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Acute pancreatitis is a common and potentially lethal dis-
ease. It is associated with significant morbidity and con-
sumes enormous health care resources. Over the last 2
decades, the treatment of acute pancreatitis has undergone
fundamental changes based on new conceptual insights and
evidence from clinical studies. The majority of patients with
necrotizing pancreatitis have sterile necrosis, which can be
successfully treated conservatively. Emphasis of conserva-
tive treatment is on supportive measures and prevention of
infection of necrosis and other complications. Patients with
infected necrosis generally need to undergo an interven-
tion, which has shifted from primary open necrosectomy in
an early disease stage to a step-up approach, starting with
catheter drainage if needed, followed by minimally invasive
surgical or endoscopic necrosectomy once peripancreatic
collections have sufficiently demarcated. This review pro-
vides an overview of current standards for conservative and
invasive treatment of necrotizing pancreatitis.
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Epidemiology and Diagnosis
Acute pancreatitis is an acute inflammation of the pancreas
that in Western countries is mainly caused by gallstones
(40%-50%) and alcohol abuse (10%-40%). Other causes (20%-
30%) include medication, endoscopic retrograde cholangiopan-
creatography (ERCP), hypertriglyceridemia, hypercalcemia, and
surgery. In around 10% the etiology remains unknown.!

The pathophysiology of acute pancreatitis is generally con-
sidered as a premature or inappropriate activation of digestive
enzymes within pancreatic acinar cells, causing autodigestion of
the pancreas and surrounding tissues with subsequent local
and systemic inflammation.3*

The incidence of acute pancreatitis is increasing. In the
United States, acute pancreatitis accounts for more than
200,000 hospital admissions each year.* ¢ In Europe, the inci-
dence ranges from approximately 4-45 per 100,000 patients a
year.? Acute pancreatitis is associated with significant morbidity
and enormous health care resources.>” Overall mortality in
acute pancreatitis is approximately 5%.3

Diagnosis of acute pancreatitis requires at least 2 of the following
3 features: (1) abdominal pain, typically epigastric; (2) serum amylase
or lipase =3 times the upper limit of normal; and (3) characteristic
findings of acute pancreatitis on contrast-enhanced computed to-
mography (CECT). In most cases, the clinical history and laboratory
results accurately provide the diagnosis, and no diagnostic imaging is
required. A CECT in the initial 3-4 days of acute pancreatitis might
underestimate or miss the amount of necrosis.8-1° In general, a CECT
is advised if a patient does not improve after the first week of treat-
ment to evaluate the extent of local complications.® In clinical prac-
tice, however, it is not uncommon for patients to undergo CT earlier
than 1 week, especially in case of early complications.

Clinical Course

Acute pancreatitis has a mild clinical course in about 80%
of patients, in whom the disease resolves spontaneously within
about a week.!! However, about 20% of patients develop severe
acute pancreatitis, which is associated with mortality rates of 8%
up to 39%.% The 1992 Atlanta classification defined severe acute
pancreatitis as the presence of organ failure or local complications
such as pancreatic necrosis. Pancreatic necrosis occurs in around
15%-20% of patients and is typically diagnosed as focal areas of

Abbreviations used in this paper: ACS, abdominal compartment
syndrome; CECT, contrast-enhanced computed tomography; ERCP,
endoscopic retrograde cholangiopancreatography; ETD, endoscopic
transluminal drainage; ETN, endoscopic transluminal necrosectomy;
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percutaneous catheter drainage; RCT, randomized controlled trial;
VARD, video-assisted retroperitoneal debridement.
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Figure 1. Acute necrotizing pancreatitis: a 47-year-old man with ne-
crotizing pancreatitis of biliary origin. Perfusion defect is observed at the
neck of the pancreas (arrows), with remaining viable pancreatic tissue at
the body and tail (asterisk). Note the presence of gallstones.

nonenhancing pancreatic parenchyma on CECT (Figure 1).> The
Adlanta classification is currently under revision.!? In the revised
classification the definition of necrotizing pancreatitis will not
only include patients with pancreatic necrosis but also patients
with extrapancreatic fat necrosis alone (ie, with normal enhancing
pancreatic parenchyma on CECT). Some studies have suggested
that patients with extrapancreatic necrosis alone may have a better
outcome than patients with pancreatic necrosis. However, extra-
pancreatic necrosis alone is clinically a more severe entity than
acute edematous pancreatitis.!>!4

Several prognostic scoring systems are used to predict the severity
of acute pancreatitis in the first days of admission; among them are
Acute Physiology and Chronic Health Evaluation, (modified) Glas-
gow (Imrie) score, Ranson score, procalcitonin, C-reactive protein, and
blood urea nitrogen.!® These prognostic scoring systems are mainly
used for severity stratification in clinical studies, and one can argue
about their importance in daily clinical practice.

