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Abstract: Pancreatic fluid collections often develop as a complication of acute pancreatitis but can be

seen in a variety of conditions including chronic pancreatitis, trauma, malignancy or post-operatively. It is

important to classify a pancreatic fluid collection in order to optimize treatment strategies and management.

Most interventions are targeted towards the management of delayed complications of pancreatitis, including

pancreatic pseudocysts and walled-off necrosis (WON), which often develop days to weeks after the initial

episode of pancreatitis. Surgical, percutaneous, and endoscopic interventions are all possible methods for

treatment of pancreatic fluid collections, however endoscopic drainage with endoscopic ultrasound has

become first-line. Advances within endoscopic drainage strategies have also led to innovative changes in the

specific stents used for treatment, with possible options including double pigtail plastic stents, fully covered

self-expanding metal stents and lumen-apposing metal stents (LAMS).
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Introduction

Acute pancreatitis is one of the most common diseases of the
gastrointestinal tract with multiple potential complications
including pancreatic fluid collections (1). Pancreatic fluid
collections can also be local complications related to
trauma, malignancy, or post-operative. The most common
pancreatic fluid collections that require intervention or
drainage include symptomatic pancreatic pseudocysts and
walled-off pancreatic necrosis. Options for drainage of these
collections include surgical, percutaneous, and endoscopic
with the latter now becoming the preferred approach due
to the advent of endoscopic ultrasound-guided drainage
as well as technical advances in the various stents used for
management of these pancreatic fluid collections.

Classification of pancreatic and peripancreatic

collections

Acute pancreatitis is divided into two types, interstitial
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edematous pancreatitis, and necrotizing pancreatitis, both of
which can lead to local complications including pancreatic
fluid collections (2). Interstitial edematous pancreatitis
accounts for 80-85% cases of acute pancreatitis while
necrotizing pancreatitis accounts for 15-20% (3,4). The
revised Atlanta classification is used to define the various
types of pancreatic fluid collections which include acute
peripancreatic fluid collection, pancreatic pseudocyst, acute
necrotic collection, and walled-off necrosis (WON) (2).
In the revised Atlanta classification, a distinction is made
between collections that are composed of fluid only, versus
those with necrosis and a solid component (but may still
contain some amount of fluid). Interstitial edematous
pancreatitis (Figure 1) can lead to an acute peripancreatic
fluid collection (Figure 2) which is considered an early local
complication (less than 4 weeks) and a pancreatic pseudocyst
(Figure 3) which is considered a delayed local complication
(greater than 4 weeks). Similarly, necrotizing pancreatitis
(Figure 4) can lead to the development of an acute necrotic
collection (seen in the early phase of disease, less than 4 weeks,
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Figure 1 Acute interstitial pancreatitis.

Figure 2 Acute peripancreatic fluid collection.

Figure 3 Pancreatic pseudocyst.
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Figure 5) and WON (a mature collection seen after 4 weeks,
Figure 6) (2).

The various pancreatic collections have specific
morphological features as seen on contrast enhanced
computed tomography. An acute peripancreatic fluid
collection is homogenous and fluid-filled with no definable
wall and is adjacent to the pancreas and seen within the
first 4 weeks after an episode of interstitial edematous
pancreatitis. A pancreatic pseudocyst, however, is a well
circumscribed, fluid-filled encapsulated collection with
a well-defined inflammatory wall seen after maturation
which typically requires at least 4 weeks. An acute necrotic
collection is heterogenous and contains variable amounts
of liquid and necrosis, with no definable wall, found in the
pancreatic parenchyma or the peripancreatic tissue seen
within the first 4 weeks after an episode of necrotizing
pancreatitis. WON is also heterogenous with variable
amounts of liquid and necrosis, however has developed a
well-defined wall with complete encapsulation and is seen
after maturation which generally requires at least 4 weeks.

Indications for drainage of pancreatic fluid
collections

The management and indications for drainage vary
based on the type of pancreatic fluid collection. Acute
pancreatic fluid collections remain sterile and often resolve
spontaneously without intervention (5). Most other
pancreatic fluid collections can also be observed. Drainage
is recommended when symptoms develop, including
pain or symptoms of luminal obstruction such as nausea,
vomiting, early satiety, evidence of superinfection, or signs
concerning for biliary obstruction such as jaundice (6).
Size alone is not considered an indication for drainage but
large collections are more likely to be symptomatic (7,8).
Options for drainage include surgical, percutaneous, and
endoscopic.

