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Introduction

Pancreatic necrosis caused by infection is a se-
rious and potentially fatal consequence of acute 
pancreatitis. Pancreatic tissue necrosis and sub-
sequent infection result in systemic inflammation 
and subsequent organ failure. Managing infected 
pancreatic necrosis presents considerable difficul-
ties since it frequently necessitates invasive inter-
ventions to manage the infection and avert addi-
tional problems [1, 2].

Historically, the predominant method for man-
aging infected pancreatic necrosis has been open 
surgical surgery, characterized by a substantial ab-

dominal incision and extensive tissue dissection [2]. 
Nevertheless, this methodology is linked to signifi-
cant rates of illness and death, along with extended 
periods of hospitalization and an increased likeli-
hood of complications [3].

In the past several years, there has been a rise in 
the utilization of endoscopic intervention and min-
imally invasive surgery as alternate approaches for 
the treatment of infected pancreatic necrosis [4, 5]. 
The execution of endoscopic intervention entails the 
utilization of flexible endoscopes to gain entry into 
the necrotic pancreatic tissue and extract the infec-
tious material. The utilization of this method pro-
vides the benefit of being less intrusive in compari-
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son to open surgery, leading to decreased illness and 
expedited recuperation periods [6]. Nevertheless, 
endoscopic intervention is constrained, particularly 
when the necrotic tissue is situated beneath the ab-
dominal cavity or encompasses intricate anatomical 
formations [7].

The utilization of minimally invasive surgery sug-
gests a potentially advantageous strategy for man-
aging infected pancreatic necrosis. The methodol-
ogy encompasses the utilization of laparoscopic or 
robotic-assisted methodologies to gain entry to the 
contaminated tissue and extract it via little incisions 
[8, 9]. Minimally invasive surgery presents several 
advantages in comparison to open surgery, includ-
ing diminished patient trauma, decreased postoper-
ative pain, abbreviated hospital stays, and enhanced 
cosmetic results [10]. Moreover, it facilitates a more 
thorough and accurate elimination of the diseased 
necrotic tissue, hence diminishing the likelihood of 
recurring infections.

This meta-analysis intended to compare the 
outcomes of endoscopic intervention and minimal-
ly invasive surgery in the management of infected 
pancreatic necrosis, based on the developing data 
supporting their usage. Our objective was to conduct 
a thorough assessment of the effectiveness, safety, 
and clinical results of minimally invasive surgery in 
comparison to endoscopic intervention for the treat-
ment of infected pancreatic necrosis, by integrating 
the existing data from pertinent research.

It is imperative to comprehend the benefits and 
constraints associated with both methodologies in 
order to enhance patient outcomes and facilitate 

informed clinical decision-making. The objective of 
this meta-analysis was to fill the existing knowledge 
gap and provide a valuable contribution to the ex-
panding body of evidence regarding the most effec-
tive approach to managing infected pancreatic ne-
crosis.

Aim

A  comparison of the results of endoscopic and 
minimally invasive surgical treatment for infected 
necrotizing pancreatitis is the goal of this study, 
which is based on the findings of randomized con-
trolled trials.

Material and methods

Study design

Meta-analyses of clinical trials that are now be-
ing conducted were incorporated into the epidemio-
logical declaration and had a predetermined process 
for the study. For the purpose of data gathering and 
analysis, a wide range of databases were searched. 
These databases included OVID, PubMed, Embase, 
Cochrane Library, and Google Scholar.

Data pooling

For the purpose of analyzing the effects of vari-
ous clinical outcomes, prospective clinical trials were 
utilized with the objective of evaluating the influ-
ence of endoscopic and minimally invasive surgical 
treatment for infected necrotizing pancreatitis. For 
the purpose of this study, only prospective trials 

Records identified through database search 
(n = 2573) 

Records identified through other sources 
(n = 0) 

Studies included in the meta-analysis  
(n = 10) 

After duplication removal (n = 952) 

Full text evaluated (n = 55) 

Records excluded (n = 897) 

Full text excluded because not rela-
ted to inclusion criteria (n = 45) 
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Figure 1. Step-wise process of studies’ inclusion for analysis
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including human participants were included. The 
number of participants in the studies that were re-
cruited was not limited in any way. Review articles, 
editorials, and letters were not included in the cur-
rent meta-analysis since they were considered to be 
non-interventional studies. A  visual representation 
of the entire process of study identification can be 
found in Figure 1.

Eligibility and inclusion

Analyzing the impact of endoscopic and minimal-
ly invasive surgical treatment for infected necrotiz-
ing pancreatitis was the main topic for studies to be 
eligible for inclusion in the meta-analysis.

Sensitivity analysis comprised only papers re-
porting the impact of interventions on mortality 
rate, complications, organ failure, pancreatic fistula, 
organ perforation during the surgical procedure, her-
nia, bleeding, and hospital stay. A range of parame-
ters were compared between the studied groups for 
subclass and sensitivity analysis.

