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ABSTRACT

Acute pancreatitis is a constant management challenge, especially with peripancreatic collection that are one of the most
common complications; after the first surgical attempts that had high mortality, there had to be a new approach based in
decades of acquired knowledge in physiopathology added to the development of endoscopic intervention techniques and the
evolution of endoscopic devices help to establish less invasive and conservative management. This review allows us to know
the last advances in the management of acute pancreatitis, pancreatic pseudocyst and walled off necrosis, determined the right
time for the management to become more invasive, even considering surgery at a final stage. It also reviews the different types
of drainage of peripancreatic collections and the accessories currently in use.
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RESUMEN

La Pancreatitis Aguda nos plantea un reto constante en su manejo teniendo a las colecciones liquidas peri pancreéticas como
una de las complicaciones mas frecuente ; inicialmente de manejo quirdrgico con una alta mortalidad, fue necesario replantear
este enfoque en base a los conocimientos adquiridos durante décadas sobre su fisiopatologfa, que sumado al desarrollo de
las técnicas de intervencién endoscépica y evolucion de los dispositivos endoscopicos permitié establecer manejos menos
invasivos y conservadores. Esta revision nos permite conocer los Gltimos avances en el manejo de la pancreatitis aguda,
seudoquiste pancredtico y necrosis encapsulada; determinando en que momento nuestro manejo debe tornarse mas invasivo
hasta llegar a la cirugia. Haciendo una revisién en los diferentes tipos de drenaje de las colecciones peri pancreaticas y los
diferentes accesorios utilizados hasta el momento.

Palabras clave: Pancreatitis; Pseudoquiste pancredtico; Pancreatitis aguda necrotizante (fuente: DeCS BIREME).

INTRODUCTION and diaphoresis. In addition to these macro-
circulatory adverse effects, acute pancreatitis through
Pancreatic  fluid ~ collections are a frequent a combination of microangiopathic effects reduces

complication of pancreatitis. It is estimated that 5-15% of
pancreatitis episodes are complicated by development
of pseudocysts V. Fifteen percent of pancreatitis
episodes are complicated by pancreatic necrosis,
and approximately 33% (range 16-47%) of those with
necrosis are complicated by infected necrosis *.

Management of these collections can pose a
challenge. Traditionally, the management has primarily
been surgical. However, with new understanding of
the pathophysiology paired with new technological
advancements, the pendulum has swung towards an
emphasis on a minimally invasive approach with a
progression to more invasive options as necessary.

MANAGEMENT OF ACUTE PANCREATITIS

EARLY HYDRATION

Acute pancreatitis can result in severe hypovolemia
due to limited oral intake, vomiting, third spacing,

pancreatic blood flow activating a number of cascades
resulting in pancreatic hypoperfusion, cell necrosis
and death ©. Therefore, early aggressive hydration
is the foundation of treatment in the early stages of
pancreatitis. Numerous studies have proven that
early aggressive hydration in acute pancreatitis is both
effective and reduces complications by restoring both
the macro and micro-circulatory systems “. However,
there are limited surrogate serological markers to follow
to analyze response to hydration. Hemoconcentration
has been shown to increases morbidity associated with
pancreatitis . Current data demonstrate that non-
inflammatory markers, hematocrit, BUN and creatinine,
are the most used and widely recommended markers
to follow during hydration ®1°.

Timing
Early (first 24 hours) aggressive hydration is key in the

initial management of acute pancreatitis. Gardner et al
demonstrated that patients who received greater than
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33% of their total hydration in the first 24 hours were
significantly less likely to suffer in-hospital complications
from pancreatitis ™. This was replicated in another
study by Warndorf et al. ©.

Type

In an elegant randomized control trial, Wu et
al. "9 demonstrated that Lactated Ringers results in
significantly less inflammation and morbidity than
(0.9%) normal saline. This was due in part to the more
pH balanced nature of Lactated Ringers compared to
normal saline.

In conclusion, early aggressive hydration with
lactated ringers and close surrogate marker (HCT, BUN,
Cr) monitoring is paramount in the appropriate initial
management of acute pancreatitis.

ANTIBIOTIC THERAPY

Infectious  pancreatic  and  extra-pancreatic
complications can occur as a result of pancreatitis.
The systemic inflammatory response syndrome
(SIRS) associated with sterile pancreatitis may be
indistinguishable  from infections associated ~with
pancreatitis. Therefore, antibiotics should be used
when an infection is identified or clinically suspected,
but not in all cases of pancreatitis ?. When extra-
pancreatic infectious complications are identified,
antibiotic therapy should be tailored to such infection.
The paradigm of antibiotic use in pancreatitis is to
identify and prevent infected pancreatic necrosis,
a cause of significant morbidity and mortality 2.
Because of the consistency of pancreatic necrosis, few
intravenous antibiotics effectively penetrate. A meta-
analysis of 11 randomized control trials examining the
role of antibiotics in pancreatitis failed to demonstrate
a benefit in sterile necrosis ¥ with a calculated NNT
1,429 for one patient benefit, regardless of the severity
of pancreatitis "¥. Rather than preventing infection,
antibiotics are now used to treat established infected
pancreatic necrosis. Recent studies have demonstrated
that antibiotics alone may resolve infected pancreatic
necrosis 1'%, However, these patients should be
followed closely to determine whether definitive
drainage is necessary. When antibiotics are necessary,
those proven to have the highest pancreatic penetration
(carbapenem, quinolones, metronidazole and high-
dose cephalosporines) should be preferred ©'%.

INDICATION FOR ERCP

Gallstone disease can account for up to fifty percent
of acute pancreatitis cases "*'”. Most gallstones that
cause pancreatitis pass into the duodenum and are
lost in the stool *'. Howevera small minority of
patients have obstructing gallstones that may only be
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relieved by ERCP. Early ERCP (<24 hours) with biliary
sphincterotomy and stone removal has been proposed
to ameliorate the course of pancreatitis in these
patients. The current indications for ERCP in gallstone
pancreatitis,as reviewed by Fogel et al. ", include
suspected bile duct stones as the cause of pancreatitis
in addition to one of the following: a) cholangitis as
evidenced by fever, jaundice or sepsis, b) persistent
biliary obstruction as evidenced by conjugated bilirubin
>5mg/dl, ¢) clinical deterioration as evidenced by
worsening pain, increased white blood cell count, or
worsening vital signs, or d) choledocholelithiasis on
imaging.

