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Introduction-Aim

Necrotizing pancreatitis (NP) occurs in approximately 
15% of patients with severe acute pancreatitis and is char-
acterized by pockets of pancreatic and peripancreatic tissue 
necrosis. About two thirds of necrotic foci are sterile and 
may resolve with conservative treatment, but the rest evolve 
to infected pancreatic necrosis (IPN) [1,2]. While sterile 
pancreatic necrosis is associated with a mortality rate of 
5 - 10%, that of IPN is much higher, 20 - 30%, subsequent 

to sepsis and multiple organ failure [3,4]. The necrotic 
progression most commonly involves both pancreatic and 
peripancreatic fat tissue (75 - 80% of cases) or it may be 
limited to the pancreas alone (5%) [3]. Isolated peripan-
creatic necrosis carries a better prognosis than pancreatic 
parenchymal necrosis [3,5]. 

IPN commonly requires intervention in the form of 
necrotic tissue debridement (necrosectomy) and/or drain-
age via either surgical or radiological methods. Intervention 
should be delayed until the necrotic process is delimited, 
allowing demarcation between necrotic and normal tissue, 
which is named “walled-off necrosis” (WOPN), unless there 
is clinical deterioration and gradual multiorgan failure. 
Open surgical necrosectomy (ON) was initially conducted 
for the management of IPN, but this procedure had a poor 
outcome, with a high risk of bleeding and pancreatic or 
colonic fistula, along with an increased prevalence of post-
operative organ dysfunction; the documented perioperative 
morbidity rate was 34 - 95%, leading to a mortality rate of 11 
- 39% [1,2,4,6-8]. In recent decades, ON has been repeatedly 
replaced by minimally invasive procedures (MIPs), which 
have a lower risk of complications [9,10]. As a result, ON 
with repeated laparotomy is nowadays regarded as the last 
choice, undertaken only when other therapeutic options 
have failed.

Several types of MIP have been described for the man-
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agement of IPN, including percutaneous catheter drainage 
(PCD), video-assisted retroperitoneal debridement (VARD), 
transgastric endoscopic debridement (TED) and laparo-
scopic cystgastrostomy [11]. Currently, the step-up approach 
is recommended as the standard of care for NP; this consists 
of PCD, followed by VARD or endoscopic transluminal 
drainage, followed by TED [6,12]. The cases are presented 
here of 3 consecutive patients with acute pancreatitis who 
developed IPN, which was managed in our hospital by a 
MIP. A step-up approach with image-guided PCD, followed 
by VARD, was used successfully in all 3 patients.

Methods-Results

In a prospective study conducted between 2013 and 
2016, 3 patients with IPN, 2 males and 1 female, mean age 
58 years, were treated surgically by MIP, specifically PCD 
and VARD. All 3 patients were referred with a diagnosis of 
IPN, confirmed by positive blood culture and the presence 
of pancreatic or peripancreatic necrosis on multidetector 
contrast enhanced computed tomography (CT) scan (Figure 
1). The presence of gas in a necrotic pocket on imaging of the 
pancreas, combined with clinical signs of infection, such as 
raised temperature, elevated levels of inflammatory serum 
markers, and exclusion of any other site of infection, was 
considered pathognomonic for IPN. The procedures in this 
series were led by AAP, who is Professor of Surgery with 
a pivotal role in endoscopic and laparoscopic techniques 
and special interest and experience in elective and emer-
gency hepatobiliarypancreatic (HBP) surgery. The overall 
management plan and the indications for and timing of 
intervention were determined by a multidisciplinary team 
of consultant surgeons, gastroenterologists and radiologists. 
The medical ethics committee of the 2nd Department of 

Surgery “Aretaieio” Hospital approved the study.
All 3 patients had a history of gallbladder disease and 

at least one episode of acute pancreatitis approximately 
two months before their inclusion in the study. Two of 
the patients had undergone laparoscopic cholecystectomy 
before the presentation of NP. In all 3 patients a left lateral 
retroperitoneal necrotic focus was visualized on the CT scan. 
For all 3, the first-line procedure consisted of placement of 
a pigtail catheter by an interventional radiologist (Figure 
2). When no clinical improvement was evident after 48 - 72 
hours, because of inadequate drainage of the solid necrotic 
material, the drain tracts were used to perform minimally 
invasive necrosectomy by the VARD procedure. There were 
no major postoperative complications in any of the patients, 
and none required re-intervention or ICU admission. One 
of the patients underwent laparoscopic cholecystectomy 3 
weeks after the VARD procedure. The mean hospital stay 
was 35 days and all 3 patients were discharged after clinical 
recovery with drainage catheters in situ. The drains were 
removed between 45 and 56 days (mean, 50 days) postopera-
tively as an outpatient procedure. Two of the patients remain 
asymptomatic one year after discharge. The third patient 
developed an unresolved pancreatic fistula. Endoscopic 
retrograde cholangiopancreatography (ERCP) revealed a 
carcinoma of the ampulla of Vater, which was confirmed 
by tissue biopsy. This patient died of complications related 
to peritoneal carcinomatosis 6 months later. 
Technique

