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Abstract
AIM: To analyze outcomes of delayed single-stage ne-
crosectomy after early conservative management of pa-
tients with infected pancreatic necrosis (IPN) associated 
with severe acute pancreatitis (SAP).

METHODS: Between January 1998 and December 
2009, data from patients with SAP who developed IPN 
and were managed by pancreatic necrosectomy were 
analyzed.

RESULTS: Fifty-nine of 61 pancreatic necrosectomies 
were performed by open surgery and 2 laparoscopi-
cally. In 55 patients, single-stage necrosectomy could 
be performed (90.2%). Patients underwent surgery at a 
median of 29 d (range 13-46 d) after diagnosis of acute 
pancreatitis. Sepsis and multiple organ failure accounted 
for the 9.8% mortality rate. Pancreatic fistulae (50.8%) 
predominantly accounted for the morbidity. The median 
hospital stay was 23 d, and the median interval for re-
turn to regular activities was 110 d. 

CONCLUSION: This series supports the concept of 
delayed single-stage open pancreatic necrosectomy for 
IPN. Advances in critical care, antibiotics and interven-
tional radiology have played complementary role in im-
proving the outcomes.
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INTRODUCTION
Severe acute pancreatitis (SAP) is a disease with high mor-
bidity and mortality[1,2]. In the absence of  specific effective 
therapy, management revolves around supportive care[3,4]. 

While the overall reported mortality of  acute pancre-
atitis (AP) varies between 5% and 12%[2,5], SAP, which 
comprises around 10%-20% of  AP, continues to have a 
high mortality rate of  around 25%[6,7] due to organ failure 
and sepsis arising from infected pancreatic necrosis (IPN).

Management of  IPN has been widely studied over 
the last few decades[6,8-20]. Data on indications, timing and 
technique of  debridement for IPN are varied. However, 
while recent reports reflect the common theme of  delayed 
surgery in IPN[21], the ideal debridement technique contin-
ues to be debated[6,12,15]. 

Reports regarding minimally invasive surgery for IPN 
are now being published[22-25]. Thus, if  we are to develop 
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evidence-based guidelines for the management of  IPN, 
rather than comparing outcomes with the relatively higher 
mortality encountered in some reports published a few 
decades ago, a more balanced comparison should particu-
larly include results from larger series, and include some 
of  the more recent series in which surgery for IPN has 
been complemented by advances in critical care, interven-
tional radiology and broader spectrum antibiotics.

We have been performing open necrosectomy in a uni-
form manner for the last 10 years with conventional ab-
dominal drainage without post-operative peritoneal lavage. 

The purpose of  our study was to analyze the feasibility 
and outcome of  performing open necrosectomy for IPN 
in a delayed fashion.

MATERIALS AND METHODS
During the time period between January 1998 and De-
cember 2009, patients with SAP who developed IPN and 
were referred to the authors’ center for surgical manage-
ment were analyzed for this report. 

At admission, patients were scored for severity, based 
on the APACHE Ⅱ scoring system[1,26], and were man-
aged with resuscitation and intensive (supportive) care 
strategies. SAP was defined clinically by the presence of  
associated organ failure and/or local complications such 
as necrosis, abscess, or pseudocyst[27]. In addition, the pa-
tients were also defined as having SAP if  the APACHE Ⅱ 
score was ≥ 9. 

At admission, all the patients classified as having SAP 
were admitted to the intensive care unit (ICU) where re-
suscitation was commenced. The patients were started on 
antibiotics, which were usually fluoroquinolones and met-
ronidazole during the initial few years. However, the choice 
of  antibiotic was changed to carbapenems (meropenem 
500 mg 6 hourly, for 7 to 14 d) thereafter, owing to the 
sensitivity of  the local microbiological flora and based on 
the reports of  the ability of  carbapenems to penetrate the 
necrosum[28]. Antifungals were commenced if  the duration 
of  antimicrobial therapy went beyond 7 d.