Theoretically, severe acute pancreatitis is divided in a bipha-
sic clinical course. The first phase (ie, up to 1-2 weeks after
onset of symptoms) is characterized by a proinflammatory
immune response. A systemic inflammatory response syndrome
often occurs, which is frequently accompanied by failure of 1 or
more organ systems.'®18 Organ failure develops in around 40%
of patients with severe acute pancreatitis and is associated with
a mortality rate of approximately 30%.4!° More than half of the
cases of organ failure occur in the first week of admission.!*
Patients with persistent organ failure or multiorgan failure have
a worse prognosis than patients with transient organ failure or
single organ failure.>!%20 It has been suggested that approxi-
mately half of the deaths from necrotizing pancreatitis are
caused by multiorgan failure in the early phase.!#202!

In the second phase of the disease (ie, after 1-2 weeks from
onset of symptoms) the proinflammatory immune response usu-
ally subsides. In this phase, the patient’s immune system is prob-
ably suppressed, which renders patients more susceptible to infec-
tious complications caused by bacterial translocation.??-2*

The most severe infectious complication in necrotizing pan-
creatitis is infection of pancreatic or peripancreatic necrosis.
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The incidence of infected necrosis in patients with necrotizing
pancreatitis has remained stable during the last decades
(around 30%).142 The peak incidence of infected necrosis is
between 2 and 4 weeks after onset of disease.?

Infected necrosis is typically suspected when there is persistent
sepsis, new-onset sepsis, or progressive clinical deterioration (ie,
signs of sepsis) despite maximal support in the second phase of the
disease, without another source of infection. A pathognomonic
sign of infected necrosis is impacted peripancreatic or intrapancre-
atic gas bubbles in a collection on CECT (Figure 2), although this
is present in only a minority of patients. In some patients, gas
bubbles can also be explained by a fistulous communication be-
tween the collection and bowel, which, however, also means the
collection is contaminated. A fine-needle aspiration (FNA) for
microbiological culture can be performed to diagnose infected
necrosis. However, FNA might not always be necessary in patients
with necrotizing pancreatitis and suspected infected necrosis. In
addition, FNA is associated with a risk of false-negative results.?”
Because suspected infected necrosis no longer represents an im-
mediate indication for invasive treatment, an FNA culture result
will not per se guide clinical decision-making. Intervention is
generally postponed to 3-4 weeks after onset of disease, and the
need for intervention is primarily dictated by clinical deterioration
and encapsulation of the infected collection rather than a positive
microbiological culture obtained by FNA. A recent Dutch multi-
center randomized controlled trial (RCT) demonstrated that a
strategy of intervention in patients with clinical suspicion of in-
fected necrosis, without the routine use of FNA, yielded definitive
proof of infected necrosis (ie, positive microbiological cultures
from radiological drainage and operation) in more than 90% of
patients.?8

Even though much has changed in the management of
necrotizing pancreatitis during the last 20 years, mortality of
infected necrosis remains as high as 12%-39%.1428-32

Treatment in the Early Phase

Initial treatment of acute pancreatitis is mainly conser-
vative and focuses primarily on frequent monitoring of the

Figure 2. Infected necrosis: a 55-year-old woman with infected
necrotizing pancreatitis. There is a large heterogeneous collection in
the pancreatic and peripancreatic area (arrows point at the borders
of the collection) with impacted gas bubbles (big arrowheads) and a
gas-fluid level (small arrowheads), often a pathognomonic sign of
infected necrosis.



1192 VAN BRUNSCHOT ET AL

clinical course, pain management, fluid resuscitation, and sup-
portive measures for organ failure.

Supportive Measures

Patients admitted with acute pancreatitis should be
closely monitored with adequate amounts of intravenous fluids
and pain management. In case of hemodynamic, respiratory, or
renal insufficiency with a diuresis of <0.5 mL/kg/h despite
adequate fluid resuscitation, or metabolic disorders, patients
need to be managed in an intensive care unit.

