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Abstract
Walled-off pancreatic necrosis and a pancreatic abscess 
are the most severe complications of acute pancreatitis. 
Surgery in such critically ill patients is often associated 
with significant morbidity and mortality within the first 
few weeks after the onset of symptoms. Minimal inva-
sive approaches with high success and low mortality 
rates are therefore of considerable interest. Endoscopic 
therapy has the potential to offer safe and effective 
alternative treatment. We report here on 3 consecutive 
patients with infected walled-off pancreatic necrosis 
and 1 patient with a pancreatic abscess who underwent 
direct endoscopic necrosectomy 19-21 d after the onset 
of acute pancreatitis. The infected pancreatic necrosis 
or abscess was punctured transluminally with a cys-
tostome and, after balloon dilatation, a non-covered 

self-expanding biliary metal stent was placed into the 
necrotic cavity. Following stent deployment, a nasobili-
ary pigtail catheter was placed into the cavity to ensure 
continuous irrigation. After 5-7 d, the metal stent was 
removed endoscopically and the necrotic cavity was 
entered with a therapeutic gastroscope. Endoscopic 
debridement was performed via  the simultaneous ap-
plication of a high-flow water-jet system; using a flush 
knife, a Dormia basket, and hot biopsy forceps. The 
transluminal endotherapy was repeated 2-5 times daily 
during the next 10 d. Supportive care included paren-
teral antibiotics and jejunal feeding. All patients im-
proved dramatically and with resolution of their septic 
conditions; 3 patients were completely cured without 
any further complications or the need for surgery. One 
patient died from a complication of prolonged ventila-
tion severe bilateral pneumonia, not related to the en-
doscopic procedure. No procedure related complications 
were observed. Transluminal endoscopic necrosectomy 
with temporary application of a self-expanding metal 
stent and a high-flow water-jet system shows promise 
for enhancing the potential of this endoscopic approach 
in patients with walled-off pancreatic necrosis and/or a 
pancreatic abscess.
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Core tip: The endoscopic transluminal management of 
pancreatic necrosis and/or pancreatic abscess is associ-
ated with good initial and long-term clinical success, 
with acceptable morbidity and mortality rates. The 
advantages of endoscopic management are related to 
its minimal invasiveness. The combination of multiple 
endoscopic approaches is designed to achieve the goals 
of any treatment strategy.
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INTRODUCTION
Acute pancreatitis (AP) is a disease characterized by sig-
nificant morbidity and mortality. Pancreatic necrosis (PN), 
occurring as diffuse or focal areas of  non-viable pancre-
atic parenchyma as defined by the 1992 Atlanta classifica-
tion, is a serious complication that can develop within a 
few days following the onset of  AP[1]. 

Acute necrotizing pancreatitis (ANP) complicates 
15%-20% of  all cases with AP and, in patients in whom 
the most severe infectious complication infected necrosis 
develops, the mortality can be as high as 25%-70%[2].

“Organized” or “walled-off  pancreatic necrosis” 
(WOPN), described as relatively well-circumscribed areas 
of  PN, evolves during the several weeks after an episode 
of  severe ANP. This process reflects the evolution from 
early diffuse PN to an encapsulated, loculated form[3]. 

Similarly, a pancreatic abscess (PA), a serious com-
plication of  AP, can be defined as a circumscribed intra-
abdominal collection of  purulent material adjacent to the 
pancreas, containing little or no PN, but circumscribed 
within a well-defined wall[1].

The conventional treatment of  infected WOPN and 
PA necessitates open surgical debridement, together with 
sump drainage and continuous lavage. The key objectives 
of  the surgical approach are the removal of  all pancre-
atic- and peripancreatic necrotic tissue, the evacuation of  
purulent infected material, and the provision of  continu-
ous and adequate drainage to promote resolution of  the 
inflammatory processes. The best current therapeutic 
approach comprises complete removal of  the necrotic 
material, but preservation of  all the viable pancreatic tis-
sue, together with the best possible supportive care, pref-
erably at an intensive care unit (ICU).

The recommended surgical procedure of  open necro-
sectomy is associated with a high postoperative complica-
tion rate (95%)[4], and the median mortality rate has been 
reported to be 25% (range 6%-56%)[5].

