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CLINICAL REVIEW

Management of Pancreatic Fluid Collections
An Evidence-based Approach
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Haroon Shahid MD, Avik Sarkar, MD, Amy Tyberg MD,
and Michel Kahaleh, MD

Abstract: Managing pancreatic fluid collections (PFCs) remains a
challenge for many clinicians. Recently, significant progress has
been made in the therapy of PFCs, including improvements in
technology and devices, as well as in the development of minimally
invasive endoscopic techniques, many of which are proven less
traumatic when compared with surgical options and more effica-
cious when compared with percutaneous techniques. This review
will explore latest developments in the management of PFCs and
how they incorporate into the current treatment algorithm.
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Pancreatic fluid collections (PFCs) are a common
complication of acute pancreatitis, with a reported
incidence of 43%.! PFCs form in the setting of pancreatic
injury such as in the setting of acute pancreatitis, pancreatic
trauma, postsurgery, posttransplant, and pancreatic duct
(PD) obstruction. Classification of PFCs, based on acuity
and presence of necrosis, is imperative to guiding their
management. Traditionally, the management of PFCs has
been surgical drainage. However, recent advances in
endoscopic instruments and techniques have shifted the
paradigm in favor of approaches involving minimally
invasive drainage and endoscopic intervention.

CLASSIFICATION OF PFCs

The first international consensus on classification of
PFCs was developed in 1993 and became known as the
Atlanta criteria.> On the basis of the original Atlanta
criteria, PFCs were classified as either acute (formed within
4 wk of pancreatitis onset) or chronic (formed after 4 wk of
pancreatitis onset). Chronic PFCs were further subdivided
into either pancreatic necrosis, pancreatic pseudocysts
(PPs), or pancreatic abscesses (Table 1).

Recent advances in pathophysiology and diagnostic
tools warranted a revision to these criteria. The most
important distinction to arise from the new classification
system, known as the revised Atlanta criteria,? is the
delineation between collections containing only fluid versus
collections containing necrotic tissue with or without
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accompanying fluid. The criteria for acute versus chronic
PFCs is preserved, but new additions have been made
based on the presence of necrosis. Acute collections are
divided into acute peripancreatic fluid collections and acute
necrotic collections. Chronic collections are divided into
PPs and walled-off pancreatic necroses (WOPNSs). These
distinctions have helped guide the development of treat-
ment strategies tailored to the acuity and contents of a
given collection.

ENTERAL FEEDING

In addition to fluid resuscitation, nutritional support is a
vital early intervention in the management of any PFC.
Traditionally, oral intake in symptomatic acute pancreatitis
has been avoided based on concern that pancreatic
stimulation would worsen inflammation. In the setting of
severe or prolonged pancreatitis, extended periods of NPO
(nil per os) have been found to be associated with increased
mortality due to functional impairment of other vital
organs.*® As such, total parenteral nutrition arose as a
solution to continue providing patients nutritional support
while simultaneously avoiding pancreatic stimulation.
Recently, several meta-analyses have demonstrated the
efficacy, safety, and superiority of enteral feeding over total
parenteral nutrition.®” Early initiation of enteral feeds in
acute pancreatitis, within 48 hours of admission, has been
shown to be associated with significantly reduced mortality,
organ failure, and infectious complications compared with
delayed enteral feeds.® ' Currently, there is not sufficient
data to suggest whether nasojejunal feeding can serve as a
bedside alternative to nasojejunal tube placement.!® Sim-
ilarly, data are lacking to suggest any mortality or cost
benefit when using elemental or semielemental enteral
nutrition formulations over the standard formulation.!6:17

INDICATIONS FOR DRAINAGE OF PFCs

The original Atlanta criteria recommended drainage for
PFCs based on the size of the collection, as well as the
presence of symptoms including abdominal pain, gastro-
intestinal (GI) or biliary obstruction, vascular compression, or
infection. With recent advances in diagnostic tools and
interventional techniques, indications for the drainage of PFCs
have been revised to emphasize the presence of symptoms or
infected collection:!$:1

(1) Symptomatic sterile collections with or without the
presence of necrosis; symptoms include persistent abdominal
pain, ileus, and gastric outlet obstruction with or without fever.

(2) Proven or suspected infected PFCs with or without
the presence of necrosis.
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TABLE 1. Pancreatic Fluid Collection Nomenclature Based on
Revised Atlanta Criteria3

Timing

Type of collection (wk) Description

Acute peripancreatic <4 Homogenous, nonencapsulated,
fluid collection fluid filled with no liquefaction
(APNC)

Acute necrotic <4  Heterogeneous,
collection (ANC) nonencapsulated, with

necrotic tissue
Pancreatic pseudocyst >4  Homogenous, encapsulated,

(PP)
Walled-off pancreatic >4
necroses (WOPN)

fluid filled with no liquefaction
Heterogeneous, encapsulated,
with necrotic tissue

Asymptomatic sterile necrotic collections and asymp-
tomatic WOPN are not recommended for drainage, as they
may undergo spontaneous resolution given time.2% In 2011,
a step-up approach utilizing radiologic or endoscopic
drainage was shown to be preferred over open surgerg,
which is associated with higher morbidity and mortality.2!
In addition, timing of intervention should ideally be at least
4 weeks after onset of pancreatitis. However, in the
presence of sepsis or suspected infected fluid collection,
drainage before the 4-week period might be mandated in an
attempt to decrease morbidity or mortality. Trikudanathan
et al** compared early intervention (intervention before 4
weeks of initial onset of pancreatitis) via “step-up
approach,” with standard intervention (intervention after
4 weeks of initial onset) for necrotizing pancreatitis. During
this study, early intervention was more often performed for
infection (91% vs. 39%, P<0.05) and end organ
dysfunction. The study demonstrated a significant increase
in mortality (13% vs. 4%, P=0.02) and need for rescue
open necrosectomy (7% vs. 1%, P=0.03) within the early
intervention group. This is related to the fact that
substantial number of patients undergoing early interven-
tion had infected necrosis associated with new-onset organ
failure or shock, refractory to medical therapy. The 13%
mortality rate in the early intervention group is relatively
low by comparison to a recent meta-analysis showing that
infected necrosis with organ failure is associated with 30%
mortality rate.?? Finally, there was no increased risk of
procedure-related complications and both early and stand-
ard intervention showed significant improvement in organ
dysfunction. Therefore, endoscopic intervention when
required should be offered earlier than the standard 4
weeks, and may be especially beneficial in the setting of
multiorgan failure and sepsis.

ABDOMINAL COMPARTMENT SYNDROME AND
ACUTE PANCREATITIS

Abdominal compartment syndrome (ACS) is defined
as an elevation in intra-abdominal pressure (IAP)
>20 mm Hg, associated with new organ dysfunction or
failure.2* Tleus from acute pancreatitis is often mistaken for
ACS. Differentiation between the 2 conditions is crucial
for appropriate management. The pathophysiology of ACS
is similar to that of compartment syndrome, where an
increase in pressure within a fixed compartment impairs
adequate blood flow, leading to cellular hypoxia and lactic
acidosis.?> Although the incidence of ACS in pancreatitis is

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

relatively low (1% incidence in a study of 218 patients with
acute pancreatitis2®), it is crucial to be able to identify the
condition because of its acuity and potential complications.

Predisposing conditions and risk factors for the
development of ACS, according to the World Society for
the Abdominal Compartment syndrome, include reduced
abdominal wall compliance, increased intraluminal con-
tents, increased extraluminal/intra-abdominal contents,
and capillary leak/fluid resuscitation.2*

In pancreatitis, ACS is extremely rare and seems to be
related to the underlying inflammatory process leading to
the buildup of pancreatic and visceral edema, peri-PFCs,
and capillary leakage causing ascites.2”-2® These fluid
collections can be drained through endoscopic intervention
or percutaneously if inaccessible. In the event that
conservative measures fail, a decompressive laparotomy is
typically offered.?’ However, in a recent systematic review
and meta-analysis reviewing the surgical management of
ACS, the mortality rate was 49.7% in adults and even
higher in children after decompressive laparotomy.??
Interestingly, recent data demonstrated that decompression
with percutaneous catheter drainage is as effective as open
laparotomy with fewer complications.?!

Treatment of ACS should be done in a systematic
manner and tailored depending on the cause.3>** Measure-
ment of IAP is usually done through the measurement of the
bladder pressure.2* The diagnosis of ACS is made with an IAP
>20 mm Hg, along with evidence of organ dysfunction.?*
Once ACS is diagnosed or there is evidence of elevated IAP
>12 mm Hg, next steps are taken to reduce IAP through
nasogastric and/or rectal decompression, along with ensuring
adequate sedation/analgesia and paralysis, and avoiding excess
fluid resuscitation. Next, efforts must be made to minimize or
discontinue enteral nutrition to avoid further increasing
intraluminal contents, and fluid removal through diuresis or
resuscitation with hypertonic fluids may be considered. If the
above methods of medical management fail, further
intervention is warranted to drain fluid collections through
the endoscopic or percutaneous route. If these less invasive
routes fail to relieve IAP, decompression may be considered. A
percutaneous approach should be preferred keeping in mind
the high mortality associated with surgery in this setting.2%-°

MANAGEMENT OF PPs

On the basis of the revised Atlanta criteria, PPs are
defined as a matured, encapsulated fluid collection without
the presence of solid necrosis that forms at least 4 weeks
after initial pancreatitis.

Surgical Drainage

Surgical drainage, either open or laparoscopic, of PPs is
performed by creating an anastomosis between the PFC and the
GI tract. The location of the PFC dictates whether drainage
into the stomach via cystogastrostomy or drainage into the
small bowel via cystenterostomy is more appropriate.3*

Surgical drainage of PPs was pioneered in 1921 and
was the gold standard for management of PPs. These
procedures have been reported to have a mortality rate of
2% and a recurrence rate of 2.5% to 5% after drainage.?’
However, further studies have found complication rates to
range from 24% to 40%.3® More recently, studies directly
comparing surgical versus endoscopic approaches to
pseudocyst drainage have demonstrated a preference for
the latter, newer approach.3” A meta-analysis Zhao et al38

www.jcge.com | 347

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.



