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Abstract
Background Infected acute necrotic collections (ANC) and walled-off necrosis (WON) of the pancreas are associated with high
mortality. The difference in mortality between open necrosectomy and minimally invasive therapies in these patients remains unclear.
Methods This retrospective multicenter cohort study was conducted among 44 institutions in Japan from 2009 to 2013. Patients who
had undergone invasive treatment for suspected infected ANC/WON were enrolled and classified into open necrosectomy and
minimally invasive treatment (laparoscopic, percutaneous, and endoscopic) groups. The association of each treatment with mortality
was evaluated and compared.
Results Of 1159 patients with severe acute pancreatitis, 122 with suspected infected ANC or WON underwent the following treat-
ments: open necrosectomy (33) andminimally invasive treatment (89), (laparoscopic three, percutaneous 49, endoscopic 37). Although
the open necrosectomy group had a significantly higher mortality on univariate analysis (p= 0.047), multivariate analysis showed no
significant associations between open necrosectomy or Charlson index and mortality (p= 0.29, p = 0.19, respectively). However, age
(for each additional 10 years, p = 0.012, odds ratio [OR] 1.50, 95% confidence interval [CI] 1.09–2.06) and revised Atlanta criteria-
severe (p = 0.001, OR 7.84, 95% CI 2.40–25.6) were significantly associated with mortality.
Conclusions In patients with acute pancreatitis and infected ANC/WON, age and revised Atlanta criteria-severe classification are
significantly associated with mortality whereas open necrosectomy is not. The mortality risk for patients undergoing open
necrosectomy and minimally invasive treatment does not differ significantly. Although minimally invasive surgery is generally
preferred for patients with infected ANC/WON, open necrosectomy may be considered if clinically indicated.
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Introduction

Acute pancreatitis is a relatively common disease with a frequen-
cy of 13–45 patients per 100,000 population per year,1 5–20% of
whom develop necrotizing pancreatitis and require intensive

care.2–4 Acute necrotic collections (ANC) develop in almost all
patients with necrotizing pancreatitis, and approximately 50% of
these patients proceed to develop walled-off necrosis (WON).2,5

Approximately one-third of patients with pancreatic necrosis,
including those with ANC andWON, develop severe infections6

and these patients have a mortality rate of 30–39%.7 Intensive
care, including drainage and/or necrosectomy of the infected
necrotizing tissue, is mandatory to maximize survival.

A step-up approach, where drainage is performed before
necrosectomy, is currently preferred over primary open
necrosectomy before drainage in patients with infected ANC
and WON.8 However, no randomized control trials (RCT) or
meta-analyses have shown a significant difference in mortality
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rate between primary open necrosectomy andminimally invasive
treatment, possibly because of small sample sizes.8–10 We there-
fore hypothesized that open necrosectomy may be associated
with greater mortality than treatment with minimally invasive
therapies in patients with infected ANC/WON and drew on a
large multicenter database of patients with acute pancreatitis to
investigate this possibility.Moreover, no evaluation of secondary
open necrosectomy after drainage has yet been reported. We
therefore also compared the effect of primary open necrosectomy
before drainage with secondary open necrosectomy after drain-
age on mortality, our hypothesis being that secondary open
necrosectomy is associated with lower mortality than primary
open necrosectomy.

Materials and Methods

Study Design and Patients

This study is a post hoc analysis of findings from a retrospec-
tivemulticenter cohort study11 that investigated the efficacy of
continuous regional arterial infusion (CRAI) of protease in-
hibitors for patients with severe acute pancreatitis (SAP). The
original study was registered with the University Hospital
Medical Information Network (UMIN:000012220). Patients
with SAP aged 18 years or older treated in 44 institutions in
Japan between 2009 and 2013 were enrolled. In this study,
SAPwas diagnosed using the criteria of the JapaneseMinistry
of Health, Labour and Welfare study group for the severity of
acute pancreatitis. The efficacy of these criteria has been con-
firmed by multiple studies.12–14 The criteria include various
prognostic factors and computed tomography (CT) grade
(Supplementary Table 1).12 The required measures were ob-
tained at diagnosis and the patient evaluated repeatedly from
the onset to 72 h. SAP was diagnosed when the total prognos-
tic factor score was three points or more, or computed tomog-
raphy (CT) grade was two or more. For the present study,
anonymized data from the database with no link to individual
patient information was used. The Institutional Review
Boards waived the need for a review of the present study
because the data was anonymous.

