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Summary: Introduction: Walled-off pancreatic fluid collections, that are categorized as pancreatic pseudocysts and walled-off
pancreatic necrosis (WOPN), arise as complications of acute or chronic pancreatitis. Endoscopic transmural drainage (ETD) is
the current method of choice for the treatment of symptomatic walled-off pancreatic fluid collections. Methods: A retrospective
analysis of prospectively collected data from patients who underwent an ETD at a tertiary referral gastroenterological center
during a 6-year interval was performed. The technical, short- and long-term clinical success of ETD of walled-off pancreatic
fluid collections was evaluated. The effectiveness of ETD performed with two types of endoscopes, with a duodenoscope (CTD
– conventional transmural drainage) and with an echoendoscope (EUD – endoscopic ultrasound-guided drainage), was also
compared. The choice of technique was at the discretion of the endoscopist performing the procedure. Results: In a cohort of 54
patients with a symptomatic pseudocyst or WOPN, the overall technical success rate of ETD was 94.4%, and this did not differ
between EUD (100%) and CTD (88.6%) when the appropriate technique was selected (p = 0.104). Complications occurred in 31.5%
of the patients, with no difference found between CTD and EUD (38.5 vs. 25%; p = 0.382). Clinical success persisted 3 months after
stent insertion in 92.5% of patients with initial technical success of ETD and 6 months after stent extraction in 88.6% of the patients
with clinical success 3 months after stent insertion. No difference was observed between EUD and CTD (3 months after stent
insertion: 90.5 vs. 94.8%; p = 1.0; 6 months after stent extraction: 100 vs. 77.8%; p = 0.104). Of 51 patients with initial technical
success, the therapeutic effect 6 months after stent extraction was 62.7%. Conclusion: In a cohort of 54 patients, the technical
success, short-term and long-term clinical success of ETD of walled-off pancreatic fluid collections was 94.4, 92.5 and 88.6%,
respectively. Endoscopic ultrasound plays an important role in this therapy when gastric varices or a non-bulging fluid collection
is involved. Furthermore, no difference was observed between EUD and CTD in terms of technical and clinical success when the
appropriate technique was selected.
Key words: acute pancreatitis – pancreatic pseudocyst – endosonography – walled-off pancreatic necrosis – endoscopic
drainage
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Súhrn: Úvod: Medzi ohraničené pankreatické tekutinové kolekcie patria pseudocysty a ohraničené pankreatické nekrózy (WOPN
– walled-off pancreatic necrosis). Vznikajú ako komplikácie akútnej alebo chronickej pankreatitídy. Endoskopická transmurálna
drenáž (ETD) je v súčasnosti metódou voľby v ich liečbe. Metodika: Vykonali sme retrospektívnu analýzu prospektívne zbieraných
dát od pacientov, ktorí absolvovali ETD pseudocysty pankreasu alebo WOPN v jednom terciárnom gastroenterologickom centre
počas intervalu 6 rokov. Zhodnotili sme technický úspech, krátkodobý a dlhodobý klinický úspech ETD ohraničených pankreatických
tekutinových kolekcií. Porovnali sme efektivitu ETD vykonanej duodenoskopom (CTD) a echoendoskopom (EUD), pričom výber
techniky spočíval v individuálnom rozhodnutí endoskopistu. Výsledky: V súbore 54 pacientov so symptomatickou pseudocystou
alebo WOPN bol technický úspech ETD 94,4 % a nelíšil sa medzi EUD (100 %) a CTD (88,6 %) pri cielenej selekcii techniky (p = 0,104).
Komplikácie sa vyskytli celkovo u 31,5 % pacientov, bez rozdielu medzi CTD a EUD (38,5 vs. 25 %; p = 0,382). Klinický efekt pretrvával
3 mesiace po inzercii drénov u 92,5 % pacientov s iniciálne technicky úspešnou drenážou a 6 mesiacov po extrakci drénov u 88,6 %
pacientov s klinickým úspechom 3 mesiace po inzercii drénov, pričom sa nelíšil medzi EUD a CTD (3 mesiace po inzercii drénov:
90,5 vs. 94,8 %; p = 1,0; 6 mesiacov po extrakcii drénov: 100 vs. 77,8 %; p = 0,104). Z 51 pacientov s iniciálnou technicky úspešnou
ETD pretrvával terapeutický efekt 6 mesiacov po extrakcii drénov u 62,7 % pacientov. Záver: Technický úspech, krátkodobý
a dlhodobý klinický úspech ETD ohraničených pankreatických tekutinových kolekcií v súbore 54 pacientov bol 94,4, 92,5 a 88,6 %.
Endosonografia má významnú úlohu v tejto terapii v prítomnosti žalúdočných varixov alebo neprítomnosti vyklenutia steny žalúdka.
Pri cielenej selekcii techniky však nie je rozdiel v technickom a klinickom úspechu medzi EUD a CTD.
Kľúčové slová: akútna pankreatitída – pseudocysta pankreasu – endosonographia – ohraničená pankreatická nekróza – endoskopická drenáž