Surgical drainage

Surgical drainage has long been considered an effective
therapeutic modality for the management of pancreatic
fluid collections. Surgical approaches include both open
and laparoscopic techniques. Surgical cystgastrostomy
can be performed in the setting of pancreatic pseudocysts
and surgical necrosectomy for WON. Prior studies have
shown overall success rates after laparoscopic, open, and
endoscopic pancreatic cystgastrostomy for pancreatic
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Figure 5 Acute necrotic collection.

Figure 6 Walled off necrosis.
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pseudocysts are essentially equivalent (9). Surgical drainage
is the preferred method in multi-loculated collections
with several septations. A randomized control trial by
Varadarajulu et /. comparing endoscopic and surgical
cystgastrostomy for pancreatic pseudocyst drainage showed
no differences in treatment successes between the groups,
however endoscopic treatment was associated with shorter
hospital stays, better physical and mental health of the
patients, and lower overall cost (10). For management of
infected pancreatic necrosis, van Santvoort et 4/. performed
a randomized trial comparing a minimally invasive step
approach, which included percutaneous or endoscopic
drainage, to open necrosectomy and concluded that a
minimally invasive step-up approach led to a decrease in
rates of major complications and death (11).

Percutaneous drainage

Percutaneous drainage remains another modality for the
treatment of pancreatic fluid collections. Percutaneous
drainage is the placement of an external drain performed
most commonly by interventional radiology under
computed tomography guidance or ultrasound with
fluoroscopic guidance. Studies comparing percutaneous
drainage to surgical drainage have resulted in mixed
outcomes. Adams et a/l. performed a retrospective review
comparing percutaneous drainage to surgical internal
drainage for the management of symptomatic pancreatic
pseudocysts and noted that percutaneous drainage was
associated with significantly more complications including
drain track infection, however percutaneous drainage
had a lower mortality rate when compared to surgical
drainage (12). Alternatively, Heider ez a/. also performed
a retrospective review comparing the effectiveness of
percutaneous drainage to surgical treatment of pancreatic
pseudocysts in unselected patients and found percutaneous
drainage to be successful in 42% of patients, whereas
surgical treatment had an 88% success rate (13). Heider
et al. additionally concluded that percutaneous drainage
resulted in higher mortality, morbidity and longer hospital
stay compared to surgical management (13). A retrospective
cohort study performed by Akshintala ez a/. assessed the
outcomes of endoscopic versus percutaneous drainage for
symptomatic pancreatic pseudocysts and concluded that
although both approaches had similar clinical success rates,
percutaneous drainage was associated with significantly
higher rates of reintervention, longer length of hospital
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stay, and increase number of follow-up abdominal imaging
studies (14). For the management of complications related
to necrotizing pancreatitis including infected necrosis,
studies have shown primary percutaneous catheter
drainage has fewer complications than primary surgical
necrosectomy (15). Percutaneous drainage for the
management of infected necrosis remains an important
treatment modality, especially in those patients that are
critically ill and may not be candidates for endoscopic or
surgical drainage. Potential complications of percutaneous
drainage include drain track infections, catheter occlusion,
cellulitis, and the development of a pancreatic cutaneous
fistula (16,17).

Endoscopic drainage

Endoscopic drainage of pancreatic fluid collections,
although a relatively new modality compared to surgical
and percutaneous drainage, is considered highly effective
and often first line therapy for management of symptomatic
pancreatic fluid collections (18,19). In 1973, Rogers et al.
published a case report describing endoscopic transgastric
needle aspiration of a pancreatic pseudocyst, becoming the
first ever described case of an endoscopic intervention for
a pancreatic fluid collection (20). In 1985, Kozarek et al.
published a series of endoscopic cystgastrostomy and
cystenterostomy in four high risk patients with pancreatic
pseudocysts (21). Initially, these earlier techniques for
endoscopic drainage were performed using conventional
transmural drainage (described in the following section).
Endoscopic ultrasound-guided (EUS) drainage is now the
preferred method due to various technical advantages,
improved therapeutic accuracy and overall improved
outcomes.

