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Abstract

Background: Endoscopic ultrasound-guided drainage is suggested as the first approach in the management of
symptomatic and complex walled-off pancreatic necrosis. Dual approach with percutaneous drainage could be the
best choice when the necrosis is deep extended till the pelvic paracolic gutter; however, the available catheter
could not be large enough to drain solid necrosis neither to perform necrosectomy, entailing a higher need for
surgery. Therefore, percutaneous endoscopic necrosectomy through a large bore percutaneous self-expandable
metal stent has been proposed.

Case presentation: In this study, we present the case of a 61-year-old man admitted to our hospital with a history
of sepsis and persistent multiorgan failure secondary to walled-off pancreatic necrosis due to acute necrotizing
pancreatitis. Firstly, the patient underwent transgastric endoscopic ultrasound-guided drainage using a lumen-
apposing metal stent and three sessions of direct endoscopic necrosectomy. Because of recurrence of multiorgan
failure and the presence of the necrosis deeper to the pelvic paracolic gutter at computed tomography scan, we
decided to perform percutaneous endoscopic necrosectomy using an esophageal self-expandable metal stent. After
four sessions of necrosectomy, the collection was resolved without complications. Therefore, we perform a revision
of the literature, in order to provide the state-of-art on this technique. The available data are, to date, derived by
case reports and case series, which showed high rates both of technical and clinical success. However, a not
negligible rate of adverse events has been reported, mainly represented by fistulas and abdominal pain.
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Conclusion: Dual approach, using lumen apposing metal stent and percutaneous self-expandable metal stent, is a
compelling option of treatment for patients affected by symptomatic, complex walled-off pancreatic necrosis,
allowing to directly remove large amounts of necrosis avoiding surgery. Percutaneous endoscopic necrosectomy
seems a promising technique that could be part of the step-up-approach, before emergency surgery. However, to
date, it should be reserved in referral centers, where a multidisciplinary team is disposable.

Keywords: Necrotizing pancreatitis, Percutaneous endoscopic necrosectomy, Walled-off pancreatic necrosis,
Endoscopic necrosectomy, Lumen-apposing metal stent

Background
Acute pancreatitis could be complicated by necrosis of
the pancreatic gland or peripancreatic tissue in 10–20%
of cases [1, 2]. The subset of patients that develop necro-
sis and superadded infection of the necrotic tissue has a
mortality rate that could rank 30% if they are untreated
and 6.7% if drainage is performed [1]. Therefore, inter-
ventional procedures, especially endoscopic ultrasound
(EUS)-guided drainage, are to date recommended by
guidelines for the treatment of symptomatic pancreatic
fluid collections (PFCs) [2, 3].
In the last decade, lumen apposing metal stents

(LAMS) have been put into the market, favoring the de-
velopment of EUS-guided drainage and facilitating direct
endoscopic necrosectomy (DEN). When the extension of
the necrosis to the pelvic paracolic gutter is present, a
transmural endoscopic drainage could be insufficient
and a dual approach using percutaneous drainage is rec-
ommended [2, 3]. However, even when large catheters
are used, the percutaneous treatment could represent an
unsatisfactory gateway for solid necrosis. On the other
hand, surgical necrosectomy, even though a minimally
invasive approach, is burdened by high mortality and
complication rates [4]. Therefore, a percutaneous endo-
scopic necrosectomy (PEN) through self-expandable
metal stent (SEMS) has been proposed, showing promis-
ing results [5–8].
In this study, we proposed a dual approach with EUS-

guided drainage using LAMS and percutaneous drainage
using a large bore SEMS for the treatment of a symp-
tomatic walled-off pancreatic necrosis (WOPN) ex-
tended to the pelvic paracolic gutter. Moreover, a
comprehensive review of the literature has been per-
formed, in order to provide an overview of the available
evidences of this technique.

