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Abstract

Necrotizing pancreatitis is the most dreadful evolution of acute pancreatitis. Intervention is generally required for infected
pancreatic necrosis. Traditionally, the most widely used approach has been open pancreatic necrosectomy (OPN), but it is
burdened by high morbidity and mortality. Recently, there has been a paradigm shift in the management (step-up approach)
evolving towards minimal invasive techniques depending upon availability of resources and expertise. However, OPN still
remains the technique of choice in selected cases and in centers where multidisciplinary team is not available. The aim of the
study was to analyze the treatment outcome of pancreatic necrosis by step-up approach and OPN. Retrospective analysis of all
patients with pancreatic necrosis requiring intervention during 2015-2019 was done. Patient’s demographics, etiology, CT
severity scoring, organ failure, and operative complications were analyzed. A total of fifteen patients (out of 80 necrotizing
pancreatitis) with suspected or proven infected walled-off necrosis were enrolled. Twelve (80%) were male with mean age of
43.2 years. The most common etiology was alcohol. The mean APACHE II and modified CTSI score was 10.6 and 8.5
respectively. Three (20%) patients had isolated, and eight (53.3%) had multiple organ failure. Two (13.3%) patients were
exclusively managed with percutaneous catheter drainage. OPN was performed in the remaining thirteen (86.6%) patients.
The overall morbidity and mortality was seen in 46.6% and 26.6% patients respectively. In resource-limited setting, OPN is still
safe and a feasible option with acceptable morbidity and mortality.
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Introduction

The study was approved by the Institute Review Committee.

Pancreatic necrosis occurs in 20 to 30% of patients following
acute pancreatitis. It is an indicator of severe pancreatitis and
is associated with organ failure and infections, which per se is
a risk for high associated morbidity and mortality [1].
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disease and leads to persistent organ failure, sepsis, failure to
thrive, and ultimately death if left untreated [2, 3].
Traditionally, the most widely used tool for treatment of
infected pancreatic necrosis (IPN) was open pancreatic
necrosectomy. This was found to be associated with high mor-
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bidity (34-95%) and mortality (11-40%) rates [4, 5]. In recent
years, there has been a paradigm shift in the management of
IPN with the advent of step-up approach. It is based on the
principle of initially percutaneous catheter drainage (PCD) of
IPN, followed if necessary by minimally invasive approach,
with the open necrosectomy used as a last resort [6]. This step-
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up approach led to the management of IPN primarily by PCD
in 35% of cases. The remaining patients who underwent sur-
gery by a minimally invasive approach had lower morbidity
compared with the open approach, with no change in the mor-
tality rates (19%) [6].

There is no doubt that some form of intervention is required
in IPN, other than the rare 3% of patients, who can be suc-
cessfully managed with antibiotics alone [7, 8]. Step-up ap-
proach, with PCD, as initial treatment is most widely used,
after 2-3 weeks of onset of pancreatitis. However, a multidis-
ciplinary team comprising of an interventional radiologist,
gastroenterologist, intensivists, endoscopists, and an experi-
enced pancreatic surgeon is the pre-requisite for the manage-
ment of this complex pancreatic disease [3, 9, 10]. This team
approach with the specialists may not be available at all cen-
ters due to the limited resource set-up. Furthermore, the pa-
tients in low-income country like ours present in delayed fash-
ion with organ failure, and because of the financial constraints
demands a one-time procedure.

With this background, we planned to review our prospec-
tive database to see the outcomes of pancreatic necrosis that
were managed with percutaneous catheter drainage and open
necrosectomy.