Aggressive fluid resuscitation is undertaken, especially in the
setting of hemoconcentration, which reflects intravascular volume
depletion. Prevention or reversal of hemoconcentration is the goal
of volume resuscitation. Fluid balance should be maintained and
closely monitored.* The need for large amounts of fluid adminis-
tration during the initial 24 hours is associated with poor out-
come, and therefore this group of patients should be watched
carefully.33-3¢ Two retrospective cohort studies suggested that ag-
gressive early fluid resuscitation (at least one-third of the total
72-hour cumulative intravenous fluid volume given during the
first 24 hours) is associated with decreased risk of systemic inflam-
matory response syndrome and organ failure, a lower rate of
admission to the intensive care unit, a reduced length of hospital
stay, and reduced mortality.?”3¥ Most guidelines encourage target-
ing fluid resuscitation toward correcting hypotension, correcting
hemoconcentration, and maintaining adequate urine output.3$37
However, a recent RCT from China demonstrated that aggressive,
uncontrolled administration of intravenous fluids in the first days
of acute pancreatitis can also be detrimental because it was related
to a 2-fold increase in mortality.>

The type of fluid administered has been investigated in 2
studies. A cohort study of 434 patients showed no difference in
outcome on the basis of the type of fluid administered,*® although
a recent RCT suggests that lactated Ringer’s solution reduces the
systemic inflammation compared with fluid resuscitation with
normal saline.*

Analgesia plays an important role in the treatment of acute pan-
creatitis. Parenteral analgesics are generally needed. There is no evi-
dence to suggest an advantage of any particular type of medication.
When abdominal pain is particularly severe, patient-controlled anal-
gesia is usually preferred. It is important to obtain measurements of
bedside oxygen saturation frequently whenever narcotic agents are
administered to relieve pain.>®

When organ dysfunction or organ failure is present, supportive
treatment should be provided in an appropriate critical care facility.#!

Several medical treatment options (eg, platelet-activating factor
antagonist [lexipafant], activated protein C) to prevent organ failure in
the early phase have been investigated, but none of them have been
convincingly shown to be effective. 24

Prevention of Infection of Necrosis

A recent prospective observational study of 731 patients with
acute pancreatitis (28% with severe acute pancreatitis) showed that
25% of all patients developed 1 or more infections (ie, pneumonia,
bacteremia, or infected necrosis). Mortality in patients with infection
was 30%, whereas 80% of all deceased patients had an infection.?® In
severe acute pancreatitis, disturbed gastrointestinal motility may lead
to bacterial overgrowth and failure of the structural mucosal barrier,
which may lead to increased gut permeability.*-#” These events may
result in bacteria that cross the gastrointestinal mucosal barrier and
invade the systemic compartment, so-called bacterial transloca-
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tion#4® Bacterial translocation is thought to be the mechanism
causing most infections in acute pancreatitis. Strategies aimed at
preventing bacterial translocation and subsequent infections have
therefore been widely studied in recent years: antibiotics, probiotics,
and enteral nutrition.

Antibiotics. Several meta-analyses, including 15 ran-
domized trials, have been published on systemic antibiotics
aimed at preventing infectious complications in acute pancre-
atitis.#-5! Only 3 RCTs were double-blind placebo-con-
trolled.52-5* The design, methodological quality, and, most im-
portantly, outcome of the included studies vary widely.*> Most
meta-analyses did not demonstrate a significant beneficial effect
of antibiotic prophylaxis on infection of pancreatic necrosis
and mortality.*-5!

Although the discussion on antibiotic prophylaxis in acute
pancreatitis continues, at the moment there is no convincing
evidence in favor of routine antibiotic prophylaxis. If a benefi-
cial effect actually exists, it will be difficult to perform a ran-
domized study with sufficient statistical power to demonstrate
this effect. Most international guidelines currently do not rec-
ommend routine antibiotic prophylaxis.>%

Probiotics. Probiotics are nonpathogenic bacteria that,
on delivery to the host’s intestinal tract, are believed to prevent
bacterial overgrowth, reinforce the mucosal barrier function, and
regulate the systemic immune system that may reduce bacterial
translocation and subsequent infections. Probiotics have been
shown to prevent infections in elective major abdominal surgery.*
Several studies on probiotics have also been performed in patients
with acute pancreatitis. The first 2 double-blind, placebo-con-
trolled, randomized trials from the same study group included 45
and 62 patients, respectively, with predicted severe acute pancre-
atitis. The first trial showed a significant reduction of infected
pancreatic necrosis in patients receiving probiotics. The second
trial showed a lower but not significant incidence of multiorgan
failure, septic complications, and mortality in the probiotics
group.®®%” The third and largest double-blind, placebo-controlled
trial included 298 patients with predicted severe acute pancreatitis.
This study did not show an effect of an enterally administered
multispecies probiotic mixture on the incidence of infections.
However, patients receiving probiotics had an increased mortality
as compared with patients receiving placebo (16% vs 6%; P value
.01).2 This negative effect was associated with an increase in
nonocclusive mesenteric ischemia, which was predominantly seen
in the patients with multiorgan failure, and has not yet been
explained.>® There is currently strong advice against the use of
probiotics in patients with predicted severe acute pancreatitis.