For an article to be considered for inclusion in the 
meta-analysis, it was required to fulfill all of the in-
clusion criteria listed below:
1)  the studies should be prospective clinical trials,
2)  the target intervention subjects consisted of pa-

tients with infected pancreatic necrosis receiving 
two or more different interventions including 
minimally invasive surgery and endoscopic pro-
cedures. 
The exclusion criteria were:

1)  the studies were unable to determine the intra-
operative and postoperative clinical outcomes for 
the various invasive treatments that were per-
formed,

2)  additionally, scientific letters,  review articles, 
books, and book chapters were not included in the 
current research project.

Identification

According to the PICOS principle, a  protocol of 
search strategies was developed and defined as fol-
lows: P (population) infected pancreatic necrosis pa-
tients; I (intervention/exposure): invasive technique 
treatment whether endoscopy or minimally invasive 
surgery, C (comparison): endoscopy versus mini-
mally invasive surgery. O (outcome): mortality rate, 
number of complications, organ failure rate, incision 
hernia, pancreatic fistula, hospital stay, endocrine 

function, and organ perforation, S (study design): 
prospective clinical studies.

Following a review of the titles and abstracts of 
all the articles that had been compiled in reference 
management software, any research that did not 
relate to the various intrusive techniques for con-
trolling infected pancreatic necrosis was excluded 
after being reviewed by two authors independently. 
This review was carried out. 

Screening

The data were refined based on specific criteria, 
which encompassed various aspects. These included 
the standard format of the study and subject-relat-
ed features, the first author’s name, the study peri-
od, the year of publication, the country of study, the 
study design, the population type recruited, the total 
number of subjects, the qualitative and quantitative 
evaluation methods, demographic data, clinical and 
treatment characteristics, information source, out-
come evaluation, and statistical analysis. The bias 
of each study was analyzed, and the methodological 
rigor of the selected studies was appraised by two 
authors in a blinded manner. 

Statistical analysis

Within the context of the present meta-analysis, 
a random-effect model was utilized to compute the 
mean difference (MD) along with a  confidence in-
terval (CI) of 95%. The random model was used to 
assess all of the groups since some of the groups 
had a  high degree of heterogeneity, and other 
groups had methodology that had inconsistencies. 
A  percentage was used to calculate the I2 index, 
which is a numeric value that can range from 0 to 
100. Indicating the absence of heterogeneity were 
percentages that ranged from 0% to 25% to 50% to 
75%. Additionally, percentages indicating low, mod-
erate, and high heterogeneity were also included in 
this description. According to what was mentioned 
earlier, the initial evaluation was stratified into sev-
eral result categories, and then subcategory analysis 
was carried out. Begg’s test was used to conduct 
a quantitative investigation of publication bias, and 
publication bias was determined to be present if the 
p-value was greater than 0.05. An analysis with two 
tails was carried out in order to obtain the p-values. 
Jamovi was the program that was utilized in order to 
make the graphs and statistical analysis visible.
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Results

Findings of systemic research resulted in the 
recruitment of ten trials [5, 11–19] published be-
tween 2012 and 2024 investigating the impact of 
endoscopic intervention compared with a minimally 
invasive technique for managing infected pancre-
atic necrosis. Characteristics of included trials are 
presented in Table I and findings of analysis are pre-
sented in Table II and Figures 2 and 3.

Mortality

The dichotomous analysis model includes nine 
studies comparing the impact of different interven-
tions (minimally invasive surgery versus endoscopy) 
on the mortality rate of patients with infected nec-
rotizing pancreatitis. The findings of the analysis re-
vealed no significant (p = 0.35) difference between 
groups regarding the number of deaths. Study out-

comes appear to be heterogeneous (I² = 54.45%), 
MD = –-0.40, 95% CI [–1.24, 0.44] (Figure 2 A). Publi-
cation bias analysis showed a non-significant p-val-
ue according to Begg’s and Egger’s tests.

Complications

The dichotomous analysis model includes nine 
studies comparing the impact of different interven-
tions (minimally invasive surgery versus endoscopy) 
on the number of major complications expressed 
by patients with infected necrotizing pancreatitis. 
The findings of the analysis revealed a  significant 
(p = 0.006) difference between groups regarding 
the number of complications. The complication rate 
for endoscopic intervention was significantly lower 
than that of minimally invasive surgery. MD = –1.01, 
95% CI [–1.74, –0.28] (Figure 2 B). Publication bias 
analysis showed a non-significant p-value according 

