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ABSTRACT
EUS–guided interventions have become widely accepted therapeutic management options for drainage of peripancreatic fluid collec-
tions. Apart from endosonographic skills, EUS interventions require knowledge of the endoscopic stenting techniques and familiarity
with the available stents and deployment systems. Although generally safe and effective, technical failure of correct stent positioning
or serious adverse events can occur, even in experts' hands.
In this article, we address common and rare adverse events in transmural EUS-guided stenting, ways to prevent them, and manage-
ment options when they occur. Knowing the risks of what can go wrong combined with clinical expertise, high levels of technical skills,
and adequate training allows for the safe performance of EUS-guided drainage procedures. Discussing the procedural risks and their
likelihood with the patient is a fundamental part of the consenting process.
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INTRODUCTION

EUS–guided transmural drainage of peripancreatic fluid collections
is considered the first-choice treatment for patients with pancreatic
pseudocysts or walled-off necrosis (WON).[1–4] The development of
lumen-apposing metal stents (LAMS) has made interventional proce-
dures simpler and quicker, with facilitation of further maneuvers such
as direct endoscopic necrosectomy.[5] In 2012, the first report of
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EUS-guided drainage of peripancreatic fluid collections using LAMS
was published by Itoi et al.[6]

Since then, the use of LAMS in the management of peripancreatic fluid
collections has gained widespread popularity. Although generally safe,
the EUS-guided insertion of LAMS can cause immediate or delayed ad-
verse events including serious bleeding, stent maldeployment, infection,
and perforation, to name the most common.

The specific LAMS design, with a dumbbell shape and a high radial
force, significantly reduces the risk of late migration, perforation,
and leakage of intestinal or necrotic material, when the stent has been
appropriately placed. Hence, the most dramatic part of the procedure
is the release of the LAMS itself, for which specific competences need
to be gained through appropriate ex vivo and in vivo training. Fi-
nally, whereas LAMS deployment, especially with the built-in
electrocautery-enhanced delivery system, can appear intuitive and
easy, endoscopists facing therapeutic EUS should have proficiency
in handling complications such as bleeding, perforation, and
maldeployment.

STENT MALDEPLOYMENT/STENT MIGRATION

Stent misplaced into the collection (internal misplacement)

One of the most dreaded stent misplacements is inadvertent de-
ployments of the stent into the peripancreatic fluid collection [Figure 1].
Retrieving the stent endoscopically can be very challenging, and
heroic attempts may cause more problems. It might be prudent
to first secure adequate drainage of the collection by placing a sec-
ond stent, whereas attempts to retrieve themisplaced stent can also
be deferred according to the patient's clinical situation. When the
maldeployment has been noticed, the stent catheter might still be
inside the collection and therefore used to secure a guidewire inside
the collection. In this way, a new LAMS can be placed over the wire
through the same tract. The misplaced stent can be extracted after
entering the peripancreatic collection through the correctly placed
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and fully opened transgastric stent. Perhaps a larger lumen diameter
can be chosen for the second stent to facilitate later retrieval.[7]

When the necrotic cavity is entered endoscopically at a later date,
one of flange ends of the intracavitary stent needs to be grasped
with an extraction forceps. Pulling the flange end lengthens the soft
metal stent, therefore enabling safe extraction through the cor-
rectly placed stent without dislodging it.

Inadvertent deployment into the collection should be avoided
by ensuring that the delivery system is pulled back to the gastric
wall after opening of the first flange. The distance between the
peripancreatic fluid collection and transducer should not be more
than the length of the stent, typically 10mm, but more novel stents
allow for longer distances.[8] The inner axis of the delivery system
should touch the edge of the opened distal flange (rugby ball sign)
to ensure close contact to the wall. Before the second flange is de-
ployed in the instrument channel, the systemmust be securely locked
again. After intrachannel deployment of the second flange, the stent
Figure 1. A, EUS-guided deployment of a 15-mm-diameter LAMS. B, EUS v
Coronal and axial CT scans showing the stent misplaced within the pancre
AXIOS stent. E, After 3 weeks and improvement in clinical situation, the mispla
the correctly placed also 15-mm-diameter stent, leaving the correctly placed s
computed tomography; LAMS: lumen-apposing metal stents.
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end should be released from the operative channel by a gentle
endoscope torquing and/or tip deflection or left/right rotation to
change the axis with respect to the fistula while providing sufficient
space for the flange to open without advancing toward the fistula.