The severity of gallstone pancreatitis is not an
indication for immediate ERCP. Tse et al. ®” in a
Cochrane database review of 5 of the largest RCTs (21-
25) including 644 patients compared early conservative
management of pancreatitis to early ERCP for gallstone
pancreatitis. Although there was heterogeneity in the
variousstudies, the authors concluded that the indication
for ERCP should be based on evidence of cholangitis
or biliary obstruction rather than on the severity of
pancreatitis alone. However, they also suggested that
the lack of uniform sphincterotomy during ERCP in
these trials limits general application of these results
to all cases of gallstone pancreatitis ?°. It is therefore
suggested that patients with severe pancreatitis who are
managed conservatively should be followed closely for
signs and symptoms of clinical deterioration and should
undergo further imaging (endoscopic ultrasound or
magnetic resonance cholangiopancreatiography) to
rule out biliary obstruction when clinical deterioration
occurs. In summary, we propose that the following
algorithm should be considered in the consideration of
ERCP in gallstone pancreatitis (Figure 1).

Gallstone pancreatitis

— T

Cholangitis | Without cholangitis |
| ERCP (<24 hours) |

| Choledocholelithiasis | | Mild pancreatitis || Severe pancreatitis|

ERCP (<72 hours) Conservative

management

Change in l
clinical course Consider
EUS, MRCP +/-
ERCP

Figure 1. Indications for ERCP.
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CLASSIFICATION OF PANCREATIC FLUID
COLLECTIONS

Correctly classifying PFCs is critical for optimizing
treatment and management. The first widespread
classification system was developed in 1993 by an
international consensus meeting in Atlanta, Georgia
and became referred to as the Atlanta Criteria ?”. This
criteria classified pancreatic fluid collections as acute
or chronic collections, with chronic collections being
further divided intopancreatic necrosis, pseudocysts,
and pancreatic abscesses.

However,  with  improving  pathophysiologic
understanding and improving diagnostic tools, it
became clear thata more detailed organizational system
was required. More specifically, distinguishing between
collections containing fluid alone versus those arising
from necrosis and/or containing solid components. As
such, a new classification system was developed known
as the revised Atlanta criteria ®%. Similar to the original
Atlanta Criteria, PFCs are classified as acute (<4
weeks after the pancreatitis episode) or chronic (>4
weeks after the pancreatitis episode). However, in the
revised criteria, both acute and chronic collections are
further subdivided based on the presence of necrosis
within the collection. Acute collections are divided
into: acute peripancreatic fluid collections (APFC)
and acute necrotic collections (ANC); chronic fluid
collections are divided into: pseudocysts or walled-off
pancreatic necrosis (WOPN). These new classifications
are important because the treatment and management
varies depending on the type of collection.

Take Home Points

e It is important to classify PFCs based on the revised
Atlanta Classification to help guide management decisions

ENTERAL FEEDING

The first step in the management of any PFC is ensuring
adequate nutritional support. In mild to moderate acute
pancreatitis, oral feeding can be initiated when symptoms
are controlled. In severe cases, patients have traditionally
been kept nil per os (npo) due to concerns for worsening
pancreatic inflammation if normal pancreatic digestion
were to be enacted during oral intake . However,
prolongednpo in the catabolic stress state of pancreatitis
leads to a negative nitrogen balance and nutritional
deficiency that became recognized to be associated
with a higher mortality rate due to loss of function and
structural integrity of vital organs ©°. As a result, total
parental nutrition (TPN) became the standard of care
in patients with severe acute pancreatitis in an attempt
to avoid pancreatic stimulation while still providing
nutritional support ?%3°.
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ENTERAL FEEDING VERSUS TPN

This approach was questioned when studies began
showing that complete bowel rest is associated with
intestinal mucosal atrophy leading to increased
intestinal permeability and bacterial translocation .
Furthermore, a metabolically deprived gut absorbs
endotoxins and other bacterial products stimulating
endogenous cytokines which increases the likelihood of
nosocomial infections, sepsis, and organ failure ®V. The
use of TPN was further called into question with the
emergence of data showing that enteral feeding distal
to the ligament of Treitz causes negligible pancreatic
stimulation and therefore may be safe in patients with
severe pancreatitis 2.

In 2010, the Cochrane Colloboration published
their results of a meta-analysis comparing randomized
trials of enteral nutrition versus TPN in patients with
severe acute pancreatitis “?. Enternal nutrition was
associated with a significant reduction in mortality,
multi-system organ failure, and systemic infections with
a trend towards shorter length of hospital stay. Based
on these findings, enteral nutrition was recommended
as the standard of care for nutritional support in acute
pancreatitis 9.

In addition to improved morbidity and mortality
rates, enteral nutrition is associated with a lower
overall cost compared to TPN. In a study of 24 patients
with severe acute pancreatitis, enteral nutrition was
associated with savings of $5,553.06 per patient
(p=0.08). Though not statistically significant, there was
a medium to large effect size (d=0.61) suggesting that
the difference between the two groups would likely
have been significant in a larger sample size ¢9.

EARLY VERSUS LATE ENTERAL FEEDING

The timing of initiation of enteral feeding in severe acute
pancreatitis has been debated. In a recent meta-analysis,
patients receiving early initiation of enteral nutrition
(defined as within 48 hours of admission) had significantly
lower rates of infectious complications (OR 0.45; 95% Cl
0.15-0.77, p<0.05), organ failure (OR 0.27; 95%Cl 0.14-
0.50, p<0.05), length of hospitalization (mean difference
-2.18 (days); 95%Cl -3.48-(-0.87); p<0.05, and mortality
(OR 0.31; 95%Cl 0.14-0.71, p<0.05) compared to those
with delayed enteral nutrition or TPN ©¢4. However, the
exact time at which enteral feeding should be initiated is
not yet established.