Enteral nutrition. Nutritional support has a fundamen-
tal role in the management of severe acute pancreatitis. Besides main-
taining adequate caloric intake, nutritional support is important in
prevention of infectious complications.

Nutritional support can be achieved through parenteral and
enteral feeding. Both strategies have been compared in several
randomized trials and meta-analyses. Results show that enteral
feeding significantly reduces mortality, multiorgan failure, sys-
temic infections, and the need for operative intervention com-
pared with parenteral feeding.>

Enteral nutrition can be administered through a nasogastric or
nasojejunal tube. Two RCTs compared these 2 routes and did not
show significant differences between recurrence or worsening of
pain, hospital stay, complications, or mortality.°*! These studies,
therefore, suggested that the simpler, cheaper, and more easily
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used nasogastric feeding appears to be well tolerated and is as
safe as nasojejunal feeding in patients with severe acute
pancreatitis. A larger study to further test the safety of
nasogastric feeding is currently underway in the United
States (SNAP trial, http://Clinicaltrials.gov, NCT00580749).
Experimental and clinical research has shown that the phe-
nomenon of bacterial translocation already takes place within a
few hours after onset of symptoms.?>¢? This implies that there
is only a very narrow therapeutic window for preventing bacte-
rial translocation and subsequent infections.?® Theoretically,
enteral feeding should therefore be started as early as possible
for a beneficial clinical effect. There is evidence in favor of this
hypothesis in critically ill patients other than acute pancreatitis.
In a meta-analysis of 15 randomized trials comparing early
(within 36 hours) vs delayed (after 36 hours) start of enteral
feeding on outcome of critically ill intensive care unit patients,
early enteral nutrition significantly reduced the incidence of
infections and length of hospital stay.®® In acute pancreatitis,
there is only indirect evidence for an early start of enteral
feeding. A meta-analysis comparing the effect of enteral vs
parenteral nutrition with subgroups based on the timing of
start of nutrition showed that an early start of enteral feeding
significantly reduced multiorgan failure, pancreatic infections,
and mortality.®* The first randomized trial specifically designed
to compare early and selective delayed enteral feeding in pre-
dicted severe acute pancreatitis (PYTHON trial) is currently
underway in the Netherlands (ISRCTN 18170985).65

Endoscopic Retrograde
Cholangiopancreatography for Biliary
Pancreatitis

Gallstones are the most common cause of acute pancreatitis
in the Western world.2® In patients with biliary pancreatitis, decom-
pression of the common bile duct and removal of gallstones or sludge
by early ERCP with subsequent sphincterotomy may mitigate the
pancreatic inflammation and reduce complications. Several RCTs
have investigated the clinical effect of early ERCP in acute biliary
pancreatitis.®~® From the available evidence, 2 conclusions on the
role of ERCP are generally drawn: (1) patients with biliary pancreatitis
and concurrent cholangitis should undergo early ERCP and (2) in
predicted nonsevere biliary pancreatitis, ERCP is not beneficial 3®
However, the role of early ERCP in patients with predicted severe
biliary pancreatitis remains controversial. Although the 2005 United
Kingdom guidelines on acute pancreatitis recommend emergency
ERCP in these patients,*' two more recent US guidelines state that the
value of early ERCP in predicted severe biliary pancreatitis without
cholangitis is yet undetermined.>® This is due to the fact that the
published RCTs included only a small number of patients with
predicted severe acute pancreatitis and, hence, were statistically un-
derpowered to detect clinical effects in the group of most severely ill
patients.®°-% A recent updated meta-analysis showed no effect of
ERCP on complications or mortality in all patients with predicted
severe biliary pancreatitis. However, the pooled sample size was still
small (n = 126), and sphincterotomy was only performed in 53% of
patients.”

A recent prospective observational study, including 153 patients
with predicted severe biliary pancreatitis without cholangitis, showed
no significant reduction of complications after ERCP in patients
without radiological or biochemical signs of cholestasis. In the sub-
group of patients with cholestasis, however, ERCP was significantly
associated with fewer complications, including pancreatic necrosis.”!
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A future large and well-designed randomized trial should
study the effect of ERCP in patients with predicted severe
biliary pancreatitis without cholangitis, with a predefined sub-
group analysis in patients with and without signs of cholestasis.