SMAGZIUMIPXZOBBAeOATIAEIDYIASALLIAIPO0AEIEAHIOII/dOAU

MY TXOMADUOINXZOHISABZAY 0+ NIOITWNOIZTABY HAISHNQUE AG 860[/woo’ mm|sfeuinolj/:dny woiy papeojumoq

€202/¥2/€0 uo

Sameera et al

J Clin Gastroenterol * Volume 57, Number 4, April 2023

in 2016 compiled the results from comparative trials and
showed that although surgical and endoscopic treatment
had comparable rates of treatment success, adverse events,
and recurrence, endoscopic treatment was associated with
shorter length of hospital stay and lower cost to the patient.
In a randomized trial comparing endoscopic versus surgical
drainage of PFCs, endoscopic drainage was associated with
a lower cost than surgical drainage.3’” This lower cost is in
part because of shorter hospital stay for patients who
undergo endoscopic drainage.® In the abovementioned
randomized trial, the mean cost for patients undergoing
endoscopic drainage was less than half that of g)atients
undergoing surgery ($7011 vs. $15,052, P=0.003).%7

Percutaneous Drainage

Percutaneous drainage for treatment of PPs developed
with advances in real-time radiography, in particular
computed tomography or ultrasound with fluoroscopy.
Percutaneous drainage is performed with the insertion of an
external catheter into the pseudocyst via a Seldinger technique.

Initial studies comparing the surgical to percutaneous
drainage found both techniques to be efficacious, and
percutaneous drainage was, in some studies, shown to be
associated with reduced mortality compared with surgical
drainage.®® A 2020 meta-analysis by Szako et al*!
compared rates of clinical success, recurrence, complica-
tions, mortality, and length of hospital stay between
pseudocysts drained percutaneously versus endoscopically.
PD resulted in higher rate of recurrence [odds ratio: 4.91;
95% confidence interval (CI), 1.82 to 13.22; P=0.002] and
lower rate of clinical success (odds ratio: 0.13; 95% CI, 0.07
to 0.22, P<0.001). In another study with 129 patients
undergoing either percutaneous or endoscopic drainage of
PFCs, endoscopic drainage was associated with lower rates
of reintervention, adverse events, and a shorter hospital
stay.®

EGD-Guided Transmural Drainage

Advancements in endoscopic instruments and techni-
ques allowed for the development of internal transmural
approaches to access and drain PFCs. Traditionally,
endoscopy was utilized to visualize a bulge in the gastric
wall formed from external compression by the fluid
collection. A tract between the gastric lumen and the
PFC is then created and cannulated via Seldinger
technique, with the insertion of a pigtail stent to maintain
access.

The efficacy and safety of esophagogastroduodeno-
scopy (EGD)-guided transmural drainage have been
validated by several studies.** 47

The technique, however, is limited by its need for
direct visualization of an endoluminal bulge. It is estimated
that somewhere between 42% and 48% of PPs do not
present with gastric wall bulges and are therefore not
suitable for transluminal drainage.*®*° The development of
endoscopic ultrasound (EUS) therapy has allowed this
limitation to be surmounted.

EUS-Guided Transmural Drainage

EUS-guided drainage benefits from the ability to
visualize both bulging and nonbulging pseudocysts. Addi-
tional benefits of EUS-guided drainage include identifica-
tion of vascular structures interposed between the gastric
wall and the PFC, as well as confirmation of the lack of
solid necrotic tissue contained within the collection.
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As its first reported cases in 1992, EUS-guided
drainage has been validated as efficacious and safe in
several studies. A 2018 systemic review by Teoh et al*
evaluated 6 studies that compared EUS-guided to EGD-
guided and surgical drainage. When compared with EGD-
guided drainage, EUS-guided drainage was associated with
higher clinical success rate in 2 prospective randomized
studies. Compared with surgical drainage, EUS-guided
drainage was associated with reduced hospital stay, cost to
patient, and improved quality of life in 1 randomized
clinical trial and 1 prospective randomized trial.

The most recent guidelines on management of acute
necrotizing pancreatitis from the European Society of
Gastrointestinal Endoscopy recommend EUS-guided
access over conventional EGD-guided access, further
cementing EUS-guided endoscopy as the current gold
standard for access and drainage of PFCs.

Fully Covered Self-Expanding Metal Stents

Fully covered self-expanding metal stents (FCSEMSs)
are a recent addition to existing endoscopic stent options.
Compared with traditional plastic stents, covered metal stents
offer a larger lumen for drainage. This feature both reduces
the risk for stent occlusion and subsequent need for revision,
as well as reduces the procedure time by replacing the need to
place multiple plastic stents (MPSs). Furthermore, insertion
of a double-pigtail biliary stent through the FCSEMS allows
for its anchoring to reduce the risk of migration.

A prospective study by Penn et al’! in 2012 evaluated a
cohort of 20 patients with symptomatic PPs to assess the
feasibility and safety of FCSEMS in EUS-guided drainage of
PFCs. They reported a technical success rate of 100% (20/20)
and a resolution rate of 70% (14/20) in which there were no
known recurrences, adverse events, or need for surgery. There
were 3 patients in whom EUS-guided drainage with FCSEMS
placement did not result in pseudocyst resolution; all the 3
required eventual surgery for drainage. Another 3 patients
experienced pseudocyst recurrence after stent removal.

More recent case series continue to demonstrate high
rates of technical and clinical success using FCSEMS in
pseudocyst drainage’>> (Table 2). Complication rates in
these studies have ranged from 4% to 16%. In addition to
perforation and infection, stent migration and occlusion
account for the majority of remaining causes of procedure
complication. Yao et al*? in 2019 compared a new biflanged
antimigratory metal stent against the traditional tubular
metal stent for use in pseudocyst drainage and found sig-
nificantly lower rates of stent migration with the biflanged
design with no differences in technical or clinical success rates.

Dhir et al®® in 2015 evaluated the presence of PD
disruption in patients who receiving EUS-guided pseudo-
cyst drainage with FCSEMS. Technical and functional
success was reported in 43 patients (92%). At 3 weeks
follow-up, pancreatic ductal leak was found in 3 patients
and disconnected duct was found in 2 patients on
magnetic resonance imaging-magnetic resonance cho-
langiopancreatography (MRCP). Endsocopic Retrograde
Cholangiopancreatography (ERCP) with stenting success-
fully treated all 3 patients with ductal leak. Only 2
recurrences (4.7%) among 42 patients was found on median
follow-up of 306 days, both recurrences were in patients
with disconnected ducts. Importantly, multivariate analysis
demonstrated that pancreatic ductal leak or disconnection
were independent factors that affected pseudocyst reso-
lution at 3 weeks.
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Clinical Success Rate  Technical Success
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(BFMS)/49 tubular metal stent
(TMS)

BFMS (ns)

BFMS (ns)

Study Cases Procedure Performed Stent Device Used (%) Rate (%) Complications
Plastic stent drainage
Hookey et al*® 116 EGD-guided transmural drainage Stents 88 88 11% complication rate
Antillon et al*® 33 EUS-guided transmural drainage Double-pigtail stent 94 82 2 major, 3 minor complications
Azar et al’’ 23 EUS-guided transmural drainage Double-pigtail stent 91 91 —
Lopes et al®® 51 EUS-guided transmural drainage Straight/double-pigtail stent 94 94 17.7% stent migration, obstruction
Barthet et al*® 50 EUS-guided transmural drainage Double-pigtail stent/straight 90 98 18% morbidity, 5 superinfections
polyethylene
Varada3r7ajulu 20 Endoscopic cystogastrostomy Plastic stent 95 90 —
et al
Lee et al®® 50 EUS-guided drainage 25 plastic stent/25 FCSEMS 91 for plastic, 87 for 100 for both 10 complication rate
FCSEMS (ns)
Sharaiha et alf! 230 EUS-guided drainage 118 double-pigtail stent (DP)/112 89 for DP, 98 for 92 for DP, 98 for 31 complication rate in DP, 16
FCSEMS FCSEMS FCSEMS (ns) complication rate in FCSEMS
Ang et al®? 36 EUS-guided drainage 24 double-pigtail stent (DP)/12 65 for DP, 92 for 100 for Both 18 stent migration in DP, 6 stent
FCSEMS FCSEMS migration in FCSEMS
Metal stent drainage
Talreja et al® 50 EUS-guided drainage Covered self-expanding metal stent 95 78 5 superinfections, 2 bleed, 1 stent
migration
Berzosa et al® 7  Single-step EUS-guided drainage Single self-expanding metal stent 100 83 —
Fabbri et al® 22 EUS-guided drainage Covered self-expanding metal stent 77 77 —
Penn et al’! 20 EUS-guided drainage Fully covered self-expanding metal 70 70 2 pseudocyst infection, 1 post-ERCP
stent pancreatitis and fever
Itoif® 15 EUS-guided drainage Lumen apposing metal stent 100 100 —
Weilert et al® 18 EUS-guided drainage Fully covered self-expanding metal 78 78 —
stent
Shah et al®’ 33 EUS-guided drainage Lumen apposing metal stent 91 93 1 stent migration, 1 access-site
infection and stent dislodgement
Walter et al®8 61 EUS-guided drainage Lumen apposing metal Stent 93 98 3 stent migration, 3 stent
dislodgement during necrosectomy
Mukai et al®® 2 EUS-guided drainage/direct Novel flared biflanged metal stent 100 100 —
endoscopic necrosectomy
Rinninella et al” 18 EUS-guided drainage Lumen-apposing metal stent 100 — —
Dhir et al®? 47 EUS-guided drainage Fully covered self-expanding metal 94 91 2 cyst infection
stent
Raijman et al>* 47 EUS-guided drainage Fully covered self-expanding metal 77 100 3 fever, 2 stent migration, 1
stent with antimigratory fins abdominal pain
Yao et al>? 125 EUS-guided transmural drainage 76 self-expanding biflanged metal stent 88 for TMS, 92 for 98 for TMS, 97 for 15 stent migration in TMS, 0 stent

migration in BFMS

EUS indicates endoscopic ultrasound; FCSEMSs, fully covered self-expanding metal stents.
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To date, no comparative studies have been conducted to
investigate the ideal timing for stent removal. In their
prospective study, Penn et al’! used a study protocol in
which FCSEMS placement was followed by abdominal CT in
4 to 10 weeks to assess for pseudocyst resolution. If resolution
was achieved, the stent was removed, and if resolution was
not achieved, abdominal CT was repeated in 2 to 4 weeks
intervals until resolution was observed and the stent was
removed. At this moment, interval CT imaging to assess for
pseudocyst resolution seems to be the most reliable indicator
for FCSEMS removal.

More recently, an improved stent design known as
lumen apposing metal stents (LAMS) has been gaining
popularity over FCSEMS for use in PFC drainage. The
LAMS design incorporates large, biflanged metal ends to
protect against stent migration, as well as apposed the lumens
of the GI tract and PFC to facilitate more effective drainage.

Plastic Stents Versus Metal Stents

Several recent comparative studies have compared the
efficacy and safety of plastic versus metal stent usage in PP
drainage (Table 2).90-61.71 The results from these studies are in
favor of metal over plastic stents with regard to shortened
procedure time, decreased rates of stent migration, decreased
rates of repeat drainage, and increased rates of clinical success.