NASOJEJUNAL VERSUS NASOGASTRIC
ENTERAL FEEDING

Though enteral nutrition distal to the ligament of
Treitz is thought to decrease pancreatic stimulation,
placement of a nasojejunal tube requires endoscopy for
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placement and is more cumbersome than a nasogatric
tube which can be placed bedside. Studies have been
performed to evaluate the safety of nasogastric feeds
compared to nasojejunal feeds. A meta-analysis of
these studies showed no difference in mortality and
tolerance between the two types of feeding; however,
this analysis was limited by the small sample size (157
patients in the 3 studies included for analysis) and the
lack of verication of placement of the nasojejunal tube
distal to ligament of Treitz in two of the three studies .
A recent non-inferiority trial of 78 patients randomized
to nasogastric or radiologically-confirmed nasojejunal
feeding was recently published, showing non-inferiority
of nasogastric feeds. However, there was a higher rate of
infectious complications, need for surgical intervention
for infected necrosis, and mortality in the nasogastric
feeding group ©°. A prospective, randomized controlled
trial evaluating nasogastric versus nasojejunal feeding
called the Study on Nutrition in Acute Pancreatitis
is currently underway, which will provide further
evidence on this subject. Until more high-quality data
is available, nasojejunal feeding remains the preferred
route of enteral nutrition.

ENTERAL FEEDING FORMULATIONS

Enteral nutrition is available in a variety of
formulations, including standard, elemental, and semi-
elemental with the latter two more commonly used
based upon the assumption that they result in less
pancreatic stimulation. Standard enteral formulas are,
however, significantly cheaper and proven effective ©7.
Windsor et al randomized patients with severe acute
pancreatitis to TPN versus standard enteral formulas
(Osmolite) and found that patients receiving standard
enteral formulas had improved clinical outcomes
compared to those receiving TPN, including decreased
rates of systemic inflammatory response syndrome,
sepsis, and multi-system organ failure ®¥. Makola et al
also examined the efficacy of enteral formuals in acute
pancreatitis and demonstrated that it is associated with
an improvement in the severity of pancreatitis, a higher
albumin, and a trend towards a normal BMI ©7),

Take Home Points

* Early attempts at oral feeding can be trialed in
patients with mild pancreatitis.

* Early enteral feeding should be implemented in
patients with moderate to severe pancreatitis.

* Jejunal feeding remains the preferred route of
enteral nutrition;

INDICATIONS FOR DRAINAGE OF PFCS

Inthe initial Atlanta criteria, PFCs were recommended
for drainage based on the presence of symptoms and/or
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complications such as abdominal pain, gastrointestinal
obstruction, vascular compression, biliary obstruction,
or infection, as well as on the size of the collection.
However, in the revised criteria, size alone does not
necessitate treatment; only symptomatic PFCs are
recommended for drainage. Another recent departure
fromthe classicapproach is proceeding with intervention
based not exclusively on culture or Gram stain verified
infection, but also on imaging (the presence of air in
the collection on CT) and/or clinical criteria (failure to
improve with aggressive supportive care, or even failure
to thrive). The optimal treatment window is ideally four
weeks after the initial event to allow peripancreatic
fluid collections to wall-off and areas of tissue necrosis
to demarcate. Historically, drainage has been managed
via surgical techniques, but with the advent of newer
and more advanced endoscopic tools and expertise,
and an associated reduction in health care costs,
minimally invasive endoscopic drainage has become
the preferable approach.

PANCREATIC PSEUDOCYSTS

As described in the revised Atlanta criteria, a
pseudocyst is an encapsulated fluid collection, without
the presence of solid debris, that develops as a
consequence of pancreatitis a minimum of 4 week after
the initial injury @).

SURGICAL DRAINAGE

Surgical cystgastrostomy involves an open or
laparoscopic procedure in which an anastomosis
is created between the lumen of the cyst cavity and
the stomach or small bowel using suturing or stapling
devices. Historically, surgical drainage was an efficacious
therapy, with published pseudocyst recurrence rates
between 2.5-5% post-drainage, but complication rates
approaching 30% in some studies “?. As endoscopic
therapies emerged, initial studies comparing surgical
cystgastrostomy to endoscopic cystgastrostomy showed
grossly equivalent success rates, defined as pseudocyst
resolution, and comparable complication rates “047,
However, as endoscopic techniques improved,
endoscopic therapy became the preferred initial
treatment approach. A randomized comparative trial by
Varadarajulu et al. looking at surgical versus endoscopic
cystgastrostomy found that while the two techniques
yielded similar technical success and complication
rates, endoscopic therapy was associated with a shorter
hospital stay, a lower overall cost, and better mental
health and physical health component scores among
patients “2).

PERCUTANEOUS DRAINAGE

Percutaneous drainage involves placement of
an external drainage catheter into the pseudocyst
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using real-time imaging guidance, usually with
computed tomography (CT) or ultrasound (US)
with fluoroscopy. Initial studies comparing surgical
drainage to percutaneous drainage found both
procedures to be efficacious “**¥. However, more
recent comparative studies have generally favored
percutaneous drainage “*, with some studies even
demonstrating a mortality benefit “®. A recent study
directly comparing percutaneous versus endoscopic
management retrospectively reviewed 81 patients. This
study found equal technical success rates and adverse
events rates between the techniques, but a decreased
re-intervention rate, a shorter hospital stay, and a
decreased number of follow-up abdominal imaging
studies among patients drained endoscopically “7.