Patients with acute pancreatitis who had undergone treat-
ment for suspected infected ANC/WON were included.
Physicians at the relevant institutions reviewed the patents’
medical records for the following data: age, gender, cause of
pancreatitis, acute physiology and chronic health evaluation
(APACHE II, highest score within 24 h after diagnosis of
SAP), prognostic factor score, Charlson index, CT severity
index, revised Atlanta classification, treatment (CRAI, enteral
feeding within the first 48 h, volume of fluid administered
within the first 24 h, treatment for ANC/WON, mechanical
ventilation, hemodiafiltration, preventive use of antibacterial
drugs), and outcome (hospital mortality, proved infection,

length of hospital stay). Pancreatitis with persistent single or
multiple organ failure over 48 h was regarded as SAP in ac-
cordance with the revised Atlanta criteria. Organ failure was
defined as a score of 2 or more for one of three organ systems
(respiratory, cardiovascular, and renal) according to the mod-
ified Marshall scoring system.2 Patients in this study were
followed from hospitalization to discharge. All data were col-
lected at a central research secretariat and analyzed.

Infected ANC/WON

ANC/WON were diagnosed according to the revised Atlanta
classification.2 Suspected infected ANC/WONwas defined as
a condition in which a patient with ANC or WON had evi-
dence of possible infection (e.g., fever, pain, or inflammatory
response on blood tests). The diagnosis of infected ANC/
WON was established when bacteria were identified in blood
cultures, ANC/WON tissue, or aspirates.

Treatments and Outcomes

We divided patients into two groups: those who had under-
gone open necrosectomy and those who had undergone min-
imally invasive treatment. The open necrosectomy group in-
cluded both patients who had undergone primary open
necrosectomy before drainage and secondary open
necrosectomy after drainage. Typically, open necrosectomy
was indicated for patients with extensive retroperitoneal ne-
crosis. Minimally invasive treatment was defined as laparo-
scopic, percutaneous, or endoscopic approaches and included
drainage only, necrosectomy only, and a combination of both.
The endoscopic ultrasonography (EUS)-guided approach was
classified as an endoscopic treatment and video-assisted ret-
roperitoneal debridement (VARD) as a laparoscopic treat-
ment. Criteria for selection of the intervention were not stan-
dardized, the decision being at the discretion of the physician
in charge of the patient’s care.

Statistical Analysis

Selected characteristics were compared between the open
necrosectomy and minimally invasive treatment groups. The
χ2 test or Fisher’s exact test was used for comparison of cate-
gorical data, and Student’s t test or the Mann-Whitney U test
was used to compare continuous data. Univariate analyses were
performed with independent variables to evaluate the risk fac-
tors for mortality. Multivariate logistic regression was per-
formed to evaluate the association of open necrosectomy with
mortality. The covariates, including age, revised SAP according
to Atlanta criteria, and the Charlson index, were selected be-
cause they are associated with mortality according to previous
studies.15,16We selected the revised Atlanta classification as the
most established means of classifying the severity of patients
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with acute pancreatitis, and did not use other prognostic factors
or the APACHE II scores to avoid multiple collinearities. The
odds ratio and 95% confidence intervals (CI) for secondary
open necrosectomy and primary open necrosectomy versus
minimally invasive treatment were determined. A p value of
less than 0.05 was considered to denote statistical significance,
and all tests were two-tailed. All statistical analyses were per-
formed using SPSS version 23 for Windows (IBM Corp.,
Armonk, NY, USA). Subgroup analyses were conducted on
patients with proved infected ANC/WON and patients with
more than 50% pancreatic necrosis in an identical manner.
Furthermore, the three groups (primary open necrosectomy,
secondary open necrosectomy, and minimally invasive treat-
ment) were compared statistically. Multivariate analysis was
also performed using age, Charlson index, and SAP according
to the revised Atlanta criteria. The study complied with the
Strengthening Reporting of Observational Studies in
Epidemiology guidelines.17

Results

Of 1159 patients with SAP, 425 had pancreatic necrosis, 122
of whom had suspected infected ANC/WON and underwent
invasive treatment (Fig. 1). The mean follow-up was 102.2
(SD, 80.0) days. Their mean age was 62.3 years, 70% were
men, 83 (68%) were diagnosed with SAP according to the
revised Atlanta criteria, and 42 (34%) died. Of 122 patients
with suspected infected ANC/WON, 95 (78%) were shown to
have an infection based on culture results (Table 1).