Early Complications Requiring Intervention

A rare but dramatic complication early in the course of
severe acute pancreatitis is abdominal compartment syndrome
(ACS).17 ACS is preceded by intra-abdominal hypertension
(IAH), which is defined as an intra-abdominal pressure at or
above 12 mm Hg. ACS is diagnosed when the intra-abdominal
pressure exceeds 20 mm Hg and there are signs of new organ
failure (eg, respiratory, circulatory, renal).”? IAH generally oc-
curs early, and in some studies the incidence has been reported
to be as high as 59%-78% in patients with severe acute pancre-
atitis.”37* The pathophysiology of IAH is directly related to the
pancreatic inflammation, which may cause retroperitoneal
edema, fluid collections, ascites, and a paralytic ileus. IAH may
also be partly iatrogenic, resulting from aggressive fluid resus-
citation. IAH can also manifest in the later phase of acute
pancreatitis, associated with local pancreatic complications.”
The incidence of ACS in severe acute pancreatitis has been
reported up to 30% in some studies and is associated with
extremely high mortality rates of 46%-75%.73747677 ACS re-
quires immediate measures such as sedation, analgesics, naso-
gastric decompression, fluid restriction, and diuretics to lower
the abdominal pressure. If these measures do not result in a
rapid clinical improvement, invasive intervention is required.
Percutaneous catheter decompression seems to be effective in
resolving ACS in patients with intraperitoneal fluid, abscess, or
blood, thereby avoiding the need for surgical decompression.”
This strategy may improve outcome and is currently evaluated
in acute pancreatitis by a randomized trial (http://Clinicaltrials.
gov NCT00793715). If percutaneous decompression does not
immediately lower the intra-abdominal pressure, surgical de-
compression laparotomy should be performed.”37778

In rare cases where decompressive laparotomy is necessary in
the early phase of necrotizing pancreatitis, it is advised not to open
the retroperitoneum or to perform necrosectomy. At this stage, the
necrosis is probably sterile, which means a formal necrosectomy is
not indicated and, conversely, may cause severe complications
such as bleeding, perforation, infection of necrosis, and death.”

Another uncommon but devastating complication requiring
early intervention is bowel ischemia. The occurrence of nonocclu-
sive mesenteric ischemia is well known in critically ill patients,3
and several cases of nonocclusive mesenteric ischemia have been
reported in acute pancreatitis.3! Although data on the incidence
and outcome of bowel ischemia in acute pancreatitis are limited,
the incidence seems to be low (approximately 4%). However, if
present, mortality rates are approaching 100%.5!

Treatment in the Late Phase
Conservative Treatment

In about two-thirds of patients with necrotizing pancreatitis,
the pancreatic or peripancreatic necrosis remains sterile. These pa-
tients can develop walled-off pancreatic necrosis late in the disease.
Walled-off pancreatic necrosis is characterized by a thickened wall
between the necrosis and the adjacent viable tissue (Figure 3). In
accordance with international guidelines, patients with sterile necrosis
can be successfully managed conservatively (ie, without any form of
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Figure 3. Walled-off necrosis: a 40-year-old man with necrotizing pan-
creatitis and walled-off necrosis. A completely encapsulated collection
is observed in the pancreatic and peripancreatic area (arrows), with
predominant fluid density interspersed with areas of fat density (arrow-
heads).

radiological, endoscopic, or surgical intervention).>5 An interven-
tion for sterile peripancreatic collections with fluid and necrosis ac-
commodates the risk of introducing infection of necrosis (55%-
59%).828% Tatrogenic infection of sterile necrosis requires additional
interventions and considerably increases morbidity and mortal-
ity.828485 Probably the only exception are patients with persistent
mechanical obstruction due to peripancreatic collections, in the ab-
sence of clinical signs of infection, causing ongoing nausea, vomiting,
pain, anorexia, and inability to resume oral intake. In this case, the
decision for intervention will be solely based on clinical symptoms,
supported by CT findings, and should be delayed up to at least 4-6
weeks after onset of symptoms. This is due to the fact that most
collections will resolve spontaneously.

In a recent prospective observational study of 639 patients
with necrotizing pancreatitis, 62% of patients were treated con-
servatively. Mortality in these patients was 7%.*
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Invasive Treatment

Although historically many patients with sterile necro-
sis also underwent necrosectomy, it is now accepted that the
main indication for intervention is infected necrosis.®1741.86

The timing of intervention has also changed. Necrosectomy
was once performed at a very early stage,”” whereas it is now
believed that intervention should be delayed to approximately
3-4 weeks after onset of disease.?”78% To postpone interven-
tion, patients with signs of infected necrosis are initially treated
with broad-spectrum antibiotics and maximal support. This
allows for encapsulation and demarcation of peripancreatic
collections, which may improve conditions for intervention and
thereby theoretically decrease the risk of complications such as
bleeding and perforation. However, in some patients this is not
feasible, and dramatic clinical deterioration will require earlier
intervention.