Methods

The study is a retrospective analysis of prospectively main-
tained database of patients diagnosed with pancreatic necrosis
over a 4-year period between April 2015 to March 2019.
Those patients requiring intervention (step-up approach) in
the form of percutaneous catheter placement and open pancre-
atic necrosectomy for sterile or infected pancreatic necrosis
were included in the study. The data included clinical profile
of the patients, American Society of Anesthesiologists (ASA)
grade, etiology of pancreatitis, APACHE II, BISAP score, and
modified CT severity index (CTSI) score. Contrast-enhanced
computed tomography (CECT) was used as an imaging mo-
dality to see the extent of pancreatic and extrapancreatic ne-
crosis and the presence of infection.

The data also included time to presentation, time to first
intervention, time to surgery, presence of organ failure, micro-
biological profile, and patients managed primarily by PCD.
Open pancreatic necrosectomy was done by limited subcostal
incision (Fig. 1). PCD catheter tract was used as a guide to
enter the pancreatic necrosis which was removed with sponge
forceps and cavity copiously lavaged. The pancreatic bed was
drained with two 18 Fr Foley’s catheter for postoperative irri-
gation. Feeding jejunostomy was placed for postoperative nu-
trition. Cholecystectomy for gallstone-related pancreatitis was
performed later on as second-stage surgery.

The primary outcome of the study was postoperative com-
plications and death (30 and 90-days). Postoperative

@ Springer

Fig. 1 Operative photograph showing focused left subcostal incision
with drains and feeding jejunostomy

outcomes were measured for any pancreas-specific complica-
tions (pancreatic fistula, enteric fistula, bleeding, and wound
infections), re-surgery, and postoperative length of hospital
stay. Delayed complications in terms of recurrent pancreatitis,
exocrine and endocrine deficiency, or incisional hernias were
also documented. Factors predicting the mortality were ana-
lyzed. The study was approved by the Institute Review Board
(IRB-1481/018).

All the data were entered into a Microsoft Excel sheet, and
statistical analysis (SPSS version 11.0) was carried out.
Results were presented in terms of mean, median, mode, and
standard deviation as appropriate. Comparison of outcome
variables between two groups (mortality vs. no mortality)
was done with chi square (X?) test and Fischer’s exact test as
required for qualitative variables. P value of less than 0.05 was
considered significant.

Results

A total of 80 patients were admitted with a diagnosis of pancre-
atic necrosis during the study period. Among them, sixteen
(20%) patients were diagnosed with suspected or proven infected
pancreatic necrosis and required intervention. One patient with
spontaneous colonic fistula due to severe necrotizing pancreatitis
deferred surgery and therefore excluded. Finally, 15 patients were
enrolled in the study and further analyzed.

The mean age of the patient was 43.2 years with a predom-
inance of male population (80%). The most common etiology
was alcohol (46.6%), followed by gallstone (33.3%), idiopath-
ic (13.3%), and trauma (6.6%). The mean Acute Physiology
and Chronic Health Evaluation (APACHE) II score at presen-
tation was 10. The majority (80%) of our patients were in the
high ASA grade (III/IV). CECT showed pancreatic parenchy-
mal necrosis in four (26.6%), extrapancreatic necrosis in five
(33.3%), and both pancreatic and extrapancreatic necrosis in
the remaining six (40%) patients. Gas in pancreatic necrosis
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was seen in 8 (53.3%) patients. The median modified CTSI
score was 8.

At presentation, three (20%) patients had isolated organ
failure, whereas eight (53.3%) had multiple organ failure.
Renal failure was the most common organ failure seen. The
mean time to first presentation and intervention at our center
was 44.2 and 57 days respectively.

A total of 10 (66.6%) patients underwent image-guided
PCD placement. PCD was not feasible in the remaining four
(26.6%) due to the difficult access and peritonitis requiring
upfront surgery (n=1). Two (13.3%) patients were exclu-
sively managed with PCD (number of pigtail, 3 each).
Open pancreatic necrosectomy was performed in the remain-
ing eight (53.3%) patients as a part of the step-up protocol.
Ultimately, a total of 13 (86.6%) patients underwent open
pancreatic necrosectomy. The pancreatic necrosum sent for
the culture was positive in 10 (66.6%) cases. The most com-
mon organism isolated was Escherichia coli (50%). Fungal
culture was positive in 2 (13.3%) cases. The details of demo-
graphics and clinical profile are shown in Table 1.

