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Abstract

Introduction: In last three decades we have observed development in minimally invasive techniques in the treatment of
walled-off pancreatic necrosis (WOPN). Endoscopic treatment of the consequences of acute necrotising pancreatitis is a accepted
and common minimally invasive method.

Aim: Evaluation of the efficiency and safety of the innovative endoscopic treatment method (single transluminal gateway
transcystic multiple drainage — SGTMD) in patients with extensive walled-off pancreatic necrosis.

Material and methods: The retrospective analysis of 114 consecutive patients with symptomatic WOPN, who were treated
endoscopically in our medical centre between 2011 and 2016.

Results: Single transluminal gateway transcystic multiple drainage was performed in 21/114 (18.42%) patients. Endoscopic
necrosectomy under fluoroscopic guidance was performed in 12/21 (57.14%) patients. Complications of treatment appeared
in 7/21 (33.33%) patients. The most common of complication was upper gastrointestinal bleeding treated conservatively with
packed red blood cells transfusions. There were no deaths. Therapeutic success was reached in 20/21 (95.24%) patients. No
patient required surgery. The medium time of follow-up was 22 months (16—47). During the observation the recurrence of
pancreatic fluid collection was noticed in 1/21 (4.76%) patients. Long-term success of endoscopic treatment was achieved in
19/21 (90.47%) patients.

Conclusions: Single transluminal gateway transcystic multiple drainage is an effective method of endoscopic treatment for
extensive walled-off pancreatic necrosis with an acceptable amount of complications. However, the method of interventional
treatment of pancreatic necrosis should depend not only on the location of necrosis, but also on the experience of the medical

centre.

Introduction

Pancreatic fluid collections (PFCs) are well-known
consequence of moderate and severe acute pancreatitis
[1-4]. Acute necrotic collection (ANC) is created in the early
phase of acute necrotising pancreatitis (ANP) [2, 3]. Pre-
served ANC after 4 weeks of ANP is defined as walled-off
pancreatic necrosis (WOPN) [2, 3]. According to the revi-
sion of the Atlanta classification from 2012, WOPN is PFC
surrounded by mature wall and includes liquefied necrosis
and necrotic tissues in its lumen [2, 3]. Walled-off pancre-
atic necrosis is discovered in about 15% of patients with
severe acute pancreatitis [4].

The first descriptions of an efficient endoscopic
drainage of PFCs were published in 1980s [5]. In 1992
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Grimm et al., as the first in the world, introduced a de-
scription of endoscopic drainage of PFCs under con-
trol of endoscopic ultrasonography (EUS) [6]. The first
publications concerning endotherapy of PFCs referred
to pancreatic pseudocysts [5, 6], which are a collection
including liquefied content only, without any tissues
[2, 3]. Endoscopic drainage/debridement of WOPN was
written up for the first time by Baron et al. in 1996 [7].
The results of endoscopic drainage of walled-off pan-
creatic necrosis are worse than those concerning en-
dotherapy of pseudocysts [8, 9], due to dense content
and solid necrotic tissues in the lumen of WOPN [1-3].
The patients with WOPN require more aggressive en-
doscopic treatment [4, 10-12]. Transmural endoscopic
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drainage is a common method of treatment for patients
with symptomatic WOPN [13, 14].

Single transluminal gateway technique (SGT) is
based on complete removal of necrotic tissues through
the single fistula created between the cavity of necrotic
collection and the lumen of gastrointestinal tract (stom-
ach or duodenum) [7, 13, 14]. The conventional SGT us-
ing transmural placement of single or multiple stents
and nasocystic drain is insufficient in some patients
with WOPN — particularly when it is infected. When sin-
gle access to necrotic collection is not effective enough,
additional access to necrosis is necessary [4, 13]. Percu-
taneous drainage is usually performed then [15].

This paper presents our own experience in endo-
scopic treatment of patients with extensive WOPN and
indicates the potential therapeutic possibilities created
by using the technique of treatment allowing an access
to extensive necrotic areas through a single transmural
fistula. Herein we present the results of treatment of
21 patients with symptomatic WOPN, in whom the in-
novative treatment method (single transluminal gate-
way transcystic multiple drainage — SGTMD) benefited
as the only access route to the necrotic cavity.

Aim

The retrospective analysis of efficiency and safety of
SGTMD in patients with extensive walled-off pancreatic
necrosis.