Introduction
Acute pancreatitis (AP) is the leading
gastroenterological cause of patients’
hospital admission [1]. Some local
complications of AP, such as infected
walled-off pancreatic necrosis (WOPN)
or pseudocyst, significantly increase
the hospital length of stay, morbidity
and mortality of the patients [1]. Four
types of fluid collections associated
with AP are presently distinguished [2]:
1. acute peripancreatic fluid collection
(APFC),
2. acute necrotic collection (ANC),
3. pseudocyst,
4. WOPN.
Classification criteria for fluid col
lections associated with AP include both
the time period after the onset of AP
and the presence of necrosis inside the
collection. APFC and ANC develop dur
ing the first 4 weeks after the onset of
AP and are not walled-off. Pseudocyst
and WOPNs develop in the period of
> 4 weeks after the onset of AP and
contain a defined wall [2]. They are jointly
referred to as walled-off pancreatic fluid
collections in the text below.
Treatment is only indicated for symp
tomatic walled-off fluid collections,
namely pseudocysts and WOPNs.
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In addition to AP, pseudocysts occur
in 20–40% of patients with chronic
pancreatitis (CP) [3].
Until recently, the treatment of wal
led-off pancreatic fluid coll ections
had been the domain of surgeons.
With a developement of therapeutic
endoscopy, it has been moved into the
hands of interventional endoscopists.
Before the introduction of therapeutic
endoscopic ultrasound (EUS), endo
scopic transmural drainage (ETD) of
pancreatic pseudocysts was performed
using a duodenoscope. This technique,
however, can only be used if the gastrointestinal (GI) wall is bulging under
pressure from the pseudocyst, and
in the absence of gastric varices.
Such limitations do not apply to ETD
performed with a therapeutic echo
endoscope. In 1992, Grimm et al. [4]
performed the first EUS-guided
transmural drainage of a pseudocyst
in the tail of the pancreas usi ng
a linear echoendoscope in a patient
with CP.
The primary objective of our study
was to evaluate the technical and
clinical success of ETDs of walled-off
pancreatic fluid collections, including
the incidence of complications. The
secondary objective was to compare

those parameters between the subgroup of patients with a drainage per
formed with the use of a duodenoscope
(CTD – conventional transmural drain
age) and the subgroup of patients with
a drainage performed with the use of
an echoendoscope (EUD – endoscopic
ultrasound-guided drainage).

Patients and methods
We have performed a retrospective
analysis of a prospectively collected
data from patients who underwent an
ETD of walled-off pancreatic and/or
peripancreatic fluid collection (in the
following text referred to as walled-off pancreatic fluid collection) in the
Digestive Disease Center in Vítkovice
Hospital in the period from August
2006 to July 2012. The majority of
patients had a pancreatic pseudocyst
and a minority had WOPN. Both groups
of patients were analysed together,
since WOPN had not yet been defined
at the time of data collections. In the
years 2006– 2007, therapeutic EUS
was not yet available at the author’s
workplace and during this period drainages were only performed as CTDs.
Since 2008, therapeutic EUS became
a part of endoscopic procedures
performed at the author’s workplace
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and echoendoscope (EUD) began to be
used in ETD, too. In the following years,
both techniques (CTD and EUD) were
used to perform ETDs and the choice
of technique was at the discretion
of the endoscopist performing the
ETD. Initially, that choice could have
been affected by the endoscopist’s
experience with each technique, as
well as by the fact that EUS belonged
not to a standard equipment in an
endoscopic suite with a fluoroscopy
(equipped with a C-arm X-ray machine).
However, most of the ETDs were
performed under the fluoroscopy just
in this room. EUD was primarily prefer
red in the absence of a visible bulge in
the GI wall, or in the presence of gastric
varices. In case of a technical failure of
the first technique, the other technique
was employed at the endoscopist’s
discretion. CTD was performed with
a duodenoscope (Olympus JGF 160,
Olympus Europe, Hamburg, Germany)
and EUD was performed with a linear
echoendoscope (Olympus GF UCT
140 AL, Olympus Europe, Hamburg,
Germany). An abdominal computed
tomography (CT) scan was performed
in all patients before ETD to rule out
a pseudoaneurysm or an interposition
of a blood vessel between the GI wall
and the wall of the fluid collection.
Once EUS has been fully established
at the author’s workplace, all patients
underwent an endoscopic ultrasound
examination shortly before CTD to
assess any presence of gastric and
perigastric varices or an interposed ves
sel, as well as the distance between the
fluid collection and GI walls. For an ETD
to be performed safely, the required
distance between the collection and GI
walls was ≤ 1cm. At a later phase, after
WOPN had been defined, the EUS
examination also served to distinguish
between a pseudocyst and WOPN,
with ETD foll owed by endoscopic
transmural necrectomy (ETN) in case
of the latter. In some patients, an
appropriate location for the drainage
was marked in the stomach just before