Minimally invasive approaches with high success and 
lower mortality rates are therefore of  considerable inter-
est, and various percutaneous and endoscopic techniques 
for the management of  PN and PAs have been described 
during the last decade.

Transluminal retroperitoneal endoscopy for the de-
bridement of  infected WOPN can be considered one 
of  the first clinical applications of  natural orifice trans-
luminal endoscopic surgery. However, the history of  
endoscopic necrosectomy began with the endoscopic 
transmural drainage of  pancreatic pseudocysts and ab-

scesses[3].
Endoscopic interventions are typically performed 

under conscious sedation without the need for general 
anesthesia. Endoscopic therapy for PN may involve en-
doscopic retrograde cholangiopancreatography (ERCP) 
with sphincterotomy, stenting, and nasojejunal feeding 
tube placement, while a more aggressive and potent 
therapeutic approach is transmural (transgastric or trans-
duodenal) endoscopic drainage[3], with or without endo-
scopic ultrasonographic guidance[6,7], followed by balloon 
dilation of  the cystogastrostoma or cystoduodenostoma, 
and repeated direct endoscopic necrosectomies through 
the dilated fistulous tract using different accessories  (e.g., 
a polypectomy snare, Dormia basket, hot biopsy forceps, 
or tripod grasper)[8,9], and stent and/or catheter place-
ment into the necrotic cavity, followed by continuous 
lavage and irrigation[10] and, if  required, repeated balloon 
dilations of  the fistulous tract. 

Two large, multicenter retrospective studies have 
demonstrated that the direct transluminal endoscopic 
management of  PN is associated with good long-term 
maintenance of  the high initial success rate[11,12]. Never-
theless, all of  the current endoscopic techniques have 
obvious inherent limitations, such as the risk of  air em-
bolism, endoscopically uncontrollable bleeding, and inad-
equate drainage through multiple plastic stents, together 
with an early occlusion of  the fistulous tract. 

To overcome these difficulties, we demonstrate here a 
new and successful method of  endoscopic transluminal 
necrosectomy (ETN); a combination of  the temporary 
placement of  a self-expanding metal stent (SEMS) into 
the fistulous tract and daily irrigations of  the necrotic 
cavity with a high-flow water-jet system, using a flush 
knife.

CASE REPORT
Direct endoscopic therapy was performed on 4 patients. 
The indication for the endoscopic transmural approach 
was infected PN in 3 cases and a PA in 1 case. 

Case 1
A 59-year-old female was admitted to our emergency 
sub-ICU with AP. At admission, she had severe upper 
abdominal pain that had started 24 h before. Abdominal 
ultrasonography revealed multiple small stones in the 
gallbladder, with concomitant dilation of  the extrahepatic 
bile ducts. Laboratory tests demonstrated leukocytosis (26 
g/L), and elevated blood glucose (13.4 mmol/L), liver 
function tests [aspartate aminotransferase (AST): 76 U/L, 
alanine aminotransferase (ALT): 106 U/L, gamma-glu-
tamyl transferase (GGT): 389 U/L], and serum amylase 
(2262 U/L). The calculated Glasgow score was 7, which 
predicted a severe attack of  pancreatitis. Emergency 
ERCP was performed, and after endoscopic sphincter-
otomy a small (5 mm in diameter) impacted gallstone 
was successfully removed from the common bile duct. 
Despite maximum conservative therapy, an abdominal 
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computed tomography (CT) scan 72 h later demonstrated 
severe APN with extensive necrosis and peripancreatic 
fluid accumulation was observed (Balthazar score: 6). 
After transmission to the ICU she received maximum 
supportive care, with mechanical ventilation, parenteral 
antibiotics (Imipenem and Metronidazole), parenteral 
volume replacement and nasojejunal feeding, epidural an-
esthesia and plasmapheresis. Despite the optimum thera-
py, her general condition was still deteriorating at the end 
of  the third week, due to a high fever, sepsis, and multi-
organ failure. Laboratory tests showed elevated C-reactive 
protein (CRP) and procalcitonin (PCT) levels (226 mg/L 
and 2.72 µg/L, respectively). A repeated CT scan demon-
strated an approximately 14 cm × 11 cm × 12 cm volume 
of  not clearly demarcated peripancreatic necrosis with 
accumulated fluid located between the stomach and the 
body of  the pancreas; clinically, infection of  the necrosis 
was assumed. After repeated surgical consultations, we 
decided to attempt ETN rather than open surgical necro-
sectomy in order to minimize the level of  invasiveness in 
this critically-ill patient on day 21 after the onset of  ANP.

