for comparison of
independent samples (mild and severe course). A
binomial logistic regression was performed to ascertain
the effects of Ranson score and interleukins-6, -8 and
-10 measured at admission and 48 hours later. The
study was approved by the National Medical Ethics
Committee of the Republic of Slovenia, No. 36/11/09.

Results. In three-year period, 96 patients were
treated, 59 (61.5%) males and 37 (38.5%) females,
average age 61.5 ± 15.9 years (range 22–91 years).
The leading causes of AP were gallstones and alcohol
consumption. The best predictor for severity of AP
was interleukin-6, measured 48 hours after admission
(AUC=0.84). Useful predictors of AP severity were
also lactate dehydrogenase (p < 0.001), serum glucose
(p < 0.006), difference in thrombocytes between the
first and the third day (p < 0.001), haemoglobin (p <
0.027) and erythrocytes (p < 0.029). Three patients
(3%) died due to multiple organ failure.

Conclusions. Gallstones and alcohol are the most
common causes of AP in our patients. The values
of interleukin-6 and Ranson score are important
for prediction of the severity of AP.
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ABSTRACT

Background. Pancreatic fluid collections are seen
in up to 50% of cases of acute pancreatitis. Acute
necrotic collections consist of inhomogeneous mix-
ture of liquefied, necrotic fatty tissue along with
solid pancreatic and extra-pancreatic debris. They
may gradually resolve or persist as walled-off necrosis
– a homogeneous well-demarcated fluid collection.
However, quantification of changes in these collec-
tions has never been performed. We propose a tex-
ture analysis of these collections as a quantitative
description of changes in acute necrotic collections.

Methods. In our retrospective study, we included all
patients with acute necrotizing pancreatitis that were
hospitalized at the Department of Abdominal
Surgery, University Medical Centre Ljubljana from
January 2016 until October 2017. All patients with
two or more successive CT examinations and acute
necrotic collections present on CT examinations
were included. The analysis of CT images was per-
formed at the Institute of Radiology, University
Medical Centre Ljubljana. Two blinded radiologists
analyzed all the images and determined heterogeneity
of peripancreatic collections with LIFEx software sys-

tem. Periodic change of heterogeneity of peripancre-
atic fluid was determined with paired samples t-test.

Results. There were 19 patients in our group, 13
men (68%) and six women (32%). Fifty CT exami-
nations were performed (mean 2.6 per patient,
range 2–4 per patient). The median difference
between the first and the last examination was 22
days (range 3–190 days). A texture analysis of one
collection per examination was performed; alto-
gether 19 fluid collections were analyzed (one per
patient). The mean change in entropy was 7%
(3.90 versus 3.62, p < 0,001). The intraobserver
agreement was calculated and will be reported in
the final version.

Conclusions. Texture analysis of acute pancreatic
necrotic collections is a feasible method capable of
quantitative description of an evolution of acute
necrotic collections with a decrease in entropy and
increase in homogeneity. This finding has a poten-
tial role to help clinicians decide about further
treatment options and finding the right timing for
interventional or surgical procedure. Further stud-
ies with bigger sample size are needed to confirm
this data.
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Case series

ABSTRACT

Severe acute pancreatitis can lead to systemic inflam-
matory response and multiple organ failure, associ-
ated with high mortality. Serum interleukin-6 and
interleukin-8 levels appear to be correlated with
severity of pancreatic inflammation. CytoSorb,
cytokine adsorber, is indicated in situations where
cytokines are elevated. In one-year period, four
patients with severe acute pancreatitis were admitted to
surgical intensive care unit. On admittance, they met
criteria for septic shock and APACHE II score ≥ 30.
Creatinine clearance was reduced; values of urea,
creatinine, lactate, C-reactive protein and procalci-

tonin were elevated in all patients. We treated the
patients according to Surviving Sepsis Guidelines
(fluid resuscitation and administration of nore-
pinephrine for mean arterial pressure > 70 mmHg).
After CT scan confirmed necrotizing pancreatitis,
patients were operated within 24 hours.
Postoperatively patients become anuric and inflam-
matory parameters further increased. Haemodialysis
was performed, but only on the median of six days
after septic shock confirmation, CytoSorb was
installed to the device. Patients received 2–3 consec-
utive treatments, lasting for 10–12 hours. Despite
CytoSorb use and initial decline in interleukin-6 val-
ues, the condition of all four patients worsened.