Conventional transmural endoscopic pancreatic
fluid collection drainage

For the management of pseudocysts, there are various
endoscopic approaches including transpapillary drainage,
transmural drainage through the gastrointestinal wall
or a combination of both (22). As previously discussed,
earlier techniques for endoscopic drainage were
performed using conventional transmural drainage.
In all cases of transmural drainage, the creation of a
connection between the gastrointestinal lumen and
the collection is required, usually a cystgastrostomy or
cystduodenostomy (23). The main difference between
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conventional transmural drainage as compared to EUS-
guided drainage is the initial step in which access
to the pancreatic fluid collection is obtained (24).
Access to the pancreatic fluid collection in the conventional
approach is obtained by localization of a bulge or an
endoscopically visible extrinsic luminal compression (25).
However, with the advent of endoscopic ultrasound,
specific advantages have been recognized including direct
real time visualization of the fluid collection, avoiding the
risk of inadvertently accessing an alternative structure,
avoiding vasculature, the ability to evaluate the contents
of the collections, and to obtain a measurement of the
distance between the luminal wall and the collection (24).
An EUS-guided approach allows for evaluation of the
surrounding vascular structures, therefore decreasing the
risk of bleeding secondary to puncturing through a vessel,
and allows for drainage of collections that do not produce
a bulge or extrinsic luminal compression (24). Park et al.
performed a prospective randomized controlled trial
comparing EUS-guided versus conventional transmural
drainage of pancreatic pseudocysts and found that
the technical success rate was higher for EUS-guided
drainage (26). Similarly, Varadarajulu ez 4/. performed a
prospective randomized control trial comparing EUS-
guided to EGD-guided transmural drainage of pancreatic
pseudocysts and noted a 100% success rate in patients
undergoing EUS-guided drainage compared to 33% in
those randomized to EGD-guided drainage (P<0.001)
but further noted the increased risk of major procedure-
related bleeding in patients whom drainage by EGD was
attempted (27).

Endoscopic ultrasound-guided pancreatic fluid
collection drainage

In 1992, Grimm ez 4l. reported the first case of a pseudocyst
puncture under direct endoscopic ultrasound guidance
using an oblique echoendoscope followed by use of a
duodenoscope for placement of an endoprosthesis (28).
In 1996, Wiersema et al. reported a case of pseudocyst
drainage performed using a prototype linear therapeutic
echoendoscope allowing the entire procedure to be
completed with one instrument (29). This was then
followed by Vilmann et /. describing the first case of a one-
step EUS-guided pseudocyst drainage and deployment of a
stent through the echoendoscope in 1998 (30).

The overall approach to EUS-guided transmural
pancreatic fluid collection drainage begins with localization
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Figure 7 EUS view: PFC. EUS, endoscopic ultrasound; PFC,

pancreatic fluid collection.

Figure 8 EUS view: insertion of 19-gauge needle into PFC. EUS,

endoscopic ultrasound; PFC, pancreatic fluid collection.

Figure 9 Fluoroscopy view: contrast injection into cavity of PFC.

PFC, pancreatic fluid collection.
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Figure 10 Fluoroscopy view: balloon dilation of gastric wall tract
into PFC. PFC, pancreatic fluid collection.

and examination of the fluid collection. Features that
correlate with endoscopic success include suitable
anatomical location adjacent to the luminal gastrointestinal
tract, size of collection >5 cm, gut compression with close
apposition to the gastrointestinal wall (<1 cm), single
cyst, mature cyst and absence of disconnected segment of
pancreatic duct (31) (Figure 7). For drainage of pseudocysts,
once ultrasound evaluation of the collection has been
performed, a 19-gauge EUS needle is used to puncture
the cyst wall under continuous direct EUS guidance
with careful avoidance of any intervening vessels (32)
(Figure 8). Contrast is injected to assess the cavity under
fluoroscopic guidance (Figure 9). This is then followed by
the introduction of a long guidewire through the needle and
into the cyst cavity usually under fluoroscopic guidance (32).
Once a tract has been created, dilaton is performed either
with electrocautery using a needle-knife sphincterotome or
mechanically using dilating catheters or balloon dilation (33)
(Figures 10,11). The final step of the procedure involves the
placement or deployment of a stent (Figures 12,13). Stent
type can vary and current therapeutic options include 7
French or 10 French double pigtail plastic stents, a fully
covered self-expanding metal stent (FCSEMS), or a lumen-
apposing metal stent (LAMS).