Correct handling of the stent delivery system is crucial to avoid un-
intentional stent release. The LAMS delivery system is designed
with a stent deployment hub that is stopped by the locking system
on the stent deployment hub after the deployment of the first flange.
This allows for correct positioning of the half-opened stent. Inadver-
tent touching of the locking system during stent deployment might
open this lock and result in uncontrolled deployment of both flanges.[9]

During endoscopic necrosectomy when the fistula has already ma-
tured, the movement of the endoscope and tools through the
LAMS can result in its dislodgement into the cavity or the gastric
lumen. Often the stent can then be repositioned endoscopically
with the help of forceps or snares.[10–12] If the tract is fully matured,
the necrosectomy can be pursued without the need of reinserting a
iews of the stent misplaced in the peripancreatic fluid collection. C and D,
atic walled-off necrosis and the second correctly placed transgastric Hot
ced stent could be retrieved endoscopically using a biopsy forceps through
tent for 4 more weeks until near-complete resolution of the collection. CT:
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LAMS. It might also be helpful to complete the necrosectomy, as
sometimes LAMS might hamper the access to some areas requiring
necrosectomy. In cases of WON with a large amount of debris
when the need for later endoscopic necrosectomy seems likely,
large-caliber LAMS with 15- or 20-mm diameter should be placed
initially to facilitate the endoscopic access to the cavity.
Figure 2. A LAMS placed close to the esophagogastric junction causes
obstruction of the food passage. A, Endoscopic view from the esophagus.
B. Endoscopic view through the stent into the pancreatic cavity. C, The
CT scan visualizes the position of the stent close to the cardia. CT:
computed tomography; LAMS: lumen-apposing metal stents.
Stent dislodged into the gastrointestinal lumen (external dislocation)

If the stent is dislodged into the gastrointestinal lumen during the
procedure, the main intention should be to secure the orifice to
place another stent. Ideally, the second stent should be placed via
the same tract to avoid leakage, but if the misplaced stent has inad-
vertently been extracted with the scope, the access usually has been
lost. In this scenario, the placement of a second stent should reduce
retroperitoneal leakage from the first tract by decompression of the
collection.

Ideally, the fistula tract from the unsuccessful stenting attempt
should be closed with clips; however, defects generated by a 10F
electrocautery-enhanced delivery system might be functionally silent,
and contrast injection might suffice to exclude the need for active clo-
sure. Usually, there is no (retro-)peritoneal leakage due to inflamma-
tory adherence of the pancreatic cavity to the gastric wall.

An intragastrically dislodged stent can generally easily be extracted
with a stent grabber or a polypectomy snare. If the intraluminally lost
stent cannot be retrieved, its spontaneous passage through the gastro-
intestinal tract in the absence of any gastrointestinal strictures is un-
likely to cause any harm.

The design of the commercially available stents for EUS-guided
drainage of peripancreatic fluid collections has wide internal and
external flanges to prevent stent migration. However, the short
length of the saddle, the effective length of usually 10 mm for
lumen-apposing stents, requires precision positioning.

After opening of the first flange and pulling it back to the wall of
the peripancreatic fluid collection, the second flange can be opened
while still in the instrument channel. A gentle move away from the
gastrointestinal wall paired with gentle advancing of the catheter
then sets the second flange free from the instrument channel and
enables the endoscopic view.

The correct stent positioning can be usually confirmed endoscopi-
cally by fluid pouring through the stent into the gastric lumen and
endosonographic imaging.