In patients with SAP, contrast-enhanced computed 
tomography (CECT) scan was performed for assessing 
the local severity by the Balthazar computed tomography 
(CT) severity index[29]. A CT severity index of  ≥ 7 was 
considered indicative of  SAP. Nutrition was maintained by 
nasojejunal intubation and feeding. Percutaneous interven-
tions were performed when clinically indicated, particularly 
in unstable patients as a temporizing measure or a bridge 
to surgery. The aim was to try and delay any intervention 
beyond the first 21 d. 

Indications for surgery[23,30,31]: (1) Sepsis syndrome -  
clinical deterioration that is progressive with or without or-
gan system failure and accompanied by fever and leucocy-
tosis; (2) IPN - confirmed by fine needle aspiration (FNA) 
cytology and microbiological examination; (3) CECT 
showing extensive pancreatic necrosis with air pockets 
diagnostic of  IPN; and (4) “Persisting unwellness” - in the 
form of  abdominal pain, malaise, inability to tolerate a diet, 
general lack of  well being, and continuing weight loss. 

The necrosectomy was planned as a single stage. Sur-
gery was defined as delayed if  it was performed at least 21 d  
after the onset of  pain, which was considered as Day 0 of  
the attack. Fresh imaging in the form of  CECT was ob-
tained just prior to the exploration. The areas of  necrosis 
and fluid collection were carefully mapped. The patient 
underwent a laparotomy through a transverse upper ab-
dominal incision. Free fluid was aspirated, and the lesser 
sac was exposed either through the transgastrocolic or 
transmesocolic route. All the pus and fluid were removed 
and sent for microbiological examination. The necrotic 
debris was also removed carefully with blunt finger dis-
section and sponge-holders, with an attempt not to dam-
age any of  the normal tissue. Particular care was taken 
not to divide bands across the cavity, especially in areas 
where known vessels could cross, e.g. middle colic artery. 
Copious lavage with warm normal saline was performed, 
which also helped to separate the necrotic tissue from 
the normal tissue. Bleeding was controlled with tempo-
rary packing, after which specific vessels were underrun 
with non-absorbable sutures. Other areas were explored, 
depending on the CT interpretation. These included the 
right and left paracolic gutters, head of  the pancreas, gas-
trohepatic omentum, pelvis, small bowel mesentery and 
the splenic hilum. Two 28 Fr tube drains were placed in 
the lesser sac and necrotic cavity. Loop ileostomy was per-
formed selectively in the presence of  extensive pericolic 
necrosis. Figure 1 is an abdominal CECT showing IPN. 
Figure 2 shows necrotic pancreas post-necrosectomy.

Post-operatively the patients were managed in the ICU. 
There was no attempt to perform post-operative lavage or 
flushing of  the drains and the drains were removed once 
the output became minimal.

RESULTS
The 61 patients who required a necrosectomy for IPN 
included 49 male and 12 female patients. The mean age 
was 43 years (range 18-73 years). The predominant etiol-
ogy for AP was gallstones (25 patients). Other etiologies 
included alcohol-induced (14 patients), idiopathic (13 pa-
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Figure 1  Contrast-enhanced computed tomography of the abdomen show-
ing a large hypodense collection with air pockets in the location of the 
pancreatic body and tail (white arrow) indicative of an infected pancreatic 
necrosis.



tients), traumatic (3 patients), post-endoscopic retrograde 
cholangio-pancreatography (3 patients), and metabolic (3 
patients).

The median time of  patient transfer to our institute, 
which is a tertiary care center, was 9 d (range 4-40 d). No 
patient had surgical intervention prior to transfer, but 4 
patients had already undergone percutaneous (n = 2) or 
endoscopic (n = 2) drainage for fluid collections prior to 
transfer.

