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Abstract
Introduction: The aim of this study was to report our re-
sults with open transgastric necrosectomy for walled-off 
necrosis in acute pancreatitis over a period of ten years.
Methods: Patients operated at the department from 2003 
until 2012 were studied retrospectively. 
Results: A total of 50 patients had surgery. The median 
age was 55 years (range: 17-79 years). The presumed aeti
ologies were: gallstones (n = 28), alcohol (n = 8) and other 
causes (n = 14). The median preoperative stay at hospital 
was 50 days (range: 2-150 days). Bacterial culture from the 
necrotic tissue was positive in 26 patients (52%), negative in 
15 patients (30%); and in nine patients, no information on 
this was available. In all, 22 patients (44%) had one or more 
incidents (i.e. abdominal compartment syndrome, bleeding, 
new abscess, pleural effusion or delayed gastric emptying) 
where additional invasive therapy was needed. Ten patients 
(20%) died during their admission to our department. In to-
tal, 18 (45%) patients developed late complications defined 
as endocrine and/or exocrine malfunction of the pancreas 
(diabetes (n = 10), exocrine insufficiency (n = 4), both diabe-
tes and exocrine insufficiency (n = 4).  
Conclusion: Acute pancreatitis with walled-off necrosis 
has a high mortality rate. Need for additional therapy fol-
lowing necrosectomy was associated with fatal outcome. 
Endocrine and exocrine insufficiency was often seen at fol-
low-up. 
Funding: none.
Trial registration: The study was approved by the  
Danish Data Protection Agency via Region of Southern  
Denmark (case no. 13/29319).  

Most patients with acute pancreatitis have a mild course 
with a short hospital stay. However, 10-20% of the pa-
tients have severe acute pancreatitis characterised by 
multiple organ failure and necrosis of the pancreas. The 
mortality of this latter group can reach 50% [1]. 

The corner stone in the treatment of severe acute 
pancreatitis is supportive care, which can include venti-
lator therapy, dialysis and parenteral nutrition. Necro- 
sis of the pancreas/peripancreatic tissue is often seen  
in these severe cases (Figure 1). There is consensus  
that infected necrosis should be removed by drainage/

necrosectomy, but intervention on sterile collections is 
also recommended if the patient has ongoing organ fail-
ure, abdominal compartment syndrome, ongoing gas-
tric/intestinal/biliary outlet obstruction, persistent 
symptoms or disconnected duct syndrome with persist-
ing symptomatic collection(s) [2]. The methods and the 
timing of drainage/necrosectomy have changed over the 
years. Thus, laparotomy with subsequent continuous 
rinsing via drains or laparostomy with repeat necrosec-
tomy used to be the dominant methods. Currently, in-
tervention is often sought accomplished by less invasive 
procedures such as external ultrasound-guided drain-
age. In case of therapeutic failure this can then be fol-
lowed  by transgastric necrosectomy performed either 
by endoscopy or by laparoscopy/-tomy (the step-up  
approach) [3]. Regardless of the procedure chosen, it 
should not be performed within four weeks after the 
onset of the disease in order to make the necrosis en-
capsulate. 

By the beginning of the new millennium, we started 
treating those patients with acute pancreatitis who  
had organised necrosis, now referred to as walled-off 
necrosis by the newest Atlanta classification [4], with 
transgastric necrosectomy and marsupialisation done 
via an open procedure. Our initial experience with this 
procedure has been published previously [5]. The aim of 
this study was to report our results over a period of ten 
years after getting more familiar with this technique. 