CONVENTIONAL TRANSMURAL DRAINAGE
(CTD)

Conventional  transmural  drainage was the
endoscopic procedure of choice to drain PFCs in
the early era of endoscopic PFC management. This
procedure consists of endoscopically visualizing the
PFC bulge in the gastric wall, creating a fistulous tract
between the pseudocyst cavity and the gastric lumen
using a seldinger technique, advancing a guidewire
into the pseudocyst cavity, dilating the tract, and
finally deploying one or more plastic stents to secure
apposition and allow for continuous drainage “%.

This concept was first introduced into the medical
literature in 1975 in a case report by Rogers et al. “9.
It was expanded upon by Kozarek et al. in 1985 in a
case series of 4 patients who underwent endoscopic
cystgastrostomy needle decompression ©° and by
Cremeretal in 1986 in which they described 13 patients
who underwent cystgastrostomy with transnasal drain
placement ©V. The first large series evaluating this
technique was published in 1989 and consisted of a
7-year follow-up study of 33 patients who underwent
endoscopic cystgastrostomy or cystduodenostomy with
a success rate of 82%, recurrence rate of 12%, and
complication rate of 2% ©?. In 1995, Binmoeller et al.
published a similar study of 53 patients with a success
rate of 87%, recurrent rate of 21%, and complication
rate of 11% ©3. A series of subsequent studies from
the early 2000s demonstrated similar results, reporting
success rates between 70-100% and complication rates
ranging from 2-40%, mainly bleeding, perforation, and
infection due to stent occlusion or migration 62,

One of the limitations of this technique was the
need for the PFC to be bulging into the gastric wall.
It is estimated that no bulge is present in 42-48% of
PFCs, limiting the efficacy and safety of this technique
in almost half of all cases ©. However, with the
incorporation of echoendoscopy, this limitation was
able to be overcome.
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EUS-GUIDED TRANSMURAL DRAINAGE

The useof EUS in pseudocyst drainage provides
endoscopists with the ability to identify and avoid
vascular structures between the cyst and the gastric
lumen, to measure the distance between the lumen
and the cystic lesion and ensure that adequate
apposition can be obtained, to localize non-bulging
pseudocysts that are otherwise unidentifiable using
endoscopy alone, and to confirm the lack of solid or
necrotic components within the pseudocyst cavity.
This technique first emerged in the medical literature
in 1992 by Grimm et al. *¥ and 1996 by Wiersema
et al. ®, both of whom described a single case of
successful endoscopic pseudocyst drainage using an
echoendoscope. Several larger case serieslooking at
27 patients ®¥ and 35 patients ©® documented success
rates of 78% and 89% with complication rates of 7%
and 4%, significantly lower than with CTD. Since then, a
multitude of studies have validated these initial findings,
with early studies quoting success rates ranging from
80%-100% and complication rates averaging around
10%, mainly bleeding and perforation #8:5358:63.66-70)

More recent studies have further subdivided
pancreatic pseudocysts into simple versus infected
pseudocysts. Sadik et al. noted a 94% success rate and
5% complication rate in simple pseudocysts versus 80%
success rate and 30% complication rate in infected
pseudocysts “V. Similarly, Varadarajulu et al. found a
93.5% success rate and 5% complication rate versus a
63% success rate and 16% complication rate in sterile
versus infected pseudocysts “?. This suggests that
alternate means of drainage may be beneficial when
infection is present.

Several studies have directly compared EUS-guided
PFC drainage to CTD. A study by Kahaleh et al. (48)
showed equal efficacy and safety between the two
techniques when conventional drainage was used for
bulging lesions and EUS-guided drainage was used
for all other lesions. Subsequently, two prospective,
randomized studies by Varadarajulu et al. “¥ and Park
et al. " found significantly higher technical success
rates with EUS-guided drainage, and a trend towards a
better safety profile although statistical significance was
not reached.

FULLY COVERED SELF-EXPANDING METAL
STENTS (FCSEMS)

Fully-covered self-expanding metal stents (FCSEMS)
offer a variety of advantages over traditional plastic
stents. Firstly, they allow for a larger drainage lumen,
which decreases the risk of stent occlusion and
theoretically the need for repeat procedures. And
secondly, they allow for shorter procedure times since
they require a single access of the cyst for deployment,
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rather than the multiple access points required for the
deployment of multiple plastic stents.

A study by Penn et al. " looked at 20 patients
with symptomatic pancreatic pseudocysts which were
drained under EUS guidance with placement of biliary
FCSEMS (Wallflex; Boston Scientific, Natick, MA). They
found a 100% technical success rate and a 70% rate
of complete pseudocyst resolution without recurrence.
Three patients experienced complications (15%)
requiring surgery in 2 of the 3, and stent migration
was noted in 3 patients, all of whom still achieved
pseudocyst resolution. Similarly, a case series looking
at 18 patients with symptomatic pseudocysts drained
with FCSEMS (Wallflex; Boston Scientific) under EUS-
guidance showed a 78% rate of complete pseudocyst
resolution (14 patients); however, 16% of patients
required surgery for ongoing sepsis or ineffective
drainage "%. A case series looking at 20 patients with
infected pseudocysts drained with biliary FCSEMS
and/or esophageal CSEMS reported a 100% technical
success rate and a complete clinical success rate of
85% 7. Another series, confirmed those findings 7%

FCSEMS with antimigratory fins (Viabil, Conmed,
city, state) have also been proven efficacious. Talreja
et al. " reported a 78% clinical success rate with
complete resolution after pseudocyst drainage in 18
patients. In their series, 1 patient had stent migration,
though still achieved pseudocyst resolution. Berzosa et
al. evaluated the same stent for pseudocyst drainage in
5 patients and found an 83% resolution rate without
recurrence at 18 weeks @,

PLASTIC STENTS VERSUS METAL STENTS

Despite the advantages that FCSEMS hold over
traditional plastic stents, direct comparison has not
consistently shown them to be superior. A recent meta-
analysis that included 698 patients found no difference
in treatment success, adverse events, or recurrence
rates between pseudocysts drained with multiple
plastic stents versus metal stents “'#". However, a more
recentstudy by Sharaiha et al of 230 patients found
that pseudocysts drained with plastic stents were 2.5
times more likely to report adverse events than when
FCSEMS were used. Similarly, complete pseudocyst
resolution was 89% with plastic stents compared to
98% with FCSEMS ©2.