Case presentation
A 61-year-old man developed signs of severe sepsis with
multiorgan failure (MOF) 3 weeks after the onset of an
acute necrotizing pancreatitis (ANP). A computed tom-
ography (CT) scan revealed the presence of a large
WOPN with signs of infection and the patient under-
went EUS-guided drainage using LAMS 20 × 10mm

(Hot-Axios, Boston Scientific Corp., Marlborough, MA,
USA). Three sessions of DEN were performed and the
patient rapidly recovered, although a large amount of
necrosis was still remnant. After 3 weeks from LAMS
placement, the patient newly developed MOF and septic
shock; a new CT scan showed an increased amount of
necrosis extended deep to the left pelvic paracolic gutter.
Because of the severe clinical conditions, surgery was ex-
cluded and we decided to perform a percutaneous drain-
age using a large bore SEMS. Using CT guidance, a
catheter was inserted on the left side of the abdomen
reaching the necrotic collection (Fig. 1); therefore, the
tract was balloon dilated and an esophageal SEMS (Tae-
Woong Niti-S 20 × 100 mm) was placed over a guide-
wire (Fig. 2). A balloon-dilation on the stent was done in
order to allow the entrance of the gastroscope within the
collection (Fig. 3), and a first session of PEN was per-
formed using a snare, leading a rapid resolution of the
sepsis. Four sessions of PEN were completed; between
each session, irrigation with saline solution and instilla-
tion of antibiotics and amphotericin were performed.
Two weeks after SEMS placement, the LAMS was

pulled out, while the percutaneous stent was removed 1
week later, when a complete resolution of the necrosis
was obtained (Fig. 4). The large cutaneous bore fistula
was sutured and medicated for two months. The patient
was discharged 3 weeks later after SEMS removal. No
immediate or late complications occurred. At long-term
follow-up, 557 days, the patient is asymptomatic, without
evidence of recurrence of the collection.

Fig. 1 CT scan previous percutaneous SEMS placement
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From sinus tract endoscopy to SEMS-assisted
percutaneous necrosectomy for the treatment of
WOPN: a literature overview
In the early 2000s, Carter and colleagues described the
development of a minimally invasive approach to retro-
peritoneal/peripancreatic necrosis, using percutaneous
endoscopic necrosectomy (PEN, often referred to as sinus
tract endoscopy) for the debridement of solid necrotic tis-
sue with either a flexible or a rigid endoscopic system [9].
Ten patients were managed using a percutaneous ap-
proach plus PEN as the primary treatment. Except for two
patients who died from MOF, the remaining eight patients
recovered without the need of adjuvant open surgical
treatment, providing an 80% success rate. Moreover, 60%
of patients were treated outside the intensive care unit
(ICU), because they did not require organ support.
Technically, percutaneous endoscopic necrosectomy was

preceded by the placement of a percutaneous drainage
catheter by interventional radiologists, typically providing
an immediate relief of symptoms by decompressing the
fluid part of the collection, but that can be inadequate in
case of consistent solid necrotic tissue, thus resulting in
persistence of sepsis. After the stabilization of the percu-
taneous tract, a sequential use of upsizing drain (over 28Fr)
or dilatation using a CRE™ balloon was performed, allowing
the introduction of a pediatric or adult standard upper

endoscope into the collection. The necrotic cavity was ini-
tially inspected through serial lavages with sterile normal
saline and CO2 insufflation; then, several endoscopic de-
vices can be used to remove the necrotic tissue, such as
rat-tooth forceps, polypectomy snare, and Dormia basket.
After this first experience, several studies and case re-

ports regarding percutaneous endoscopic necrosectomy
have been published [10–17], identifying in the above
technique an efficient and safe alternative to video-
assisted retroperitoneal debridement (VARD) in the
treatment of infected WOPN located distal from the
gastrointestinal tract. In their retrospective analysis,
Moyer et al. [16] reported a clinical success rate of about
82% (19/23), represented by 1-year sustained resolution of
symptoms and fluid collection. Likewise, Jain and col-
leagues [17], whom recently published the largest observa-
tional cohort study including 53 patients with either acute,
infected necrotic collections or WOPN, achieved a 77%
clinical success rate. Indeed, about 12 out of 53 patients
(23%) required additional surgical necrosectomy due to
persistence of sepsis and organ failure. Post-procedural
adverse events varied widely across the studies, reaching a
25% rate at follow-up [16], which was similar to those re-
cently reported in a meta-analysis of three randomized
control trials (RCTs) comparing the clinical outcomes be-
tween endoscopy (using EUS-guided drainage via cysto-
gastrostomy or cystoenterostomy) and minimally invasive
surgery treatment for necrotizing pancreatitis [18].
As we have already highlighted, the abovementioned