Methods
Patients
Patients operated (operation codes JLC50, JLC 96 or 
JLD10) at the Department of Surgery, Odense University 
Hospital, Denmark, from 1 January 2003 to 31 December 
2012 due to walled-off necrosis following an episode of 
acute pancreatitis were studied retrospectively by re-
viewing their hospital records. We registered gender, 
age, aetiology, days of stay in hospital before operation, 
infection of the necrosis, post-operative incidents re-
quiring therapy, length of post-operative stay, post-op-
erative pancreatic failure and mortality. The study was 
approved by the Danish Data Protection Agency via the 
Region of Southern Denmark (case no. 13/29319).  
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Surgical procedure
Indication for surgery was based on the patient’s clinical 
condition and the laboratory tests (primarily white blood 
cell count and C-reactive protein) combined with the 
findings at computed tomography (CT). A systematic 
description of the CT finding by, e.g., the modified CT 
severity index [6] was not used at our institution. In ad-
dition, our approach on these patients was to avoid pre-
operative puncture/drainage of the fluid collection and, 
thus, preoperative culture was not done. Patients were 
operated via either an upper midline or a transversal 
subcostal incision. Intraoperative ultrasonography was 
used to decide the site of incision of both the anterior 
and the posterior wall of the stomach (Figure 2). After 
taking a sample for bacterial culture, necrosectomy was 
performed digitally or using a sponge forceps. The aim 
was to remove all loose dead tissue. Repeat peri-opera-
tive ultrasound and flushing of the cavity with saline 
water were done in order to accomplish this. An ap
proximately 3-cm anastomosis between the cavity wall 

and the posterior stomach was made by interrupted 
sutures so that non-demarked dead tissue could later 
pass through to the stomach and additional intervention 
should be unnecessary. A tube was left in the stomach 
and the incision of the anterior stomach was closed in 
one or two layers according to the surgeon’s preference. 
Preoperative antibiotics (cefuroxime/meropenem and 
metronidazole) were administered and this treatment 
was continued post-operatively and changed according 
to the found bacteriology. Liquids were allowed the fol-
lowing day, and patients started solid food intake on an 
individual judgment. Patients discharged alive were seen 
in the outpatient clinic after one and three months. If  
no problems related to the performed surgical proce-
dure were present, no further control was performed.  

Trial registration: The study was approved by the Danish 
Data Protection Agency via the Region of Southern  
Denmark (case no. 13/29319).  

Results
A total of 50 patients (31 men, 19 women) had transgas-
tric necrosectomy for walled-off necrosis in the ten-year 
period. Twenty-two procedures were performed in the 
first five years and 28 in the last five years. The median 
age was 55 years (range: 17-79 years). The presumed 
aetiology was gallstones in 28 patients and alcohol in 
eight patients. The remaining 14 patients had other spe
cified causes or no known aetiology. Fifteen patients 
were treated at our own department from the onset of 
the disease until surgery, and 35 were referred from 
other departments for surgery. The median total preop-
erative stay at hospital was 50 days (range: 2-150 days). 
Ten patients had a stay at the intensive care unit before 
surgery. In four patients, endoscopic ultrasound-guided 
drainage of the fluid collection had been performed be-
fore surgery. All these procedures were done in the last 
five-year period. 

Bacterial culture from the necrotic tissue was posi-
tive in 26 patients (52%), negative in 15 patients (30%) 
and in nine patients, no information on this was avail
able. Nine patients had concomitant cholecystectomy.  
In total, 22 patients (44%) had one or more incidents 
(i.e. abdominal compartment syndrome, bleeding, new 
abscess, pleural effusion or delayed gastric emptying) 
where additional therapy was needed (Table 1).

Forty patients (80%) were discharged alive, and ten 
patients (20%) died during their admission to the de-
partment. The median post-operative stay for patients 
discharged alive was 20 days (range: 4-65 days), where-
as the time from surgery to death was 14 days (range: 
6-135 days). A comparison between those with a fatal 
outcome and those who survived is shown in Table 2. 
90% of the ten patients who died had one or more inci-

FigurE 1

Computed tomography 
showing wall-off necrosis 
in the pancreas.

C = necrosis;  M = spleen;  V = stomach.

FigurE 2

Small, transverse upper 
incision. Stomach has 
been opened (black  
arrow).  
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dents requiring therapy. In six of the patients who died, 
the cause of death was multiple organ failure. Of the re-
maining four patients, one died of several intestinal fis-
tulas following a long period with open abdomen due to 
abdominal compartment syndrome, one died of severe 
bleeding despite repeat coiling and one died of liver fail-
ure due to liver vein thrombosis. The last patient died of 
aspiration pneumonia the day before discharge from the 
department had otherwise been planned.

In total, 18 patients were observed at follow-up to 
have developed late complications defined as endocrine 
and/or exocrine malfunction of the pancreas. Of these, 
ten had developed diabetes, four were treated with 
pancreas enzymes for exocrine pancreatic insufficiency 
and four had both endocrine and pancreatic insufficien-
cy malfunction. No case with pancreato-cutaneous fis
tula was observed. 