Open necrosectomy was performed on 33 patients and the
remaining 89 underwent minimally invasive treatment. There
were significant differences between the two groups in rate of
alcoholic pancreatitis (p = 0.029), APACHE II score (p = 0.009),
prognostic factor score (p = 0.003), SAP according to the revised
Atlanta criteria (p = 0.015), use of mechanical ventilation (p =
0.004) and hemodiafiltration (p= 0.033), rate of proved infection
(p= 0.035), and mortality (p = 0.047) (Table 1).

Risk factors for mortality by univariate analysis were open
necrosectomy (OR 2.28, 95% CI 1.00–5.19, p = 0.047), age
(with each 10 years increment, OR 1.48, 95% CI 1.11–1.96,
p = 0.005), APACHE II score (OR 1.11, 95% CI 1.04–1.17,
p < 0.001), prognostic factor score (OR 1.43, 95% CI 1.17–
1.74, p < 0.001), Charlson index (OR 1.61, 95% CI 1.12–
2.31, p = 0.012), SAP according to the revised Atlanta criteria
(OR 7.39, 95% CI 2.41–22.7, p < 0.001), mechanical ventila-
tion (OR 10.6, 95% CI 3.04–37.3, p < 0.001), and
hemodiafiltration (OR 7.89, 95% CI 3.22–19.4, p < 0.001)
(Table 2). According to multivariate analysis, open
necrosectomy and Charlson index were not associated with
mortality, but age (with each 10 years increment, OR 1.50,
95% CI 1.09–2.06, p = 0.012) and SAP according to the re-
vised Atlanta criteria (OR 7.84, 95% CI 2.40–25.6, p = 0.001)
were significantly associated with mortality (Table 3).

Twenty of 33 patients underwent open necrosectomy as a
secondary procedure, nine as a primary open necrosectomy,
and four were unknown. The three groups (minimally inva-
sive treatment, primary, and secondary open necrosectomy)
were compared in sub-analyses. The mortality odds-ratio for
secondary open necrosectomy versus minimally invasive
treatment was 1.25 (95% CI 0.40–3.84, p = 0.69) and for pri-
mary open necrosectomy versus minimally invasive treatment
was 3.13 (95% CI 0.66–17.5, p = 0.15) when minimally inva-
sive treatment 1 was assumed by multivariate analysis with
age, Charlson index, and SAP according to the revised Atlanta
criteria. Analyses were performed on the subgroup of patients
with proved infection (n = 95) in an identical fashion (Table 3
and Supplementary Table 2). Neither univariate nor multivar-
iate analyses showed a significant association between mor-
tality and open necrosectomy (p = 0.050, 0.23, respectively).
There was also no association between undergoing open
necrosectomy and mortality in the subgroup with proved in-
fected ANC/WON, but age and SAP according to the revised
Atlanta criteria were significantly associated with mortality
(Table 3). In univariate analyses performed on the subgroup
of patients with more than 50% pancreatic necrosis (n = 31),
there was no association between undergoing open

Fig. 1 Flow diagram of the study
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necrosectomy andmortality (OR 2.55, 95%CI 0.39–16.6, p =
0.39). Multivariate analysis was not performed because this
subgroup was too small.

Discussion

In this retrospective cohort study, patients suspected of having
infected ANC/WON who had undergone open necrosectomy
had a higher mortality than those who had undergone mini-
mally invasive treatment according to univariate analysis.
According to multivariate analysis adjusted for age, severity
of underlying pancreatitis, and comorbidities, the treatment
approach (open vs. minimally invasive) was not associated
with mortality, although age and SAP according to the revised
Atlanta criteria were significantly associated with mortality.
These data suggest that age and a diagnosis of SAP should
have a more significant impact on the mortality of patients
with acute pancreatitis and suspected of having infected
ANC/WON than the invasiveness of treatment.