Pancreatic fluid collection drainage with fully
covered self-expanding metal stents

When using a FCSEMS for the drainage of a pancreatic
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Figure 12 Fluoroscopy view: plastic stent advanced over wire

coiled in PFC. PFC, pancreatic fluid collection.

Figure 13 Endoscopy view: two double pigtail plastic stents.
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fluid collection, the conventional EUS-guided technique
is still utilized. FCSEMS are larger in diameter than
plastic stents which allows for improved drainage and
decreases risk of stent occlusion. Use of FCSEMS may
also reduce the need for placement of multiple plastic
stents, which requires repetitive wire access of the fluid
collection (34). A retrospective cohort study by Sharaiha
et al. looked at 230 patients with pancreatic pseudocysts
who underwent transgastric or transduodenal drainage
using FCSEMS versus double pigtail plastic stents and
concluded that FCSEMS placement was associated with
better clinical outcomes and lower adverse event rates,
including risk of stent occlusion, stent migration and
infection (34). Furthermore, Yoon et /. published a meta-
analysis including seven studies comparing metal stents
versus plastic stents for the drainage of pancreatic fluid
collections and concluded that metal stents were superior
to plastic stents due to a higher clinical success rate and a
lower adverse event rate (35). Yoon et a4l. also performed a
sub-group analysis noting metal stents had a higher clinical
success rate when compared to plastic stents for both

pseudocysts and WON (35).

Pancreatic fluid collection drainage with LAMS

LAMS are a novel device used to accomplish endoscopic
transluminal drainage by essentially forming a conduit
between adjacent but not necessarily adherent lumens
in the gastrointestinal tract (36). The stent has a barbell
or dumbbell shape with two large flanges intended to
decrease the risk of stent migration, which was a concern
with FCSEMS (37). LAMS have now been designed
with electrocautery-enhanced delivery and are available
in a variety of diameters. After identification of an
appropriate window without intervening vessels on Doppler
(Figure 14), the electrocautery-enhanced catheter is
advanced into the pancreatic fluid collection (Figure 15),
and the stent flanges are deployed, first within the fluid
collection (Figure 16) and then subsequently within
the gastric or duodenal lumen (Figure 17). Adjunctive
techniques include balloon dilation of the LAMS or double
pigtail plastic stent placement within the LAMS (Figure 18).
Siddiqui et a/. conducted a multicenter, retrospective
study of 82 patients with symptomatic pancreatic fluid
collections who underwent EUS-guided drainage with
LAMS and reported that 97.5% of stents were successfully
placed with stent patency of 98.7% (38). Furthermore,
LAMS were highly effective in the drainage of pancreatic

Transl Gastroenterol Hepatol 2022;7:17 | http://dx.doi.org/10.21037/tgh-2020-06



Translational Gastroenterology and Hepatology, 2022

PROSOUND F7§

3y
“Gmm P00 Al

Figure 14 EUS view: PFC. EUS, endoscopic ultrasound; PFC,

pancreatic fluid collection.
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Figure 15 EUS view: PFC puncture. EUS, endoscopic ultrasound;

PFC, pancreatic fluid collection.
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Figure 16 EUS view: deployment of LAMS flange within PFC.
EUS, endoscopic ultrasound; LAMS, lumen-apposing metal stents;
PFC, pancreatic fluid collection.
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Figure 17 Endoscopic view: fluid emanating from cyst after
deployment of LAMS flange in gastric lumen. LAMS, lumen-

apposing metal stents.