The overall postoperative morbidity was seen in seven
(46.6%) patients. Colonic fistula, pancreatic fistula, and sur-
gical site infection was each seen in two (13.3%) patients.
One patient developed controlled duodenal fistula. Diversion
loop ileostomy was performed in two patients for colonic
fistula. Pancreatic fistula was managed conservatively with
intraoperatively placed drain which subsequently closed at 3
and 12 months.

Delayed complications, in patients who survived, were
seen in seven (63.6%) patients; incisional hernia in 2, endo-
crine insufficiency in 3, and recurrent pancreatitis in 2 pa-
tients (Table 2). None of the patients required intervention for
recurrent pancreatitis.

There were four (26.6%) postoperative mortalities. One
patient was an old gentleman with diabetes mellitus, who
succumbed to death due to pulmonary embolism on the 7th
postoperative day. Another was an elderly male with duodenal
fistula who developed massive myocardial infarction at
3 weeks post-surgery. The remaining two patients had pro-
gressive sepsis with superadded fungal infection, at the 2nd
and 4th week. On univariate analysis, early surgery (less than
8 weeks from onset of pancreatitis) was significant predictors
of mortality (early vs late, 100% vs 10%, p=0.014).
Moreover, there was trend towards higher mortality with
multi-organ failure (50% vs 0%, p =0.077) group (Table 3).
The factors affecting mortality in the study was surgery per-
formed less than 8 weeks of onset of pancreatitis.

Discussion

This study is one of the preliminary reports, evaluating the
step-up approach and open pancreatic necrosectomy, from

Table 1

Demographics and clinical profile of patients

Characteristics

Total patients (n=15)

Age, mean (years)
Male:female
ASA grade, I/II/IV

APACHE II score (mean)
BISAP score (median)
Modified CTSI score (median)
Etiology, n (%)
Alcohol
Gallstone
Idiopathic
Trauma
Extent of involvement
Pancreatic parenchymal necrosis
Extrapancreatic necrosis

Both pancreatic and extrapancreatic
necrosis
Organ failure

No organ failure

Single organ failure

Multiple organ failure

Time to first presentation, mean (days)

Time to first intervention, mean (days)
Bacteriology of pancreatic necrosis

Sterile, n (%)

Culture-positive, n (%)

Fungal infection, n (%)

43.2 (range = 22-67)
12:3

3
(20%)/10(66.6%)/2(13.-
3%)

10.6 (range = 8-13)
3 (range =2-4)
8 (range = 6-10)

7 (46.6%)
5(33.3%)
2 (13.3%)
1 (6.6%)

4 (26.6%)
5(33.3%)
6 (40%)

4 (26.6%)

3 (20%)

8 (53.3%)

44.2 (range = 10-80)
57 (range =21-84)

5(33.3%)
10 (66.6%)
2 (13.3%)

an academic tertiary care referral center (750-bedded) of
Nepal, which cater up to 2.0 million populations. In this study,
the overall postoperative complications and deaths occurred in
46.6% and 26.6% of patients respectively, which is in line
with that of the international standards for morbidity (34 to
95%) and mortality (10.5 to 30%) [1, 9, 11].