CTD, using echoendoscope and bio
psy forceps. The need for such mark
ing was established at the discretion
of the endoscopist performing the
ETD. ETD was performed under
antibiotic prophylaxis after a single
i.v. dose of amoxicilin-clavulanate
or fluorochinolone just before the
procedure, and under analgosedation
with intravenously administered mida
zolam and fentanyl.

ETD procedure for pancreatic
pseudocyst
At the beginning of the ETD procedure,
an access into the pseudocyst cavity
was achieved using a 10 Fr cystostome
(CST-10, Cook Medical Europe, Lime
rick, Ireland). The created stoma
was then dilated with a balloon of
8–10 mm in diameter (Boston CRE™
Wire-guided Esophageal, Boston
Scientific, USA) and usuall y three
double-pigtail plastic (DP) stents (also
referred to as drain or drains in the
following text) 5 cm long and 10 Fr
in diameter (Advanix Double Pigtail,
Boston Scientific, USA) were inserted
transmurall y into the pseudocyst
cavity. The number of stents was
established at the discretion of the
endoscopist performing the ETD. The
stents remained in place for a period
of 3 months and in case of pseudocyst
regression confirmed by follow-up CT
scans or magnetic resonance imag
ing scans, alternatively magnetic
resonance cholangiopancreatography
scans, they were extracted using an
endoscope and a polypectomy snare,
once the disconnected pancreatic tail
syndrome had been ruled out.
At the beginning of the study, there
was neither a definition, nor a recom
mendation for an endoscopic man
agement of WOPN. The Atlanta clas
sification of AP was applied and
WOPN management was identical
to the management of pancreatic
pseudocysts. As soon as the definition
of WOPN and its adequate endoscopic
therapy had been established, these

have also been introduced and im
plemented at the author’s workplace.

ETD procedure for WOPN
In case of WOPN, characterised by the
presence of a solid necrosis in the fluid
collection cavity, the first step involved
ETD, just as in the case of a pancreatic
pseudocyst. However, duri ng the
ETD a 250cm long 7 Fr nasocystic
drain (ENBD-7, Cook Medical Europe,
Limerick, Ireland) was placed into the
necrotic cavity, in addition to the three
DP stents, to carry out a necrotic cavity
lavage both by permanent application
of saline (1,000 mL over 24 hours) as
well as by bolus application of 200 mL
of saline every 4–6 hours. ETN fol
lowed several (usually 3) days after
the primary drainage. A therapeutic
double-chann el video gastroscope
(Olympus GIF-2TH180, Olympus
Europe, Hamburg, Germany) was
used to perform the ETN. Two of the
three primary DP stents were removed
with a polypectomy snare (SD-5U-1,
Olympus Europe, Hamburg, Germany).
The stoma was then dilated with a bal
loon (Boston CRE™ Wire-guided
Esophageal, Boston Scientific, USA) to
18–20 mm in diameter and endoscopic
necrectomy was performed with
a Dormia basket (MSB-3X6-6, Cook
Medical Europe, Limerick, Ireland),
a polypectomy snare or a retrieval
mesh (Roth Net Platinum Retriever, US
Endoscopy, Mentor, OH, USA). Once
the necroses had been completely
removed, the remaining procedures
were identical to those following an
endoscopic drainage of pseudocysts,
includi ng foll ow-up imagi ng exam
inations and DP stents extraction
3 months after the primary drainage.
After the removal of DP stents, the
majority of patients were followed-up
at the outpatient clinic of the Digestive
Disease Center at the Vitkovice
Hospital, while the minority were fol
lowed-up by the gastroenterologists
outside. A foll ow-up examination
at 6 months after stents extraction
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4% (n = 2)
2% (n = 1)

4% (n = 2)

37% (n = 20)

acute pancreatitis
chronic pancreatitis
pseudocyst after DPE
no history of pancreatitis

53% (n = 29)

subphrenic abscess
WOPN – walled-off pancreatic necrosis, DPE – duodenopancreatectomy

Graph 1. Diseases associated with a pancreatic pseudocyst or WOPN
(n = 54).
Graf 1. Ochorenia asociované s pseudocystou pankreasu alebo WOPN
(n = 54).