These trends were confirmed in a 2019 meta-analysis
by Saunders et al.”? Their group evaluated 681 patients
across 7 studies comparing plastic to metal stents in PFC
drainage. In the metal stent group, pooled risk ratios
demonstrated significantly higher rates of clinical success
and lower rates of adverse events compared with plastic
stents. Pooled risk also showed lower reintervention rates in
the metal group, but did not reach significance.

Yoon et al”? included procedure time and overall cost
as outcomes in their meta-analysis of 7 trials, including 905
patients. Again, pooled analysis demonstrated metal stents
having significantly higher rates of clinical success and
lower rates of adverse events compared with plastic. Three
of their included trials reporting on procedure time
consistently demonstrated significantly shorter durations
when metal stents were used. There were no significant
differences in overall cost when using metal versus plastic
stents.

There is still a need for further randomized, controlled
studies directly comparing plastic to metal stents, but current
evidence supports a preference for metal over plastic given its
higher clinical success rate and lower rate of adverse events.

LAMSs

A new FCSEMS stent design incorporating 2 flanged
ends received Food and Drug Administration approval in
2013 and became known as LAMSs.®” The flanges were
designed to improve on the antimigratory features of
existing FCSEMS.

Several case series and comparative studies have
demonstrated evidence vahdatmg the utility of LAMS in
PP drainage (Table 2).2:34:66.68-70

The safety and efficacy of LAMS usage in draining
PPs was further supported in Hammad et al’s’* 2018 meta-
analysis of 11 trials including 688 patients. LAMS
demonstrated pooled technical success rates and clinical
success rate of 98% and 95%, respectively. The pooled
adverse event rate was 5%. Data from trials comparing
LAMS against MPSs was also synthesized. LAMS was

350 | www.jcge.com

favored over MPSs for higher clinical success and lower
adverse event rates.

In addition, LAMS has demonstrated significantly lower
rates of stent migration with no difference in procedure time,
technical success clinical success, or bleeding and infection
when compared with traditional tubular metal stents.>2

Several case reports have noted embedding of LAMS
within the Ggastric lumen after the placement for PP
drainage.”>7® The buried stents were discovered 4 to 6
weeks after their placement, when endoscopic retrieval was
being performed. In 1 patient, endoscopic retrieval resulted
in massive hemorrhage requiring interventional radiology
embolization. Another patient required surgical interven-
tion for stent removal. Further studies are required to
determine predictors of stent embedment and optimal
timing of follow-up and retrieval to minimize risk of
embedment.

MANAGEMENT OF WOPN

WOPN is a mature collection of solid necrotic debris,
encapsulated by a clearly defined capsule. Fluid may or
may not be present within the collection.

Surgical Drainage

As with PPs, surgical debridement has traditionally
been the standard approach to the management of WOPN.
The presence of solid necrotic tissue in WOPN necessitates
not only stent placement for drainage but often debride-
ment of the contained necrosis to facilitate drainage.
Access to the collection is first achieved via open
laparotomy or retroperitoneal incision, and then necrosec-
tomy is performed via blunt dissection. After necrosec-
tomy, there are 4 approaches to completing the debride-
ment: (1) packed open abdomen with repeated
debridement, (2) planed and staged repeat laparotomies
with lavage, (3) packed and closed abdomen with external
drain placement and repeat open necrosectomy, and (4)
closed abdomen with continuous lavage.

Videoscopic-assisted retroperitoneal debridement
(VARD) has emerged as a minimally invasive alternative
to laparoscopic debridement. VARD is performed with a
5-cm subcostal incision in the left flank followed by fascial
dissection to access the retroperitoneum and WOPN.
Debridement is then performed via irrigation, grasping
forceps, and suction device. A laparoscopic port and
videoscope are introduced once debridement under direct
vision is no longer feasible. Once debridement is complete,
2 percutaneous drains are placed before closure of the
fascia and skin.”’

Open necrosectomy has been reported to be associated
with both high rates of mortality (6% to 25%) and morbidity
(34% to 95%).78-81 Complications of open necrosectomy are
varied and include organ failure, perforation, local infection,
hemorrhage, creation of pancreatico-cutaneous or entero-
cutaneous fistulae, and abdominal wall hernias.’8:82-34

van Brunschot and colleagues demonstrated that
VARD alone had success rates ranging from 50% to 83%
for treatment of WOPN. Furthermore, VARD was
associated with high rates of overall mortality (13%) and
complications (35%). In their review, the 2 most common
complications associated with VARD were pancreatic
fistulae and bleeding, occurring in 17% and 13% of
patients, respectively.®

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.
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The results from the 2012 PENGUIN® trial demon-
strated patients undergoing necrosectomy via VARD had
increased risk for a composite of postprocedural organ
failure, bleeding, and fistula compared with patients
undergoing endoscopic necrosectomy (risk difference:
60%, 95% CI, 0.16 to 0.80).

Advances in minimally invasive surgery have
prompted the development of laparoscopic approaches to
necrosectomy. To unify descriptions of these varied
approaches, a system was developed based on 3 character-
istics: (1) method of visualization (open, radiologic,
endoscopic, hybrid, or other), (2) route (transpapillary/
transmural, percutaneous retroperitoneal, percutaneous
transperitoneal, percutaneous transmural, or other), and
(3) purpose (drainage lavage, fragmentation, debridement,
excision, or other).?Y Laparoscopic approaches were found
to be associated with lower rates of systemic complications
and lower rates of new organ failure compared with open
necrosectomy.

Percutaneous Drainage

Percutaneous techniques for WOPN drainage involve
radiographic-guided placement of drains ranging from
single, small-caliber to multiple, large-bore catheters.
Repeated irrigation and necrosectomy is  then
performed via these catheters, which can range in diameter
from 12 Fr to 30 Fr. Two approaches have been described
for catheter placement: transperitoneal or retroperitoneal.
The retroperitoneal approach is preferred, as it decreases
risk for enteric leaks and subsequent contamination.®’

Percutaneous drainage as primary management for
necrotic debridement has been shown to have clinical
success rates of only 33% and 35% in 2 prospective studies,
and complications including external pancreatico-cutane-
ous fistulae were found to occur in up to 27% of
patients.3889

In 2010, van Santvoort et al®® published their results
from the PANTER multicenter trial. Eighty-eight patients
with necrotizing pancreatitis were randomly assigned to
either open necrosectomy or a step-up approach consisting
of percutaneous drainage, following by minimally invasive
retroperitoneal necrosectomy if necessary. Patients in the
step-up group were found to have a decreased rate of major
complications (including new-onset multiple-organ failure,
organ perforation, or bleeding) compared with the open
surgery group (40% vs. 69%, OR: 0.57; 95% CI, 0.38 to
0.87). However, mortality did not differ significantly
between the 2 groups.

The Dutch Pancreatitis Study Group, who published
the PANTER trial, are currently leading the POINTER
trial to investigate whether immediate catheter drainage is
superior to the current standard of postponed intervention
in patients with infected necrotizing pancreatitis.”® The
results from this trial will contribute to determining when
and how to incorporate percutaneous drainage into step-
up approaches to necrotizing pancreatitis drainage.

Endoscopic Necrosectomy

An endoscopic approach to WOPN drainage was first
described by Baron et al’! in 1996 when an enterocystic
fistula was created and stented with plastic to facilitate
irrigation through a nasocystic drain.

Carter and colleagues described the first use of
percutaneous endoscopic necrosectomy as an alternative
to enterocystic endoscopic necrosectomy. Additional case

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

series have demonstrated clinical success ranging from
54% to 100% and technical success ranging from 86% to
100%8492-101 (Table 3). This procedure has been asso-
ciated with complication rates as high as 88% and has
largely been supplanted by a new endoscopic technique for
necrosectomy.

The current endoscopic approach to WOPN drainage is
known as direct endoscopic necrosectomy (DEN). This
technique involves EUS-guided localization and puncture of
the collection (Fig. 1), creation of a fistulous tract for access,
and then tract dilation and stent placement to allow for direct
endoscopic access (Fig. 2) into the necrotic collection (Figs. 3,
4). Debridement is then carried out via a variety of endo-
scopic mechanical techniques (Figs. 5, 6) and irrigation.”!
Multiple sessions are often required with weekly cross-sec-
tional imaging (Figs. 7, 8).

Data from several case series have demonstrated that
EUS-guided drainage and DEN have high technical and
clinical success rates in treatment of WOPN, ranging between
80% and 100% and 64% to 100%, respectively! %2118 (Table 4).
Complication rates have ranged from 4 to 38, typically
involving either bleeding, perforation, or suprainfection. Stent
occlusion and migration are also noted as late-occurring
complications.

The multicenter, randomized Transluminal endo-
scopic step-up approach in patients with infected necrotis-
ing pancreatitis (TENSION) trial including 98 patients was
recently completed in 2018 by van Brunschot et al'®
comparing endoscopic step-up to surgical step-up
approaches for the treatment of WOPN. Endoscopic step-
up involved EUS-guided transluminal drainage followed by
DEN if necessary. Surgical step-up involved percutaneous
drainage followed by VARD if necessary. The rates of
major complications and mortality did not differ signifi-
cantly between the 2 groups. The trial concluded that
endoscopic step-up was not superior to surgical step-up in
reducing major complications but was associated with
significantly lower rates of pancreatic fistula formation and
shorter length of hospital stay.

The timing of necrosectomy in WOPN drainage
continues to be debated. A 2019 trial by Yan et all?®
demonstrated no significant differences in technical success,
clinical success, and adverse event rates between early
intervention (at time of stent placement) versus delayed
intervention (1 wk after stent placement). The mean
number of total necrosectomy sessions was significantly
lower in the early intervention group (3.1 vs. 3.9,
P <0.001). Ultimately, DEN at the time of stent placement
was found to be an independent predictor for fewer DEN
sessions until WOPN resolution [odds ratio (OR): 2.3;
P=0.004].