The most important and independent factor predicting mor-
tality in infected pancreatic necrosis at time of surgical inter-
vention is the persistent organ failure. This has been addressed
in various studies [12—14]. Surgical trauma, during open
necrosectomy, leads to a surge of cytokines and inflammatory
mediators, further propagating the SIRS and multi-organ fail-
ure and death. In our cases, persistent organ failure was seen in
three out of four patients at the time of death. In the recent
study by the Dutch Pancreatitis study group, on the impact of
organ failure on mortality, it was found that there is an in-
creased mortality in patients with necrotizing pancreatitis,
who develop persistent organ failure late (>3 weeks) in the
course of disease [12]. The organ failure was seen in 38%
(240/639) of patients, with mortality being higher in the organ
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Table 2 Treatment and outcome
of patients with infected
pancreatic necrosis (total patients,
n=15)

Time to pancreatic necrosectomy, mean (days)
Additional unplanned surgical intervention, n (%)

Operative morbidity (overall)
Hospital stay, days (mean)
Early complications
Surgical site infection
Pancreatic fistula
Colonic fistula
Duodenal fistula
Operative mortality
Delayed complications
Incisional hernia
Endocrine insufficiency
Recurrent pancreatitis

Patients requiring image-guided percutaneous catheter drainage, n (%)
Patients exclusively managed by pigtail catheter drainage, n (%)
Patients requiring open necrosectomy, n (%)

10 (66.6%)
2 (13.3%)

13 (86.6%)
64.3 (range =21-88)
1 (6.6%)

7 (46.6%)

25.3 (range = 6-54)

2 (13.3%)
2 (13.3%)
2 (13.3%)
1 (6.6%)
4 (26.6%)
Total surviving patients, n =11
2 (18.2%)
3 (27.3%)
2 (18.2%)

failure group (35% vs. 2%). This was attributed to the need for
prolonged hospital and ICU stay, older age of the patients,
presence of infection in the necrosis, and the increased re-
quirement of intervention in this group of patients. Similarly,

Table 3  Factors predicting mortality
Factors No mortality Mortality P value
Male 8 (66.7%) 4 (33.3%) 0.516
Female 3 (100%) 0
Time to first intervention
<42 days 1 (33.3%) 2 (66.7%) 0.15
>42 days 10 (83.3%) 2 (16.7%)
Extrapancreatic necrosis
Yes 7 (63.6%) 4 (36.4%) 0.51
No 4 (100%) 0
Organ failure
Yes 7 (63.6%) 4 (36.4%) 0.51
No 4 (100%) 0
Multi-organ failure
Yes 4 (50%) 4 (50%) 0.07
No 7 (100%) 0
CTSI score
<8 2 (100%) 0 1.0
>8 9 (69.2%) 4 (30.8%)
APACHE II score
<10 7 (87.5%) 1 (12.5%) 0.28
>10 4 (57.1%) 3 (42.9%)
Time to surgery
<8 weeks 0 3(100%) 0.014
> 8 weeks 9(90.0%) 1(10.0%)

@ Springer

the dynamics of the organ failure in pancreatic necrosis was
studied from a tertiary care center of India, by Thandassery
et al. [13], where the persistent and the deteriorating organ
failure indicated the poor prognosis. The mortality in patients
with early-onset transient organ failure was 0%, while the
mortality was higher in persistent, and persistent and deterio-
rating organ failure group patients (12.5% vs. 78.9%).
Moreover, the mortality was higher too in the late-onset organ
failure group patients (33%).

PCD as the first step in the management of infected pan-
creatic necrosis leads to complete resolution of the disease,
without the need for surgical intervention in 35 to 50% of
patients [3, 15]. In the landmark trial by the Dutch group,
PCD was the primary treatment modality in 35% of the pa-
tients, with the mean time to first intervention being 4 to
6 weeks [6]. In our study, the PCD as the primary treatment
was seen in only 13% of patients, with the majority of patients
undergoing first intervention at a mean time of 8 weeks. The
first intervention was prolonged because of the delayed pre-
sentation of our patients. Recently, there is enough evidence
on proactive catheter drainage for (suspected) infected pancre-
atic necrosis, with organ failure [16, 17]. There is no need to
wait for the necrosis to become walled-off, at 4 weeks or later
to intervene, which was in fact based on the principle of sur-
gical intervention only after 30 days. Early pigtail drainage of
peripancreatic collections after 2 weeks (before severe sepsis)
with frequent drain revising and upsizing is safe and effective,
and leads to lower incidence of organ failure, need for
necrosectomy, and in-hospital mortality. In the near future,
the results of the ongoing POINTER trial will further enlight-
enus [18].