Figure 18 Endoscopic view: two double pigtail plastic stents
through LAMS. LAMS, lumen-apposing metal stents.

pseudocysts with 100% success rate and 88% success
rate for endoscopic decompression of WON (38).
Similarly, Kumta er a/. published an international,
multicenter experience using LAMS for EUS-guided
drainage of pancreatic fluid collections with a study of 192
patients with a technical success rate, defined as successful
LAMS deployment, of 98.4% and clinical success rate,
defined as resolution of fluid collection at three-month
follow up, of 92.6% with low rates of adverse events (39).
There are certain advantages of LAMS when compared
to other stents used in the management of pancreatic fluid
collections including single-step deployment, minimal stent
migration and the increased ability to perform endoscopic
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debridement of the collection (40). There has been,
however, recently published data raising concerns about
the safety of LAMS. Lang er al. performed a retrospective
analysis of 103 patients undergoing EUS-guided drainage
of a pancreatic fluid collection and compared the overall
efficacy and adverse event rates between double pigtail
plastic stents and LAMS (41). The technical success rate
was 96% with plastic stents and 94% with LAMS however
adverse events including unplanned endoscopy and bleeding
was 12% with plastic stents compared to 53% with LAMS
(P=0.0003). It is important to note, however, that the
number of patients in the plastic stent group was 84 while
the LAMS group was 19 which may have drastically limited
statistical comparison between groups.

Management of pancreatic WON

As previously discussed, WON 1is a mature pancreatic
collection with complete encapsulation that contains variable
amounts of both liquid and solid necrotic components.
Endoscopic drainage of WON, when compared to that
of pancreatic pseudocysts, was first described in 2007 by
Papachristou ez 4/. in which a series of 53 patients from 1998
to 2006 underwent endoscopic drainage and debridement
of WON using double pigtail stents that resulted in an 81%
clinical success rate with a median number of 3 endoscopic
sessions per patient. However, a significant number of
patients also required further percutaneous or surgical
intervention (42). As previously discussed, FCSEMS have
been used in the management and drainage of pancreatic
fluid collections, but have a risk of stent migration. With
the advent of LAMS, direct endoscopic debridement of
WON after stent deployment is possible given that an
endoscope can be passed into the collection through the
stent lumen with lower likelihood of stent migration.
Siddiqui et al. performed a retrospective cohort study
comparing clinical outcomes of 313 patients undergoing
EUS-guided debridement of WON with double pigtail
stents, FCSEMS and LAMS and concluded there was
no statistically significant difference in technical success
rates in accessing WON between the double pigtail stent,
FCSEMS and LAMS groups (99.1% vs. 100% vs. 97.7%).
However complete resolution of the WON using double
pigtail stents was significantly lower than with FCSEMS
and LAMS (81% vs. 95% vs. 90%) (43). Furthermore, the
patients that underwent WON drainage with a LAMS
required a significantly lower number of repeat procedures
as compared with the FCSEMS and double pigtail stent
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groups (43). Sharaiha et a/. published similar retrospective
data involving 124 patients undergoing EUS-guided
drainage of WON using LAMS with technical success of
100% and clinical success of 86.3% after three months
of follow-up (44). Sharaiha er 4/. further noted an overall
stent migration rate of 5.6% in patients undergoing direct
endoscopic necrosectomy with LAMS, which was markedly
lower when compared with other stent types (44).

Adjunctive techniques for endoscopic
management of WON

Management of WON remains challenging and often
requires direct endoscopic debridement. Many adjunctive
techniques have been utilized to facilitate successful
debridement of necrotic tissue.

Antibiotics play a critical role in the management of
infected WON although the routine use of prophylactic
antibiotics to prevent infection of sterile necrosis has not
been shown to be effective (45). Recent guidelines for
the management of pancreatic necrosis recommends the
use of broad-spectrum antibiotics such as carbapenems,
quinolones, and metronidazole when there is culture-
proven infection of pancreatic necrosis or when infection
is strongly suspected (17). Antibiotic lavage of pancreatic
necrosis has also been considered but there is no significant
clinical data is currently present to warrant its clinical
use. The duration of antibiotic therapy after endoscopic
drainage of WON remains unclear however studies have
shown longer duration of antibiotics is associated with
increased risk of Clostridium difficile colitis (46,47).