*Ivan Kostadinov, MD
Department of Anesthesiology and Intensive Therapy, University Medical Centre Ljubljana, Zaloška cesta 7, 1000 Ljubljana, Slovenia
E-mail: ivankostadinov@live.com

Septic Shock in Severe Acute Pancreatitis,
Treated with Cytosorb-Case Series

Adela Stecher, Rade Stanić, Ivan Kostadinov*
Department of Anesthesiology and Intensive Therapy, University Medical Centre Ljubljana, Ljubljana, Slovenia
Gastroenterolog 2018; Supplement 2: 155–156

Key words: pancreatitis, septic shock, cytokines, CytoSorb

Figure 1. Plasma levels of interleukin-6 after CytoSorb
treatment in patients 1 to 4. IL-6 – interleukin-6.
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Figure 2. Noradrenaline demand after CytoSorb
treatment in patients 1 to 4. NA – noradrenaline.
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Interleukin-6 values rose again, and all patients
died. Researchers claim that earlier (within 24
hours) aggressive intervention during the onset of
organ failure leads to more successful outcomes
whereas the delay in the start of the therapy has
poor response. The reason for ineffective treatment
in our patients could be delayed CytoSorb use,
patients’ age and advanced pancreatic inflammation.
We confirmed the opinion of other authors that
Cytosorb treatment should be initiated immediately
after the confirmation of a septic shock and multiple
organ failure, before the irreversible organ and
organ systems malfunction appear.
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Table 1. Patent characteristics, laboratory values and calculated parameters at admission to intensive care unit.
APACHE II – Acute Physiology and Chronic Health Evaluation, CrCl – creatinine clearance, CRP – C-reactive
protein, PCT – procalcitonin, PaO2 – arterial oxygen partial pressure, FiO2 – fractional inspired oxygen, SOFA –
sequential organ failure assessment.

Patient Age APACHE II
CrCl

(mL/min)
Lactat CRP PCT PaO2/FiO2 SOFA

1 71 30 20 1.85 72 1.64 10.2/30 19

2 75 41 15 1.35 103 0.77 13.8/40 12

3 74 38 34 11.6 194 25.83 12.5/60 18

4 72 36 31 22 322 9.28 14/40 14

Table 2. Values before CytoSorb treatment. APACHE II – Acute Physiology and Chronic Health Evaluation, NA –
noradrenaline, CrCl – creatinine clearence, CRP – C-reactive protein, PCT – procalcitonin, PaO2 – arterial oxygen
partial pressure, FiO2 – fractional inspired oxygen, SOFA – sequential organ failure assessment, IL-6 – interleukin-6.

Patient APACHE II
NA

(mcg/kg/min)
CrCl

(mL/min)
Urea Creatinine Lactate CRP PCT PaO2/FiO2 SOFA IL6

1 30 0.18 22 11 139 3.2 116 2.91 11.7/30 18 190

2 48 1.3 13 47 364 13 104 7.24 12.5/70 20 860

3 36 0.34 21 13.5 255 2.3 264 36.76 9.5/60 20 600

4 30 0.05 20 28.5 170 5 58 2.83 9.9/50 20 910
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Review article

ABSTRACT

Surgical lavage and necrosectomy used to be a
standard treatment for both, sterile and infected
necroses due to acute pancreatitis for decades.
However, an early surgical lavage and necrosectomy
in patients with sterile acute pancreatitis leads to
the increased mortality and increased rate of peri-
operative complications. Since the surgical necro-
sectomy and lavage of the abdominal cavity in ster-
ile necrosis following acute pancreatitis may lead to
the infection, it is not advised as the treatment of
choice. On the other hand, encouraging results
were reported in patients with acute pancreatitis
that were treated in conservative setting. There is
also a promising attitude in the treatment of
infected necrosis following acute pancreatitis using
minimally invasive techniques such as endoscopic
and percutaneous retroperitoneal drainage and
lavage with satisfactory results. The rate in mortality
and complications is lower than in patients treated
with early surgical necrosectomy and lavage.
However, surgical treatment is required in cases of
infected necrosis where all other conservative and
minimally invasive treatment patterns failed. It
may be required even in cases of sterile necrosis

with the ongoing multiple organ failure. It is
advised to postpone surgical intervention until the
necrosis becomes walled-off if the patient’s condi-
tion allows it. In cases of abdominal compartment
syndrome, ongoing bleeding, bowel ischemia, and
ongoing gastric outlet and bowel obstruction 4–8
weeks after acute pancreatitis onset, the surgical
intervention is ultimate.
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ABSTRACT