The use of hydrogen peroxide as a chemical debriding
agent in DEN has been increasingly reported. Messalam
et al'?’ performed a retrospective review of 204 patients
comparing the efficacy and safety of DEN with and
without hydrogen peroxide. The use of hydrogen peroxide
in addition to standard necrosectomy was found to be
associated with higher rates of clinical success (93.8% vs.
78.9%, P=0.002; OR: 3.30; P=0.033), as well as earlier
resolution (OR: 2.27; P<0.001). The rates of postproce-
dure bleeding, perforation, infection, and overall compli-
cation rate were not significantly different with and
without hydrogen peroxide. Further studies are required
to standardize optimal concentrations, volume, and
specific technique for use of hydrogen peroxide in DEN.
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TABLE 3. Percutaneous and Transcutaneous Necrosectomy

Clinical ~ Technical
Tract Success Success

Study Cases Procedure Performed Diameter Rate () Rate () Complications

Carter et al®2 14 10 percutaneous necrosectomy 30 Fr for PN, 80 for PN, 100 1 enteric fistula, 1 gastric ileus
(PN), 4 percutaneous sinus tract 45 Fr for 100 for requiring gastrojejunostomy, 2
endoscopic necrosectomy (STE) STE STE pancreatic pseudocyst formation

Connor et al” 24  Minimally invasive retroperitoneal 54 88 88 complication rate
necrosectomy

Mui et al®* 13 Percutaneous drainage (PD) or 18 Fr for PD 67 in PD 100 1 transverse colon perforation, 1
open necrosectomy (ON), group, 30 Fr  group, spontaneous colon fistula, 1
followed by sinus tract for ON 100 in SIRS, 1 tract catheter
endoscopy group ON dislodgement

group

Cheung et al” 4 Percutaneous sinus tract 32 Fr 75 100 1 subphrenic fluid collection
endoscopic necrosectomy

Connor?® 47 Minimally invasive pancreatic — — —
necrosectomy

Lakshmanan 5 Minimally invasive retroperitoneal 28-30 Fr 100 100 2 pancreatic fistula, 1 left renal

et al?’ necrosectomy contusion,

Raraty et al®* 137 Minimal access retroperitoneal 30 Fr 81 86 34 organ failure, 19 mortality
pancreatic necrosectomy

Ahmad et al?® 32 Minimally invasive retroperitoneal 88 100 3 bleeding, 7 fistula formation, 3
necrosectomy myocardial infarction, 2

thromboembolism

Dhingra et al* 15 Percutaneous endoscopic 28 Fr 93 100 1 minor bleeding, 1 pancreatic

necrosectomy fistula which spontaneously
closed
Trikudanathan 19  Percutaneous sinus tract 24 or 28 Fr 100 100 1 bleed during percutaneous tract
et al?2 endoscopic necrosectomy dilation

Goenka et al'® 10 Percutaneous sinus tract 32 Fr 90 100 2 pneumoperitoneum
endoscopic necrosectomy

Jain et all0! 53 Percutaneous drainage with step- 36 Fr 64 100 2 aspiration pneumonia, 2

up to percutaneous endoscopic
necrosectomy

peritonitis, 1 ileus, 1 bleeding, 1
subcutaneous emphysema

For WOPN extending to the paracolic gutter, trans-
cutaneous endoscopic necrosectomy can be offered. In
these cases, a previously placed percutaneous drain allows
for wire access to the collection. Further tract dilation and
metal stent placement allow endoscopic access and
subsequent necrosectomy. Several studies have reported
on the use of transcutaneous endoscopy to access
retroperitoneal and paracolic WON and have shown high
rates of technical and clinical success!28-13! (Table 5).
These techniques are a promising new solution for draining
fluid collections not localized to the paragastric or
paraduodenal areas.

Multiple Transluminal Gateway Technique

The multiple transluminal gateway technique (MTGT)
has emerged in the last decade as a new EUS-based approach
to improve drainage of necrotic collections.!3> MTGT expands
upon conventional drainage by creating 2 to 3 transmural
tracts between the necrotic cavity and GI tract, rather than the
conventional single tract.

In a review of 3 retrospective case series comparing
MTGT to conventional drainage across 204 patients,
MTGT demonstrated improved rates of treatment success
92% to 100% wvs. 52% to 70%), with no significant
difference in rates of complications.!33

Of note, MTGT has a longer procedure duration
compared with the conventional technique (37 vs. 22 min,
P=0.017).132 The use of a Hot AXIOS System
(Xlumena Inc., Sunnyvale, CA) in MTGT, however, has

352 | www.jcge.com

improved procedure time by offering single-step tract
creation.3*135 MTGT represents a promising technique
that is both more effective than single transmural drainage,
as well as less invasive than DEN.

FCSEMS

Before the development of biliary and esophageal
metal stents, DEN was performed through a cystenter-
ostomy tract created via needle puncture and balloon
dilation to 6 to 8 mm with the placement of double-pigtail
plastic stents. The additional deployment of FCSEMS into
these tracts has allowed for larger stent lumens for the
passage of the endoscope. Initially, biliary FCSEMS were
used and were later improved on by esophageal FCSEMS,
which have an even larger lumen diameter.%*%

Antillon et al'3® in 2009 described the first case of
esophageal FCSEMS used in WOPN drainage. Further
studies continued to support the efficacy and safety of
FCSEMS in DEN!13-117 (Table 4). A comparative study by
Siddiqui et al'37 evaluated the usage of plastic stents versus
FCSEMS in WOPN drainage, finding significantly higher
resolution rates and lower adverse event rates in the latter
group with no difference in technical success rates.

LAMSs

Large diameter LAMSs have recently gained favor in
the management of WOPN, in addition to their use in
pancreatic pseudocyst drainage. The short stent length and
biflanged design allows for the close approximation of the

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.
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Management of Pancreatic Fluid Collections

FIGURE 1. Endoscopic ultrasound-guided location of a pancre-
atic fluid collection. Ml indicates mechanical index; TIS, thermal
index for soft tissue.

enteric and WOPN lumens, as well as offers increased
security against stent migration.

Numerous case series have demonstrated high rates of
clinical and technical success, ranging from 64% to 100%
and 81% to 100%, respectively®’7%-116-124 (Table 4).
Complication rates have been reported to range from 7% to
16%, largely involving bleeding and infection.

Comparative studies evaluating the usage of LAMS
versus plastic stents and LAMS versus FCSEMS in
management of WOPN have continued to provide evidence
in favor of LAMS. Compared with plastic stents, LAMS
has shown higher rates of clinical success and lower rates of
eventual surgical drainage.!’® And compared with
FCSEMS, LAMS has shown equivocal clinical success
with lower mean number of necrosectomy procedures to
achieve resolution, as well as lower rates of stent occlusion
and migration.!3” Lower rates of stent occlusion and
migration in the LAMS group reduced the need for repeat
intervention to address complications, ultimately decreas-
ing morbidity and cost to the patient.

Of note, delayed bleeding has been noted in cases
where LAMS remained in place beyond 3 weeks.!3%-141
Indeed, LAMS removal after 4 weeks was found to be an

FIGURE 2. Endoscopic ultrasound-guided placement of the
inner flange of a lumen apposing metal stent.

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

FIGURE 3. Endoscopic deployment of the second flange of the
lumen apposing stent in the stomach lumen.

independent predictor of hemorrhage in a study by Bang
et al.142 Therefore, current recommendations are for early
LAMS removal, ideally within 3 or 4 weeks of placement,
when clinically possible.!43

PD DISRUPTION

PD disruption is an important component of PFC
management. PD injuries and leaks are not only associated
with increased risk of recurrent pancreatitis and increased
severity of pancreatitis'**147 but also with decreased rates
of PFC resolution even after drainage is attempted.'*> A
PD leak with PP can sometimes be treated with drainage
alone; however, oftentimes, PD disruption in cases of
necrotizing pancreatitis with walled-off necrosis need to be
treated with ERCP.!32

In recent years, PD stenting has emerged as a means
of PD disruption management. Case reports and case
series have established the transpapillary approach with

FIGURE 4. Endoscopic dilation of the lumen apposing metal stent
to facilitate access into the cavity.
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FIGURE 5. Endoscopic access into the necrotic cavity.

drain insertion has been successful in the treatment of
pancreatic ascites, #8130 localized fluid collections,!3!:152
and both internal and external fistulae within the duct.!*3
The impact of stenting in PD disruptions was investigated
in several studies, which have demonstrated the success of
PD stenting in the setting of partial disruptions.!47-134
Furthermore, Trevino et al'4’ determined those who
underwent PD stenting were significantly more likely to
have improvement in symptoms and resolution of PFC
than those who did not undergo PD stenting. PD stenting
and leak sealing is crucial for improving resolution and
recurrence of PFC.

DISCONNECTED DUCT SYNDROME
Disconnected duct syndrome (DDS) represents an
important, but often overlooked, complication of acute
necrotizing pancreatitis. It results from segmental necrosis

FIGURE 6. Endoscopic necrosectomy with basket.

354 | www.jcge.com

FIGURE 7. Computed tomography abdomen of the collection
before drainage.

of the main PD and causes disconnection between the
pancreas and duodenum. Pancreatic fluid from viable tissue
continues to drain, but into peripancreatic and extrap-
ancreatic tissues rather than the GI tract. This has the
potential to lead to further PFCs, pancreatic fistulae, and
recurrent pancreatitis. !

Timely detection of DDS is imperative for dictating
endoscopic management. Although ERCP remains the
gold standard for diagnosis, recent studies evaluating EUS,
magnetic resonance cholangiopancreatography (MRCP),
and secretin-enhanced MRCP have demonstrated sensitiv-
ities ranging from 92% to 100%.'5° Given the noninvasive
nature of these imaging modalities, further studies should
be conducted to confirm using imaging as a first diagnostic
in detecting DDS.