Discontinuation of proton pump inhibitors (PPI), when
no strong indication for continuation is present, has been
another suggested adjunctive technique as it is thought that
gastric acid plays an important role in chemical debridement
of necrotic tissue by facilitating liquefication of necrosis and
preventing bacterial overgrowth (48). A recent multicenter,
retrospective study by Powers et 4l. of patients with WON
who underwent drainage with LAMS were divided into two
groups, those that used PPI continuously and those that
did not have continuous PPI usage during the interval of
therapy, and found that there was a significant difference in
the required number of direct endoscopic necrosectomies
in order to achieve clinical success in the PPI vs. non-PPI
group (3.2 vs. 4.6 respectively, P<0.01) (49).

Another reported innovation to improve chemical
debridement of necrosis is the use of diluted hydrogen
peroxide. Hydrogen peroxide has been used in other clinical
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Figure 19 Endoscopic view: necrotic cavity before diluted

hydrogen peroxide lavage.

Figure 20 Endoscopic view: necrotic cavity after diluted hydrogen

peroxide lavage.

contexts such as treatment of abrasions, superficial wounds,
and abscesses. Hydrogen peroxide is broken down into
water and oxygen by an enzyme known as catalase. When
combined with organic tissue, this reaction can lead to the
breakdown of necrotic debris. Diluted hydrogen peroxide
can be infused into the necrotic cavity and then flushed out
(Figures 19,20). At current, there is limited data to support
the routine use of diluted hydrogen peroxide however case
series have suggested the use of hydrogen peroxide was
associated with a reduction in the number of procedures
needed for endoscopic mechanical debridement (50,51).
It is important to note, however, that the use of hydrogen
peroxide when injected into enclosed body cavities has been
known to provoke, although rare, fatal to near fatal gas
embolisms (52,53).

The use of indwelling nasocystic tubes for irrigation of
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WON has also been reported. Nasocystic irrigation permits
continuous lavage of the WON cavity and was traditionally
pursued with saline and is now also utilized with hydrogen
peroxide. Although limited data is available, the use of
nasocystic tubes in the setting of solid debris within a
collection has been associated with greater short term and
long-term success when compared to drainage by stents
alone as well as decreased rates of stent occlusion (54).

Direct endoscopic necrosectomy (DEN) is another
adjunctive technique used for the management of WON.
DEN is mechanical debridement performed by passing an
endoscope directly into the cavity to facilitate the removal
of necrotic debris. DEN may be necessary in collections
with large amounts of solid debris and in those that fail
drainage with stent placement alone (55). A “step up
approach” can be utilized in that DEN is performed only
after standard drainage with stents alone or after adjunctive
irrigation techniques fail to completely resolve the necrotic
collection (56). However, a recent retrospective study by
Yan ez al. looked at performing DEN for the management
of WON at the time of LAMS placement as compared to
delayed DEN one week later and found the clinical success
rate for resolution of WON in the immediate DEN group
was 91.3% compared to 86.1% in the delayed DEN group
(P=0.3) and the mean number of necrosectomy sessions was
significantly lower in the immediate DEN group as compared
to the delayed DEN group (3.1 vs. 3.9, P<0.001) (57). DEN
is generally safe but may be associated with adverse events
including air embolism, bleeding and perforation; thus, the
decision to perform DEN should be made on a case-by-case
basis and at a high volume center (17).

Two additional techniques that have been used for the
management of WON include dual modality drainage
(DMD) and multiple transluminal gateway technique
(MTGT). DMD was first described by Ross et /. in 2010
whereby endoscopic transmural drainage was performed
immediately after percutaneous drainage (58). A prospective
study by Ross ez al. reviewed long terms outcomes of 117
patients who had undergone DMD for the management
of WON and found that no patients required surgical
necrosectomy, there were no procedure-related deaths and
no patient developed a pancreatic cutaneous fistula (59).
MTGT was first described by Varadarajulu ez 4/. in 2011
in which multiple transmural tracts are created under
EUS guidance in order to facilitate drainage (60). When
first described, a combination of nasocystic irrigation and
placement of double pigtail placement stents was used.
Now with the advent of LAMS, this technique is not as
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frequently utilized but MTGT could be considered if
LAMS with DEN fails (55).