Pancreaticopleural fistula is a rare complication of
acute and chronic pancreatitis with an estimated inci-
dence of 0.4% of patients with pancreatitis. It is caused
by an inflammatory injury to the pancreatic duct which
results in pancreatic duct disruption. This enables
leakage of pancreatic secretions through the retrope-
ritoneum into the pleural cavity, causing massive
pleural effusion. Pancreaticopleural fistula poses a dia-
gnostic problem since it typically presents with thoracic
symptoms. Elevated amylase levels in pleural effusion
is a characteristic finding. Besides, magnetic resonance
cholangiopancreatography is an important diagnostic
tool delineating pancreatic duct anatomy and guiding
the management based on the extent of ductal changes
(dilatation, disruption, obstruction). Due to its rarity,
there is a lack of research opportunity to establish the
optimal treatment. Initial conservative approach is cur-
rently employed with surgical treatment being the last
resort in case of medical and endoscopic therapy fai-
lure. However, several studies support early surgical
intervention since it reduces recovery time and has a
higher success rate. We describe a case of a 64 year-old
man who was transferred to our department from a
peripheral hospital due to non-specific chest pain and
undefined left-sided pleural effusion. CT examination
revealed pancreatic pseudocyst with fistulous commu-

nication into the pleural cavity. Magnetic resonance
cholangiopancreatography could not be performed due
to pacemaker implantation. The patient was initially
treated with repeated thoracocentesis and somatosta-
tin-14 administration followed by several unsuccessful
attempts of pancreatic duct stenting with endoscopic
retrograde cholangiopancreatography. Since no clinical
improvement was observed, the patient was finally trea-
ted surgically one month after the treatment was
initiated. A cholecystectomy with necrosectomy and
closure of the fistula was performed. After prolonged
hospitalisation, the patient eventually recovered and
remained clinically well during the outpatient follow-
up four months postoperatively.
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INTRODUCTION

Acute pancreatitis (AP) poses many professional as
well as ethical dilemmas. Some of them are com-
mon, but each case has its problems that should be
considered. Knowledge, technical ability, and ethical
integrity are expected in surgeons, who should follow
the four ethical principles (according Beauchamp and
Childress):

Respect for autonomy: respecting the decision-–
making capacities of autonomous persons,
enabling individuals to make reasoned, infor-
med choices.
Beneficence: balancing the benefits of treat-–
ment against the risk and costs, acting in a way
that benefits the patient.
Non-maleficence: avoiding the causation of–
harm; all treatments involve some harm, but it
should not be disproportionate to the benefits
of treatment.
Justice: distributing benefits, risks, and costs–
fairly; the patients in similar positions should
be treated similarly.

ABOUT ETHICS

Ethics is an essential discipline in the practice of
surgery and represents the surgeon’s best under-
standing of moral responsibility. Ethics requires an
ability to distinguish degrees of value or lack thereof
and evolves as reasoned reflection on clinical experi-
ence (Tamerla Chavis and Joann Starr). 

Physician’s responsibilities are:
explanation of the patient’s disease,–
explanation of untreated natural history,–
recommendation of most appropriate treatment,–
discussion of risks and benefits,–
discussion of anticipated outcome and–
discussion of treatment alternatives.–

In AP, the patient’s consciousness – his/her awareness
of the severity of the disease – may sometimes repre-
sent a problem. Is the patient competent to decide
clearly what does he/she want? If he/she is not com-
petent, a surgeon should consider what course of
action is in the patient’s best interest.

Ethical Dilemmas in the Treatment of
Acute Pancreatitis

Professor Eldar M. Gadžijev
Gastroenterolog 2018; Supplement 2: 159–161



SPECIFICS OF ACUTE PANCREATITIS

AP is of benign nature, and therefore, there is a high
probability of the patient recovering fully after the
treatment. However, unpredictable (almost malignant)
clinical course can occur with high mortality (3–17%)
of treatment and with considerable costs. And because
of its benign nature, AP poses several complex ethical
issues. Patient autonomy and choice of treatment
demands complex understanding and consciousness.

Diagnosing staging and severity

Like with all other pathologies, a rational use of diag-
nostic investigations and tools is expected in AP.
Therefore, decisions regarding certain investigations
should be reached after consulting other involved spe-
cialists. It should be clear that what is professionally
competent is also ethically justifiable. And it is always
necessary to define and determine severity of the AP,
using criteria like Acute Physiology and Chronic
Health Evaluation (APACHE) II score. Following the
staging criteria, the severity of disease should be
defined and appropriate treatment planned!

Initial treatment and the relations between
involved specialists

Treatment of AP, always being conservative at the
beginning, depends on the stage of the disease. In
severe cases, the treatment should be in intensive care
unit because the patient needs a complex support.
Ethical issues sometimes emerge; they include who is
responsible for the patient, or who should run the plan
of treatment. Sometimes ethical problems may happen
when there is a pressure from the intensivist doctor to
operate the patient in the initial stage of disease
because of some deterioration and supposed complica-
tion. In such cases, a sensible consultation and sober
judgment are necessary. In an intensive care unit, both
specialists are responsible for the surgical patient.
Early surgical intervention is very rarely needed and
has had poor results and high mortality. But we
should keep in mind that complications such as bleed-
ing ischemia, gangrene, and perforation are neverthe-

less possible. Decision-making may so be quite difficult.
In such situations, the surgeon should also explain the
situation to the patient and obtain consent after disclo-
sure of all possible outcomes!