If the LAMS extends too far into the lumen of the stomach but the
ostium to the cavity is visible, an attempt can be made to correct
the position by inserting a 10- to 12-mm balloon into the stent. If
the balloon is then filled and fills the stent lumen, dilating the access
path across the gastric wall somewhat, the stent can be slightly
pushed forward and more centrally positioned. This procedure is
very demanding and must be performed extremely carefully so as
not to have the opposite effect and dislocate the stent into the necrotic
cavity or perhaps injure the gastric wall in the process.

It has been postulated that coaxial placement of double-pigtail plas-
tic stents (DPPS) or a nasocystic tube through the correctly positioned
transmural LAMS would prevent stent clogging and migration
and reduce bleeding complications resulting from mechanical irri-
tation of the flange on the contralateral wall.[13,14] This has not been
395
confirmed in a recent retrospective multicenter study,[15] and a large
randomized controlled trial is planned.[16] A most recent randomized
controlled study showed less stent obstruction when double-pigtail
plastic stents were additionally inserted.[17]
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Pitfalls of a target mistake (stent into ascites/peritoneum/
gallbladder/liver or kidney cyst or into other echo-free structures)

Not everything that appears echo-free is a peripancreatic fluid collec-
tion resulting fromprior pancreatitis. Inexperienced EUS endoscopists
might mistake ascites, the gallbladder, or liver and kidney cysts for a
peripancreatic fluid collection and are at risk to attempt stent insertion
with potentially deleterious consequences. Another serious mis-
take is to mix up a pseudocyst and a pseudoaneurysm.

These are avoidable serious adverse events that could be prevented
by reviewing of the preprocedural imaging and a careful orientat-
ing EUS assessment with identification of the anatomic landmarks,
definition of the walls of the collection and the retroperitoneal lo-
cation, and Doppler analysis before commencing the stent
insertion.

If infected WON with heterogenous echogenicity B-mode visuali-
zation can be poor, then contrast-enhanced EUS can help to define
the margins of the necrosis to the surrounding tissue for targeted
stenting.[18] In WON with large amounts of debris and only small
pockets of liquid content, the injection of saline will enlarge the
echo-free space and improve the visibility for stent deployment.[19]

Stent obstruction of the gastrointestinal tract

Lumen-apposingmetal stents can be applied in all positions that can
be reached by an echoendoscope in the upper and lower gastrointes-
tinal tract. Important criteria for correct positioning of the stent are
to find the closest position of the cavity to the gastrointestinal wall
and to avoid intercepting large vessels. Occasionally, the chosen po-
sitionmay cause problemswith transit of food through the gastroin-
testinal tract. Although stent position in the lower esophagus or
cardia region [Figure 2] rarely tends to cause mechanical problems
due to the angle of the deployed stent, positioning in the antrum
Figure 3. Obstruction of the pylorus by closely applied LAMS into a necrotic p
double-pigtail drainages to avoid food passage into the cavity, and a guidewir
Radiologic view after inserting the fully covered intestinal stent next to the LA
stent and the visible two double-pigtail drainages into the necrotic cavity. D, A
double-pigtail drainage in the stent lumen. E, Coronal CT scan of the same
ending in the necrotic cavity. CT: computed tomography; LAMS: lumen-appos
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region can be tricky. If the stent is deployed close to the pylorus,
the stent lumen opens into the direction of food passage and the
inner stent flange can obliterate the pylorus.[20] Several solu-
tions can be used if this situation arises. One solution would
be to apply a feeding tube to bypass the flange and avoid solid
food intake as long as the clearance of the cavity is ongoing.Another
solution is to exchange the LAMSwith plastic double-pigtail stents,
which do not obstruct the pylorus anymore.

It is also possible to apply a fully covered pyloric stent next to the
LAMS to keep the pylorus open and maintain the drainage of the
peripancreatic fluid collection [Figure 3].[21] Because both stents
are fully covered stents, extraction is still possible up to 4 weeks.