Cost effectiveness of LAMS

Although the use of LAMS for the management of
pancreatic fluid collections has increased, it is important to
note the costs associated with these newer devices. A cost-
effectiveness analysis performed by Chen ez 4/. compared
plastic stents to LAMS for the endoscopic drainage of
pseudocysts. According to their study, the use of LAMS
cost on average $17,024 per patient compared to $10,087
for plastic stents with a success rate of 93.9% for LAMS
and 97.0% for plastic stents suggesting the use of plastic
stents should be preferred over LAMS for the initial
endoscopic management of pseudocysts (61). In a cost-
effective analysis comparing LAMS to plastic stents for the
management of WON, however, Chen ez 4/. concluded
that although the use of LAMS was more costly at $20,029
per patient, compared to $15,941 for plastic stents per
patient, the increased effectiveness for WON may favor
its use over plastic stents (LAMS 92.2% effective versus
plastic stents 83.9% effective) (62). Furthermore, the
rates of unplanned endoscopy and surgical intervention
were both lower with the use of LAMS. The difference
in outcomes for the management of pseudocysts versus
WON are likely secondary to the favorable stent
characteristics of LAMS including their large diameter
making obstruction from solid debris more commonly
seen in WON less likely and the ability to perform DEN
through the stent.

Disconnected pancreatic duct syndrome (DPDS)

DPDS occurs when there is a complete transection of the
pancreatic duct resulting in a severe pancreatic leak. DPDS
is often secondary to necrotizing pancreatitis but it can also
be seen secondary to trauma, post-operative complication,
chronic pancreatitis, and malignancy (63). Clinically
features concerning for a pancreatic duct leak including
the development or recurrence of a pancreatic fluid
collection, however the diagnosis and management remains
challenging. Current proposed criteria for the diagnosis of
DPDS includes the presence of necrosis of at least 2 cm of
pancreas on CT or MR imaging, viable pancreatic tissue
upstream or toward the pancreatic tail, and extravasation
of contrast material injected into the main pancreatic duct
at pancreatography (64). Definitive treatment of DPDS
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is operative resection of the disconnected segment but
this is associated with high periprocedural morbidity (17).
Less invasive approaches to the management of DPDC
include percutaneous, endoscopic or minimally-invasive
surgical techniques. Endoscopic management may
include transpapillary drainage via endoscopic retrograde
cholangiopancreatography (ERCP) with stent placement,
transmural drainage via EUS-guided stent placement, or
a combination of transpapillary and transmural stenting
(65,66). The goal of transpapillary stenting is to alter the
pressure gradient and allow for favored transpapillary
drainage from the pancreas proximal to the damaged
duct. Complete bridging of the transected duct is ideal
although technically challenging and thus placement
of a transpapillary stent up to the fluid collection is
recommended in most cases. The transpapillary drain is
typically removed within a 4-week period. The optimal
timing of transmural stent placement remains unclear
as early stent removal is associated with recurrence of
pancreatic leak; however long-term placement of stents
may be complicated by stent occlusion, migration,
or infection. Permanent transmural stenting may be
considered to decrease the risk of recurrence by creating a
permanent fistula between the main pancreatic duct and the
gastrointestinal lumen (67).

Disadvantages and complications of endoscopic
drainage

Although endoscopic interventions remain a successful
minimally invasive approach to the management and drainage
of pancreatic fluid collections, there are disadvantages and
complications that should be considered. With the advent
of EUS-guided drainage and the ability to perform the
procedure with further imaging guidance, there has been
decreased risk of complications given that local structures that
could be confused for fluid collections and vasculature can be
visualized in real time (68). Furthermore, the technical success
rate of EUS-guided transmural drainage of pancreatic fluid
collections has been reported to be greater than 90% (19).
Disadvantages to EUS-guided drainage include a recognized
learning curve given the procedure can be highly technical,
especially in light of newer technologies. Procedure
times may be lengthy and many patients may require
multiple procedures. Increased provider experience and
different stent qualities have shown to be associated with
significantly improved success rates and decreased rate of
complications (69). Complications associated with EUS-
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guided drainage of pancreatic fluid collections include
bleeding, perforation, infection and stent specific
complications, including migration and occlusion (70).