Fifty-nine patients underwent an open necrosectomy 
while 2 patients had a laparoscopic necrosectomy. Patients 
underwent surgery at a median of  29 d (range 13-46 d) 
from the onset of  symptoms. In only one patient, the 
necrosectomy had to be performed on day 13 for unre-
sponsive multiple organ dysfunction syndrome (MODS). 
Delayed necrosectomy could be performed in the other 60 
patients (98.3%). Re-exploration was required in five (5/59, 
8%) patients for ongoing necrosis. In these patients further 
exploration was required on an average 2.4 occasions (range 
2-3 occasions). The rate of  re-exploration was 8%. Two 
patients required subsequent percutaneous drainage for re-
sidual intra-abdominal collections. Overall, a single-staged 
open necrosectomy was successful in 55 (90%) patients. 

The microbiological cultures obtained from the ne-
crotic tissue showed evidence of  organism growth in 51 
patients (83.6%). Mixed gram-positive and -negative or-
ganisms were encountered in 9 cases. Of  the organisms 
isolated, 46 cultures were positive for gram-negative or-
ganisms, predominantly E. coli, Klebsiella, Acinetobacter and 
Pseudomonas and 11 grew gram-positive organisms. Fungi 
were isolated in 9 cases, all of  which were in bacterial-
positive cultures.

The various complications encountered have been listed 
in Table 1. The most common complication encountered 
was pancreatic fistula. Other complications were bowel 
fistulae, bleeding, recurrent sepsis, wound infection and 
secondary fungal infection. 

The diagnosis of  pancreatic fistula was based on amy-
lase estimation of  the drain fluid, which ranged from 9000 
to 104 000 U/mL. The drainage tube was maintained in situ 
and the patient was managed on an outpatient basis. Com-
plete healing was achieved in 20 patients after an average 

of  2 mo. Endoscopic stenting of  the pancreatic duct was 
performed in 11 patients in whom the leak persisted for 
> 2 mo. Two patients required re-surgery in the form of  
a fistulojejunostomy and a distal pancreatectomy, as stent 
placement could not be achieved across the leak. Of  the 
11 patients who developed enteric fistulae in the post-
operative period, 4 had undergone prophylactic ileostomy 
creation during the primary surgery due to the presence of  
extensive pericolic necrosis. Five patients required a loop 
ileostomy later. In 4 patients the colonic fistula healed 
without any sequelae, while 5 patients required segmental 
colectomy for colonic stricture or persistent leak for more 
than 6 mo. One patient died after colonic resection due 
to sepsis. The two patients with small bowel fistulae were 
managed conservatively with tube drainage. In 3 of  the 4 
patients who had post-operative hemorrhage, the source 
could be localized on angiography to pseudoaneurysms 
(splenic artery: 2, middle colic artery: 1) and this was man-
aged by angioembolization. Another patient died due to 
coagulopathy and acidosis. Fifteen patients (24.5%) re-
quired readmission. The reasons for readmission included 
persistent pancreatic fistula (5 patients), colonic stricture 
(4 patients), intestinal obstruction (3 patients), pseudocyst 
formation (2 patients), and pelvic abscess formation (1 
patient).

There were 6 deaths in the perioperative period with 
a mortality rate of  10%. These included 3 (of  the five) 
patients who underwent re-explorations; 1 patient with 
post-operative hemorrhage, 1 patient with a colonic fistula 
and the patient who required an early necrosectomy. The 
cause of  death was sepsis and MODS in all cases except 
the patient with hemorrhage. The median post-operative 
ICU stay was 7 d (range 3-30 d) and the median duration 
for which the patient required ventilatory support was 
3 d (range 2-7 d). The median duration of  hospital stay 
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Table 1  Complications encountered in the 61 patients and 
their management

Complication  n (%) Management

Pancreatic fistula    31 (50.8) Tube drainage-20
Stenting-11

Fistulojejunostomy-1  
Distal pancreatectomy-1

Enteric fistula    11 (18.0)
   Small bowel    2 (3.2) Tube drainage-2
   Large bowel      9 (14.7) Defunctioning ileostomy-9