A NOVEL LUMEN-APPOSING METAL STENT

In 2013, a new FCSEMS received FDA approval for
use in drainage of PFCs (Axios; Xlumena, city, state).
The design of the stent includes two 21Tmm or 24mm
flanges on either side of a 10 mm or 15 mm diameter
lumen to help decrease the risk of stent migration. The
first clinical data using this stent came from a study by
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Itoietal in 2012 looking at 15 patients with symptomatic
pseudocysts. Success rate in the trial was 100%, with
zero percent recurrence at 11-month follow-up and
the only complication being stent migration in 1 patient
without clinical sequelae ®%.

Two additional studies validated this initial reported
success. A prospective study by Shah et al. ®¥ looking
at 33 patients found a technical success rate of 91%
with a pseudocyst resolution rate of 93%. Gornals et
al. ®) looked at 9 patients who underwent pseudocyst
drainage with placement of a LAMS and reported a
technical success 89%, a pseudocyst resolution rate of
100%, and 1 significant complication (pneumothorax).
Most recently, Walter et al. ©® published their data
of 15 patients with a clinical success rate of 93%,
resolution rate of 100%, and 1 significant complication
(perforation).

In summary, pancreatic pseudocysts can be
efficaciously managed endoscopically.  Although
conventional endoscopic drainage can be safely used
for bulging pseudocysts, the majority of pseudocysts
are drained under EUS-guidance to allow for safer
access and a decrease in complications. Metal stents,
including the newly emerged lumen-apposing metal
stent, carry a clear advantage over plastic stents in
pseudocyst drainage due to their increased diameter
(up to 15 mm).

Take Home Points

* Symptomatic pancreatic pseudocysts should be
drained endoscopically.

* EUS-guided drainage is the technique of choice
for pancreatic pseudocysts.

* Both plastic stents and FCSEMS are efficacious and
safe; however, in infected pseudocysts, FCSEMS
offer an advantage due to their larger diameter.

MANAGEMENT OF WALLED OFF PANCREATIC
NECROSIS (WOPN)

Walled off pancreatic necrosis (WOPN) is a PFC that
contains solid necrotic debrissurrounded by a clearly
defined capsule with or without concurrent fluid ©%.
Although a small percentage of WOPN will resolve
spontaneously, the majority of collections will require
drainage.

SURGICAL DRAINAGE

Open surgical debridement has historically been
the gold standard therapy for WOPN ©789_ Surgical
management consists of 4 principal approaches, all
involving accessing the pancreatic bed but differing
in the surgical approach. The standard approaches
include access via the lesser sac, the gastrocolic-
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omentum, or trans-mesenterially through the transverse
mesocolon ®”. Once the necrosectomy has been
performed, the options are

(1): necrosectomy alongside open packing “¥; (2)
planed, staged re-laparotomies with repeat lavage ©";
(3) closed continuous lavage of the lesser sac and retro-
peritoneum ®¥; and (4) closed packing ©?. Unfortunately,
open necrosectomy is associated with high morbidity
(34% to 95%) and morality (6% to 25%) rates *>9, and
a plethora of adverse events including organ failure,
perforation, wound infections, hemorrhage, chronic
pancreatico-cutaneous and entero-cutaneous fistulae,
and abdominal wall herias ©7:89.92:94:95

With the development of laparoscopic surgery,
minimally invasive procedures supplanted open
debridement as the surgical option of choice.
Laparoscopic debridement can be performed using 2
approaches:trans-peritoneal (anterior)orretroperitoneal
(posterior) ®¥. The trans-peritoneal approach involves
an anterior access through the stomach or the bowel to
drain the collection. The retroperitoneal approach uses
a mini-lumbotomy, usually left-sided, through which
a laparoscope is introduced to remove the necrotic
debris under direct visualization Currently, the trans-
peritoneal approach is rarely used due to increased
technical difficulty and the risk of contamination of the
peritoneal cavity “?. The retroperitoneal approach,
Video Assisted Retroperitoneal Debridment (the VARD
procedure), can be performed with minimal or no gas
insufflation and avoids the complications associated
with severing the peritoneum %190 (see technique
below).

Preoperative Planning

As emphasized earlier, several factors require
consideration prior to embarking upon surgical
necrosectomy. First, the procedure should be delayed
ideally for at least one month after onset of pancreatitis,
for demarcation of necrosis as well as maturation of the
collection. Second, a 12 or 14 French percutaneous
drain is placed with CT guidance in the peripancreatic
collection via a left flank approach. Even if this is not
intended as destination therapy, it is essential for the
guidance of the incision for the videoscopic approach
to the retroperitoneum. Cross-sectional imaging should
be studied carefully with respect to external landmarks
and anatomic structures (spleen, colon) adjacent to
the collection. Anesthesiology should be prepared for
hemodynamic consequences with appropriate invasive
monitoring.

Surgical Anatomy

Visualization of the location of the collection in
relationship to external landmarks is key for optimal
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trocar placement. The pancreas lies in front of the
second lumbar vertebra in the retroperitoneal space,
with the body and tail extending laterally and slightly
superiorly. Preoperative imaging should be examined
carefully to assess the path and location of the actual
collection, which in cases appropriate for the VARD
is generally in the region of the body and tail, though
can extend along the left gutter inferiorly as well. The
percutaneous drain provides guidance for the route
to the collection; it is beneficial for this drain to not
emerge in the intercostal position, and this should be
communicated to the interventional radiologist.

Step-by-step illustration of procedure

The patient is placed in slight right lateral decubitus
position, with the left shoulder and body oriented
about 40 degrees from the horizontal (exact angle is
partly determined by location of emergence of the
drain). The left arm is easily managed on a well-padded
armboard, and the body may be cradled on a bean
bag for extra support. The knees are slightly bent with
a pillow placed in between. Extremes in Trendelenberg
position are generally not anticipated thus extra support
at the feet or head is unnecessary. The operating table is
slightly bent to allow extension of the left flank and thus
more working room for trocars as needed.