FIGURE 8. Computed tomography abdomen of the collection

after drainage.
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TABLE 4. WOPN: Non-LAMS and LAMS Drainage

Clinical Success Rate

Technical Success Rate

Cases Procedure Performed Stent Device Used (%) (%) Complications
Non-LAMS drainage
Seewald et all? 13 Direct endoscopic necrosectomy Double-pigtail stent 91 91 4 minor bleeding
Charnley et al'® 13 Direct endoscopic necrosectomy Double-pigtail stents 92.30 92.30 —
Voermans et al'% 25 Direct endoscopic necrosectomy Double-pigtail stents 93 93 2 eventual surgery, 1 hemorrhage, 1
cyst wall perforation
Papachlr(}'sstou 53 Direct endoscopic necrosectomy Double-pigtail stents 81 81 23 eventual surgery
et al
Escourrou et all% 13 Direct endoscopic necrosectomy Double-pigtail stents 100 100 3 bleed, 3 transient aggravation of
sepsis
Seifert et all?’ 93  Transmural endoscopic Multiple stents 80 80 13 bleed, 5 perforation, 2 fistula
necrosectomy perforation, 2 air embolism
Gardner et all% 45 25 direct endoscopic necrosectomy,  Multiple stents 45 88 for DEN, 45 for —
20 conventional endoscopic conventional drainage
drainage
Gluck et al'® 23 Percutaneous drain placement, Double-pigtail stents 100 — 1 abscess, 2 percutaneous drain
followed by EUS-guided drainage dislodgment, 1 duodenal edema
Varadarajulu 57 EUS-guided drainage Double-pigtail stents 63 100 1 perforation, 5 WOPN infection, 2
et allll stent migration
Bang et allll 76 58 conventional EUS-guided Double-pigtail stents 62 in conventional — 1 perforation, 1 bleeding, 6 infection
drainage, 18 multiple transluminal drainage, 94 in MTGT
gateway technique
Gardner et al'!2 104  Direct endoscopic necrosectomy Multiple stents 91 91 14 complication rate, 5 retrogastric
perforation
Attam et al'!3 10 Endoscopic transluminal Large-bore, fully covered 90 100 —
necrosectomy metal esophageal stent
Smoczynski et al'!* 112 Conventional endoscopic drainage ~ Multiple stents 84 93 19 stoma bleed, 4 GI perforation, 2
cyst perforation, 1 sepsis, 3 stent
migration
Sarkaria et al'l? 17  EUS-guided drainage Fully covered esophageal 83 83 —
self-expanding metal
stents
Mukai et al® 27 EUS-Guided Drainage Plastic Stents 93 100 1 stent migration, 3 bleed
Siddiqui et al'l6 227 EUS-guided drainage and direct 106 plastic stents, 121 fully 81 for plastic, 95 for 99 for plastic, 100 for Plastic: 38 complication rate,
endoscopic necrosectomy covered self-expanding FCSEMS FCSEMS FCSEMS: 29 complication
metal stents
Bansal et al'l” 64 EUS-guided drainage and direct Fully covered self-expanding 91 100 3 life-threatening bleed, 2 minor
endoscopic necrosectomy metal stents bleed, 3 stent migration
Bang et al'!8 29 EUS-guided drainage and direct Double-pigtail stents 97 100 2 stent migration, 1 bleed
endoscopic necrosectomy
LAMS drainage
Mukai et al®? 19 EUS-guided drainage and direct Novel flared biflanged metal 100 100 —
endoscopic necrosectomy stent
Rinninella et al” 52 EUS-guided drainage Axios LAMS 90 100 3 requiring surgery for infection, 1
perforation
Walter et al®8 46  EUS-guided drainage Axios LAMS 81 81 9 complication rate
Albers et al!?? 13 Nagi flared biflanged metal 92 100 1 migration, 1 bleed, 2 perforation

stent
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TABLE 4. (continued)

Clinical Success Rate  Technical Success Rate

Cases Procedure Performed Stent Device Used (%) (%) Complications
EUS-guided drainage and DEN,

additional percutaneous drainage

in 5 patients
Shah et al®’ 11 EUS-guided drainage Axios LAMS 64 82 15 complication rate
Siddiqui et al'l® 86 EUS-guided drainage Axios LAMS 90 98 16 complication rate
Vazqu%(—)Sequeiros 33 EUS-guided drainage Axios LAMS 91 97 —

et al

Gornals et al'?! 12 EUS-guided drainage Axios LAMS 100 100 2 bleed, 2 infection
Bang et al!'? 13 EUS-guided drainage Hot axios LAMS 92 100 15 complication rate
Teoh et al!? 39 EUS-guided drainage Niti-S LAMS 97 100 7 complication rate
Bang et all?* 31 EUS-guided drainage Hot axios LAMS 94 100 1 stent migration, 1 bleed

DEN indicates direct endoscopic necrosectomy; EUS, endoscopic ultrasound; FCSEMSs, Fully covered self-expanding metal stents; LAMS, lumen apposing metal stents; MTGT, multiple transluminal gateway

technique; WOPNSs, walled-off pancreatic necroses.

TABLE 5. Transcutaneous Endoscopic Necrosectomy for Drainage of Paracolic WON

Clinical
Transcutaneous Stent Success Rate  Technical Success
Cases Procedure Performed PFC Location Diameter (%) Rate (%) Complications
Kedia et all28 1 Transcutaneous endoscopic Right paracolic gutter 18 mm 100 100 —
necrosectomy
Jirgensen 14 Flexible percutaneous endoscopic 1 distal pancreas, 5 left paracolic, 20 mm 93 100 1 abdominal compartment
et al'® retroperitoneal necrosectomy 2 right paracolic, 6 other* syndrome, 1 minor bleeding
Ke et al'® 1 Stent-assisted percutaneous Left paracolic gutter 18 mm 100 100 —
endoscopic necrosectomy
Saumoy et al 9  Transcutaneous endoscopic 3 left retroperitoneal, 6 right 18 mm 89 100 —
131 necrosectomy retroperitoneal

*Other including 2 infrahepatic, 1 left subpancreatic and right paracolic, 1 left infrarenal, 2 left subphrenic.
PFC indicates pancreatic fluid collection; WON, Walled-off necrosis.
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v

Uncomplicated Pancreatitis - COMPLICATED PANCREATITIS:
Sepsis
Multiorgan Failure
Consider Critically Ill patient

a v

Cross-Sectional Imaging

ERCP if:
1-Gallstone pancreatitis with CBD stone
v 2-Acute cholangitis
Pancreatic Fluid Collection 3-Pancreatic duct leak or Stricture
(PFC)
- « > [ Poorly Organized Fluid Collection ‘
Pancreatic Pseudocyst w v

‘ Walled Off Pancreatic Necrosis |

v

v

‘ Enteral Feeding ‘

Direct Endoscopic Necrosectomy + Enteral

Feeding Feeding

EUS guided drainage +/- Enteral ‘

Surgical consult if:
1-Bowel Necrosis
2-Necrotizing fasciitis
3-Compartment syndrome with bladder pressure > 30 after paralysis, gastric and rectal decompression

FIGURE 9. Algorithm for modern management of pancreatic fluid collections. ERCP indicates Endoscopic retrograde cholangio-
pancreatography.

TABLE 6. RCTs Comparing Surgery to Step-up Approach for Necrosectomy

% of Adverse Type of Adverse

Study No. Patients Interventions Step-up Therapy Mortality (%) Events Events
PANTER 88 Open necrosectomy vs. Minimally invasive 16 (open) vs. 19 40 (open) vs. 12 Organ failure,
20108 percutaneous or retroperitoneal (step-up) (step-up) perforation,
endoscopic necrosectomy (P=0.70) (P=0.002) fistula, bleeding
PENGUIN 20 Surgical vs. endoscopic Video-assisted Composite outcome 80 (surgery) vs. 20 Organ failure,
201286 necrosectomy retroperitoneal of adverse events (endoscopic) bleeding fistula,
necrosectomy + death (P=0.03) death
Management of DDS varies depending on whether REFERENCES
theye is concurrent.PFC. If present, the _PFC can be used as 1. Cui ML, Kim KH, Kim HG, et al. Incidence, risk factors and
a site for EUS—gulded tran§mural d.ramage. If not, more clinical course of pancreatic fluid collections in acute
complex techniques, including stenting via EUS-PD, are pancreatitis. Dig Dis Sci. 2014;59:1055-1062.
necessitated for drainage of pancreatic fluid.'> 2. Bradley EL III. A clinically based classification system for
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minimally invasive interventions, with dominance of 16123-16131. ) N

endoscopic therapy. This paradigm shift is not only related 6. Wu P, Li L, Sun W. Efficacy comparisons of enteral nutrition

and parenteral nutrition in patients with severe acute
pancreatitis: a meta-analysis from randomized controlled
trials. Biosci Rep. 2018;38:15-21.

to improved understanding of the pathophysiology of
pancreatitis, recognition of the importance of early enteral

feeding, and drainage of infected fluid collections, but also 7. Shen QX, Xu GX, Shen MH. Effect of early enteral nutrition
to th? .devel.o.pment of novel _dev1ces such as LAMSs ?md (EN) on endotoxin in serum and intestinal permeability in
providing biliary or pancreatic therapy at the appropriate patients with severe acute pancreatitis. Eur Rev Med Pharmacol
time (Fig. 9) (Table 6). Sci. 2017;21:2764-2768.

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved. www.jcge.com | 357

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.



SMAGZIUMIPXZOBBAeOATIAEIDYIASALLIAIPO0AEIEAHIOII/dOAU

MY TXOMADUOINXZOHISABZAY 0+ NIOITWNOIZTABY HAISHNQUE AG 860[/woo’ mm|sfeuinolj/:dny woiy papeojumoq

€202/¥2/€0 uo

Sameera et al

J Clin Gastroenterol * Volume 57, Number 4, April 2023

8.

10.

11.

12.
13.

14.

16.
17.
18.
19.
20.

21.

22.

23.

24.
25.

26.
27.
28.
29.

30.

358 | www.jcge.com

Bakker OJ, van Brunschot S, Farre A, et al. Timing of enteral
nutrition in acute pancreatitis: meta-analysis of individuals
using a single-arm of randomised trials. Pancreatology. 2014;
14:340-346.

. Li X, Ma F, Jia K. Early enteral nutrition within 24 hours or

between 24 and 72 hours for acute pancreatitis: evidence based
on 12 RCTs. Med Sci Monit. 2014;20:2327-2335.

Petrov MS, Pylypchuk RD, Uchugina AF. A systematic
review on the timing of artificial nutrition in acute pancrea-
titis. Br J Nutr. 2009;101:787-793.

Song J, Zhong Y, Lu X, et al. Enteral nutrition provided within
48 hours after admission in severe acute pancreatitis: a sys-
tematic review and meta-analysis. Medicine (Baltimore). 2018,
97:e11871.

Arvanitakis M, Ockenga J, Bezmarevic M, et al. ESPEN
guideline on clinical nutrition in acute and chronic pancrea-
titis. Clin Nutr. 2020;39:612-631.

Wolfe BM, Keltner RM, Kaminski DL. The effect of an
intraduodenal elemental diet on pancreatic secretion. Surg
Gynecol Obstet. 1975;140:241-245.

Vu MK, van der Veek PP, Frolich M, et al. Does jejunal
feeding activate exocrine pancreatic secretion? Eur J Clin
Invest. 1999;29:1053-1059.

. Zhu Y, Yin H, Zhang R, et al. Nasogastric nutrition versus

nasojejunal nutrition in patients with severe acute pancreatitis:
a meta-analysis of randomized controlled trials. Gastroenterol
Res Pract. 2016;2016:643-632.

Makola D, Krenitsky J, Parrish C, et al. Efficacy of enteral
nutrition for the treatment of pancreatitis using standard
enteral formula. Am J Gastroenterol. 2006;101:2347-2355.
Endo A, Shiraishi A, Fushimi K, et al. Comparative
effectiveness of elemental formula in the early enteral nutrition
management of acute pancreatitis: a retrospective cohort
study. Ann Intensive Care. 2018;8:69.