Material and methods

A total of 114 consecutive patients (81 men, 33 wo-
men, mean age: 51.7 years (21-85)) with symptomatic
WOPN were treated endoscopically in our medical cen-
tre between 2011 and 2016. The qualification for en-
doscopic treatment was based on clinical picture along
with abdominal contrast-enhanced computed tomog-
raphy (CECT). Walled-off pancreatic necrosis was stated
according the criteria of revision of Atlanta classification
from 2012 [2, 3]. The morphology of liquid (dark-brown
colour and fragments of necrotic tissues) aspirated from
the lumen of necrotic collection confirmed recognition
of WOPN in every patient.

A detailed description of the endoscopic methods
applied to the patients in our medical centre was in-
cluded in our previous publications [10, 13, 16, 17].
Transmural drainage was attempted in all patients. The
site of fistulotomy was chosen under EUS-guidance.
Enterostomy was performed with use of Giovannini’s
cystostome (Cystotome CST-10, Wilson-Cook). Fistu-
la created between the lumen of the gastrointestinal
tract and lumen of necrotic collection was widened
with a high-pressure balloon of diameter from 8 mm to
20 mm (Boston Scientific). Nasal drain (7 Fr or 8 Fr, Bal-

tonor Wilson-Cook) as well as double pigtail endopros-
theses (7 Fr or 8.5 Fr, Wilson-Cook or MarFlow) were
inserted through the stomy. Distal ends of the drain and
stents were positioned in the lumen of necrotic cavity.
Collection of WOPN was flushed with saline solution
(60-200 ml) through the nasal drain every 2 h in the
first 48 h and every 4 h after that.

In the early phase of the study (2011-2013) addition-
al percutaneous drainage was performed, when endo-
scopic drainage had become ineffective or when the ne-
crosis had spread outside the lesser omental sac. In the
later stage of the study (2013-2016), if drainage through
a single transmural access (SGT) was ineffective, another
transmural tract was created (multiple transluminal gate-
way technique — MTGT) when there was no communica-
tion between the necrotic collection sub-cavities or mul-
tiple access through a single transmural fistula (SGTMD)
was used, which involved obtaining additional access to
extensive necrotic areas through a single transmural tract
(Figures 1 A—H). What is more, endoscopic necrosectomy
under fluoroscopic guidance [10] was executed during
the transmural drainage in selected patients. Criteria
of qualification for endoscopic necrosectomy are: lack
of clinical improvement despite the applied drainage,
infection of necrotic collection, and discovery of a large
amount of necrotic tissues in the fluoroscopic and endo-
sonographic picture [10].

In patients treated with SGTMD (Figures 2 A-D)
a guidewire was inserted to the further sub-cavities
under fluoroscopic image during subsequent endo-
scopic procedures. Canals between necrotic areas were
widened with use of an 8-mm high-pressure balloon
(Boston Scientific) under fluoroscopy (Figure 3). There-
after, next nasal drain or endoprostheses were guided
through the canals to the sub-cavities of WOPN.

The procedure of endoscopic necrosectomy was start-
ed with the removal of the nasal drain. The next step was
to insert a Dormia basket (FG-V422PR, Olympus) through
the fistula to the necrotic collection, leaving the trans-
mural stents. Necrotic tissues were removed with the
Dormia basket and under fluoroscopy through transmu-
ral fistula. This action was repeated several times during
each procedure of necrosectomy. A nasal drain was put in
transmurally again after the end of the procedure.

The size of WOPN was controlled by conventional
ultrasonography of the abdomen every 7 days in most
of the patients. The CECT of the abdomen was done in
order to confirm the complete regression of collection.

Endoscopic drainage was ended in the moment of
reaching therapeutic success, which was defined as
a lack of symptoms and complete regression of collec-
tion or size of collection below 40 mm in the imaging
examinations.
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Figure 1. The patient with an extensive walled-off pancreatic necrosis visible in contrast-enhanced comput-
ed tomography (A, B). The SGTMD technique was exploited for treatment (C—F). Endoscopic necrosectomy
was performed during transmural drainage

Gastroenterology Review 2018; 13 (3)
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Figure 1. Cont. The CECT performed after the end of endoscopic treatment showed complete regression
of WOPN (G, H)
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Figure 2. Single transluminal gateway transcystic multiple drainage. Canals between necrotic areas were
widened with use of an 8-mm high-pressure balloon under fluoroscopy (A, B). During removal of the balloon
through the necrogastrostomy numerous fragments of necrotic tissues were also removed (C, D)
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Figure 3. Single transluminal gateway trans-
cystic multiple drainage. Canals between ne-
crotic areas were widened with use of an 8-mm
high-pressure balloon under fluoroscopic image

Long-term success was defined as lack of symptoms
and complete regression of collection or size of collec-
tion below 40 mm in the imaging examinations during
1-year observation from the end of active endoscopic
drainage. Recurrence of collection was defined as size
of collection beyond 40 mm or recurrence of symptoms
during 1-year observation.