Food passage into the pancreatic cavity can be avoided by inserting
one or multiple double-pigtail plastic stents. This stops solid food
entering the pancreatic cavity while still allowing for a sufficient
room for fluid drainage into the gastric lumen.
BLEEDING

The risk of bleeding for EUS-guided interventions has been reported
as 5.4% in ameta-analysis byMohan et al.[22] In analyzing retrospec-
tive data from 18 UK and Ireland units with a total of 1018 patients,
initial bleeding was seen in 1.1% of cases and delayed bleeding in 18
of 952 (1.9%).[23]

Intraprocedural bleeding

Before accepting a patient for EUS-guided stent placement, the
usual criteria for high-risk endoscopic interventions should be followed.
A platelet count >50 � 109/L and international normalized ratio
<1.5 are generally accepted as prerequisite criteria. For advice on
per-procedural interruption of antiplatelet and anticoagulation
ancreatic cavity. A, The LAMS is applied and the lumen is protected by two
e is applied next to the LAMS through the pylorus into the duodenum. B,
MS with two double-pigtail drainages. C, View onto the applied intestinal
xial CT scan with stents in position—the LAMS can be identified with the
area—the intestinal stent can be seen on top of the LAMS with the distal
ing metal stents.
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treatment in patients undergoing LAMS insertion, the updated guide-
lines from the British Society of Gastroenterology and the Euro-
pean Society of Gastroenterology and Endoscopy that categorizes
EUS interventions as high-risk procedures should be followed.[24]

To reduce the risk of intraprocedural bleeding, the projected path
of the diathermy access should be checked using Doppler sonogra-
phy to exclude interposed vessels that might get injured. It is impor-
tant not to compress the wall with the ultrasound tip because this
maneuver can result in an underestimation of the interposed ves-
sels. Although the endosonographic visualization of collaterals
and blood vessels using color flow is excellent, it cannot completely
exclude the risk of bleeding during the procedure. The bleeding can
originate either from the site of access in the gastric wall or from
vessels within the cavity.

When the best access point and projected path have been selected
and the tip of the electrocautery system is visible on EUS just touch-
ing the gastrointestinal wall, it is important to activate electrocau-
tery by pressing the foot pedal before advancing the system to
avoid inadvertent tangential deviation into the gastric wall.

Hemorrhage into the necrosis cavity can be suspected if the liquid
content in B-mode is suddenly whirled up. Duplex sonography
may show a jet-like hemorrhage into the cavity. In this situation,
it is important to remain calm and continue the stenting procedure
rapidly. Usually, the bleeding into the necrosis cavity is compressed
by the radial forces of the stent, and the bleeding is stoppedwithout
further intervention and only by the stent implantation.

Should intraprocedural hemorrhage occur, the management varies
depending on severity and the site. Minor bleeding from the access
site often stops spontaneously or because of radial forces exerted
by the LAMS on surrounding tissues.[25] Conventional endoscopic
hemostasis techniques such as adrenaline injection [Figure 4],
endoclip placement, clipping, electrocoagulation, or hemospray[26]

can be applied. Balloon occlusion might control further bleeding
by tamponade effect.[27] Finally, if anything fails, an occlusion of
the stent with an endoloop can be attempted.
placement. A, The bleeding had already stopped at the time of endoscopy.
B, However, 4-quadrant injection of small amounts of diluted adrenaline
was performed both outside and inside the stent. LAMS: lumen-apposing
metal stents.
Delayed bleeding

Two studies have raised concerns about high rates of delayed bleed-
ing with LAMS insertion for peripancreatic fluid collections.[28,29]

Delayed bleeding events might occur when the embedded stent
erodes over time with collapsing of the cavity into adjacent vessels
or induces pseudoaneurysm formation. The risk of bleeding seems
higher when the LAMS is left in place for longer, given that the col-
lapse of the cavity after drainage may cause the edge of the LAMS
to erase the posterior wall of the cavity.[30–32]

In cases of severe hemorrhage, a computed tomography angiogra-
phy and interventional radiology-guided coil embolization may be
required to achieve hemostasis.[1] Surgical management with explo-
ration and blood vessel ligation or packing of the pancreatic cavity
should be reserved as a last resort for life-threatening situations
when all other measures have failed.