Spontaneous healing-5
Segmental colectomy-4

Bleeding    4 (6.5)
   Pseudo-aneurysm 3 (5) Angioembolization-3
   DIC    1 (1.6) Platelets, factor Ⅶ
Secondary fungal infection      9 (14.7) Antifungals
Wound infection    18 (29.5) Wound drainage and dressings
Intestinal obstruction 3 (5) Conservative-2

Laparotomy-1
Pseudocyst    2 (3.2) Cystojejunostomy-1

Open drainage-1
Pelvic abscess    1 (1.6) Pig tail drainage-1

DIC: Disseminated intravascular coagulation.

Figure 2  Post-operative photograph demonstrating a complete necrotic 
pancreas.
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following surgery was 23 d (range 11-88 d). The time to 
return to daily activity (defined as ability to perform daily 
personal activities, including feeding oneself  and comb-
ing hair) was 16 d (10-20 d). The average time to return to 
regular activity was 110 d (60-140 d). 

DISCUSSION
The ideal timing for a necrosectomy for IPN is a matter 
of  debate. In our patients, we carried out a conservative 
management regimen with supportive care, antibiotics, 
early enteral feeding, and care of  the patient in the ICU. 

Using this management strategy we were able to per-
form a delayed necrosectomy, i.e. after 21 d, with potential 
benefits as follows: (1) Separation of  viable from non-
viable tissues making the operation technically easier; (2) 
Operating on a more hemodynamically stable patient; (3) 
Reduced bleeding as only non-viable tissue is removed[12]; 
(4) Removal of  less normal pancreas resulting in reduced 
long-term morbidity[9]; and (5) Reduced local complica-
tions such as erosion into blood vessels/small bowel that 
could lead to post-operative hemorrhage or fistulae.

Mier et al[15] had previously put forward this principle 
of  delayed surgery for IPN. The success of  the approach 
was subsequently confirmed by other studies[6,13,21].

With this strategy of  delaying surgery, in our series 
necrosectomy was performed as a single stage in all but 
6 patients. In patients where the initially severe clinical 
course improved and the patient developed signs of  sepsis 
in the third week, CT scan was repeated to map the extent 
of  necrosis. At this time the pancreatic and peripancreatic 
necrosis tended to be localized with a resolution of  the 
changes during the acute attack, such as acute fluid collec-
tions, stranding of  the mesentery, etc.

The mortality rate in our study following the per-
formance of  a delayed single-staged necrosectomy was 
9.8%. This compares favorably with the mortality rate of  
11%-38% reported for open, as well as minimally invasive, 
necrosectomy for IPN over the last few years[8,10-12,17,18,23,32,33].  
The indication for intervention in our patients was not 
solely based on an FNA as has been described previously[12]. 
We feel that FNA plays a role in the early period after SAP 
where it helps to differentiate systemic inflammatory re-
sponse syndrome (SIRS) from infection. However, since 
we did not operate on the patients in this period, we did 
not find the need to apply the use of  FNA as routine. Our 
decision to intervene was based on clinical parameters that 
included features such as persistent “unwellness”, persistent 
pain in the abdomen, leucocytosis, appearance of  a new 
fever especially after the second week when SIRS would 
not be a cause of  raised temperature and infection of  the 
pancreatic necrosis would be the only likely possibility, and 
the CT scan appearance of  pancreatic necrosis[23,30,31].

The concept of  delayed surgery has definitely been 
facilitated by improvements in critical care, fluid resuscita-
tion and organ support that have contributed to the fall in 
the early mortality associated with SAP[34,35]. These have 
contributed by targeting one of  the most important de-

terminants of  poor outcome in SAP, i.e. the early develop-
ment and persistence of  organ dysfunction[36]. 