Statistical analysis

All the statistical calculations were performed with
the use of data analysis software system StatSoft Inc.
(2011) Statistica version 10.0 (licensed for Medical Uni-
versity of Gdansk). Quantitative variables were charac-
terised by arithmetic means, and minimal and maximal
values (range), whereas qualitative data were presented
by means of numbers and percentages.

Results

A total of 114 patients with symptomatic WOPN
were treated endoscopically in our medical centre be-
tween 2011 and 2016. Single transluminal gateway
transcystic multiple drainage was performed in 21/114
(18.42%) patients (14 men, seven women, mean age:
47.76 years (33-81)) (Figures 1 A-H). The aetiology
of acute pancreatitis was alcoholic in 13/21 (61.9%)
patients. The aetiology was non-alcoholic in the re-
maining 8/21 (38.1%) patients (5 biliary, 2 iatrogenic,
1 hypertriglyceridaemia). Average time from the acute
of pancreatitis until the beginning of endotherapy was
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64 days (23-126). The mean size of WOPN was 19.25 cm
(10.0-33.4). Mixed necrosis (pancreatic and peripancre-
atic necrosis) was confirmed in all 21 patients.

The indications for the beginning of endoscopic
WOPN treatment in study group were as follows: gastro-
intestinal obstruction together with weight loss and ab-
dominal pain (13/21 patients), clinical suspicion of infect-
ed WOPN (8/20 patients), and jaundice (1/21 patients).

The WOPN infection was diagnosed on the ba-
sis of positive microbial culture in 7/21 (33.33%) pa-
tients, in whom infection was suspected. The most
common pathogens cultured in the necrotic contents
were Escherichia coli and Enterococcus faecalis. In 4/21
(19.05%) patients sepsis with positive blood culture
(Escherichia coli — 3 patients; Enterococcus faecalis —
1 patient) was observed during drainage.

Endoscopic transmural access was used in all
21 patients (gastric — 20, duodenal — 1). Endoscopic ne-
crosectomy under fluoroscopic guidance was performed
in 12/21 (57.14%) patients.

Complications of treatment appeared in 7/21 (33.33%)
patients. Upper gastrointestinal bleeding treated con-
servatively with packed red blood cell transfusions
was stated in 6 patients. One patient had migration of
transmural stent into the lumen of WOPN treated en-
doscopically. There were no deaths.

Endoscopic retrograde pancreatography (ERP) was
done in 20/21 (95.24%) patients in order to evaluate the
main pancreatic duct (MPD). One patient was unable to
have ERP done, due to failed MPD cannulation caused
by deformation of duodenum and luminal compression
making identification of papilla impossible. The leak of
contrast outside the MPD during ERP (MPD disruption)
took place in 14/20 patients. The fragment of the duct
was contrasted without a visible leak in 6/20 patients.

Therapeutic success was reached in 20/21 (95.24%)
patients. One patient still requires passive transmural
drainage because of remaining size of pancreatic collec-
tion beyond 40 mm and disconnected duct syndrome. No
patient required surgery. The mean time of endoscopic
drainage was 34.21 days (20-82). The average number
of endoscopic procedures was 5.9 (3-23). The average
number of necrosectomy procedures was 7.1 (2—15).

The medium time of follow-up was 22 months (16—
47). During the observation the recurrence of pancreatic
fluid collection (in the form of pancreatic pseudocysts)
was noticed in 1/21 (4.76%) patients. Long-term suc-
cess of endoscopic treatment was achieved in 19/21
(90.47%) patients.

Discussion

This paper presents an innovative method of en-
doscopic treatment of patients with extensive WOPN
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without the use of other minimally invasive techniques.
The basis of therapeutic strategy in this technique of
transmural drainage is widening of the access to necrot-
ic areas through single transluminal necrogastrostomy
or necroduodenostomy. Our publication shows that sin-
gle transluminal gateway transcystic multiple drainage
is an effective and safe method of treatment in patients
with symptomatic pancreatic necrosis. Furthermore,
endoscopic necrosectomy under fluoroscopic guidance
during transmural drainage improves the results of in-
terventional treatment of selected patients with WOPN.