technique is not free from complications. In fact, in order
to gain a wide opening access to the collection, repeated
balloon dilatations are required, carrying not only the risk
of bleeding [5], but also to postpone the necrosectomy
session until the maturity of the skin tract. Together with
the need of multiple PEN sessions to achieve the complete
debridement of necrotic tissue, these limitations flowed
into the use of covered esophageal SEMS as firstly de-
scribed in 2011 by Navarrete et al. [5], allowing to easily
achieve and maintain a stable access to the cavity. Several
other case reports and studies [6–8, 19–26] describing

Fig. 2 Radiological view of the EC-LAMS and of the percutaneous
stent placed on the left side of the abdomen

Fig. 3 Endoscopic appearance of the cavity after SEMS placement,
with view of the EC-LAMS in place

Fig. 4 CT scan after SEMS removal showing a complete resolution
of the collection
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PEN through SEMS for the management of complex
WOPN were published thereafter, summarized in Table 1.
Considering all the published studies, 49 patients have

been treated using this technique, with a technical suc-
cess of 100% [5–8, 19–26]. Regarding the etiology of
ANP, summarized in Fig. 5, gallstones emerged as the
most common cause, accounting for almost 40% of cases
(19/48), which is in line with data derived from Western
countries [27].
Although some differences regarding the definition of

clinical success has emerged, the referred rates ranged
from 65 to 89% [6, 8, 25]. The number of PEN sessions
needed for WOPN resolution varied widely, from 1 to 7,
and the mean time for stent removal ranged between 7
and 37 days (range 3–65) [5–8, 19–26]. Additional min-
imally invasive debridement procedures (i.e., percutan-
eous and/or trans-gastric, even simultaneous) was
required in up to 65% of patients [8, 25], while 30% of
patients (7/23) received additional open surgery as re-
ported by Ke and colleagues [25], most of them (5/23)
because of inadequate endoscopic debridement of nec-
rotic tissue.
Furthermore, most of the studies reported a wide

range of several complications occurred during the
hospitalization, including enteric/colonic fistula, com-
partment syndrome with muscle necrosis, and on-
going septic shock requiring invasive life support
measures, mainly related to the clinically severe form
of ANP. Indeed, no severe, procedure-related adverse
events were observed, and the rate of pancreatic fis-
tula was significantly lower compared to the surgical
approach, as emerged in the TENSION trial [4–8,
19–26]. However, this translates into a lengthening of
hospitalization as emerged in Thorsen et al. study [6].
Patients included in this series were discharged after
a mean of 61 days after percutaneous SEMS removal,
although the length of the hospital stay varied among
patients and were strongly influenced by the several
complications occurred (i.e., stomach and colon per-
foration after ETDN attempt, aspiration pneumonia,

critical illness neuropathy etc.). In the case series by
Tringali and colleagues [7], the median length of
hospitalization after esophageal stent placement was
18 days, similar with those reported by Navarrete and
Cerecedo-Rodriguez and colleagues (15 and 21 days,
respectively) [5, 21].

Discussion
Complex WOPN and extended necrotic tissue without a
mature capsule are hard-to-treat conditions and poten-
tially life-threatening. Nevertheless, a standard technique
is not yet defined, and it is quite clear that a single ap-
proach could be unsatisfactory. In fact, it has become in-
creasingly evident that a multidisciplinary, step-up
strategy in the treatment of symptomatic fluid collec-
tions and infected WOPN leads to better clinical out-
comes and lower rates of adverse events than more
aggressive treatments [4, 28, 29]. As stated by various
international guidelines [2, 3], percutaneous drainage
(PCD) or endoscopic transluminal drainage actually rep-
resent the initial step, based on location of the necrotic
collections and local expertise, and a dual approach is
suggested, especially when the necrosis is extended deep
to the pelvic paracolic gutter. PCD has the advantage of
being widely available and can provide immediate relief
of symptoms in those patients who are too ill to undergo
endoscopic maneuver, often acting as the first drainage
procedure of choice, particularly when necrosis is lo-
cated distal from both stomach and duodenum. How-
ever, solid necrotic tissue cannot be effectively evacuated
by small caliber percutaneous catheters and frequently
requires direct debridement for complete resolution. To
date, therefore, several endoscopic options of treatment
of necrotic collections have been proposed and are out-
lined in Table 2.
We believe that placement of a large bore percutan-