Surgeons generally prefer minimally invasive surgery for
patients with infectedANC/WON.However, the current study

suggests that there is no association between open
necrosectomy and mortality in patients with extensive pancre-
atic necrosis, and that secondary open necrosectomy after
drainage (OR 1.25) may be better than primary open
necrosectomy (OR 3.13) with regard to mortality. Therefore,
open necrosectomy, especially secondary open necrosectomy
after drainage, is a reasonable option for patients with infected
ANC/WON if indicated, such as patients with extensive ret-
roperitoneal necrosis extending to the small bowel mesentery.
Open necrosectomy may not be a good option for patients
without extensive retroperitoneal necrosis extending far from
the lesser sac, i.e., patients with typical retro-gastric collec-
tions around the body and proximal tail of the pancreas.

The presence of solid necrotizing tissue or perfused tissue
within ANC/WON lesions in addition to extensive pancreatic
necrosis may be an indication for open necrosectomy of an
infected fluid collection as opposed to further minimally inva-
sive treatments. Although open necrosectomy is associated
with a high morbidity (34–95%) and mortality (6–25%), the
success rate is close to 100%, probably because the procedure
enables a direct approach to an infected solid lesion.7 In the
PANTER RCT cohort study, necrosectomy was eventually

Table 1 Characteristics of open necrosectomy and minimally invasive treatment

Treatments Total Open necrosectomy Minimally invasive p value
(n = 122) (n = 33) treatment

(n = 89)

Age (years), mean (SD) 62.3 (14.8) 63.3 (13.3) 61.9 (15.3) 0.65

Gender (male), n (%) 85 (69.7) 24 (72.7) 61 (68.5) 0.66

Etiology, n (%)

Alcohol 34 (27.9) 14 (42.4) 20 (22.5) 0.029

Cholelithiasis 34 (27.9) 6 (18.2) 28 (31.5) 0.15

Idiopathic 34 (27.9) 9 (27.3) 25 (28.1) 0.93

Post-ERCP 14 (11.5) 4 (12.1) 10 (11.2) 1.00

Others 6 (4.9) 0 (0.0) 6 (6.7) 0.19

APACHEII, mean (SD) 16.1 (7.6) 19.0 (8.3) 15.0 (7.1) 0.009

Prognostic factor score, mean (SD) 4.5 (2.2) 5.5 (2.3) 4.2 (2.1) 0.003

Charlson index, median (IQR) 0 (0–1) 0 (0–1) 1 (0–2) 0.20

CT severity index, median (IQR) 6 (3–9) 6 (4–8) 6 (3–9) 0.71

Revised Atlanta-severe, n (%) 83 (68.0) 28 (84.8) 55 (61.8) 0.015

CRAI, n (%) 68 (55.7) 17 (51.5) 51 (57.3) 0.57

Enteral feeding within the first 48 h, n (%) 34 (27.9) 8 (24.2) 26 (29.2) 0.59

Fluid administered within the first 24 h (ml), mean (SD) 6547 (3265) 7339 (3484) 6246 (3146) 0.10

Mechanical ventilation, n (%) 83 (68.0) 29 (87.9) 54 (60.7) 0.004

Hemodiafiltration, n (%) 62 (50.8) 22 (66.7) 40 (44.9) 0.033

Preventive use of antibacterial drug, n (%) 91 (74.6) 27 (81.8) 64 (71.9) 0.26

Mortality, n (%) 42 (34.4) 16 (48.5) 26 (29.2) 0.047

Proved infection, n (%) 95 (77.9) 30 (90.9) 65 (73.0) 0.035

Hospital stay (day), mean (SD) 102.2 (80.0) 121.5 (99.4) 95.0 (70.9) 0.11

APACHE II, acute physiology and chronic health evaluation; CRAI, continuous regional arterial infusion;CT, computed tomography; ERCP, endoscopic
retrograde cholangiopancreatography
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required for ANC/WON lesions that had a solid necrotized
tissue component in 60% of patients who underwent endo-
scopic or percutaneous drainage.8 Several studies have shown
that a percutaneous approach has only a 60–80% success rate
and most patients will then require a subsequent open
necrosectomy.18,19 Bleeding and other complications caused
by iatrogenic damage to blood vessels and pseudoaneurysms
developing in and around the lesion or unaffected visceral
tissue can also be minimized by adopting an open surgical
approach.19 In a recent multicenter study, various complica-
tions (e.g., bleeding, perforation, air embolism) were occurred

in asmany as 33% of patients treated with an EUS approach.21

Most complications can be avoided or controlled during open
necrosectomy. Nevertheless, the optimal treatment depends
on the patient’s condition and the expertise of the institution.
In the cohort in the present study, the appropriate selection of
open surgery may have affected the findings that there was no
significant difference in mortality rate adjusted for severity.