The most common early postoperative complications fol-
lowing intervention in pancreatic necrosis are pancreatic
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fistula, enteric fistula, and hemorrhage [1]. It depends on the
type of intervention (percutaneous, endoscopic, minimally in-
vasive, or open necrosectomy). However, the morbidity
ranges from 19 to 62% and seems to be lesser for endoscopic
and minimally invasive approach than that of the open ap-
proach [7, 10]. The rates of pancreatic fistula (41-50%), en-
teric fistula (10%), and bleeding (3—20%) is higher in the open
group, compared with the minimally invasive retroperitoneal
drainage (vs. 10%, 5% and 10% respectively) [1, 19].
Endoscopic step-up approach, which nowadays is the pre-
ferred option, is associated with similar overall complication
compared with surgical step-up approach; however, it has
lower rates of pancreatic fistula [20, 21]. In our study, the
pancreatic fistula rate was 13%, which matches with the pub-
lished standard. However, the enteric fistula rate was higher
(20%), which may be because of the large size of walled-off
necrosis, delayed presentation leading to formation of one of
the walls of the necrosis by the bowel. The fistula, hence,
became evident postoperatively upon removal of the necrosis,
which was probably compressed by the necrosum.

The best part of this study is that it forms the foundation of
the management of infected pancreatic necrosis with step-up
approach in our part. It can serve as a benchmark and a starting
point for further multi-institutional studies from Nepal.
Although the morbidity and mortality were slightly higher, it
matches with that of the published international standard [6,
22]. In a low- and middle-income country (LMIC) like ours,
with limited resource, expertise, infrastructure, geographic
barrier, financial constraints, and lack of health insurance to
cover expenditures, open necrosectomy as a second step to-
wards management remains a preferred one-time treatment
modality. However, there is no debate that the minimally in-
vasive surgical and endoscopic necrosectomy is better than
open necrosectomy. In a recent study by van Brunschot et al.
[23], open pancreatic necrosectomy still remains the common
procedure performed in the world at most centers, other than
the few referral hospitals, who frequently performs minimally
invasive/endoscopic step-up approach. In their large observa-
tional study in 2017 from 51 hospitals across 8 countries and 3
continents, the majority of the patients (n = 1167) underwent
open necrosectomy as primary or secondary treatment, versus
only 813 who underwent minimally invasive surgical or en-
doscopic necrosectomy. Similarly, a recent multicenter study
from Japan found no significant increase in mortality rates
with secondary open necrosectomy for infected pancreatic
necrosis compared with the minimally invasive treatment
(48.5% vs 29.2%. p =0.23). Moreover, the high mortality
rates seen in open necrosectomy group were because there
were more sick patients and severe underlying pancreatitis
with extensive retroperitoneal necrosis [24].

The study has several limitations. First, the study was ret-
rospective in nature. Second, the sample size is small; hence,
limited power of statistical analysis could be performed.

Third, there was limited use of CT-guided PCD, due to the
lack of the expertise. However, if available, the percentage of
patients, managed primarily by PCD, might have increased,
hence decreasing the rates of necrosectomy and mortalities.

Conclusion

The management of infected pancreatic necrosis needs to be
tailored for each patient depending on the anatomy, location of
collection, and the local expertise of the interventional
endoscopists, radiologists, and surgeons. Although endoscop-
ic or minimally invasive step-up approach remains the pre-
ferred treatment standard in recent days, open pancreatic
necrosectomy, as a step-up approach, still remains safe, in a
resource-limited setting, provided an experienced pancreatic
surgeon and team is available, with an acceptable morbidity
and mortality rates.
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