Bleeding related to endoscopic drainage can be further
subdivided into early and delayed bleeding. Again, one of
the advantages of EUS-guidance is to help reduce the risk
of bleeding, particularly early bleeding, by visualizing any
intervening vessels. Bleeding during the procedure can
occur at the site of puncture, even with ultrasound guidance
and avoidance of intervening vessels, or from within the
cavity (71). Bleeding can also be seen in the setting of
pseudoaneurysm development due to stent-induced arterial
injury, which often presents after rapid decompression of
the pancreatic collection (70). In various published studies,
the risk of bleeding varies with a range of 1-10% (70).
In a retrospective study of 149 patients by Brimhall ez al.
undergoing endoscopic drainage of pseudocysts and WON,
LAMS when compared to double pigtail stents had a higher
risk of pseudoaneurysm bleeding (OR 10.0, 95% CI: 1.2—
84.6, P=0.009) (72). In the case of uncontrolled bleeding
or presumed pseudoaneurysm bleeding, angiography
and embolization by interventional radiology may be
required and should be pursued early; in rare cases, surgical
exploration may be required (71).

The incidence of perforation during EUS-guided
drainage of pancreatic fluid collections varies from
0-4% (70). In a prospective review performed by
Varadarajulu et al. of 148 patients undergoing EUS-
guided drainage of pancreatic fluid collections, perforation
occurred in two patients (1.3%) who had attempted
transgastric pseudocyst drainage in the uncinate region (73).
The authors noted when compared to other locations,
perforation was more common when the fluid collection
involved the uncinate process making location of the
attempted drainage a possible risk factor (0% vs. 50%,
P=0.0005) (73).

Another well recognized complication of endoscopic
drainage of pancreatic fluid collections is infection.
Infection is most commonly secondary and occurs in the
setting of blocked or occluded stents leading to incomplete
drainage or entry into and contamination of a previously
sterile pancreatic fluid collection. The incidence varies
but has reported to range between 0-10% (70). Recent
literature has suggested that the addition of double pigtail
stents through a LAMS as opposed to LAMS alone for the

management of pancreatic pseudocysts is associated with
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decreased risk of infection requiring reintervention (17%
in LAMS only group compared to 0% in the double pigtail
stent plus LAMS group, P=0.054) (74).

Stent specific complications include stent migration,
stent occlusion and buried stents. Stent migration, as
previously mentioned, is a known complication when using
plastic stents and FCSEMS and has been reported to range
between 1-15% (75). Often migration of the stent at time
of final deployment can be mitigated by gradual withdrawal
and torquing of the echo-endoscope (71). Stent occlusion is
a common culprit in causing secondary infection but can be
managed by additional endoscopic debridement, especially
in the setting of occlusion secondary to solid necrosis. In the
setting of occlusion of a LAMS, the placement of additional
plastic stents through the LAMS has been performed to
prevent recurrence.

Overall, a recent systemic review and meta-analysis
of outcomes related to endoscopic ultrasound-guided
cystogastrostomy for pancreatic fluid collections by
Renelus ez 4l. included seventeen studies involving 1,708
patients and reported the pooled adverse events rates for
metal stents to be 14% and plastic stents to be 18% (76).
Overall complications are rare and most can be managed
successfully when recognized.

Conclusions

The management of pancreatic fluid collections remains
an evolving field with the introduction of new and novel
approaches to treatment. Most interventions are targeted
towards the management of delayed complications, often
four weeks after an episode of acute pancreatitis, which
include pancreatic pseudocysts and WON. If there is an
indication for drainage such as symptomatic collections or
infected necrosis, a step-up approach to drainage should
be utilized starting with EUS-guided drainage as the first
line management. For the management of pseudocysts, the
optimal stent for drainage remains unclear given similar
clinical success rates. For the management of WON,
current studies suggest the use of LAMS is likely the best
approach with high technical and clinical success rates along
with the ability to perform DEN. However, the potential
adverse events related to the use of LAMS including
increased risk of bleeding should be taken into account.
The placement of double pigtail stents though a LAMS has

been shown to decrease risk adverse events when compared
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Figure 21 Flow diagram for management of pancreatic fluid collections. DPS, double pigtail plastic stent; LAMS, lumen apposing metal

stent; WON, walled-off necrosis; DEN, direct endoscopic necrosectomy; DMD, dual modality drainage; MTGT, multiple transluminal

gateway technique; DPDS, disconnected pancreatic duct syndrome; ERCP, endoscopic retrograde cholangiopancreatography.

to the placement of a LAMS alone (Figure 21).
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