Statistical analysis
Microsoft Excel 2003 software (Micro
soft Corporation, Redmond WA,
USA) was used for data storage and
basic analysis. Statistical analysis was
performed using SPSS v. 14.0 (SPSS
Inc., Chicago, IL, USA). Differences
in categorical variables of technical
success , complications, short-term
and long-term clinical success between
the EUD and CTD groups were
analysed usi ng Fisher’s exact test,
with p < 0.05 value being considered
statistically significant.

30
26

patients (n)

25
20
15

13
9

10

4

5

1
0

pain

vomiting

fever,
sepsis

1

obstructive compression
no
jaundice of the vena symptoms
cava

Graph 2. Clinical symptoms associated with a pancreatic pseudocyst or WOPN
(n = 54).
Graf 2. Klinické symptómy asociované s pseudocystou pankreasu alebo WOPN
(n = 54).
included a medical history, a physical
examination and an abdominal ultra
sound. For patients monitored by other
practices, information concerning the
patient’s condition and the results of
abdominal ultrasound examination
were obtained by contacting the refer
ring gastroenterologist.
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i.e. just before their extraction. Long-term clinical success was defined in
the same way but in a time frame of
6 months after the extraction of stents.
ETD complications were defined as
any ETD-related change in the patient’s health condition requiring a treat
ment or a prolonged hospital stay.
We have evaluated the technical
success , short-term and long-term
clinical success of ETDs of all fluid col
lections, i.e. pseudocysts and WOPN
together, performed with both tech
niques. Then we compared the above
listed effectiveness parameters for
ETDs performed with the duodeno
scope and the echoendoscope (CTD
vs. EUD).

Technically successful ETD was de
fined as the insertion of ≥ 1 DP stent
into the fluid collection cavity. Short-term clinical success was defined as
a resolution of the clinical symptoms
with the regression of the fluid collection
to a maximum diameter of < 3 cm at
3 months after DP stents insertion,

Results
Of the total of 54 patients (mean
age ± SD: 51 ± 10.6 years, range
35–72 years, 68.5% male) 28 (52%)
underwent EUD and 26 (48%) CTD. ETD
was initially technically unsuccessful in
5 patients, in 2 of whom it was then
successfully performed at a second ses
sion (EUD: 1 patient, CTD: 1 patient).
ETD was therefore technically successful in 51 of 54 (94.4%) patients. Of the
whole study group, 30 (55.6%) patients
underwent an endoscopic retrograde
pancreatography in addition to ETD,
while transpapillary drainage of the
pancreatic duct was performed in
6 (11%) patients. Diseases associated
with pancreatic pseudocyst or WOPN
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Tab. 1. Location of cystoenterostomy (n = 51).
Tab. 1. Lokalizácia cystoenterostómie (n = 51).

Tab. 3. Comparison of technical success of EUD and CTD of the walled-off
pancreatic fluid collections (n = 54).
Tab. 3. Porovnanie technického úspechu EUD a CTD ohraničených pankreatických tekutinových kolekcií (n = 54).

Localisation of
cystoenterostomy; n (%)

ETD

Patients
(n = 51)

distal esophagus

3 (5.9)

cardia

2 (3.9)

stomach

39 (76.5)

duodenum

7 (13.7)

Tab. 2. Characteristics of the
therapy of walled-off pancreatic
fluid collections (n = 51).
Tab. 2. Charakteristiky liečby ohraničených tekutinových kolekcií
pankreasu (n = 51).

technically successful; n (%)

EUD (n = 28)

CTD (n = 26)

p

28 (100)

23 (88.5)

0.104

ETD – endoscopic transmural drainage, EUD – ETD performed with an echoendoscope,
CTD – ETD performed with a duodenoendoscope

Tab. 4. Complications of ETD overall, comparison of the complications
of EUD and CTD.
Tab. 4. Komplikácie ETD celkovo, porovnanie komplikácií EUD a CTD.
Complication