eous SEMS allows to overcome these limitations by per-
forming direct necrosectomy with either a standard or
therapeutic flexible endoscope, which offers greater
maneuverability and penetration into deep recesses than
VARD. This technique might also lead to faster debride-
ment and decreased invasiveness. In fact, the use of a
SEMS protecting the skin tract could reduce the risk of
wound-related complications, like infection and inci-
sional hernia. Moreover, endoscopic necrosectomy is
mainly performed under moderate conscious sedation
and does not require general anesthesia. This is an
important advantage also applicable to PEN, which
leads to less systemic pro-inflammatory response and
minimal collateral damages in already critically ill pa-
tients, thereby improving patients’ quality of life [12,
15, 25]. Although not yet addressed, PEN could be
cost-effective and future studies should estimate its
economic benefits.

Fig. 5 Distribution of pancreatitis etiology in SEMS-assisted
percutaneous endoscopic necrosectomy studies
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Although both the TENSION and MISER trials
showed no difference in terms of mortality between
endoscopic and surgical step-up approach, patients
undergoing endoscopic procedures had lower rate of
disease-related adverse events (i.e., abdominal pain, in-
fection), shorter length of ICU stay and hospitalization,
and more economic advantages [4, 29]. Unfortunately,
there is limited data about PEN through SEMS and its
clinical outcomes, even if the available evidences are en-
couraging. In our experience, SEMS-assisted PEN was
technically feasible, leading to the resolution of symp-
toms and stent removal in 20 days, in line with those
previously reported [5, 7, 8, 22, 25]. Moreover, we did
not experience any periprocedural or delayed adverse
event, though we do not have to disregard the possible
risks of a combined approach (i.e., bleeding, suprainfec-
tion, stent migration and stent occlusion due to the
LAMS [30], abdominal pain).
Main concerns were about avoidance of a chronic

pancreatic-cutaneous fistula (PCF) that could undermine
long-term clinical outcomes and patient’s quality of life.
As reported by Ross et al. [31], a dual-modality ap-
proach, in which endoscopic trans-enteric stents were
placed into the necrotic collection immediately after per-
cutaneous drainage, allowed redirection of pancreatic
juice back into the gastrointestinal (GI) tract. This could
decrease the risk of PCF development in patients with
disconnected duct syndrome due to the severe pancre-
atic inflammation. In our case, the cutaneous fistula was
conservatively treated and its closure was obtained after
2 months.
Only another case of WOPN drained using a dual

endoscopic approach with LAMS and percutaneous
SEMS has been reported [26]; in this report, however,
the percutaneous drainage was made in two steps, with
the esophageal SEMS placed 4 days after the percutan-
eous access achievement. In our study, instead, the per-
cutaneous procedure was made in a single step, allowing
to rapidly gain a large bore gateway to perform endo-
scopic necrosectomy in the same session. Moreover, the
percutaneous stent turned out to be a convenient access
to perform high-volume lavages using saline solution
and intracystic instillation of antibiotics and antimicro-
bial agents.
In our opinion, this approach appears to be safe

and perfectly suits the extended concept of “dual-ap-
proach,” overcoming the limits of both endoscopy
and radiology and highlighting the need for multidis-
ciplinarity in this particular setting of patients. How-
ever, there are several limitations, mainly due to the
lack of high-quality evidence. In fact, the dual-
endoscopic technique, especially for PEN, needs to
be further refined, with determination of the
optimum interval between sessions, end-point during

each session, and the final end-point. Furthermore, it
should be performed in referral centers, with avail-
ability of expert endoscopists, interventional radiolo-
gists, and surgical facilities.

Conclusions
Patients affected by WOPN with deep extension of the
necrosis are “hard-to-treat” patients, and a dual ap-
proach using LAMS and percutaneous, large bore SEMS
is a compelling option of treatment that could maximize
debridement volume and reduce the need for surgery.
Further studies are needed to define the clinical outcome
and the cost-effectiveness of this approach.
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