Discussion
Severe acute pancreatitis is a potentially lethal disease. 
In this series with patients who had open necrosectomy 
for wall-off necrosis, the in-hospital mortality was 20%. 
This figure is slightly higher than the one observed if oth-
er less invasive techniques are performed. Thus, syste- 
matic reviews on percutaneous drainage and on endo-
scopic transluminal necrosectomy in necrotising pancrea-
titis have shown mortality rates of 17% and 6%, respec-
tively [7, 8]. However, it could be that less invasive 
strategies are used in selected patients with a relatively 
mild disease. Thus, a non-systematic review of studies 
each including more than 100 patients operated with 
open necrosectomy showed mortality rates between 
11% and 39% [9]. This high mortality rate observed in 
older studies might be the reason why some advocate 
that less invasive strategies like ultrasound-guided drain-
age should be tried initially. However, this modality can 
stand alone in only one third of the patients [3], and the 
vast majority of patients still needs to have an active ne-
crosectomy performed either via an endoscope, via lapa-
rotomy/laparoscopy or via a retroperitoneal approach. 
Thus, the discussion on how to do remove fluid collec-
tions/infected necrosis is still ongoing.

To the authors’ knowledge, only one randomised 
trial has compared endoscopic transluminal versus surgi-
cal necrosectomy [10]. No difference in mortality was 
observed, but patients with surgical necrosectomy had 
more complications and needed fewer re-interventions. 
However, the study was very limited in size (only in- 
cluded 22 patients) and surgical necrosectomy could be 
performed in different ways. An ongoing Dutch multi-
centre trial is comparing endoscopic transluminal ap-
proach with a surgical step-up approach in order to 
identify the best strategy [11], and the results are await-
ed. One big problem in dealing with severe acute pan-

creatitis with organised necrosis is that it is a very sel-
dom disease. Thus, our department with a catchment 
population of 1.2 million inhabitants had 50 patients in 
ten years. This means that there are around 20-25 pa-
tients per year in Denmark with severe pancreatitis re-
quiring necrosectomy. Hence, the Dutch multi-centre 
study expects to include 98 patients in a four-year peri-
od as the Dutch population is three times larger than the 
Danish population. As a Danish multi-centre study com-
paring different approaches for necrosectomy would be 
almost impossible to perform, it is very important for 
the single departments which deal with these patients 
to register their chosen strategy and make their results 
public. 

Late complications like diabetes and/or exocrine 
pancreatic insufficiency are also seen. In the present 
study, 18 of the surviving 40 patients were observed to 
be treated for these conditions at follow-up. This figure 
corresponds well to other series on late complications 
following necrosectomy for acute pancreatitis [12, 13]. 
Compared with these studies, no cases of pancreatico-
cutaneous fistulas were noted in our series because the 
drainage approach is via the stomach and not through 
the skin.  

TablE 2

Comparison of patients treated with open, transgastric necrosectomy for severe acute pancreatitis.

Survived Dead

Surgery performed 1st/2nd half of studied period, n 19/21 3/7

Gender, men/women, n 28/12 3/7 

Age, yrs, median (range) 54 (32-76) 62 (17-79)

Time from onset to surgery, days, median (range) 60 (2-150) 37 (7-80)

ICU before surgery, n 4 6

Aetiology, n
Gall stones 22 6 

Alcohol   8 0 

Other not specified 11 4

Patients with incidentsa requiring additional therapy, n (%) 13 (33) 9 (90)

ICU = intensive care unit. 
a) Abdominal compartment syndrome, bleeding, new abscess, pleural effusion or delayed gastric  
emptying.

TablE 1

 

Procedure n

Gastroscopy 13

Chest tube/pleuracentesis 7

Re-laparotomy 5

Abdominal drainage 4

Arteriography with coiling 4

a) Abdominal compartment syndrome, bleeding, new abscess, pleural 
effusion or delayed gastric emptying. 

Different invasive proce-
dures performed for inci-
dentsa following open, 
transgastric ne- 
crosectomy. Each patient 
could have more than one 
procedure performed.
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Conclusion 
Acute pancreatitis with walled-off necrosis had a high 
mortality rate and need for additional therapy because 
incidents following necrosectomy were associated with 
a fatal outcome. Late complications (diabetes and/or 
exocrine pancreatic insufficiency) are often observed. 
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