VARD is performed under general anesthesia with 
the patient positioned in such way that the access track is 
approximately horizontal. After preoperative skin prepara-
tion and sterile draping, a soft-tipped radio-opaque guide 

Figure 1. Infected pancreatic necrosis. A: Axial contrast-enhanced computed tomography (CT) of the upper abdomen demonstrates an 
encapsulated collection of fluid with small pockets of gas (arrow), overlying the pancreas, anterior to the spleen. B: Corresponding magnetic 
resonance (MR) image better depicts the solid elements within the encapsulated area.
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Figure 2. Minimally invasive procedure for treatment of infected pancreatic necrosis. The first step of the surgical step-up approach technique 
is percutaneous catheter drainage. The preferred access route is through the left retroperitoneal space between the left kidney, dorsal spleen 
and descending colon. Axial non-contrast CT slices illustrate the retroperitoneal percutaneous 10 Fr pigtail catheter placement by the Seldinger 
technique. A. Initial access is established via a 19 G needle; B: The catheter is placed in the dependent part of the necrotic area (arrows). The 
catheter will be used as a guide for entering the pocket of pancreatic and peripancreatic necrosis. 
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wire is passed through the previously placed drain, under 
fluoroscopic guidance to confirm the presence of the wire 
in the cavity. The drain is then removed leaving the percu-
taneous guide wire in place. Following the wire, serial gentle 
dilatations are gradually performed with a sponge forceps 
as far as the retroperitoneal pocket of necrosis (Figure 
3A). A tract is created in the area between the lower pole 
of the spleen and the splenic flexure and a Hasson’s trocar 
is inserted, allowing the endoscopic camera to follow the 
dilated tract. Under videoscopic assistance the lesser sac is 
entered and the visible necrotic tissue is gradually detached 
and removed using laparoscopic forceps and repeated ir-
rigation/suction through a 5 mm port close to the dilated 
tract-opening site (Fig 3B, 3C, 3D). Because of the high risk 
of injury and hemorrhage, only loosely adherent pieces of 
necrosis are removed (Figure 4). At the end of the procedure 
two large bore single lumen drains are positioned in the 
cavity to facilitate a closed continuous postoperative lavage 
system (Figure 5). This approach is the technique of choice 
in our hospital and no other types of necrosectomy were 
undertaken during the reporting period.

Discussion

One of the most important advantages of MIP for the 
management of IPN appears to be the lower incidence of 
new-onset organ failure, which reflects a lower inflamma-
tory response than occurs with ON. Since many studies have 
demonstrated a lower mortality rate when MIP is applied, 
in the range of 0 - 15%, the use of MIP for the treatment of 
IPN has become established [2,13,14]. Several MIPs may 

be used, and although each method can be considered as a 
definitive treatment, they can also be performed in sequence, 
in the “step-up” approach, which consists of the “3Ds” 
concept: delay, drain, and debride [11,15]. The first step is 
supportive treatment in the case of disease progression to 
PN and should last at least 4 weeks, during which a well-
defined WOPN is expected to be created. The second step 
follows, which is percutaneous or endoscopic drainage. If, 
in spite of drainage, debridement is required; this involves 
enlargement of the drain tract to allow MIP.

This strategy was summarized in the latest guidelines 
of the International Association of Pancreatology/Ameri-
can Pancreatic Association for the management of acute 
pancreatitis, which recommend initial percutaneous or 
endoscopic drainage, followed by endoscopic or surgical 
necrosectomy when necessary [1,16]. These guidelines also 
noted that the present data are insufficient to allow defini-
tion of subgroups of patients with IPN who would benefit 
from a specific treatment strategy, since no single treatment 
approach for drainage and evacuation of pancreatic necrotic 
tissue is ideal for use in all patients [17].

In practice, a range of options may be required, often 
in combination, depending on the position of the necrotic 
area or the walled-off pocket of necrosis, and on the overall 
clinical condition of the patient. A detailed discussion of 
the antimicrobial treatment and nutritional management 
is beyond the scope of this presentation. It must be empha-
sized, however, that enteric feeding through a nasogastric 
or feeding tube can be administered, combined with total 
parenteral nutrition (TPN) if the nutritional target is not 
attained. Patients presenting with NP should undergo 
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evaluation of the etiology of NP, the disease severity and 
whether signs of organ failure are present. During this evalu-
ation, signs of biliary obstruction (i.e., possible malignant 
process), that would warrant urgent ERCP and a different 
treatment strategy, should be carefully ruled out. In one 
of the patients in our series, a carcinoma of the ampulla 
of Vater was diagnosed because of a persistent pancreatic 
fistula after the MIP.