We have used carbapenems, in particular meropenem, 
based on the proven efficacy of  the drug for prophylaxis 
in patients with SAP[37]. The rationale for using antibiotics 
was that mortality for IPN is higher than that for sterile 
necrosis and antibiotic usage decreases the risk of  infec-
tion[38,39]. The use of  antibiotics indiscriminately, however, 
can lead to a 12%-35%[40,41] risk of  opportunistic fungal 
infections, e.g. Candida albicans and Aspergillus fumigatus[42], 
which further increase the mortality rate[43,44]. The accept-
ed indications for antibiotics in AP are: newly developed 
sepsis or SIRS, failure of  two or more organ systems, 
proven infection, or an increase in serum C reactive pro-
tein in combination with other evidence supporting the 
presence of  infection, e.g. CT scan[45]. We isolated fungal 
cultures in only 9 patients, i.e. 15% of  cases, which was 
quite similar to the findings of  Grewe et al[46] who reported 
similar fungal superinfections after using a four-drug regi-
men for a mean of  23 d. 

The incidence of  enteric fistulae in our study (18%) 
was comparable to that reported by Howard et al[47]. The 
incidence of  developing a colonic fistula is high in patients 
with pericolic spread of  necrosis into the left paracolic 
gutter, as seen in our patients, and we strongly advocate 
the use of  prophylactic loop ileostomy in these patients. 
These results, along with those for pancreatic fistulae 
(50.8%), however, fall within the range of  studies report-
ing post-necrosectomy gastrointestinal and pancreatic 
fistula rates of  1%-43% and 3%-72%, respectively[47]. The 
use of  minimally invasive surgery has also been associated 
with enteric fistulae. In their series of  5 patients who un-
derwent minimally invasive retroperitoneal necrosectomy, 
Lakshmanan et al[24] reported a 40% pancreatic fistula rate, 
while Connor et al[23] reported a 17% pancreatic fistula rate 
in their 24 patients. These results support the idea that 
such complications could largely be dependent on the na-
ture of  the disease rather than the procedure employed to 
treat it (open vs laparoscopy).

In our study we found that as a result of  delaying the 
procedure beyond the first 3 wk, we were able to perform 
only a single, but effective, exploration in the vast majority 
of  patients. Our re-operation rate was 8.2%, unlike that 
reported in other studies (22%-79%) where semi-open 
and open techniques of  debridement, as well as early sur-
gery, was practised[8,17,48-50].

The ideal time for intervening, as well as the number 
of  interventions, has been shown to play a significant role 
on the mortality rate[6,21], as was seen in our study. Previous 
studies have stressed the significance of  delayed necrosec-
tomy. However, the best time for intervention continues 
to be controversial, though most studies have set the ideal 
time to be after 2-3 wk[6,13,15,51-56].

The value of  a single-staged procedure is that it helps 
to avoid the risk of  bleeding and fistula formation, as 
seen in patients undergoing open packing or re-opera-
tions[11,50,57]. The incidence of  systemic complications is 
greater in patients who undergo re-operations[49].
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Finally, benefit was also seen when we compared the 
duration of  hospital stay with other studies (23 d vs 30- 
93 d)[8,17,23,32,40,49]. 

Our series provides further evidence to support the 
role of  delayed open necrosectomy for IPN. The results 
are comparable, if  not better, than reported smaller series 
using minimally invasive techniques. The results indicate 
that a multi-pronged conservative strategy aimed at sup-
porting the patient, with timely intervention, may actually 
reduce the need for further interventions, reducing not 
only morbidity but also mortality in these patients.

In conclusion, this series provides further support to 
the concept of  delayed single-stage open pancreatic necro-
sectomy for IPN. Advances in critical care, effective anti-
biotic therapy with carbapenems, the availability of  inter-
ventional radiology and good supportive care have played 
a complementary role to surgery in improving outcomes in 
IPN. Prophylactic ileostomy may be considered in patients 
with necrosis extending into the paracolic gutters.
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