Overall
(n = 54)

EUD
(n = 28)

CTD
(n = 26)

p
(Fisher’s test)

haemorrhage; n (%)

7 (12.9)

3 (10.7)

4 (15.4)

0.699

infection of the collection; n (%)

4 (7.4)

2 (7.1)

2 (7.7)

1.0

Type of treatment;
n (%)

Patients
(n = 51)

stent migration; n (%)

2 (3.7)

–

2 (7.7)

0.227

pneumoperitoneum; n (%)

2 (3.7)

–

2 (7.7)

0.227

1 DP stent

6 (11.1)

subcutaneous emphysema; n (%)

1 (1.8)

1 (3.6)

–

1.0

2 DP stents

16 (29.6)

exitus; n (%)

1 (1.8)

1 (3.6)

–

1.0

3 DP stents

18 (33.3)

total; n (%)

17 (31.5)

7 (25.0)

10 (38.5)

0.382

4 DP stents

3 (5.6)

3 DP stents + nasocystic
drain

3 (5.6)

3 DP stents + nasocystic drain
+ endoscopic necrectomy

5 (9.3)

DP – double-pigtail plastic

are shown in Graph 1. Clinical symptoms
associated with pseudocyst or WOPN
are shown in Graph 2. Cystenterostomy
location is shown in Tab. 1. The mean
diameter of the fluid collection (± SD)
was 105 mm (± 14.1 mm) (range
50–230 mm). In the whole study group,
a pseudocyst was presented in 48
(88.9%) patients (7 of whom had an
infected pseudocyst, referred to as
abscess according to the original Atlanta
classification) and WOPN was present
in 6 (11.1%) patients. Characteristics
of the pseudocyst and WOPN man
agement are shown in Tab. 2.

Technical success of ETD
ETD of the pancreatic fluic col
lections was technically successful in
51 of 54 (94.4%) patients, with 2 of
the successful ETDs only performed
at a second session. There was no

ETD – endoscopic transmural drainage, EUD – ETD performed with an echoendoscope,
CTD – ETD performed with a duodenoendoscope

Of the total of 54 patients, a com
plication occurred in 17 (35%). The most
comm on complication was bleed
ing (n = 7; 12.9%). One patient died
suddenly on day 3 after an uneventful
ETD and the cause of death was
confirmed by section to be unrelated
to ETD. Complications of ETD in the
whole group, along with the incidence
of complications following EUD and
CTD, are shown in Tab. 4.
Of the 51 patients who have had
a successful ETD of pancreatic fluid
collection, 9 (17.6%) patients under
went surgery shortly after ETD for
indications shown in Tab. 5.

surgery, as described above, were
excluded from the group of patients
with initially technically successfull
drainage and 2 patients were lost
to foll ow up). All patients had an
abdominal CT scan at 3 months after
the ETD. Regression of the fluid col
lection with a resolution of clinical
symptoms was observed in 37 of the
40 (92.5%) patients who were fol
lowed up. Of the 3 (7.5%) patients with
an unchanged pseudocyst 1 received
surgery, 1 received endoscopic therapy
and 1 was observed only.
In the group of 51 patients with the
initially technically successful drainage,
the clinical success at 3 months after
ETD amounted to 72%. The clinical
success at 3 months after ETD was not
different between the two drainage
techniques and is shown in Tab. 6.

Short-term clinical success
3 months after stents insertion

Clinical success 6 months
after stents extraction

The analysis was performed in a group
of 40 patients (9 patients who received

The analysis was performed in a group
of 36 patients (1 of the 37 patients with

significant diff erence in the technical
success between EUDs and CTDs, as
shown in Tab. 3.

Complications
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Tab. 5. Indications for surgical
therapy after technically successful ETD.
Tab. 5. Indikácie chirurgickej liečby
po technicky úspešnej ETD.