A recent study of 242 patients undergoing intervention
for necrotizing pancreatitis showed in a multivariable anal-
ysis adjusting for confounding factors that patients with
longer time between admission and intervention had lower
mortality: 0-14 days, 56%; 14-29 days, 26%; and >29 days,
15% (P < .001).14

It should be noted that there are several reports of pa-
tients with infected necrosis who were in such good clinical
condition that they allowed treatment with intravenous an-
tibiotics without invasive intervention.!* However, the vast
majority of patients with infected necrosis need to undergo
radiological, endoscopic, or surgical intervention at some
point.

Primary Open Necrosectomy

The traditional approach to infected necrosis used to be
primary open necrosectomy to completely remove the infected
necrosis.?*®? This is an invasive approach associated with a high
risk of complications (34%-95%) and mortality (11%-39%) and
long-term pancreatic insufficiency.31:328690-95 As an alternative
to primary open necrosectomy, minimally invasive radiological,
surgical, and endoscopic techniques for intervention have
gained wide popularity.

Figure 4. PCD: a 55-year-old woman with infected necrotizing pancreatitis (same patient as in Figure 2). Axial CT (A) performed in right decubitus
position for optimal retroperitoneal positioning of a 12F percutaneous drain (arrow) via the left flank. Successive follow-up CT (B) reveals reduction
in size of infected pancreatic collection, with PCD centrally positioned via the left retroperitoneal route (between the descending colon [DC] and the

right kidney [R]).
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Minimally Invasive Approaches

Minimally invasive interventions include percutaneous
catheter drainage (PCD),”® endoscopic transluminal drainage
(ETD),>7-102 endoscopic (transluminal) necrosectomy
(ETN),?899:105-112 and minimally invasive retroperitoneal surgical
necrosectomy.?831,92113-117 Minimally invasive techniques are
thought to induce less physiological stress as compared with open
surgical necrosectomy. Reduced surgical stress might decrease the
risk of complications in these often already severely ill patients.

Percutaneous catheter drainage. Image-guided
PCD (Figure 4) as primary treatment of infected necrosis was
first described in 1998.°° The rationale of PCD is to treat
infected necrosis as an abscess and drain the infected fluid (ie,
pus) under pressure, without removal of necrotic material.
Successful drainage of the infected fluid will temporize sepsis
and improve patient’s clinical condition. This may lead to a
situation where the patient is capable of resorbing the necrotic
material without the need for formal necrosectomy. PCD is
feasible in >95% of patients with infected necrotizing pancre-
atitis, often via a left-sided retroperitoneal approach.?8118

In a recent systematic review of 11 studies with a total of 384
patients receiving PCD for necrotizing pancreatitis, more than half
of the patients were successfully treated with PCD alone and thus
did not undergo additional necrosectomy.!*” This was confirmed

Infected

Pancreas necrosis

Posterior

Patient’s feet
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by a recent prospective observational study. In 208 patients under-
going intervention for (suspected) infected necrosis, PCD was
performed as the first intervention in 63% of patients, without the
need for additional necrosectomy in 35% of patients.!*

If necrosectomy is still needed after PCD, PCD may have al-
lowed for further encapsulation of the necrotic collections and
improvement of the patient’s clinical condition. PCD thereby acts
as a bridge to surgery. The preferred route for PCD is through the
left retroperitoneum, so that the drain can be used as guidance for
retroperitoneal surgical necrosectomy.

Minimally invasive retroperitoneal necrosectomy.
Several less invasive surgical techniques to perform necrosec-
tomy have been described in recent years. The most commonly
used techniques are sinus tract endoscopy,31114120 Japaroscopic
transabdominal necrosectomy,?1122 and video-assisted retro-
peritoneal debridement (VARD).!15-117

Sinus tract endoscopy involves serial dilatation of a percutaneous
catheter drain tract by using fluoroscopic guidance in the operating
room, with subsequent necrosectomy by jet irrigation and suction by
using a nephroscope or flexible endoscope. Residual solid necrotic
tissue is evacuated by using a variety of endoscopic instruments.
Several retrospective studies reported a mean morbidity of 25%-88%
and mortality of 0%-25%. A median of 3-4 sessions per patient (range,
1-9) were necessary to remove all infected necrosis.”>!14120