Entry into the retroperitoneal space may be obtained
via a small (5 cm) subcostal incision in the midaxillary
line. The fascia is carefully dissected to allow entry into
the retroperitoneum. The initial efflux of pus and small
particulate matter is evacuated with a standard suction,
and any easily grasped necrotic tissue is extracted
with long forceps. A laparoscopic trocar is then placed
through the incision and a O-degree videoscope
introduced. Carbon dioxide may be insufflated via
the drain. Debridement is affected under direct
vision with a laparoscopic forceps directly through
the flank incision. Alternatively, a two-trocar method
may be used. Access to the retroperitoneum may be
obtained using a transparent trocar system with optical
visualization with a 0-degree videoscope through the
obturator. The trocar is slowly and carefully advanced
along the path of the drain, which can be kept in sight
along the side of the cannula. Once visual and tactile
confirmation of entry into the cavity is obtained, the
cavity is bluntly developed with a 5 mm suction tip.
When space-occupying fluid is removed, the cavity
is insufflated with carbon dioxide gas, to a pressure
of 12 to 15 mmHg. A second 5 mm trocar is placed
in a position determined in part by the drain location
and the anatomy. One of these trocars is then ideally
upsized to a 10 or 12 mm for removal of larger debris.

The cavity is then developed by gently probing,
suctioning and grasping loose necrotic tissue. As in
standard open necrosectomy, necrotic tissue is debrided
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gently and not forced, to avoid vascular and other organ
injuries and preserve viable pancreatic tissue; this may
appear to be incomplete but is nonetheless a wholly
adequate debridement. Once the loose necrotic tissue
has been removed, the cavity is copiously irrigated
with sterile saline solution. The percutaneous drain
is removed and surgical drains are place; in the two-
trocar technique an irrigating triple lumen sump drain
is placed through the larger incision, preferably under
direct vision via the remaining trocar, and small drain
is left through the small trocar incision. The large sump
drain is used for continuous irrigation postoperatively,
for 24 or more hours until the irrigant runs clear (75-
100 cc/h of normal saline). The smaller drain functions
mostly as a place holder, as the larger drain suctions
the majority of the fluid. As the potential for any
repeat surgery fades, this drain can be removed. Some
prefer to maintain the larger sump drain on suction,
and as the clinical status of the patient improves and
the drainage lessens, it is gradually withdrawn 1-2 cm
per day. Presumably maintaining the suction during
the withdrawal process facilitates the collapse of the
recently evacuated tract.

In circumstances of extension of the walled off
collection and necrosis across the midline or into
the root of the mesentery, open surgery is necessary.
Numerous variations of technique have been described
and include variations on open marsupialization with
relaparotomy for further debridement and packing
changes, or debridement and closure over drains with
continuous lavage. Approach to the retroperitoneum
is typically via a generous bilateral subcostal incision;
this provides excellent exposure to the lesser sac but
also allows access to the inframesocolic abdomen if
necessary for feeding jejunostomy or diverting ileostomy
or colostomy. The layers of the abdominal wall are
carefully divided and the peritoneal cavity entered. The
gastrocolic ligament is divided to enter the lesser sac,
which is often at least partially fused by inflammatory
reaction. Careful blunt dissection facilitates entrance
into the lesser sac, which harbors the walled-off
collection and necrotic pancreas and peripancreatic
tissues. As already described for the minimally invasive
technique, the collection is drained and loose necrotic
tissue is carefully removed. It is helpful to lavage the
cavity with warm saline to indicate areas of loose tissue
to be extracted. Careful extension into and across the
midline toward the head, across to the paraduodenal
space or into the pelvis may be needed based on the
appearance of preoperative imaging.

At this point other procedures may be undertaken
as indicated, including cholecystectomy (if the etiology
is biliary), gastrostomy, tube jejunostomy, or fecal
diversion (for colonic fistula). One of two courses may
be followed now: packing of the cavity with moist
gauze and planned second look (marsupialization), or
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operative placement of irrigating drains into all affected
areas and closure of the abdominal wall. The first may
be indicated for control of intraoperative hemorrhage.
The latter carries less morbidity and allows quicker
extubation as well as a lower overall morbidity rate.

Other approaches include accessing the lesser sac via
the transverse mesocolon. The technique is identical to
that already described, namely careful blunt removal
of loose necrotic tissues and avoidance of overly
aggressive debridement. Drains are left in any resultant
cavities and the wound is closed. The purported
advantages of this approach over the anterior approach
to the lesser sac include: 1. avoidance of the potentially
hazardous dissection of the transverse colon from the
stomach and omentum; 2. possibly decreasing the risk
of colocutaneous fistula; and 3. placement of drains in
a more dependent position than the anterior approach.
However, there is concern about introducing infected
material from the formerly walled-off abscess into
previously virgin territory, namely the inframesocolic
abdomen, thus spreading local sepsis beyond its
original borders. This suggests that a retro-peritoneal
only technique is the most advantageous approach.

PERCUTANOUS DRAINAGE

Percutaneous drainage for WOPN involves
placement of a catheter into the collection under US
guidance with fluoroscopy or CT guidance. Ideally, a
retroperitoneal approach is taken. After placement and
aspiration of as much fluid as possible, 12French drains
are left in place and irrigated with 10-20 mL of sterile
saline 3 times daily. Multiplecatheters are typically
required as the patient’s follow-up requires 192,

Traditionally, the success rate of percutaneous
drainage alone (defined as survival without 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
pancreatico-cutaneous fistulas and pancreatico-enteric
fistulas which occur in an as many as 20% of cases "%
197 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
67,9103 The Dutch PANTER trial illustrated this concept by
comparing open necrosectomy with a less-invasive step-
up approach in 88 patients "% In the step-up approach,
patients first underwent percutaneous drainage of the
collection followed by minimally invasive retroperitoneal
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, percutaneous drainage
alone without subsequent necrosectomy was achieved
only in 30% of patients.