Tab. 6. Clinical success 3 months after insertion of stents, comparison of EUD
and CTD.
Tab. 6. Klinický úspech 3 mesiace po inzercii stentov, porovanie EUD a CTD.
Result of the treatment; n (%)

Overall
(n = 40)

EUD
(n = 21)

CTD
(n = 19)

p

Indication for surgical
treatment; n (%)

regression of the fluid collection

37 (92.5)

19 (90.5)

18 (94.8)

1.0

• complete

30 (75)

16 (76.2)

14 (73.7)

1.0

• parcial (diameter < 3 cm)

7 (17.5)

3 (14.3)

4 (21.1)

0.689

no change

3 (7.5)

2 (9.5)

1 (5.2)

1.0

Patients
(n = 51)

pseudocystocolonic fistula

2 (3.9)

persistent infected necrosis

2 (3.9)

bleeding into the
pseudocyst

3 (5.9)

abscess

1 (1.9)

stenosis of the common
bile duct

1 (1.9)

total

9 (17.6)

ETD – endoscopic transmural drainage

the therapeutic success at 3 months
after stents insertion was lost to fol
low-up). Four of 36 (11.1%) patients
had a recurrence of pseudocyst at
6 months after stents extraction. Their
relapse was managed as follows: ETD:
2 (5.6%) patients; surgery: 1 (2.8%)
patient; percutaneous drainage:
1 (2.8%) patient. The therapeutic ef
fect of ETD was thus maintained for
6 months after drain extraction in
32 of the 36 (88.9%) patients who
had been success full y treated and
achieved regression of the pseudocyst
at 3 months after the drainage. Within the group of 51 patients who had
a technicall y success ful drainage
initially, the therapeutic success at
6 months after stents extraction repre
sented 62.7% (32 of 51).
At 6 months after stents extraction,
EUD was clinically more successful
than CTD (Tab. 7), however, the dif
ference was not statistically significant.

Discussion
Treatment options for wall ed-off
pancreatic fluid collections include
surgical drainage and resection (open
or laparoscopic), endoscopic internal
drainage and external percutaneous
drainage. Due to its rather high mor
bidity (25%) and mortality (5%),
open surgical drainage (cystogastro-
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EUD – endoscopic transmural drainage performed with an echoendoscope,
CTD – endoscopic transmural drainage performed with a duodenoendoscope

Tab. 7. Clinical success 6 months after extraction of the stents, comparison
of EUD and CTD.
Tab. 7. Klinický úspech 6 mesiacov po extrakci drénov, porovanie EUD a CTD.
Result of the treatment; n (%)

Overall
(n = 36)

EUD
(n = 18)

CTD
(n = 18)

p

regression of the fluid collection

32 (88.9)

18 (100)

14 (77.8)

0.104

• complete

27 (75)

16 (88.9)

11 (61.1)

0.121

• parcial (diameter < 3 cm)

5 (13,9)

2 (11.1)

3 (16.7)

0.999

recurrence; n (%)

4 (11.1)

–

4 (22.2)

0.104

EUD – endoscopic transmural drainage performed with an echoendoscope,
CTD – endoscopic transmural drainage performed by a duodenoendoscope

stomy, cystoenterostomy) is nowadays
hardly ever used [5]. Laparoscopic
cystogastrostomy with an access
from the lesser curvature is technically
easier and carries a lower risk of
bleeding [6]. Percutaneous CT-guided
drainage is as eff ective as the surgical
therapy [7]. The main complications
of CT-guided drainage include the
infection of the drain channel, occur
ring in up to 50% of patients [8], and
pancreaticocutaneous fistula, which
develops in up to 45% of patients, in
particular in cases of a communication
between pancreatic pseudocyst and
a pancreatic duct, or in the presence of
a stricture or a complete disruption of
the main pancreatic duct [9]. Recently,
ETD is an effective and a minimally
invasive option for the treatment
of pancreatic fluid coll ections. In
the literature, its technicall success
is reported to be > 90%, with the
resolution of collections in 70–80% of
patients [10,11]. Recurrence occurs in
10–15% of patients with a pseudocyst