Case 2
A 62-year-old female patient was transferred from a sec-
ondary care hospital to our gastroenterological sub-ICU 
with upper abdominal pain and an elevated serum amy-
lase level (4000 U/L). She had experienced the first attack 
of  abdominal pain 2 wk earlier, though she then became 
asymptomatic, but the day before admission she again 
developed severe abdominal pain after a fatty food intake. 
At admission, the calculated Glasgow score was 8, indi-
cating a severe attack of  AP. On abdominal ultrasonog-
raphy a large (2 cm in diameter) solitary gallbladder stone 
was detected. Laboratory tests demonstrated leukocytosis 
(21 G/L), elevated blood glucose (21 mmol/L), liver 
function tests (AST: 439 U/L, ALT: 339 U/L, GGT: 308 
U/L), and serum amylase (1152 U/L). Emergency ERCP 
was performed, but, apart from the known gallbladder 
stone, no cholangiographic signs of  biliary obstruction 
or gallstone pancreatitis were seen. Two days later, due to 
high fever and sepsis, she was transferred to the ICU. An 
abdominal CT scan on day 4 of  hospitalization revealed 
ANP with extensive necrosis, duodenal compression, and 
an accumulation of  peripancreatic fluid 45 mm in width 
at the bursa omentalis (Balthazar score: 7). Maximum 
supportive care at the ICU included parenteral antibiot-
ics (Imipenem + Amikacin, followed by Tigecycline and 
Metronidazole), parenteral volume replacement, nasoje-
junal feeding, and epidural anesthesia; there was no need 
for long-term mechanical ventilation. A repeated CT scan 
demonstrated an 11 cm × 7 cm × 7.5 cm volume of  peri-
pancreatic necrosis with the extensive accumulation of  
fluid mainly between the posterior wall of  the stomach 
and the pancreas. At the end of  the third week, she still 
had high fever, and presented extremely high CRP (326 
mg/L) and elevated PCT (2.67 µg/L) levels. From the 
clinical signs and laboratory results, infection of  the PN 
was evident and therefore, after repeated surgical consul-

tations, we decided to perform ETN on day 20. 

Case 3
A 72-year-old female patient was admitted to our depart-
ment with upper abdominal pain and vomiting that had 
persisted for 6 d before hospitalization. Her case history 
included hypertension and a vertebrobasilar stroke 7 
years previously. At admission, laboratory tests revealed 
only mild leukocytosis (10.2 g/L), but high CRP (249.6 
mg/L), elevated lactate dehydrogenase (741 U/L) and 
blood urea nitrogen (14.8 mmol/L), and mildly increased 
serum amylase (136 U/L). The liver function tests were 
normal, with the exception of  mild GGT elevation (110 
U/L). The clinical signs and abdominal ultrasonography 
(no gallstones or bile duct dilatation) led to a diagnosis of  
idiopathic AP. Despite maximum supportive care, with 
parenteral antibiotics (Ciprofloxacin and Metronidazole), 
parenteral volume replacement, nasojejunal feeding, and 
epidural anesthesia, an abdominal CT scan 3 wk later 
demonstrated severe ANP, with complete destruction 
of  the pancreatic tissue, secondary antral and duodenal 
compression, and a 10 cm wide accumulation of  peri-
pancreatic fluid in the retrogastric region, from the liver 
hilum up to the spleen, but not clearly demarcated from 
the retroperitoneal tissue (Balthazar score: 9). After re-
peated surgical consultations, we decided on ETN rather 
than open surgical necrosectomy in order to minimize 
the invasiveness in this elderly patient with significant co-
morbidity, on day 31 after the onset of  ANP.