Management of pancreatitis

ENDOSCOPIC NECROSECTOMY

The endoscopic technique for drainage of WOPN
is called endoscopic necrosectomy. As in pseudocyst
drainage, EUS is used to identify and access the
collection, a wire is coiled within the cavity lumen,
and the fistulous tract is created. However, unlike
pseudocyst drainage, the tract is then dilated enough to
allow for passage of an endoscope into the collection.
Mechanical cleaning with removal of necrotic debris
is then performed. Nasocystic drainage is typically
performed to facilitate liquefaction of the debris and
improve drainage ©*.

Hydrogen peroxide (H,0,) can be used to facilitate
removal of necrotic debris "*. H202 is infused into the
cavity during endoscopy in a 1:5 or 1:10 dilution with
normal saline, allowing for enhanced necrotic tissue
dislodgement and debris extraction during endoscopy.
The use of H,0, has been shown to decrease procedure
time, reduce complication rates, and decrease the total
number of necrosectomy sessions until resolution. Some
adverse events have been reported including bleeding,
perforation, and self-limited pneumoperitoneum.
However, these complications are rare, especially after
the incorporation of carbon dioxide for peri-procedural
insufflation.

The first experiences with endoscopic necrosectomy
were done through the deployment of plastic stents
and placement of a nasocystic drain without direct
mechanical debridement. This was first described by
Baron et al in 1996 "°?, in which 11 patients underwent
WOPN drainage with an overall success rate of 81% and
a complication rate of 36% (bleeding and infection).
Papachristou et al. reported similar findings in 2007 in a
study of 53 patients, with an overall success rate of 81%
and a complication rate of 21% ).

Subsequent studies reported similar findings, with
success rates ranging from 75%-95%, and complication
rates ranging from 0 to 35%.

Seewald et al introduced the concept of dilation
of the fistulous tract to allow for advancement of an
endoscope into the necrotic cavity and mechanical
removal of debris "". They described a 91% WOPN
resolution rate in 13 patients, with 2 patients having
recurrence on 4-month follow-up necessitating surgical
resection. Voermans et al. documented a 93% success
rate in 25 patients, with only 2 patients requiring
surgical intervention for bleeding and perforation 2.
Smaller studies by Escourrou et al. "'¥ and Charnley et
al. " found similar results.

The first multicenter study evaluating endoscopic
necrosectomy was performed by Seifert et al. ""%.
In this study of 93 patients, an 80% clinical success

Kahaleh M, et al

rate was achieved with a 23% complication rate and
7.5% mortality rate. A second multicenter study was
published by Gardner et al in 2011 ™% looking at
104 patients with WOPN. Successful resolution was
achieved in 91% of patients, with a complication rate of
14% including 3 patients requiring surgical intervention
either for bleeding or failed resolution, 5 patients dying
of other causes prior to WOPN resolution, and 1 peri-
procedural death due to hypotension.

FULLY-COVERED SELF-EXPANDING METAL
STENTS

Biliary FCSEMS provide a larger stent lumen for
drainage of WOPN but are limited in that they do not
permit passage of an endoscope. Fabbri et al. published
results of 2 patients with WOPN drained with biliary
FCSEMS (Wallflex, Boston Scientific) "'7. In 1 patient,
the WOPN completely resolved; in the second patient,
the stent migrated leading to widespread sepsis and
need for surgical intervention. Berzosa et al. also looked
at 2 patients with WOPN drained with biliary FCSEMS
(GoreViable, ConMed) . The WOPN resolved in both
patients with no recurrence after 18 weeks follow-up.

Esophageal FCSEMS have a larger lumen diameter
and allow for passage of the endoscope through
the lumen of the stent after deployment. The first
reported case of WOPN drainage using an esophageal
FCSEMS was published by Antillon et al. "9, Sarkaria
et al. published results of 17 patients who underwent
WOPN drainage with placement of an esophageal
stent, 88% of whom demonstrated complete resolution
over an average of 5 endoscopic sessions and 2 of
whom ultimately required surgical intervention .
No major complications were reported. Attam et al
found similar results in 10 patients using a through-
the-scope esophageal FCSEMS in which resolution
was achieved in 90% of patients after an average of
3 endoscopic sessions 29, 2 patients required stent
revision due to persistent infection in long-term follow-
up, and 1 patient died of gastrointestinal bleeding from
a pseudoaneurysm.

A NOVEL LUMEN-APPOSING METAL STENT
(LAMS)

The previously mentioned LAMS (Axios, Xlumena)
with a diameter up to 20 mm also allows for passage
of an endoscope through the lumen of the stent
into the cavity for mechanical necrosectomy. Only
a small number of studies have been published
specifically evaluating the use of LAMS for drainage
of WOPN. Shah et al achieved WOPN resolution in
10 of 11 patients using a LAMS for drainage ®*. The
largest clinical experience comes from Walter et al
in which they looked at 46 patients with WOPN %),
They reported a clinical success rate of 81%, with 3
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patients ultimately requiring surgical intervention for
persistent infection despite drainage and an overall
major complication rate of 9%, all due to infection
from stent occlusion and managed endoscopically.
Additional multi-center studies are needed, but LAMS
represent a promising advance in the endoscopic
management of WOPN.

Cumulatively, these studies illustrate that while
endoscopic necrosectomy is efficacious, it is a
complicated procedure requiring a high-level of skill
in endoscopy with complications occurring even in the
most experienced of hands and requiring the presence
of a strong multi-disciplinary team to be successful.
The incorporation of metal stents, especially lumen
apposing metal stents, that allow for a large drainage
lumen and the advancement of an endoscope through
the stent lumen for direct necrosectomy has shifted
paradigms in the management of WOPN by improving
efficacy and decreasing complications associated with
these procedures.