Ribs Patient’s head

Pancreas

Area of.detail

Necrosis
removed
with forceps
(direct vision)

percutaneous

drain \
y P

Figure 5. PCD and VARD. (A) Cross-sectional image and torso depicting a peripancreatic collection with fluid and necrosis. The preferred access
route is through the left retroperitoneal space between the left kidney, dorsal spleen, and descending colon. A percutaneous drain is inserted in the
collection to mitigate sepsis and postpone or even obviate necrosectomy. The area of detail is shown in (panel B). (C) A 5-cm subcostal incision is
made, and the previously placed percutaneous drain is followed into the retroperitoneum to enter the necrotic collection. The first necrosis is removed
under direct vision with a long grasping forceps. This is followed by further debridement under videoscopic assistance (D).
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VARD (Figure 5) can be considered a hybrid between sinus
tract endoscopy and an open lumbar approach.!?3-125 By
using a 5-cm subcostal incision, the previously placed per-
cutaneous catheter drain is followed into the retroperito-
neum to enter the necrotic collection. The first necrosis is
removed under direct vision, followed by further debride-
ment under videoscopic assistance.!'%!17 VARD is associated
with a morbidity and mortality of 24%-54% and 0%-8%,
respectively. 115116126 VARD has several advantages; it uses
regular surgical equipment, it is a straightforward, semiopen
procedure, and it mostly requires only 1 session per patient.
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Endoscopic transluminal drainage and necrosec-
tomy. As an alternative to radiological and surgical techniques,
ETD and ETN are gaining popularity. Endoscopic interventions
are typically performed under conscious sedation without the need
for general anesthesia. This potentially reduces the inflammatory
response and may further reduce complications such as new-onset
multiorgan failure. First, the collection with infected necrosis is
visualized by endoscopic ultrasound to determine the extent of
necrosis and the optimal site of drainage. Next, the collection is
punctured through the gastric or duodenal wall, followed by
balloon dilatation of the tract. Two double-pigtail stents and a
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Figure 6. ETD and ETN. Alarge
peripancreatic collection con-
taining fluid and necrosis is
shown. The preferred access
route for endoscopic translumi-
nal treatment is through the pos-
terior wall of the stomach. The
necrotic collection often bulges
into the stomach, facilitating
endoscopic transluminal treat-
ment. (A) The collection is punc-
tured through the gastric wall,
followed by balloon dilatation of
the tract. Two double-pigtalil
stents and a nasocystic catheter
are placed for continuous post-
operative irrigation. (B) The cys-
tostomy tract is further dilated,
the collection is entered by a for-
ward viewing endoscope, and

Endoscopic
transluminal
necrosectomy

necrosectomy is performed.
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Figure 7. ETD: a 63-year-old
woman with infected necrotizing
pancreatitis. Axial CT (A) and cor-
onal reconstructed mean intensity
projection (B) show an infected
pancreatic collection (arrow) with
an endoscopic pigtail drain (ar-
rowheads) positioned inside the
collection (L, liver; S, stomach).

nasocystic catheter are placed for continuous postoperative irriga-
tion (Figures 6A and 7). Several retrospective cohort studies
show promising results of ETD, with complication rates of
2%-21% and mortality rates of 0%-6%.77-102

In case of no improvement or deterioration after ETD, ETN can
be performed to remove infected necrosis. The cystostomy tract is
further dilated, the collection is entered by a forward viewing
endoscope, and necrosectomy is performed (Figure 6B). At the end
of the procedure, 2 double-pigtail stents and a nasocystic catheter
are placed. If necessary, ETN can be repeated until the majority of
necrotic material is removed.?89%:193-112 By ayoiding any abdominal
wall incision, typical complications related to surgical necrosec-
tomy such as incisional hernias, pancreatic fistula, and wound
infection will probably be reduced with ETN.

In a recent systematic review of 10 series on ETN in necrotizing
pancreatitis, overall mortality after ETN was 5%, and the mean
procedure-related morbidity was 27%. In 76% of patients, complete
resolution of the necrotic collection was achieved by endoscopic
interventions alone. On average, there were 4 endoscopic sessions
(range, 1-35) needed to achieve complete resolution.!’” Although
these results are promising, there is a risk of selection bias within
these studies because the number of critically ill patients with
infected necrosis included was relatively low.

A recent pilot RCT showed promising results. ETN significantly
reduced the proinflammatory response (measured by serum inter-
leukin-6 levels) as well as the composite clinical end point of major
morbidity and mortality compared with surgical necrosectomy.?”

The step-up approach. The minimally invasive tech-
niques can be applied in a so-called step-up approach.?830.128
The first step is catheter drainage (ie, radiological, percutane-
ous, or endoscopic transluminal) of the collection with infected
fluid and necrosis to mitigate sepsis and postpone or even
obviate necrosectomy.”!!° If drainage does not lead to clinical
improvement, the next step is minimally invasive necrosectomy
performed either surgically or endoscopically. 9211416117 Ag
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. The step-up approach
can be performed both surgically and endoscopically.