Feeding

It was accepted that inside 48 hours after admission,
a nasoenteral tube should be administered. Despite
the evidence of its benefit, enteral feeding still cre-
ates some dilemmas because of possible bowel dis-
tension and paresis. Therefore, some doctors would
feel uncomfortable introducing it. But since its ben-
efit needs to be weighed against possible damage, it
can represent not only a professional but also an
ethical dilemma. 

Complications and treatment decisions 

Within hours to days from the onset of AP, some
complications may develop shock, pulmonary failure,
renal failure, gastrointestinal bleeding, or multiple
organ failure. A benign disease can become very seri-
ous, and appropriate decisions about how to manage
the complications are crucial. Therefore, the treat-
ment decisions should also consider the ethical view
of the situation: how to inform the patient about
becoming extremely handicapped, how to get his
agreement with planned treatment, should his rela-
tives be already involved, etc. 

In biliary pancreatitis with cholangitis, endoscopic
retrograde cholangiopancreatography should be per-
formed within 24 hours, and patient’s consent should
be obtained before the procedure. 

When timing the cholecystectomy, the necessity of
the procedure should be explained to the patient and
his/her consent obtained.

In necrotizing AP after infected necroses are con-
firmed, a step-up approach (percutaneous drainage
followed by minimally invasive retroperitoneal necro-
sectomy) is recommended. Again, some ethical issues
are disclosed. Some surgeons still prefer open necro-
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sectomy, and as it is a benign disease, ethical concerns
may arise because conflicting opinions may come
from other colleagues.

Considerable ethical questions may arise in cases of
pancreatic duct disruption with leakage. Decisions
regarding treatment are often connected with ethical
problems. Should the patient be treated endoscopically
or surgically? When and what to do – distal pancreate-
ctomy, pancreaticoduodenectomy (Whipple proce-
dure)? How to manage the situation considering
investigations and treatment possibilities in the insti-
tution, as well as the skill of the doctors involved in
the treatment? Sometimes even transport to another
institution should be considered and all these also
raise ethical questions.

The timing of surgical interventions

A surgical intervention with minimally invasive or con-
ventional open techniques is indicated when an
anatomic complication amenable to a mechanical solu-
tion is present. In acute necrotizing pancreatitis, the
necrotic phlegmon is excised to limit a potential site of
sepsis. In ‘hemorrhagic’ pancreatitis, surgical control
of bleeding is necessary. Depending on the situation
and local expertise, this situation may require an inter-
ventional radiologist, an interventional endoscopist, or
a surgeon (individually or in combination). Professional
competence should include essential ethical principles
(the four principles).

CONCLUSION

AP is a benign disease with an unpredictable (some-
times almost malignant) clinical course and therefore
poses several complex ethical issues. When treating
AP, surgeons should consider the four ethical princi-
ples: respect for autonomy, beneficence, non-malefi-
cence, and justice. Rational use of diagnostic investi-
gations and tools is not only a professional but also
an ethical requirement. Relations with the intensivist
doctor and other specialists sometimes generate ethi-
cal problems. A sensible consultation and sober judg-
ment are necessary. Considerable ethical questions

may also arise when planning the treatment of com-
plications. 

UNEXPECTED COMPLICATIONS IN
TREATING A JEHOVAH’S WITNESS
PATIENT

Informed consent is obtained for a premeditated surgi-
cal intervention to remove infected pancreatic necroses
in a Jehovah’s Witness patient. The patient refuses a
blood transfusion during the informed consent process. 

While performing debridement of pancreatic necroses,
profuse excessive bleeding occurs, the patient deterio-
rates, and his blood pressure becomes difficult to
maintain. Urgent blood replacement is needed. The
patient is sedated and cannot participate in the discus-
sion and amendment of the informed consent. The
patient’s wife is not a Jehovah’s Witness and permits
transfusion if necessary. 

a) Assume that the patient did not fully realize that
he could die without a transfusion, and proceed
to transfuse as clinically indicated.

b) Since it is an open emergency procedure, trans-
fuse.

c) Transfuse on the wife’s authority.
d) Transfuse and do not tell the patient.
e) Do not violate the patient’s autonomy by trans-

fusing even if that means the patient may die.
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