Case 4
A 52-year-old male patient was admitted to our depart-
ment with upper abdominal pain and nausea. The symp-
toms had developed after a spicy and fatty food intake. 
The case history revealed two attacks of  AP one year pre-
viously, with the consequent development of  a pancreatic 
pseudocyst. At admission, laboratory tests indicated mild 
leukocytosis (12.2 g/L), CRP (15.2 mg/L), and mildly 
elevated blood glucose (6.5 mmol/L) levels. Liver func-
tion tests were normal, but the serum level of  amylase 
was increased (653 U/L). On abdominal ultrasonography 
a large (11 cm × 4 cm) pancreatic pseudocyst was seen, 
without signs of  bile duct dilation. A temporary improve-
ment was achieved on supportive care, but on day 7 of  
hospitalization a sudden deterioration was observed and 
the patient was transferred to the ICU. An abdominal CT 
scan revealed a PA (8.5 cm × 5 cm). Despite maximum 
supportive care with mechanical ventilation, parenteral 
antibiotics (Imipenem and Metronidazole, followed by 
Amikacin), parenteral volume replacement, and nasojeju-
nal feeding, no improvement was achieved. After repeat-
ed surgical consultations, we decided to perform ETN on 
day 13 after the onset of  AP.

Endoscopic treatment
All patients provided informed consent before each en-
doscopic intervention. The endoscopic procedures were 
performed with the patients under conscious sedation 
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of  the SEMS into the fistulous tract, together with naso-
pancreatic drainage, was successful in all patients. Access 
to the cavity was created by an endoscopic puncture into 
a clearly bulging lesion under endosonographic guidance 
in 3 cases, and by using a spontaneous perforation of  the 
cyst to the gastrointestinal lumen in Case 4. Transgastric 
(Cases 1-3) or transduodenal access (Case 4) was chosen 
in 3 and 1 cases, respectively. After 5-7 days of  lavage, the 
SEMSs were all safely removed. No SEMS-related com-
plications were observed. After SEMS removal, the fistu-
lous tract was sufficiently widely open (without any need 
for further balloon dilation) to be entered repeatedly with 
a double working channel therapeutic gastroscope; this 
allowed permanent access for transgastric necrosectomy 
during the next 2-3 wk. The average number of  daily 
necrosectomies was 2.6 (range, 2-5). No endotherapy-
related complications were observed. ERCP was per-
formed in two patients. After endoscopic management, 
the Sequential Organ Failure Assessment score and the 
sepsis improved, the decreased level of  consciousness 
ceased, CRP levels significantly decreased (Figure 4), and 
a CT scan showed no further evolution of  peripancreatic 
fluid, necrosis, or abscess. All patients, except one (Case 
2), were uneventfully and completely cured after endo-
scopic therapy and medical treatment. Following 6 wk of  
further basic supportive treatment and jejunal nutrition, 
they could leave the hospital. The average duration of  
hospitalization was 63 d (range 48-74 d). The artificial 
transluminal fistula spontaneously closed within 3 mo.

After a temporary improvement, one patient (Case 2) 
died 20 d after the first endoscopic intervention, on day 
38 of  ICU treatment. The autopsy revealed multifocal 
pulmonary abscesses and severe bilateral pneumonia (an 
obvious complication of  prolonged ventilation), but no 
retroperitoneal abscess and only moderate inflammatory 
signs at the site of  ETN.

DISCUSSION
Despite receiving maximum ICU therapy, patients with 
ANP can succumb rapidly. In terms of  the clinical dis-
ease course, severe AP is biphasic. During the first week 
after the onset, there is an early mortality peak, which is 
known to be mainly due to the systemic inflammatory 
response syndrome and early multiorgan failure evoked 
by the exaggerated pro-inflammatory response[13,14]. In 
contrast, 2-3 wk after the onset of  the symptoms, at the 
time of  the maximum anti-inflammatory response and 
consequent immunosuppression, there is a second peak 
of  mortality, which is known to be mainly due to the in-
fectious complications caused by bacterial translocation, 
followed by sepsis and late multiorgan failure[15,16]. At this 
point, even maximum ICU therapy may not be able to 
halt or reverse the disease progression in some patients.

The standard treatment for infected and complicated 
WOPN is surgical intervention with open necrosectomy 
and drainage[17,18]. If  it is considered that ANP is respon-
sible for the multiple organ dysfunction syndrome, con-

with intravenous benzodiazepine and/or opioid adminis-
tration. ERCP was carried out when indicated.