To avoid these bleeding events, coaxial double pigtail plastic stent
(DPPS) placement and aLAMS removal or exchange forDPPSwithin
3 to 4weeks fromplacement have been advocated.[14,29] The Euro-
pean Society of Gastroenterology and Endoscopy recommends
that LAMS should be removed within 4 weeks of placement to
397
avoid this complication. However, there is mounting evidence that
challenges this notion showing no different in adverse outcomes
between early (<4 weeks) and late (>4 weeks) LAMS removal.[23]

Therefore, an increasing number of stents are being left longer than
4 weeks with imaging monitoring if the desired clinical outcome has
not yet been achieved.

Bleeding is also the most common complication during endoscopic
necrosectomy, sometimes even with fatal outcome.[33] The oftenmi-
nor bleeding seen during and immediately after stent removal is usu-
ally self-limiting. If not, the previously discussed hemostasis tech-
niques can be applied.
PERFORATION/INTRA-ABDOMINAL LEAKAGE

Peritonitis and/or pneumoperitoneum develops if the newly cre-
ated fistula tract between the gastroduodenal opening and the
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peripancreatic fluid collection is not sealed completely by the stent
and allows for leakage of air and fluid into the peritoneal space.

This happenswith incorrect stent placement,mainlywhen the capsule
of the collection has not yet matured and is not adherent to the gastric
or duodenalwall, potentially leading to intraperitoneal deployment of
the distal flange. In other cases, the stent does not completely bridge
the gap.

Walled-off necrosis requires drainage treatment if it becomes symp-
tomatic (gastric outlet syndrome, intractable pain, biliary compres-
sion) or infected. Ideally, according to guidelines, intervention for
pancreatic necrosis should be delayed by at least 4 weeks since the
onset of acute necrotizing pancreatitis until the necrotic tissue has
liquefied and demarcated with a thick capsule wall. However, the
decision for EUS-guided intervention is driven by the patient's clini-
cal condition, and transmural endoscopic drainage of an acute ne-
crotic collection can also be safely and successfully performed—if
necessary in urgent cases—in the early phase of acute pancreatitis.[34]

The self-expanding forces and the fully covered design of LAMS
should prevent leakage if the stent is correctly placed. Perforation
occurred in 2.4%when LAMSwere inserted to drain peripancreatic
fluid collections according to the meta-analysis by Mohan et al.[22]

If the misplaced stent causing the perforation is extracted and the
gastric lumen is closed endoscopically by clips, pancreatic juice
from the opened collection might still leak into the peritoneum.
Conservative management with intravenous antibiotics and fluids
might be justified in stable patients with small perforation, but sur-
gical consultation should be obtained.

To avoid leakage of air and fluids into the peritoneum by separa-
tion of the capsule of the collection and the stomach wall, a retro-
peritoneal access site with clear wall apposition and distance of less
than 1 cm should be selected. Use of carbon dioxide lowers the risk
Figure 5. Buried stent syndrome 8weeks after initial placement. A, Initial CT sca
because of portal hypertension. B, Placement of the LAMS and an additional
obstruction. C, View into the lumen of the buried stent with the double-pig
double-pigtail stent. E, CT scan before stent removal—please note the
lumen-apposing metal stents.
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of pneumomediastinum, pneumothorax, and abdominal compart-
ment, should a perforation occur, and it should be mandatory
when performing therapeutic EUS.[1]

Generally,WON is still associated with high mortality, and its man-
agement requires a multidisciplinary approach. The decision mak-
ing regarding periprocedural adverse events of EUS-guided stenting
such as perforation, bleeding, and infectionwill also benefit from the
combined expertise of surgeons, interventional radiologists and
endoscopists, infectiologists, and the nutritional team.
INFECTION