Three RCTs have evaluated the association between type of
intervention and mortality. The PANTER RCT reported that a
step-up approach was associated with a significantly lower
incidence of new-onset multiple organ failure and a lower rate

Table 2 Univariate analysis of factors potentially associated with mortality

Died Survived p value
(n = 42) (n = 80)

Open necrosectomy, n (%) 16 (38.1) 17 (21.3) 0.047

Age (years), mean (SD) 67.4 (13.6) 59.6 (14.7) 0.005

Gender (male), n (%) 29 (69.0) 56 (70.0) 0.91

Etiology, n (%)

Alcohol 11 (26.2) 23 (28.8) 0.76

Cholelithiasis 12 (28.6) 22 (27.5) 0.90

Idiopathic 12 (28.6) 22 (27.5) 0.90

Post-ERCP 7 (16.7) 7 (8.8) 0.24

Others 0 (0.0) 6 (7.5) 0.09

APACHEII, mean (SD) 19.6 (8.3) 14.2 (6.6) < 0.001

Prognostic factor score, mean (SD) 5.6 (2.1) 4.0 (2.1) < 0.001

Charlson index, median (IQR) 1 (0–2) 0 (0–1) 0.012

CT severity index, median (IQR) 7 (4–10) 6 (4–8) 0.63

Revised Atlanta-severe, n (%) 38 (90.5) 45 (56.3) < 0.001

CRAI, n (%) 24 (57.1) 44 (55.0) 0.82

Enteral feeding within the first 48 h, n (%) 10 (23.8) 24 (30.0) 0.47

The amount of administered fluid volume within the first 24 h (ml), mean (SD) 6458 (2507) 6593 (3610) 0.83

Mechanical ventilation, n (%) 39 (92.9) 44 (55.0) < 0.001

Hemodiafiltration, n (%) 34 (81.0) 28 (35.0) < 0.001

Preventive use of antibacterial drug, n (%) 34 (81.0) 57 (69.5) 0.24

Proved infection, n (%) 34 (81.0) 61 (74.4) 0.55

Hospital stay (day), mean (SD) 70.9 (45.4) 118.6 (89.2) < 0.001

APACHE, acute physiology and chronic health evaluation; CRAI, continuous regional arterial infusion; CT, computed tomography; ERCP, endoscopic
retrograde cholangiopancreatography; IQR, interquartile range

Table 3 Multivariate analysis of factors potentially associated with mortality

Suspected infection (n = 122) Proved infection (n = 95)

Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Age* 1.50 (1.09–2.06) 0.012 1.55 (1.07–2.24) 0.019

Charlson index (≥ 2) 1.95 (0.71–5.35) 0.19 1.59 (0.49–5.17) 0.44

Revised Atlanta-severe 7.84 (2.40–25.6) 0.001 7.22 (1.83–28.4) 0.005

Open necrosectomy vs minimally invasive treatment 1.64 (0.66–4.09) 0.29 1.85 (0.68–5.01) 0.23

CI, confidence interval

*With each 10 years increment
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of complications than primary open necrosectomy (12 vs.
42%, p = 0.002), whereas the difference in mortality between
these two treatment approaches was not significant (19 vs.
16%, p = 0.70).8 The PENGUIN RCT compared surgical
necrosectomy by video-assisted retroperitoneal debridement
and endoscopic transgastric necrosectomy. Surgical
necrosectomy was associated with higher IL-6 concentrations
than endoscopic necrosectomy,9 but the effect of the type of
surgical procedure used on mortality was not significant (40
vs. 10%, p = 0.30).9 Another RCT that compared endoscopic
necrosectomy and minimally invasive surgical necrosectomy
as part of a step-up approach also showed no significant dif-
ference in mortality based on the intervention (mortality 18%
in endoscopy group vs. 13% minimally invasive surgery
group, p = 0.50).20 A meta-analysis comparing endoscopic/
retroperitoneal necrosectomy with open necrosectomy also
found no significant difference between these procedures in
the incidence of complications or mortality rate.10 The finding
that the type of intervention used to treat infected ANC/WON
has no significant impact onmortality in the present study is in
agreement with these previous findings.