Development of a minimally invasive method of
treatment of pancreatic necrosis [10-18] enabled the
design a scheme of therapy of WOPN [4]. The current-
ly accepted strategy in treatment of WOPN (so-called
“step-up approach”) consist of initial management of
symptomatic pancreatic necrosis with antibiotics and
nutritional support, followed by minimally invasive
drainage (endoscopic, percutaneous, or surgical) if
symptoms persist. Endoscopic or surgical necrosecto-
my should be taken into consideration only if there is
no positive response to previously applied treatment.
Optimal treatment strategy for symptomatic pancreatic
necrosis stands for multiple access to necrotic collec-
tion, which can be used with the application of a few
minimally invasive methods. Widening of the access
to necrotic areas provides better drainage conditions
and increases the efficiency of interventional treatment
[4, 10, 11]. However, the method of access to WOPN
should depend not only on the location of necrosis, but
also on the experience of the medical centre [10-12].

Endoscopic treatment of WOPN, like other min-
imally invasive methods, has evolved. The diameter
of transmural fistula has been being increased up to
20 mm with the popularisation of endotherapy, which
enabled insertion of a fiberscope into the cavity of ne-
crosis and performance of endoscopic necrosectomy
[10, 14, 18, 19]. In our paper endoscopic necrosectomy
under fluoroscopic guidance was performed in 12/21
(57.14%) patients. This technique of endoscopic necro-
sectomy consisting of the removal of necrotic tissues
under fluoroscopic guidance without the need to insert
a fiberscope into the cavity of WOPN [10]. This method
of necrosectomy as an alternative to other techniques
used for treatment of patients after acute necrotic pan-
creatitis was described in 2015 [10].

Not only has the diameter of fistula increased with
the development of endoscopic methods of treatment,
but also the number of transmural fistulas. Varadarajulu
et al., as the first in the world, described the multiple
transluminal gateway technique (MTGT) in 2011, which
consisted of the execution of a few transmural fistulas
between the lumen of the gastrointestinal tract and

the lumen of the WOPN [20]. Varadarajulu et al. proved
that the use of several (2—-3) routes of access to the
necrotic cavity (MTGT) is a more effective technique of
endoscopic treatment than single transluminal access
to necrosis (SGT) [20]. The authors reported therapeutic
success in 11/12 (91.7%) patients treated with MTGT in
comparison to 25/48 (52.1%) patients who underwent
SGT [12]. In 2014, Mukai et al. described a technique
that enables access to extensive necrotic areas through
a single fistula (SGTMD) without the need to create an
additional transmural route [21]. The authors reported
therapeutic success in all 5 (100%) patients [21].

Single transluminal gateway technique is based on
total removal of necrotic tissues through the single fis-
tula created between the cavity of necrotic collection
and the lumen of the gastrointestinal tract [7, 13, 16].
This technique is particularly efficient in the case of uni-
locular collections of necrosis. In most of cases, WOPN
takes the form of multilocular space divided by septa.
Furthermore, decompression of the necrotic cavity dur-
ing interventional treatment results in the formation of
separated necrotic areas that are in fact separate cavi-
ties (undrained areas) communicating with one another
via narrow canals [21]. In such cases a single access
(SGT) to necrotic collection is insufficient. An additional
access to necrosis [11, 15] or the use of other endosco-
pic techniques (endoscopic necrosectomy, active trans-
papillary drainage, creation of another transmural ac-
cess) is necessary [10, 17-23].

To the best of our knowledge, this is the only study
in the literature introducing the results of treatment of
WOPN with the application of single transluminal gate-
way transcystic multiple drainage performed on such
a large group of patients.

The study has some limitations. The main limita-
tions of this study are lack of randomisation, retrospec-
tive character, and highly select group of patients from
a single centre.

The development of endoscopic methods of treat-
ment for WOPN has significantly improved the effi-
ciency of endotherapy and reduces the use of other
minimally invasive techniques. Currently, endoscopic
drainage is a common method of treatment for patients
with symptomatic walled-off pancreatic necrosis. Endo-
scopic treatment is an alternative for other minimally
invasive techniques of treatment of pancreatic necrosis.
In more and more patients with consequences of acute
necrotising pancreatitis, endotherapy can remain the
only method of treatment.

Conclusions

Single transluminal gateway transcystic multiple
drainage is an effective method of endoscopic treat-
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ment for extensive walled-off pancreatic necrosis, with
an acceptable amount of complications. However, the
method of interventional treatment of pancreatic ne-
crosis depends not only on the location of necrosis, but
also on the experience of the medical centre.
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