Boumitri C, Brown E, Kahaleh M. Necrotizing pancreatitis:
current management and therapies. Clin Endosc. 2017;50:357-365.
Trikudanathan G, Wolbrink DRJ, van Santvoort HC, et al.
Current concepts in severe acute and necrotizing pancreatitis:
an evidence-based approach. Gastroenterology. 2019;156:
1994-2007 €1993.

Freeman ML, Werner J, van Santvoort HC, et al. Interventions
for necrotizing pancreatitis: summary of a multidisciplinary
consensus conference. Pancreas . 2012;41:1176-1194.

van Santvoort HC, Bakker OJ, Bollen TL, et al. A conservative
and minimally invasive approach to necrotizing pancreatitis
improves outcome. Gastroenterology . 2011;141:1254-1263.
Trikudanathan G, Tawfik P, Amateau SK, et al. Early (<4
Weeks) versus standard (>/= 4 weeks) endoscopically
centered step-up interventions for necrotizing pancreatitis.
Am J Gastroenterol. 2018;113:1550-1558.

Petrov MS, Shanbhag S, Chakraborty M, et al. Organ failure
and infection of pancreatic necrosis as determinants of
mortality in patients with acute pancreatitis. Gastroenterology.
2010;139:813-820.

Sosa G, Gandham N, Landeras V, et al.
compartment syndrome. Dis Mon. 2019;65:5-19.
Saggi BH, Sugerman HJ, Ivatury RR, et al. Abdominal
compartment syndrome. J Trauma. 1998;45:597-609.

Aitken E, Gough V, Jones A, et al. Observational study of
intra-abdominal pressure monitoring in acute pancreatitis.
Surgery. 2014;155:910-918.

van Brunschot S, Schut AJ, Bouwense SA, et al. Abdominal
compartment syndrome in acute pancreatitis: a systematic
review. Pancreas. 2014;43:665-674.

Rogers WK, Garcia L. Intraabdominal hypertension, abdomi-
nal compartment syndrome, and the open abdomen. Chest.
2018;153:238-250.

De Waele JJ, Hoste EA, Malbrain ML. Decompressive
laparotomy for abdominal compartment syndrome-a critical
analysis. Crit Care. 2006;10:R51.

Van Damme L, De Waele JJ. Effect of decompressive
laparotomy on organ function in patients with abdominal

Abdominal

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

compartment syndrome: a systematic review and meta-
analysis. Crit Care. 2018;22:179.

Peng T, Dong LM, Zhao X, et al. Minimally invasive
percutaneous catheter drainage versus open laparotomy with
temporary closure for treatment of abdominal compartment
syndrome in patients with early-stage severe acute pancreatitis.
J Huazhong Univ Sci Technolog Med Sci. 2016;36:99-105.
De Laet IE, Malbrain M, De Waele JJ. A clinician’s guide to
management of intra-abdominal hypertension and abdominal
compartment syndrome in critically ill patients. Crit Care.
2020;24:97.

Kirkpatrick AW, Roberts DJ, De Waele J, et al. Intra-
abdominal hypertension and the abdominal compartment
syndrome: updated consensus definitions and clinical practice
guidelines from the World Society of the Abdominal Compart-
ment Syndrome. Intensive Care Med. 2013;39:1190-1206.
Matsuoka L, Alexopoulos SP. Surgical management of
pancreatic pseudocysts. Gastrointest Endosc Clin N Am. 2018;
28:131-141.

Parks RW, Tzovaras G, Diamond T, et al. Management of
pancreatic pseudocysts. Ann R Coll Surg Engl. 2000;82:383-387.
Bergman S, Melvin WS. Operative and nonoperative manage-
ment of pancreatic pseudocysts. Surg Clin North Am. 2007,
87:1447-1460; ix.

Varadarajulu S, Bang JY, Sutton BS, et al. Equal efficacy of
endoscopic and surgical cystogastrostomy for pancreatic
pseudocyst drainage in a randomized trial. Gastroenterology.
2013;145:583-590 e581.

Zhao X, Feng T, Ji W. Endoscopic versus surgical treatment
for pancreatic pseudocyst. Dig Endosc. 2016;28:83-91.

Saul A, Luna M, Chan C, et al. EUS-guided drainage of
pancreatic pseudocysts offers similar success and complica-
tions compared to surgical treatment but with a lower cost.
Surg Endosc. 2015;30:1459-1465.

Adams DB, Anderson MC. Percutaneous catheter drainage
compared with internal drainage in the management of
pancreatic pseudocyst. Ann Surg. 1992;215:571-576; discus-
sion 576-578..

Szako L, Matrai P, Hegyi P, et al. Endoscopic and surgical
drainage for pancreatic fluid collections are better than
percutaneous drainage: meta-analysis. Pancreatology. 2020;20:
132-141.

Wan J, Wu D, He W, et al. Comparison of percutaneous vs
endoscopic drainage in the management of pancreatic fluid
collections: a prospective cohort study. J Gastroenterol Hepatol.
2020;35:2170-2175.

Kahaleh M, Shami VM, Conaway MR, et al. Endoscopic
ultrasound drainage of pancreatic pseudocyst: a prospective
comparison with conventional endoscopic drainage. Endos-
copy. 2006;38:355-359.

Baron TH, Harewood GC, Morgan DE, et al. Outcome
differences after endoscopic drainage of pancreatic necrosis,
acute pancreatic pseudocysts, and chronic pancreatic pseudo-
cysts. Gastrointest Endosc. 2002;56:7-17.

Binmoeller KF, Seifert H, Walter A, et al. Transpapillary and
transmural drainage of pancreatic pseudocysts. Gastrointest
Endosc. 1995;42:219-224.

Cahen D, Rauws E, Fockens P, et al. Endoscopic drainage of
pancreatic pseudocysts: long-term outcome and procedural
factors associated with safe and successful treatment. Endos-
copy. 2005;37:977-983.

Weckman L, Kylanpaa ML, Puolakkainen P, et al. Endo-
scopic treatment of pancreatic pseudocysts. Surg Endosc.
2006;20:603-607.

Antillon MR, Shah RJ, Stiegmann G, et al. Single-step EUS-
guided transmural drainage of simple and complicated
pancreatic pseudocysts. Gastrointest Endosc. 2006;63:797-803.
Beckingham 1J, Krige JE, Bornman PC, et al. Long term
outcome of endoscopic drainage of pancreatic pseudocysts.
Am J Gastroenterol. 1999;94:71-74.

Teoh AYB, Dhir V, Kida M, et al. Consensus guidelines on
the optimal management in interventional EUS procedures:

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.



SMAGZIUMIPXZOBBAeOATIAEIDYIASALLIAIPO0AEIEAHIOII/dOAU

MY TXOMADUOINXZOHISABZAY 0+ NIOITWNOIZTABY HAISHNQUE AG 860[/woo’ mm|sfeuinolj/:dny woiy papeojumoq

€202/¥2/€0 uo

J Clin Gastroenterol * Volume 57, Number 4, April 2023

Management of Pancreatic Fluid Collections

5L

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

results from the Asian EUS group RAND/UCLA expert
panel. Gut. 2018;67:1209-1228.

Penn DE, Draganov PV, Wagh MS, et al. Prospective
evaluation of the use of fully covered self-expanding metal
stents for EUS-guided transmural drainage of pancreatic
pseudocysts. Gastrointest Endosc. 2021;76:679-684.

Yao Y, Zhang D, Guo J, et al. A novel self-expanding
biflanged metal stent vs tubular metal stent for EUS-guided
transmural drainage of pancreatic pseudocyst: a retrospective,
cohort study. Medicine ( Baltimore). 2019;98:¢14179.

Dhir V, Teoh AY, Bapat M, et al. EUS-guided pseudocyst
drainage: prospective evaluation of early removal of fully covered
self-expandable metal stents with pancreatic ductal stenting in
selected patients. Gastrointest Endosc. 2015;82:650-657; ..
Raijman I, Tarnasky PR, Patel S, et al. Endoscopic drainage
of pancreatic fluid collections using a fully covered expandable
metal stent with antimigratory fins. Endosc Ultrasound. 2015,
4:213-218.

Weilert F, Binmoeller KF, Shah JN, et al. Endoscopic
ultrasound-guided drainage of pancreatic fluid collections
with indeterminate adherence using temporary covered metal
stents. Endoscopy. 2012;44:780-783.

Hookey LC, Debroux S, Delhaye M, et al. Endoscopic
drainage of pancreatic-fluid collections in 116 patients: a
comparison of etiologies, drainage techniques, and outcomes.
Gastrointest Endosc. 2006;63:635-643.

Azar RR, Oh YS, Janec EM, et al. Wire-guided pancreatic
pseudocyst drainage by using a modified needle knife and
therapeutic echoendoscope. Gastrointest Endosc. 2006;63:
688-692.

Lopes CV, Pesenti C, Bories E, et al. Endoscopic-ultrasound-
guided endoscopic transmural drainage of pancreatic pseudo-
cysts and abscesses. Scand J Gastroenterol. 2007;42:524-529.
Barthet M, Lamblin G, Gasmi M, et al. Clinical usefulness of
a treatment algorithm for pancreatic pseudocysts. Gastrointest
Endosc. 2008;67:245-252.

Lee BU, Song TJ, Lee SS, et al. Newly designed, fully covered
metal stents for endoscopic ultrasound (EUS)-guided trans-
mural drainage of peripancreatic fluid collections: a prospec-
tive randomized study. Endoscopy. 2014;46:1078-1084.
Sharaiha RZ, DeFilippis EM, Kedia P, et al. Metal versus
plastic for pancreatic pseudocyst drainage: clinical outcomes
and success. Gastrointest Endosc. 2015;82:822-827.

Ang TL, Kongkam P, Kwek AB, et al. A two-center
comparative study of plastic and lumen-apposing large
diameter self-expandable metallic stents in endoscopic ultra-
sound-guided drainage of pancreatic fluid collections. Endosc
Ultrasound. 2016;5:320-327.

Talreja JP, Shami VM, Ku J, et al. Transenteric drainage of
pancreatic-fluid collections with fully covered self-expanding
metallic stents (with video). Gastrointest Endosc. 2008;68:
1199-1120..

Berzosa M, Maheshwari S, Patel KK, et al. Single-step
endoscopic ultrasonography-guided drainage of peripancreatic
fluid collections with a single self-expandable metal stent and
standard linear echoendoscope. Endoscopy. 2012;44:543-547.
Fabbri C, Luigiano C, Cennamo V, et al. Endoscopic
ultrasound-guided transmural drainage of infected pancreatic
fluid collections with placement of covered self-expanding
metal stents: a case series. Endoscopy. 2012;44:429-433.