The increased risk associated with open necrosectomy as
reported previously can be attributed to two major factors, the
timing of open necrosectomy and the severity of the underly-
ing pancreatitis. Although primary open necrosectomy with-
out drainage was performed in the past, secondary open
necrosectomy after drainage became increasingly popular be-
tween 2010 and 2013.8,21 Most open necrosectomies reported
prior to 2010 were not performed after initial drainage, but as
primary treatment, prior to any drainage procedure. Although
one large combined cohort study demonstrated that minimally
invasive surgery and endoscopic necrosectomy are associated
with a lower mortality than open necrosectomy, open
necrosectomy was performed as the primary treatment in
95.2% (498/523) of patients in three cohorts in which all pa-
tients underwent open necrosectomy.22 To date, no study has
directly compared minimally invasive necrosectomy and sec-
ondary open necrosectomy after drainage. For most patients in
the current study, open necrosectomy was conducted as a sec-
ondary procedure. The odds ratio for secondary open
necrosectomy and mortality was lower than that for primary
open necrosectomy, possibly explaining why open
necrosectomy was not significantly associated with mortality
in this study. One possible explanation for secondary open
necrosectomy being safe is that it may be performed later than
primary open necrosectomy. It is generally recommended that
surgical necrosectomy be delayed until collections have be-
come walled-off, typically 4 weeks after the onset of pancre-
atitis, because such a wall is robust and necrosis adheres
strongly to the gastrointestinal tract.23 Thus, such walls may
be more robust in patients who undergo secondary open
necrosectomy than in those who undergo primary open
necrosectomy. A future study with an appropriate design

may identify that secondary open necrosectomy after drainage
has a beneficial effect on mortality.

Patients who undergo open necrosectomy are likely to have
more severe underlying pancreatitis,24 which may be associ-
ated with an increased rate of complications such as sepsis and
multiple organ failure.25 Patients withmore severe pancreatitis
may need early aggressive treatment because they are unable
to tolerate the multiple procedures required for a minimally
invasive approach, which may take longer. In the present
study, 85% of patients who underwent open necrosectomy
had SAP according to the revised Atlanta classification,
whereas only 62% of those who underwent minimally inva-
sive treatment had SAP (p < 0.015). Thus, when interventions
are performed in an appropriate sequence, the risk of mortality
associated with open necrosectomymay be comparable to that
of minimally invasive procedures.

This study has several limitations. The first limitation is that
the database did not include information regarding the frequen-
cy and timing of interventions for suspected infected ANC/
WON or post-interventional complications.26 We are currently
collecting the relevant information in a prospective multicenter
observational study on acute pancreatitis (UMIN:000025468,
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi?
recptno=R000028398). In the future, RCTs are required to
confirm our findings. The second limitation is that the criteria
for selecting the treatment for patients with suspected infected
ANC/WON were not consistent among the participating insti-
tutions. However, the results of subgroup analyses of patients
with proved infections were similar to those of the whole co-
hort, suggesting that this inconsistency did not have a signifi-
cant impact on the results. The third limitation is that there were
only three laparoscopies among the minimally invasive treat-
ments. Percutaneous and endoscopic treatment may therefore
have more strongly influenced our findings than laparoscopic
treatment. The small number of laparoscopies performed is
likely attributable to the fact that physicians or intensivists rath-
er than surgeons treat pancreatitis in Japan.

Conclusions

This study showed that age and classification as “severe” by the
revised Atlanta criteria have a more significant impact on mor-
tality in patients with acute pancreatitis with infected ANC/
WON than differences in the strategy for treatment (open
necrosectomy vs. minimally invasive treatment). The risk of
mortality after open necrosectomy itself may not be higher than
after a minimally invasive approach. For patients with extensive
retroperitoneal necrosis, a minimally invasive procedure is not
the only surgical option, but open necrosectomy may be indi-
cated. Among patients undergoing open necrosectomy, open
necrosectomy after drainage (secondary) may be better than
open necrosectomy before drainage (primary).
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