The feasibility of  endoscopic drainage was assessed 
by endoscopic ultrasonography with the application of  
a linear echoendoscope (Fujinon EG-530UT). The opti-
mum drainage site was selected, and vessel interposition 
was excluded by color-flow Doppler. After infiltration of  
the gastric wall with 20 mL of  diluted adrenaline (1:10000 
in saline), the cavity was punctured with a 22-gauge nee-
dle for sample collection (for microbiological analysis). 
Next, the gastric wall was perforated with a cystostome 
(Wilson-Cook, 60 W, forced coagulation) to access the 
necrotic cavity, followed by dilatation of  the fistulous 
tract up to 12 F with the outer dilatation catheter of  the 
same device. Contrast medium was then injected to assess 
the extent and borders of  the cavity. After this, a 480 cm 
long, 0.035 inch diameter guidewire (Tracer Wire Guide; 
Wilson-Cook) was carefully advanced through the cysto-
stome to form at least two loops inside the cavity, so as 
to facilitate safe catheter exchange. The puncture site was 
dilated with a wire-guided biliary balloon up to 10 mm 
and 1.5 psi (Olympus Endoscopy). Finally, a 6 cm long, 
10 mm wide throughout, non-covered, biliary SEMS 
(Micro-Tech Europe) was positioned and opened inside 
the fistulous tract in order to make a permanent and wide 
connection between the necrotic cavity and the stomach. 
After opening of  the SEMS, a large volume of  purulent 
fluid and necrotic material emptied spontaneously into 
the stomach, and this was further facilitated with con-
tinuous flushing and suction via the endoscope. We final-
ized the first stage of  the necrosectomy process with the 
placement of  a 12 F nasobiliary pigtail catheter into the 
necrotic cavity through the SEMS. During the next 5 d, 
physiological saline was irrigated through this catheter at 
a flow rate of  100 mL/h to facilitate continuous lavage 
and optimum drainage of  the necrotic material.

We entered the stomach with a double-channel thera-
peutic gastroscope (Fujinon EG-530D), and removed 
the SEMS from the necrotic cavity without any difficulty 
with standard foreign body forceps 5-7 d later. ETN was 
performed in the following steps: (1) the therapeutic gas-
troscope (Fujinon EG-530D) was inserted directly into 
the cavity; (2) with the application of  a flush knife (Fuji-
non Flush Knife), the purulent debris was flushed from 
the inner cavity wall, using the high-flow water-jet system 
(Fujinon JW-2 Water Pump). For high-flow irrigation, we 
used Betadine solution (1:10 dilution in saline); continu-
ous suction was achieved through the wide-channel ther-
apeutic endoscope; (3) the necrotic remnant was removed 
by simultaneous application of  the flush knife, a Dormia 
basket, and hot biopsy forceps; and (4) finally, placement 
of  a 12 F nasobiliary catheter into the necrotic cavity and 
a suction drain into the stomach provided continuous la-
vage between the endoscopic sessions. 

ETN and lavage were performed daily until complete 
evacuation of  the necrotic and purulent material (Figures 
1-3).

The puncture of  the necrotic cavity and placement 
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ventional early surgery (with its high complication rates) 
is the possible second hit, which may be the explanation, 
at least in part, for the high mortality. This concept is 
compounded by the fact that minimally invasive ap-
proaches, including minimally invasive retroperitoneal 
surgical necrosectomy[19], percutaneous catheter drain-
age[20], and endoscopic transluminal drainage (ETD)[3] 
ETN[6-12,21], are thought to induce less physiological stress 
and result in less activation of  the inflammatory pro-
cesses than equivalent open surgery, and may therefore 
improve the overall outcome of  patients with infected 
PN.

Transgastric endoscopic stent placement, mainly un-
der endoscopic ultrasonographic guidance, is helpful for 
the drainage of  abscesses, but its success in cases of  in-
fected WOPN is rather limited. In 2000, Seifert et al[6] first 
described transgastric access with a standard endoscope 
into the retroperitoneal space for necrosectomy and de-
bridement. The comparison of  ETN with ETD by Gard-
ner et al[7] indicated that ETN achieves higher rates of  
resolution relative to ETD, without concomitant changes 
in the number of  endoscopic procedures, the complica-
tion rate, or the time to resolution. To date, numerous 
workgroups have reported success and convincing re-