Ttoi T, Binmoeller KF, Shah J, et al. Clinical evaluation of a
novel lumen-apposing metal stent for endosonography-guided
pancreatic pseudocyst and gallbladder drainage (with videos).
Gastrointest Endosc. 2012;75:870-876.

Shah RJ, Shah JN, Waxman I, et al. Safety and efficacy of
endoscopic ultrasound-guided drainage of pancreatic fluid
collections with lumen-apposing covered self-expanding metal
stents. Clin Gastroenterol Hepatol. 2015;13:747-752.

Walter D, Will U, Sanchez-Yague A, et al. A novel lumen-
apposing metal stent for endoscopic ultrasound-guided drain-
age of pancreatic fluid collections: a prospective cohort study.
Endoscopy 2015, 47:63-67.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.
Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

Mukai S, Itoi T, Baron TH, et al. Endoscopic ultrasound-
guided placement of plastic vs. biflanged metal stents for
therapy of walled-off necrosis: a retrospective single-center
series. Endoscopy. 2015;47:47-55.

Rinninella E, Kunda R, Dollhopf M, et al. EUS-guided
drainage of pancreatic fluid collections using a novel lumen-
apposing metal stent on an electrocautery-enhanced delivery
system: a large retrospective study (with video). Gastrointest
Endosc. 2015;82:1039-1046.

Ang TL, Kwek AB, Tan SS, et al. Direct endoscopic necro-
sectomy: a minimally invasive endoscopic technique for the
treatment of infected walled-off pancreatic necrosis and infected
pseudocysts with solid debris. Singapore Med J. 2013;54:206-211.
Saunders R, Ramesh J, Cicconi S, et al. A systematic review
and meta-analysis of metal versus plastic stents for drainage of
pancreatic fluid collections: metal stents are advantageous.
Surg Endosc. 2019;33:1412-1425.

Yoon SB, Lee IS, Choi MG. Metal versus plastic stents for
drainage of pancreatic fluid collection: a meta-analysis. United
European Gastroenterol J. 2018;6:729-738.

Hammad T, Khan MA, Alastal Y, et al. Efficacy and safety of
lumen-apposing metal stents in management of pancreatic fluid
collections: are they better than plastic stents? A systematic
review and meta-analysis. Dig Dis Sci. 2018;63:289-301.
Altonbary AY, Hakim H. The buried stent: a rare complication
of endoscopic ultrasound-guided pancreatic necrosectomy using
a lumen-apposing metal stent. Endoscopy. 2017;49:E84-ESS.
Barresi L, Tarantino I, Curcio G, et al. Buried stent: new
complication of pseudocyst drainage with self-expandable
metallic stent. Dig Endosc. 2012;24:285.

van Santvoort HC, Besselink MG, Horvath KD, et al.
Videoscopic assisted retroperitoneal debridement in infected
necrotizing pancreatitis. HPB ( Oxford). 2007;9:156-159.
Fernandez-del Castillo C, Rattner DW, Makary MA, et al.
Debridement and closed packing for the treatment of necrot-
izing pancreatitis. Ann Surg. 1998;228:676-684.

Howard TJ, Patel JB, Zyromski N, et al. Declining morbidity
and mortality rates in the surgical management of pancreatic
necrosis. J Gastrointest Surg. 2007;11:43-49.

Rodriguez JR, Razo AO, Targarona J, et al. Debridement and
closed packing for sterile or infected necrotizing pancreatitis:
insights into indications and outcomes in 167 patients. Ann
Surg. 2008;247:294-299.

Tsiotos GG, Luque-de Leon E, Sarr MG. Long-term outcome
of necrotizing pancreatitis treated by necrosectomy. Br J Surg.
1998;85:1650-1653.

Aranda-Narvaez JM, Gonzalez-Sanchez AJ, Montiel-Casado
MC, et al. Acute necrotizing pancreatitis: surgical indications
and technical procedures. World J Clin Cases. 2014;2:840-845.
Karakayali FY. Surgical and interventional management of
complications caused by acute pancreatitis. World J Gastro-
enterol. 2014;20:13412-13423.

Raraty MG, Halloran CM, Dodd S, et al. Minimal access
retroperitoneal pancreatic necrosectomy: improvement in
morbidity and mortality with a less invasive approach. Ann
Surg. 2010;251:787-793.

van Brunschot S, Besselink MG, Bakker OJ, et al. Video-assisted
retroperitoneal debridement (VARD) of infected necrotizing
pancreatitis: an update. Curr Surg Rep. 2013;1:121-130.

Bakker OJ, van Santvoort HC, van Brunschot S, et al. Endoscopic
transgastric vs surgical necrosectomy for infected necrotizing
pancreatitis: a randomized trial. JAMA. 2012;307:1053-1061.
Segal D, Mortele KJ, Banks PA, et al. Acute necrotizing
pancreatitis: role of CT-guided percutaneous catheter drain-
age. Abdom Imaging. 2007;32:351-361.

Horvath K, Freeny P, Escallon J, et al. Safety and efficacy of
video-assisted retroperitoneal debridement for infected pan-
creatic collections: a multicenter, prospective, single-arm
phase 2 study. Arch Surg. 2010;145:817-825.

van Santvoort HC, Besselink MG, Bakker OJ, et al. A step-up
approach or open necrosectomy for necrotizing pancreatitis. N
Engl J Med. 2010;362:1491-1502.

www.jcge.com | 359



SMAGZIUMIPXZOBBAeOATIAEIDYIASALLIAIPO0AEIEAHIOII/dOAU

MY TXOMADUOINXZOHISABZAY 0+ NIOITWNOIZTABY HAISHNQUE AG 860[/woo’ mm|sfeuinolj/:dny woiy papeojumoq

€202/¥2/€0 uo

Sameera et al

J Clin Gastroenterol * Volume 57, Number 4, April 2023

90.

91.

92.

93.

94.

9s.
96.

97.
98.

99.

100.
101.

102.

103.
104.
105.
106.

107.

108.

109.

110.

360 | www.jcge.com

van Grinsven J, van Dijk SM, Dijkgraaf MG, et al. Postponed
or immediate drainage of infected necrotizing pancreatitis
(POINTER trial): study protocol for a randomized controlled
trial. Trials. 2019;20:239.

Baron TH, Thaggard WG, Morgan DE, et al. Endoscopic
therapy for organized pancreatic necrosis. Gastroenterology.
1996;111:755-764.

Carter CR, McKay CJ, Imrie CW. Percutaneous necrosec-
tomy and sinus tract endoscopy in the management of infected
pancreatic necrosis: an initial experience. Ann Surg. 2000;232:
175-180.

Connor S, Ghaneh P, Raraty M, et al. Minimally invasive
retroperitoneal pancreatic necrosectomy. Dig Surg. 2003;20:
270-277.

Mui LM, Wong SK, Ng EK, et al. Combined sinus tract
endoscopy and endoscopic retrograde cholangiopancreatog-
raphy in management of pancreatic necrosis and abscess. Surg
Endosc. 2005;19:393-397.

Cheung MT, Ho CN, Siu KW, et al. Percutaneous drainage
and necrosectomy in the management of pancreatic necrosis.
ANZ J Surg. 2005;75:204-207.

Connor S, Alexakis N, Raraty MG, et al. Early and late
complications after pancreatic necrosectomy. Surgery.
2005;137:499-505.

Lakshmanan R, Iyer SG, Lee VT, et al. Minimally invasive
retroperitoneal pancreatic necrosectomy in the management of
infected pancreatitis. Surg Laparosc Endosc Percutan Tech.
2010;20:e11-¢15.

Ahmad HA, Samarasam I, Hamdorf JM. Minimally invasive
retroperitoneal pancreatic necrosectomy. Pancreatology. 2011;
11:52-56.

Dhingra R, Srivastava S, Behra S, et al. Single or multiport
percutaneous endoscopic necrosectomy performed with the
patient under conscious sedation is a safe and effective
treatment for infected pancreatic necrosis (with video).
Gastrointest Endosc. 2015;81:351-359.

Goenka MK, Goenka U, Mujoo MY, et al. Pancreatic
necrosectomy through sinus tract endoscopy. Clin Endosc.
2018;51:279-284.

Jain S, Padhan R, Bopanna S, et al. Percutaneous endoscopic
step-up therapy is an effective minimally invasive approach for
infected necrotizing pancreatitis. Dig Dis Sci. 2020;65:615-622.
Seewald S, Groth S, Omar S, et al. Aggressive endoscopic
therapy for pancreatic necrosis and pancreatic abscess: a new
safe and effective treatment algorithm (videos). Gastrointest
Endosc. 2005;62:92-100.

Charnley RM, Lochan R, Gray H, et al. Endoscopic
necrosectomy as primary therapy in the management of
infected pancreatic necrosis. Endoscopy. 2006;38:925-928.
Voermans RP, Veldkamp MC, Rauws EA, et al. Endoscopic
transmural debridement of symptomatic organized pancreatic
necrosis (with videos). Gastrointest Endosc. 2007;66:909-916.
Papachristou GI, Takahashi N, Chahal P, et al. Peroral
endoscopic drainage/debridement of walled-off pancreatic
necrosis. Ann Surg. 2007,245:943-951.

Escourrou J, Shehab H, Buscail L, et al. Peroral transgastric/
transduodenal necrosectomy: success in the treatment of
infected pancreatic necrosis. Ann Surg. 2008;248:1074-1080.
Seifert H, Biermer M, Schmitt W, et al. Transluminal
endoscopic necrosectomy after acute pancreatitis: a multi-
centre study with long-term follow-up (the GEPARD Study).
Gut. 2009;58:1260-1266.

Gardner TB, Chahal P, Papachristou GI, et al. A comparison
of direct endoscopic necrosectomy with transmural endoscopic
drainage for the treatment of walled-off pancreatic necrosis.
Gastrointest Endosc. 2009;69:1085-1094.

Gluck M, Ross A, Irani S, et al. Endoscopic and percutaneous
drainage of symptomatic walled-off pancreatic necrosis
reduces hospital stay and radiographic resources. Clin Gastro-
enterol Hepatol. 2010;8:1083-1088.

Varadarajulu S, Phadnis MA, Christein JD, et al. Multiple
transluminal gateway technique for EUS-guided drainage of

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

symptomatic walled-off pancreatic necrosis. Gastrointest
Endosc. 2011;74:74-80.

Bang JY, Wilcox CM, Trevino J, et al. Factors impacting
treatment outcomes in the endoscopic management of walled-off
pancreatic necrosis. J Gastroenterol Hepatol. 2013;28:1725-1732.
Gardner TB, Coelho-Prabhu N, Gordon SR, et al. Direct
endoscopic necrosectomy for the treatment of walled-off
pancreatic necrosis: results from a multicenter U.S. series.
Gastrointest Endosc. 2011;73:718-726.