and in up to 30% of patients with
WOPN [11]. ETD success rate depends
on the type of fluid collection [11],
reaching 74% for pseudocysts after AP,
92% for pseudocysts as complications
of CP, and 72% for WOPN. Lower ef
fectiveness of ETD in the management
of WOPN is the result of a higher
incidence of infectious complications,
as well as dif
fi culties with the removal
of solid necrosis.
Short-term clinical success of ETD,
defined as a reduction in size of the
pancreatic fluid collection to < 3cm
with the resolution of clinical symp
toms, was maintained in our group at
3 months after stents placement in
92.5% (37 of 40) patients, while no dif
ference was observed between CTD
and EUD. Assessing the regression of
the fluid collection at that time point
is important for taking the decision
about whether to extract or to leave
the drains in place. In a randomised
study by Park et al. [12], pseudocyst
resolution was maintained at 1 month
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in 97% of patients after EUD and in
91% of patients after CTD.
Long-term clinical success of ETD of
pancreatic fluid collections at 6 months
after stents extraction was maintained
in our group in 62.7% of patients who
had initiall y a technicall y success 
ful drainage. In the whole group of
54 patients, this represents a long-term clinical success of ETD of 59.3%
(32 of 54), which is lower than in the
reported literature [11].
In our study group, the lower long-term effectiveness of the therapy
may have been caused by a relatively
high proportion (11.1%) of WOPN.
The managenemt of WOPN is dif
ferent from the management of
pseudocysts. At the early phase of this
study, there was neither a definition
of WOPN nor a recomm endation
for its management, includi ng an
endoscopic therapy. At that time, the
Atlanta classification of AP was valid
and the management of WOPN was
at the author’s workplace identical
to the management of pancreatic
pseudocysts, which in the majority
of cases led to the developement of
a secondary infection.
Our study results may also have
been aff ected by a gradually growing
experience of the two endoscopists
performi ng ETD (MK, OU) as the
number of procedures increased. The
loss of three patients with initially
success ful ETD duri ng a foll ow-up
period may also have had a negative
impact on the overall clinical success of
the therapy. Given that the endoscopic
therapy was performed in a tertiary
referral gastroenterological centre,
it might be assumed that in case of
a clinical failure those patients would
have again been referred to the author’s
workplace for further treatment. Therefore, assuming that the clinical eff ect
of the therapy was maintained in those
three patients at 6 months after stents
extraction, the long-term clinical
success would have increased to 68.6%
(35 of 51) in the group of patients with

a technically successful ETD and to
64.8% (35 of 54) in the whole study
group.
For pancreatic pseudocysts, EUD is
reported in the literature to be tech
nically more successful than CTD. In
1 of the 2 randomised studies [12],
technical success rate of EUD was
94% while the success rate of CTD
was 72% (p = 0.039). Another random
ised study [13] also confirmed a sig
nificantly higher technical success
rate of EUD (100%) vs. CTD (33%;
p < 0.001) in the management of
pancreatic pseudocysts. In our study,
the technical success rate was higher
for EUD (100%) compared to CTD
(88.6%), however, the diff erence
was not statisticall y significant
(p = 0.104). This was due to selection
bias of ETD technique, depend
ing on the presence of buldigng,
gastric varices and availability of the
endoscopic ultrasound. Moreover, the
low number of patients and a pos
sible statistical error type II might also
have influenced these results. In two
published randomised studies, CTD
was unsuccessful in the absence of
a buldge in the gastric wall produced
by the pseudocyst. However, when
both techniques were compared only
in patients presenting with a buldging
fluid collection, there was no diff erence
in the technical success between EUD
(100%) and CTD (100%) [12].
In our group, the overa ll com
plication rate was 31.5%. The risk of
complications reported in the literature
ranges from 11 to 37% [11–14], with
a variability resulting from a lack of
standardised follow-up and from dif
ferent patient populations in the
studies. Complications include intraprocedural and delayed bleeding,
perforation, secondary infection and
stent migration. The highest risk of
complications is associated with the
presence of a necrosis. Complications
in our group, including bleeding and
pneumoperitoneum, occurred more
frequently after CTD (38.5%) than