EUS–guided cystogastrostomy to drain peripancreatic fluid collections
creates a new fistula tract, an artificial connection between internal
organs and the stomach or duodenum, thereby exposing usually
separated tissues to the gastric contaminated environment. Subse-
quently, development of infection up to sepsis (4.5%) is an adverse
event observed after EUS-guided stent insertion.[22]

Although evidence is not based on randomized controlled trials,
the US, Asian, and European guidelines recommend application
of periprocedural antibiotics. Mainly, second- or third-generation
cephalosporines or meropenem is given for 3 to 5 days.[1,35,36]

However, because the more frequent indication for drainage is su-
perinfection, most patients will already arrive in the endoscopy
suite under antibiotic therapy.

Secondary infections can occur when the inserted stent becomes
occluded, mainly by debris from the necrotic cavity. In this case,
endoscopy with direct fluid irrigation or placement of a nasocystic
tube and the option for endoscopic necrosectomy to clear debris
from the stent and from the WON are indicated. Also, insertion
of additional drainage by inserting a second stent (multi-gateway
approach) or by the percutaneous route might be needed in complex
n of the infected pancreatic pseudocyst—please note the intercepting vessel
plastic double-pigtail stent to increase the drainage effect by avoiding stent
tail stent still in place. D, View of the buried stent after removal of the
overgrown proximal stent flange. CT: computed tomography; LAMS:
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large cavities.[37] The role of prophylactic coaxial DPPS placement
during the first drainage deserves further exploration.[14,16]

BURIED STENT SYNDROME

Mucosal overgrowth of the gastric or duodenal flange (buried stent
syndrome) renders the endoscopic removal technically challenging
and might result in bleeding. If the flange is completely embedded
by overgrown mucosa, the stent and the former opening of the
stent lumen cannot be visualized endoscopically and only a bulge
in the gastric lumen might be noted [Figure 5]. In this scenario,
the stent will be visible on fluoroscopy or EUS assessment, which
can facilitate the recannulation of the lumen.[38]

Buried stent syndrome was found to be one of the most common
delayed adverse events with an overall rate of 4.7% in the multicen-
ter study by Nayar et al.,[23] 2.1% in a study by Bang et al.,[39] and
1% in an Australian multicenter study.[40]

Grasping a visible flange edge of a partially embedded stent with
rat-tooth forceps or biopsy forceps usually allows for the extrac-
tion. Opening the mucosal cover with a needle knife, argon plasma
coagulation, and initial dilatation of the tract to facilitate removal
of completely embedded stents have been reported. Partially ingrown
tissue can be freed by using argon plasma coagulation, as reported in
one case with damaged silicon membrane.[41] It might be easier when
the proximal flange is largely covered by overgrownmucosa to insert
a scope through the embedded stent and grasp the distal flange from
within the cavity inverting the stent on extraction.[42,43]

After many years of stent indwelling in patients lost to follow-up,
the metal mesh and membrane start disintegrating, and wires can
become lose and tangled. Stent-in-stent technique has also been applied
to inducemucosal necrosis by exerting pressure due to expansion of the
new stent before attempting the removal of the ingrown stent.[44]

To avoid the buried stent syndrome, LAMS should be extracted as
soon as the collection has resolved, ideally within 4 weeks. Units
Figure 6. EUS–guided stent insertion in assumed peripancreatic fluid collectio
necrosis after necrotizing pancreatitis” but was finally diagnosed with Ewing sa
collection but with some wall irregularities in panel B. Corresponding EUS imag
which revealed old blood as content. E, After partial drainage, the irregular thick
but blocked by a blood clot. EUS–FNB of the wall confirmed Ewing sarcoma. F
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performing EUS-guided cystgastrostomy using LAMS should main-
tain a registry with insertion dates to call patients back for imaging
and stent extraction in or to prevent loss to follow-up. An app to fa-
cilitate the timely recall of patients has been developed.[45]

STENTING A CYSTIC TUMOR AND NOT A
PERIPANCREATIC FLUID COLLECTION AFTER
PANCREATITIS

Sometimes cystic tumors canmimic peripancreatic fluid collections
caused by pancreatitis. However, the inadvertent stenting of a cys-
tic tumormight have grave consequences, as it has a high risk of tu-
mor cell dissemination.