MIPs can be classified into four broad groups: per-
cutaneous, retroperitoneal, endoscopic and laparoscopic 
(transperitoneal) [18,19-23]. The choice of one MIP over 
another for the initial drainage of IPN is largely based on 
the position of the pocket of necrosis in relation to the 
stomach, colon, liver, spleen and kidney, and on the ex-
perience of the treatment team [11]. The initial drainage 
can be carried out through PCD, or transgastrically [2,23]. 
PCD is evolving as the first-line approach and at least 30% 
of patients can be treated successfully with catheter drain-
age only, without the need for additional necrosectomy 
[2,13,23]. Access using the retroperitoneal approach is 
preferable, as the route of percutaneous drainage should 
take into account the probability of subsequent “step-up” 

intervention, utilizing that drain tract. The use of PCD for 
central WOPN, such as those posterior to the stomach, is 
controversial, and the endoscopic transgastric routes could 
represent a better option for such sites. Endosonography-
guided TED of WOPN with placement of transmural stents 
is often viewed as the first line approach in these patients. 
The novel lumen-apposing fully covered self-expanding 
metal stent (LAMS), with both proximal and distal anchor 
flanges, has been demonstrated to be both safe and effec-
tive for endoscopic transgastric debridement of WOPN 
via passage of the endoscope through the stent lumen 
[24]. Siddiqui and colleagues, in a retrospective study, 
showed complete resolution of the WOPN with a signifi-
cantly lower number of procedures in the LAMS group 
in 90% of patients at 6-month follow up [25]. Currently, 
endoscopic necrosectomy procedures are carried out in 
different ways and at different time-points, based largely on 
the personal experience of the interventional endoscopist 
[26]. The laparoscopic approach has been demonstrated 
to be safe in several small case series, but it is currently 
the MIP least used for IPN. Laparoscopic necrosectomy 
allows complete exploration of the abdominal cavity and 
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Figure 3. Minimally invasive procedure for treatment of infected pancreatic necrosis. Sequential perioperative images of video-assisted ret-
roperitoneal debridement (VARD) through the left retroperitoneal space between the left kidney, dorsal spleen and descending colon. A: The 
previously placed percutaneous drain is used as a guide into the retro peritoneum to enter the necrotic area. The necrotic tissue is removed 
under direct vision with a long grasping forceps; B, C, D: Further debridement is performed under videoscopic assistance.
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Figure 4. Minimally invasive procedure for treatment of infected pancreatic necrosis. Retro-peritoneoscopy showing images of the walled off 
pancreatic necrosis (WOPN) cavity. A, B: Initial findings on entry into complicated WOPN; C: Post debridement image with healthy granulation 
tissue after endoscopic necrosectomy; D: The necrotic material removed by video-assisted retroperitoneal debridement (VARD) necrosectomy.

Figure 5. Minimally invasive procedure for treatment of infected pancreatic necrosis. A: Two large bore drains left in the necrotic cavity for 
lavage and drainage; B: Early postoperative axial-oblique contrast enhanced CT slice at the level of the pancreas depicts the two ports (ar-
rows). Typical appearance of the area of walled off pancreatic necrosis (WOPN) immediately after retroperitoneal, necrosectomy showing 
substantial improvement.
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surrounding organs, better exposure of the lesser sac, the 
left paracolic gutter and the head of the pancreas [27]. As 
a result, the laparoscopic approach to IPN is suitable for 
drainage of multiple areas of infection and permits con-
comitant cholecystectomy if gallbladder disease is present. 
The disadvantages of this procedure, as of open laparotomy, 
is that the walled off compartment is ruptured, leading to 
possible contamination of the peritoneal cavity, but the rate 
of conversion to open laparoscopic necrosectomy is under 
20%. Based on the data reported in the literature to date, 
80% of cases managed by the laparoscopic approach do not 
require additional surgical procedures, and the mortality 
rate is around 10% [19].

Depending on the individual progression of the clinical 
status, each of the MIP techniques can be considered as the 
definitive single treatment, or, alternatively, can be used as 
the initial step in the combination with others [18,19,28]. 
When the intended results are not achieved with MIP, ON-
debridement should be implemented as soon as possible. 
The mortality of salvage ON after a failed MIP is no higher 
than that of primary ON [16].

In conclusion, the use of MIPs for treating IPN is as-
sociated with less complications, lower mortality and better 
outcome than ON, and should be preferred over ON for the 
initial management of IPN. In a patient with established 
criteria for intervention, current evidence favors simple per-
cutaneous or endoscopic drainage of the WOPN followed by 
a “step-up” MIP necrosectomy if needed, to facilitate sepsis 
control. No single MIP is optimal for all patients, and there-
fore these interventions should be provided in the context 
of a multidisciplinary team approach in specialized centers 
with the appropriate expertise. ON should not be excluded 
a priori and there are still indications for its application in 
some cases of NP; ON is recommended for patients in whom 
MIP is not feasible or has been unsuccessful. 
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