after EUD (25%), however, the dif
ference was not statistically significant
(p = 0.382). In the study by Park
et al. [12], complications occurred in
7% of patients in the EUD group and
in 10% of patients in the CTD group
(p = 0.67). In another randomised
study [13], there was also no dif
ference in the rate of complications
after EUD (0%) and CTD (13.3%;
p = 0.48). Both complications after
CTD were represented by bleeding,
with one bleeding leading to a fatal
outcome [13]. The reason for non-significance of the difference in the
incidence of complications between
conventional and EUS-guided ETD in our
study, as well as in the published papers,
is that the EUS-guided technique is
selected in the presence of varices or
in the absence of a bulge in the gastric
wall. With a non-selective, random
choice of technique in all patients,
complications would have clearly
occured more frequently after using the
“blind” conventional technique (ETD).
In our group, a total of 11.1% of
patients with a therapeutic success
at 3 months after the insertion of DP
stents experienced a recurrence of
walled-off pancreatic fluid collection
at 6 months after stents extraction,
which occurred in 22.2% of patients
in CTD group and none in EUD group
(p = 0.104). In the literature, the recur
rence rate of pseudocysts is reported
to be 10–15% and of WOPN up to
30% [11]. In their study, Varadarajulu
et al. [13] did not observe any
diference in the therapeutic success
between EUD and CTD. Similarly,
Park et al. [12] reported, that the
resolution of pancreatic pseduocysts
was maintained at ≥ 6 months after
the treatment in 97% of patients in
the EUD group and in 91% in the CTD
group (p = 0.565). The discrepancy
between published studies and the
result of our study in terms of long-term therapeutic success of EUD
and CTD may have been caused by
a higher proportion of patients with
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WOPN in the CTD group and a higher
incidence of structural abnormalities
of the pancreatic duct, predisposing to
pseudocyst relapse if not corrected, in
the CTD group.
In our cohort of patients, only DP
stents were used in the ETD, because
the special self-expanding metal stents
with adapted ends (known as LAMS –
lumen-apposi ng full y covered self-expanding metal stents) designed for
draining pancreatic fluid collections
(NAGI™ and SPAXUS™ stents by
Tae Woong Medical, South Korea;
AXIOS™ stent by Boston Scientific,
USA) were not yet available at that
time. Their main advantage is their
simple and quick deployment, frequent
spontaneous evacuation of necrosis
through the lumen of the stent into
the stomach/duodenum, and the pos
sibility to perform endoscopic nec
rectomy directly through the lumen
of the implanted stent. Their draw
backs include a high price and a risk
of dislocation and bleedi ng after
blood vessel arrosion inside WOPN.
The number of studies compari ng
endoscopic therapy techniques for
WOPN is still limited and none of them
is a randomised comparative study.
In a recently published study [15] of
313 patients, there was retrospectively
compared the eff ectiveness of endo
scopic drainage of WOPN using DP
stents (2 stents 10 Fr in diameter,
n = 106), fully covered self-expand
ing biliary stents (FCSEMS, stent size
10 × 40 mm in 85 patients, 10 × 60 mm in
36 patients) and LAMS (AXIOS™ stent,
n = 86). No differences in technical
success were observed among the
groups of patients. The incidence of
early complications (≤ 7 days after
stent placement) was significantly
lower in the FCSEMS group than in the
groups with drainage performed us
ing DP stents and LAMS (1.6 vs. 7.5 vs.
9.3%; p < 0.01). Complete resolution
of WOPN at 6 months after therapy
was lower in the group with drainage
performed using DP stents than in
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the FCSEMS and LAMS groups (81
vs. 95 vs. 90%; p = 0.01). The mean
number of endoscopic procedures required to achieve a complete WOPN
resolution was significantly lower
in the LAMS group compared to
FCSEMS and DP stents groups
(2.2 vs. 3 vs. 3.6; p = 0.04) [15]. This
study has its limitations due to its
retrospective design. Nevertheless,
it provides important information
concerni ng the eff ectiveness of
endoscopic therapy for WOPN, with
the highest effectiveness achieved,
as expected, with LAMS. Moreover, it
also highlights the potential risks and
complications of this therapy, which
are not negligible, given that the LAMS
group showed the highest incidence of
early complications, including bleed
ing (n = 6), superinfection (n = 1),
perforation foll owi ng incorr ect
AXIOS™ stent placement (n = 3) and
abdominal pain (n = 1). Randomised
studies, including a cost-benefit ana
lysis, are required for a clear assess
ment of the benefits of therapy with
the use of these special stents.

Conclusion
In a group of 54 patients, the tech
nical success of ETD of walled-off
pancreatic fluid collections was 94.4%.
A complication occurred in 31.5% of
patients of the whole study group, with
bleeding occurring most frequently.
Clinical effect of the therapy with
resolution of fluid coll ection was
maintained at 3 months after stents
insertion in 92.5% of patients who had
undergone a technically successful
endoscopic drainage, and at 6 months
after stents extraction in 88.6% of
patients who showed clinical effect
at 3 months after stents insertion.
A reccurence of the fluid collection
occurred in 11.1% of patients. With
a selection of the technique, where EUD
was predominantly used in patients
with the absence of bulging and/or
with the presence of gastric varices,
no significant diff erence was observed

between EUD and CTD in terms of
technical success, the incidence of
complications, or the clinical success.
In view of the developments in
therapeutic endoscopic ultrasound,
EUD has now become a standard in the
management of walled-off pancreatic
fluid coll ections. New, speciall y
adapted SEMS, known as LAMS, are
most probably more eff ective than DP
stents or FCSEMS in the endoscopic
therapy of WOPN, although possibly at
the cost of an increased risk of mainly
bleeding complications. Randomised
studies are required to assess their
definitive role in the endoscopic
management of walled-off pancreatic
fluid collections.
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