ENDOSCOPY VERSUS PERCUTAENOUS OR
SURGERY DRAINAGE

A recent randomized multicenter trial from 2012
directly compared endoscopic necrosectomy and
surgical necrosectomy (video-assisted retroperitoneal
debridement with open laparoscopic necrosectomy
for rescue) in 22 patients 2". Their results showed that
endoscopic therapy was associated with a lower post-
procedure inflammatory response (as demonstrated
by interleukin levels), a lower complication rate, fewer
pancreatic fistulae developments, and less pancreatic
enzyme use on 6-month follow-up. A more recent from
2014 directly compared astep-up approach starting with
percutaneous drainage and escalating to more invasive
therapy as needed to direct endoscopic necrosectomy
in 24 patients 2%, Their results demonstrated a
resolution rate of 92% versus 25% in the necrosectomy
versus percutaneous drainage group, with 9 of 12
patients requiring surgery after percutaneous drainage
alone. Additionally, less antibiotic use, pancreatic
insufficiency, and hospitalization was seen in the
endoscopic necrosectomy group.

Take Home Points

* Infected WOPN should be debrided endoscopically
whenever feasible using newly approved FCSEMSs
that allow for direct endoscopic necrosectomy and
debridement through the large stent lumen.

* When not accessible endoscopically, WOPN
should be managed in a step-up approach using
percutaneous approach followed by surgical or
endoscopic debridement as necessary.
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ERCP FOR PANCREATIC DUCT EXPLORATION

An important component in the management of
PFCs is ensuring the integrity of the pancreatic duct
(PD) via ERCP Disruptions in the PD are associated
with an increased severity of pancreatitis, an increased
risk of recurrent attacks of pancreatitis and long-term
complications, and a decreased rate of PFC resolution
after drainage 23127

PD DISRUTPION AND SEVERITY OF
PANCREATITIS

A PD disruption has been shown to be associated with
a more severe course of pancreatitis. A retrospective
review of 105 patientswith acute pancreatitis found
that nearly half of patients with severe pancreatitis
had concurrent PD disruption, while a normal PD was
noted in 100% of patients with mild pancreatitis .
Similarly, in another review of 144 patients with severe
pancreatitis, Lau et al found that patients with a PD
leak were 3.4 times more likely to have pancreatic
necrosis '?”. Thus, assessing for a PD disruption in
patients with pancreatitis is an important prognosticating
step.

PD DISRUPTION AND RECURRENT
PANCREATITIS / LONG-TERM COMPLICATIONS
In addition to predicting the severity of pancreatitis,
a PD disruption can also predict the likelihood of
long-term complications and recurrent episodes of
pancreatitis. Howard et al looked at 14 patients with
WOPN who developed recurrent pancreatitis after
initially-successful debridement and found that all 14
patients had a pancreatic duct abnormality on either
ERCP or MRCP %, No other predictive factor of
recurrence was identified. Nealon et al demonstrated
that in 174 patients with severe pancreatitis, long-term
complications such as sepsis and recurrent pancreatitis
occurred in 36-38% versus 0% and 62-89% versus 7%
of patients with an abnormal PD compared to those
with a normal PD 2%,

PD DISRUPTION AND PFC RESOLUTION

Assessingfor PD disruptions can also predicttreatment
success. In the same study as abovementioned,
Nealon et al demonstrated that altered PD anatomy is
directly correlated with a decreased rate of pseudocyst
resolution 2%, In 563 patients with pseudocysts, they
found that spontaneous resolution occurred only in
0-5% of patients with a ductal disruption compared
to 87% of patients with a normal pancreatic duct.
Similarly, Trevino et al demonstrated improved PFC
resolution in both pseudocysts and WOPN in patients
who underwent PFC drainage with transpapillary PD
stenting compared with PFC drainage alone (97.5%
vs 80%) 2. Of note, undergoing ERCP was not
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associated with any increase in mortality, the need for
necrosectomy, or hospital length of stay.

Take Home Points

* ERCP wi th PD exploration should be performed
concurrent to PFC drainage.

* Any pancreatic ductal disruption should be
investigated with ERCP with intent to perform
endoscopic stenting.

CONCLUSION

Pancreatitis can frequently result in the development
of fluid collections, ranging from simple pseudocysts
to WOPN. The initial step in management of these
collections is ensuring adequate nutritional support is
provided. Enteral nutrition is preferred over parenteral
nutrition, with post-pancreatic jejunal feeding being
the optimal enteral route in patients with moderate or
severe disease. Endoscopic drainage can be successfully
accomplished with improved safety and efficacy
as compared to surgical or radiologic approaches.
Furthermore, patients with WOPN can safely undergo
endoscopic necrosectomy, obviating the need for
surgical exploration. Lastly, ERCP with PD exploration
should be concurrently performed to evaluate for
evidence of PD disruption in all patients with PFCs. In
summary, all forms of PFC can be safely and effectively
managed by a variety of endoscopic procedures.

TAKE HOME MESSAGES

1. Classifying pancreatic fluid collections (PFCs) using the
revised Atlanta criteria is critical for optimizing management
and treatment.

2. Early attempts at oral feeding can be trialed in patients with
mild pancreatitis. Early enteral feeding should be implemented
in patients with moderate to severe pancreatitis.

3. Symptomatic pancreatic pseudocysts should be drained
endoscopically. EUS-guided drainage is the technique of
choice. Both plastic stents and FCSEMS are efficacious and
safe; however, in infected pseudocysts, FCSEMS offer an
advantage due to their larger diameter.

4. Infected WOPN should be debrided endoscopically
whenever feasible using newly approved FCSEMSs that
allow for direct endoscopic necrosectomy and debridement
through the stent lumen. When not accessibleendoscopically,
WOPN should be managed in a step-up approach using
percutaneous approach followed by surgical or endoscopic
debridement as necessary.

5. ERCP with PD exploration should be performed concurrent
to PFC drainage. Any pancreatic ductal disruption should be
managed with ERCP with intention to provide endoscopic
stenting.
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