sults, including the low morbidity and mortality of  ETN 
in the treatment of  infected WOPN in case series[8,9,22]. 
Moreover, two large, multicenter retrospective studies 
from Germany and the United States have demonstrated 
that transmural minimally-invasive endoscopic treatment 
of  WOPN is an efficacious and reproducible technique 
with an acceptable safety profile[11,12]. However, all stud-
ies involving transluminal pancreatic necrosectomies are 
challenged by the limitations in the efficacy of  the endo-
scopic devices and accessories used for debridement (e.g., 
Dormia baskets and polypectomy snares). Additional 
novel methods have recently been described that may fa-
cilitate debridement during ETN and improve the overall 
outcome. Belle et al[23] showed that, through the tempo-
rary use of  a special partially-covered SEMS designed to 
keep the pancreaticogastrostomy open for the drainage 
of  WOPN, clinical success (defined as the complete re-
moval of  necrotic masses without major complications) 
was achieved in all 4 of  the study’s patients. Furthermore, 
Antillon et al[24] reported one case where placement of  a 
large-diameter removable metallic esophageal stent into 
the necrotic cavity, in conjunction with intensive lavage 
facilitated drainage, was effective; when previous multiple 
sessions of  ETN and drainage with plastic stents had 
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Figure 1  Endoscopic treatment of a large walled off pancreatic necrosis. A: Puncture; B: Dilatation; C: Self-expanding metal stent implantation (Case 1). 
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failed.
We have presented here a new and highly efficient 

method of  ETN as a combination of  the temporary 
placement of  a non-covered biliary SEMS into the fistu-
lous tract and daily irrigations of  the pancreatic necrotic 

cavity during direct necrosectomies with a high-flow 
water-jet system, using a flush knife.

The temporary placement of  the SEMS resulted in a 
sustained, open fistulous tract with a wide orifice between 
the stomach and pancreatic necrotic cavity, through 

D

CBA

E F

Figure 2  Endoscopic treatment. Removal of self-expanding metal stent (A, B), endoscopic transluminal necrosectomy (C, D), application of high-flow water-jet sys-
tem using a flush knife (E, F) (Case 2).

DC

BA

Figure 3  Endoscopic treatment. Endoscopic transluminal necrosectomy (A), application of high-flow water-jet system using a flush knife and hot biopsy forceps (B-D) 
(Case 3). 
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which the ETN could easily be traced and re-performed 
(even 2 wk after removal) without any additional plastic 
stent insertion. The relatively short duration in place of  
the SEMS may prevent stent-related potential complica-
tions such as migration, stent-end rubbing-associated 
cavities, or stomach wall erosions, bleeding or perfora-
tion. The necrotic tissue, including large particles, and 
the purulent material could be removed and/or emptied 
to the stomach without any complication by washing the 
cavity with the high-flow water-jet system, using the flush 
knife, and providing continuous suction via the double-
channel therapeutic gastroscope. Only for the removal of  
adhesive necrotic remnants did we use other accessories 
(a Dormia basket and hot biopsy forceps) to facilitate the 
debridement. During this effective, but from a surgical 
aspect relatively non-aggressive approach, we experienced 
no procedure-related complications.

Earlier, when we have performed ETN, several hours 
after each direct endoscopic debridement session we ob-
served a temporary temperature increase in the patients 
(data not shown). It is speculated that this may be as-
sociated with the extreme endotoxin challenge resultant 
from the debris removed from the necrotic cavity to the 
gastrointestinal tract, and the impaired gastrointestinal 
barrier function. We hypothesize that continuous lavage 
performed constantly together with suction may prevent 
this event.

We also included a patient with a PA (Case 4) which 
consisted mainly of  solid particles and we had therefore 
decided to perform direct ETN instead of  drainage 
alone.

We believe that this new combination of  methods 
may lead to clinical success as a consequence of  its ef-
ficacy with fewer complications and an improvement 
in patient comfort. However, in order to confirm and 
optimize this endotherapy, further studies are necessary, 
preferably on a larger patient population.

The endoscopic transluminal management of  PN 
and/or PA is associated with good initial and long-term 
clinical success, with acceptable morbidity and mortality 
rates. The advantages of  endoscopic management are 

related to its minimal invasiveness. The combination of  
multiple endoscopic approaches is designed to achieve 
the goals of  any treatment strategy.
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