The PANTER trial compared primary open necrosectomy with
a surgical step-up approach in 88 patients with suspected or
confirmed infected necrosis.?® The step-up approach, which used
PCD and was followed, if necessary, by VARD, reduced the com-
bined primary end point of death and major complications (ie,
new multiorgan failure, enterocutaneous fistula, perforation, or
bleeding) from 69% to 40%. Furthermore, at 6-month follow-up,
patients assigned to the step-up approach had a significantly lower
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rate of incisional hernias and new-onset diabetes. The step-up
approach also reduced total costs by 12%. Finally, 35% of patients
in the step-up approach group were treated with percutaneous
drainage alone and did not need any form of surgery.?®

These outcomes may further be improved by an endoscopic
step-up approach that consists of ETD, followed, if necessary,
by ETN. The Dutch Pancreatitis Study Group has recently
started a nationwide randomized trial comparing the surgical
step-up approach with the endoscopic step-up approach: TEN-
SION (Trial registration: ISRCTN09186711).

Summary

Necrotizing pancreatitis remains a complex and challeng-
ing disease, even though several major improvements have oc-
curred in the management of the disease during the last 2 decades.

In summary, the initial treatment of necrotizing pancreatitis
should primarily focus on fluid resuscitation, pain management,
and supportive measures for organ failure. With regard to preven-
tion of infection of necrosis, routine antibiotic or probiotic pro-
phylaxis is not recommended. Enteral nutrition, compared with
parenteral nutrition, appears to be effective in preventing infected
necrosis, but the optimal timing of start of enteral feeding requires
further study. In patients with biliary pancreatitis and absence of
cholangitis, there is no evidence that early ERCP with sphincter-
otomy is beneficial. However, in the subset of patients with pre-
dicted severe biliary pancreatitis and radiological or biochemical
signs of cholestasis, early ERCP and sphincterotomy may prevent
further complications. Conservative treatment is successful in
about two-thirds of patients. Unnecessary intervention for sterile
necrosis accommodates the risk of introducing infection and sub-
sequent complications. However, 30% of patients spontaneously
develop infection of necrosis and need to undergo invasive inter-
vention. Whenever clinically feasible, intervention is postponed
until there is sufficient encapsulation and demarcation of the
infected peripancreatic collections, generally 3-4 weeks after onset
of symptoms. Primary open necrosectomy has been replaced by a
minimally invasive step-up approach that lowers the risk of major
morbidity. The initial step is drainage of infected peripancreatic
collections, which can be performed image-guided percutaneously
or endoscopic ultrasound- guided endoscopic transluminally, de-
pending on anatomic feasibility and local expertise. Catheter
drainage is successful as definitive treatment in about 40% of
patients. If catheter drainage does not lead to clinical improve-
ment, the next step is minimally invasive drain-guided retroperi-
toneal necrosectomy or ETN. A treatment algorithm for severe
acute pancreatitis is given in Figure 8. Future studies should
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Predicted severe acute pancreatitis

Y

Clinical assessment

* Frequent monitoring

* Fluid resuscitation

+ Pain control

+ Supportive measures for organ failure

« Enteral feeding

* Parenteral feeding only if enteral feeding is
not tolerated

* No prophylactic antibiotics or probiotics

+ Contrast enhanced CT scan when no
recovery within one week

CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol. 10, No. 11

Biliary »
etiology?

» Predicted mild pancreatitis
+ Predicted severe pancreatitis 2 Possibly ERCP and sphincterotomy
+ Concomitant cholangitis

ERCP
- No ERCP

- ERCP and sphincterotomy

Y

Necrotizing pancreatitis

\4

Sterile necrosis

v

Conservative treatment
+ Supportive measures for organ failure
* No drainage or necrosectomy

; Exceptions

!+ Abdominal compartment syndrome
!+ Bowel ischemia

! = Acute bleeding

+ Gastrointestinal or biliary obstruction
persisting for several weeks

further elucidate the role of both minimally invasive surgical and
endoscopic interventions in patients with necrotizing pancreatitis.

v

(Suspected or confirmed)
infected necrosis

If clinically possible (even in case of

== sunuunuiorgan failure) delay >3-4 weeks after

onset of symptoms

“Step-up approach”

1) Drainage
« Percutaneous catheter drainage, or
+ Endoscopic transluminal drainage

If necessary, followed by

2) Necrosectomy
+ Video-assisted retroperitoneal debridement
(VARD), or
+ Endoscopic transluminal debridement, or
+ Open necrosectomy

2006;33:323-330.

Figure 8. Treatment algorithm
for severe acute pancreatitis.

attack of acute pancreatitis: a systematic review. Pancreas
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