To prevent insertion of a LAMS in a cystic-appearing tumor, all
preprocedure imaging should be carefully reviewed in a multidisci-
plinary team meeting with gastrointestinal specialized radiologists
in the context of the clinical situation and laboratory parameters.
Irregularities of the wall, presence of nodules, and lymph
adenopathy should be carefully looked for. If the clinical history
does not entail the typical event of an acute pancreatitis, the differ-
ential diagnosis of a cystic-appearing neoplasm should be consid-
ered. On the other hand, tumors can also cause acute pancreatitis.

If in doubt, a fine needle aspiration of the cystic fluid with analysis
of glucose, carcinoembryonic antigen, and amylases and biopsy of
the wall could be arranged first. Most importantly, operators
should be aware of the differential diagnosis of cystic tumors. Neu-
roendocrine tumors, gastrointestinal stromal tumors, andmucinous
cystadenoma can present like a peripancreatic fluid collection, but
rarely also other tumors with large necrosis or hemorrhage can
mimic cystic appearance, for example, sarcoma [Figure 6].

AIR EMBOLISM

Air embolism occurs when direct contact between a source of gas
and the blood vasculature is given and a pressure gradient favors
the flow of gas into the arterial or venous blood stream.
n in a young man who was referred for EUS-cystgastrostomy of “walled-off
rcoma after EUS-FNB of the thick wall. A and B, Huge peripancreatic fluid
e of the collection (C) and stent deployment into thick-walled collection (D),
ened wall becomes more apparent. The LAMS is visible in correct position
NB: fine needle biopsy; LAMS: lumen-apposing metal stents.
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Table 1

Incidence of complications fromLAMS insertion from recent
studies

Complications Incidence, % Literature

Immediate
Bleeding 0.9–6.2 22,23,30,40,47–50

Maldeployment 2.2–3.4 23,40

Perforation 0.5–3.8 22,30,48,50

Delayed
Bleeding 1.9–3.0 23,40

Migration 0.9–7.8 22,23,30,40,47–50

Buried stent 1.0–4.7 23,40

Occlusion 0.7–12.7 23,30,48–50

Infection 1.9–9.2 22,40,47–49

Death 0.5–1.1 40,47,48

LAMS: lumen-apposing metal stents.
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Air embolism during EUS-guided intervention in the retroperitoneum
is rare (<1%) but can become fatal. It occurs mainly during endo-
scopic necrosectomy where gas might get in contact with the blood
stream. The duration of the procedure and the use of air instead of
carbon dioxide increase the risk of air embolism. The inflammatory
process in tissues around vascular structures as commonly seen
in pancreatitis enables the penetration of gas and direct contact
with the blood stream.

A high suspicion and the knowledge of clinical symptoms caused
by air embolism (cardiovascular, respiratory, and neurological symp-
toms) are paramount to directly initiate the potentially lifesavingman-
agement in the endoscopy room (stop the procedure, Trendelenburg
position, high-flow 100% oxygen, high-volume saline infusion,
and resuscitation).

Using carbon dioxide instead of air for insufflation reduces the risk
of air embolism substantially because it is rapidly absorbed.[46]

CONCLUSIONS

Although EUS-guided deployment of LAMS might seem simple
and intuitive, the knowledge of adverse events potentially occur-
ring during this procedure (summarized in Table 1) is an integral
part of the competencies of therapeutic endosonographers. EUS–
endoscopists should be proficient in handling both standard endo-
scopic complications (such as bleedings and perforations) and spe-
cific complications coming from these peculiar procedures. Read-
ing literature describing these events and how they might be
prevented and rescued should be encouraged for those ap-
proaching this topic. The knowledge of potential adverse events
and the understanding of what causes them will help to avoid
and reduce their occurrence.
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