Attam R, Trikudanathan G, Arain M, et al. Endoscopic
transluminal drainage and necrosectomy by using a novel,
through-the-scope, fully covered, large-bore esophageal metal
stent: preliminary experience in 10 patients. Gastrointest
Endosc. 2014;80:312-318.

Smoczynski M, Jagielski M, Jablonska A, et al. Endoscopic
necrosectomy under fluoroscopic guidance—a single center
experience. Wideochir Inne Tech Maloinwazyjne. 2015;10:
237-243.

Sarkaria S, Sethi A, Rondon C, et al. Pancreatic necrosectomy
using covered esophageal stents: a novel approach. J Clin
Gastroenterol. 2014;48:145-152.

Siddiqui AA, Adler DG, Nieto J, et al. EUS-guided drainage
of peripancreatic fluid collections and necrosis by using a
novel lumen-apposing stent: a large retrospective, multicenter
U.S. experience (with videos). Gastrointest Endosc. 2016;83:
699-707.

Bansal RK, Puri R, Choudhary NS, et al. Endoscopic pancreatic
necrosectomy: why scuff when you can flush the muck - make it
an easy row to hoe. Endosc Int Open. 2017;5:E847-E853.

Bang JY, Navaneethan U, Hasan MK, et al. Non-superiority of
lumen-apposing metal stents over plastic stents for drainage of
walled-off necrosis in a randomised trial. Gut. 2019;68:1200-1209.
Albers D, Toermer T, Charton JP, et al. Endoscopic therapy for
infected pancreatic necrosis using fully covered self-expandable
metal stents: combination of transluminal necrosectomy, trans-
luminal and percutaneous drainage. Z Gastroenterol. 2016;54:
26-30.

Vazquez-Sequeiros E, Baron TH, Perez-Miranda M, et al.
Evaluation of the short- and long-term effectiveness and safety
of fully covered self-expandable metal stents for drainage of
pancreatic fluid collections: results of a Spanish nationwide
registry. Gastrointest Endosc. 2016;84:450-457 ¢452.

Gornals JB, Consiglieri CF, Busquets J, et al. Endoscopic
necrosectomy of walled-off pancreatic necrosis using a lumen-
apposing metal stent and irrigation technique. Surg Endosc.
2016;30:2592-2602.

Bang JY, Hasan MK, Navaneethan U, et al. Lumen-apposing
metal stents for drainage of pancreatic fluid collections: When
and for whom? Dig Endosc. 2017;29:83-90.

Teoh AYB, Bapaye A, Lakhtakia S, et al. Prospective
multicenter international study on the outcomes of a newly
developed self-approximating lumen-apposing metallic stent
for drainage of pancreatic fluid collections and endoscopic
necrosectomy. Dig Endosc. 2020;32:391-398.

Bang JY, Varadarajulu S. Lumen-apposing metal stents for
endoscopic ultrasonography-guided interventions. Dig Endosc.
2019;31:619-626.

van Brunschot S, van Grinsven J, van Santvoort HC, et al.
Endoscopic or surgical step-up approach for infected necrotis-
ing pancreatitis: a multicentre randomised trial. Lancet. 2018;
391:51-58.

Yan L, Dargan A, Nieto J, et al. Direct endoscopic necro-
sectomy at the time of transmural stent placement results in
earlier resolution of complex walled-off pancreatic necrosis:
results from a large multicenter United States trial. Endosc
Ultrasound. 2019;8:172-179.

Messallam AA, Adler DG, Shah RJ, et al. Direct endoscopic
necrosectomy with and without hydrogen peroxide for walled-
off pancreatic necrosis: a multicenter comparative study. Am J
Gastroenterol. 2020;116:700-709.

Kedia P, Parra V, Zerbo S, et al. Cleaning the paracolic gutter:
transcutaneous endoscopic necrosectomy through a fully

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.



SMAGZIUMIPXZOBBAeOATIAEIDYIASALLIAIPO0AEIEAHIOII/dOAU

MY TXOMADUOINXZOHISABZAY 0+ NIOITWNOIZTABY HAISHNQUE AG 860[/woo’ mm|sfeuinolj/:dny woiy papeojumoq

€202/¥2/€0 uo

J Clin Gastroenterol * Volume 57, Number 4, April 2023

Management of Pancreatic Fluid Collections

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

covered metal esophageal stent. Gastrointest Endosc. 2015,
81:1252.

Jurgensen C, Bruckner S, Reichel S, et al. Flexible percutaneous
endoscopic retroperitoneal necrosectomy as rescue therapy for
pancreatic necroses beyond the reach of endoscopic ultra-
sonography: a case series. Dig Endosc. 2017;29:377-382.

Ke L, Mao W, Zhou J, et al. Stent-assisted percutaneous
endoscopic necrosectomy for infected pancreatic necrosis:
technical report and a pilot study. World J Surg. 2019;43:
1121-1128.

Saumoy M, Kumta NA, Tyberg A, et al. Transcutaneous
endoscopic necrosectomy for walled-off pancreatic necrosis in
the paracolic gutter. J Clin Gastroenterol. 2018;52:458-463.
Tyberg A, Karia K, Gabr M, et al. Management of pancreatic
fluid collections: a comprehensive review of the literature.
World J Gastroenterol. 2016;22:2256-2270.

Varadarajulu S, Wilcox M, Christein J. Sal452 multiple
transluminal gateway technique for EUS-guided drainage of
walled off pancreatic necrosis (WOPN). Gastrointest Endosc.
2011;73:AB174.

Boxhoorn L, Fockens P, Besselink M, et al. Endoscopic
Management of Infected Necrotizing Pancreatitis: An Evi-
dence-Based Approach. Curr Treat Options Gastroenterol.
2018;16:333-44..

Bang J, Varadarajulu S. Management of walled-off necrosis
using the multiple transluminal gateway technique with the
hot AXIOS system. Digestive Endoscopy. 2015;28:103.
Antillon MR, Bechtold ML, Bartalos CR, et al. Transgastric
endoscopic necrosectomy with temporary metallic esophageal
stent placement for the treatment of infected pancreatic
necrosis (with video). Gastrointest Endosc. 2009;69:178-180.
Siddiqui AA, Kowalski TE, Loren DE, et al. Fully covered
self-expanding metal stents versus lumen-apposing fully
covered self-expanding metal stent versus plastic stents for
endoscopic drainage of pancreatic walled-off necrosis: clinical
outcomes and success. Gastrointest Endosc. 2017;85:758-765.
Chen YI, Yang J, Friedland S, et al. Lumen apposing metal
stents are superior to plastic stents in pancreatic walled-off
necrosis: a large international multicenter study. Endosc Int
Open. 2019;7:E347-E354.

Bang J, Hasan M, Navaneethan U, et al. Lumen-apposing
metal stents (LAMS) for pancreatic fluid collection (PFC)
drainage: may not be business as usual. Gut. 2016;66:2054-2056.
Stecher S, Simon P, Friesecke S, et al. Delayed severe bleeding
complications after treatment of pancreatic fluid collections
with lumen-apposing metal stents. Gut. 2017;66:1871-1872.
Gajjar B, Aasen T, Goenka P, et al. Massive upper gastro-
intestinal bleeding following LAMS (lumen-apposing metal
stent) placement. J Investig Med High Impact Case Rep.
2020;8:23-24.

Bang J, Robert H, Varadarajulu S, et al. Lumen-apposing metal
stent placement for drainage of pancreatic fluid collections:
predictors of adverse events. Gut. 2020;69:1379-138]1.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.
Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

Yang D, Perbtani Y, Mramba L, et al. Safety and rate of
delayed adverse events with lumen-apposing metal stents
(LAMS) for pancreatic fluid collections: a multicenter study.
Endosc Int Open. 2018;6:1267-1275.

Howard TJ, Moore SA, Saxena R, et al. Pancreatic duct
strictures are a common cause of recurrent pancreatitis after
successful management of pancreatic necrosis. Surgery.
2004;136:909-916.

Nealon WH, Bhutani M, Riall TS, et al. A unifying concept:
pancreatic ductal anatomy both predicts and determines the
major complications resulting from pancreatitis. J Am Coll
Surg. 2009;208:790-799; discussion 799-801..

Neoptolemos JP, London NJ, Carr-Locke DL. Assessment of
main pancreatic duct integrity by endoscopic retrograde
pancreatography in patients with acute pancreatitis. Br J
Surg. 1993;80:94-99.

Trevino JM, Tamhane A, Varadarajulu S. Successful
stenting in ductal disruption favorably impacts treatment
outcomes in patients undergoing transmural drainage of
peripancreatic fluid collections. J Gastroenterol Hepatol.
2010;25:526-531.

Bracher GA, Manocha AP, DeBanto JR, et al. Endoscopic
pancreatic duct stenting to treat pancreatic ascites. Gastro-
intest Endosc. 1999;49:710-715.

Kozarek RA, Jiranek GC, Traverso LW. Endoscopic treat-
ment of pancreatic ascites. Am J Surg. 1994;168:223-226.
Uchiyama T, Yamamoto T, Mizuta E, et al. Pancreatic
ascites—a collected review of 37 cases in Japan. Hepatogas-
troenterology. 1989;36:244-248.

Barthet M, Sahel J, Bodiou-Bertei C, et al. Endoscopic
transpapillary drainage of pancreatic pseudocysts. Gastrointest
Endosc. 1995;42:208-213.

Catalano MF, Geenen JE, Schmalz MJ, et al. Treatment of
pancreatic pseudocysts with ductal communication by trans-
papillary pancreatic duct endoprosthesis. Gastrointest Endosc.
1995;42:214-218.

Fabre JM, Bauret P, Prudhomme M, et al. Posttraumatic
pancreatic fistula cured by endoprosthesis in the pancreatic
duct. Am J Gastroenterol. 1995;90:804-806.

Shrode CW, Macdonough P, Gaidhane M, et al. Multi-
modality endoscopic treatment of pancreatic duct disruption
with stenting and pseudocyst drainage: how efficacious is it?
Dig Liver Dis. 2013;45:129-133.

Verma S, Rana S. Disconnected pancreatic duct syndrome:
updated review on clinical implications and management.
Pancreatology. 2020;20:1035-1044.

Timmerhuis H, van Dijk S, Verdonk R, et al. Various
modalities accurate in diagnosing a disrupted or disconnected
pancreatic duct in acute pancreatitis: a systematic review. Dig
Dis Sci. 2020,66:1415-1424.

Vanek P, Trikudanathan G, Freeman M, et al. Diagnosing
disconnected pancreatic duct syndrome: many disconnects,
few answers. Dig Dis Sci. 2020;66:1380-1382.

www.jcge.com | 361