Table I. Characteristics of analyzed studies

Study Year Country Number for 
endoscopy

Number for minimally 
invasive surgery

Total number

Bakker et al. 2012 2012 Netherlands 10 10 20

Bausch et al. 2012 2012 Germany 18 44 62

Kumar et al. 2014 2014 USA 12 12 24

Tan et al. 2014 2014 France 11 21 32

Bang et al. 2019 2019 USA 34 34 68

Brunschot et al. 2018 2018 Netherlands 51 47 98

Angadi et al. 2021 2021 India 20 20 40

Onnekink et al. 2022 2022 Netherlands 51 47 98

Timmermann et al. 2024 2024 Germany 69 45 114

Garg et al. 2020 2020 India 30 30 60

Table II. Results of analysis of heterogeneity and publication bias

Analysis Heterogeneity (I2) Begg’s test Egger’s test

Mortality 54.45% 0.36 0.11

Complications 63.26% 0.12 0.002

New-onset organ failure 0% 0.069 0.24

Pancreatic fistula 0% 0.72 0.63

Postoperative bleeding 0% 0.056 0.17

Perforation of a visceral organ 0% 0.72 0.39

Endocrine insufficiency 69.28% 0.47 0.44

Incisional hernia 22.39% 1 0.13

Hospital stay 95.49% 1 0.061
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Figure 2. Forest plot showing the impact of endoscopic intervention compared with minimally invasive 
surgery for infect pancreatic necrosis patients regarding mortality rate (A), complication (B), new-onset 
organ failure (C)

A 

Timmermann et al. 2024  –0.93 [–1.98, 0.12] 

Onnekink et al. 2022  0.87 [–0.14, 1.87] 

Angadi et al. 2021  0.46 [–1.45, 2.37] 

Bang et al. 2019  0.44 [–1.42, 2.29] 

Brunschot et al. 2018  0.38 [–0.74, 1.50] 

Kumar et al. 2014  –1.18 [–4.48, 2.12] 

Tan et al. 2014  –1.47 [–4.52, 1.58] 

Bakker et al. 2012  –1.79 [–4.21, 0.63] 

Bausch et al. 2012  –2.83 [–4.93, –0.73] 

RE Model  –0.40 [–1.24, 0.44] 

B 

Onnekink et al. 2022  –0.18 [–0.98, 0.62] 

Angadi et al. 2021  –0.23 [–1.55, 1.10] 

Garg et al. 2020  0.44 [–1.42, 2.31] 

Bang et al. 2019  –1.54 [–2.79, –0.28] 

Brunschot et al. 2018  –0.06 [–0.86, 0.74] 

Kumar et al. 2014  –2.73 [–5.08, –0.39] 

Tan et al. 2014  –2.77 [–4.58, –0.97] 

Bakker et al. 2012  –2.77 [–4.96, –0.58] 

Bausch et al. 2012  –1.32 [–2.47, –0.17] 

RE Model  –1.01 [–1.74, –0.28] 

C 

Timmermann et al. 2024  –1.42 [–2.56, –0.28] 

Onnekink et al. 2022  –0.53 [–1.44, 0.37] 

Bang et al. 2019  –0.44 [–2.29, 1.42] 

Brunschot et al. 2018  –1.15 [–2.08, –0.23] 

Kumar et al. 2014  –2.91 [–5.94, 0.12] 

Tan et al. 2014  –0.34 [–2.17, 1.49] 

Bakker et al. 2012  –3.04 [–6.12. 0.03] 

RE Model  –1.00 [–1.50, –0.50] 
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Figure 2. Cont. Forest plot showing the impact of endoscopic intervention compared with minimally inva-
sive surgery for infect pancreatic necrosis patients regarding pancreatic fistula (D), postoperative bleeding 
(E), and perforation of a visceral organ (F)

D 

Onnekink et al. 2022  –1.80 [–2.99, –0.62] 

Bang et al. 2019  –3.10 [–5.99, –0.20] 

Brunschot et al. 2018  –2.24 [–3.79, –0.69] 

Tan et al. 2014  –2.67 [–5.63, 0.29] 

Bakker et al. 2012  –3.04 [–5.51, –0.58] 

Bausch et al. 2012  –2.00 [–4.92, 0.91] 

RE Model  –2.21 [–2.99, –1.42] 

E 

Onnekink et al. 2022  0.11 [–0.81, 1.04] 

Angadi et al. 2021  0.00 [–2.84, 2.84] 

Bang et al. 2019  –2.04 [–5.04, 0.97] 

Brunschot et al. 2018  0.02 [–0.95, 0.98] 

Tan et al. 2014  –1.47 [–4.52, 1.58] 

Bausch et al. 2012  –0.51 [–1.93, 0.90] 

RE Model  –0.16 [–0.73, 0.41] 

F

Onnekink et al. 2022  –0.83 [–1.92, 0.26] 

Angadi et al. 2021  –1.15 [–4.41, 2.11] 

Garg et al. 2020  0.00 [–2.82, 2.82] 

Bang et al. 2019  –2.32 [–5.28, 0.64] 

Brunschot et al. 2018  –0.80 [–3.23, 1.64] 

Tan et al. 2014  –0.07 [–1.59, 1.44] 

Bakker et al. 2012  –1.82 [–4.99, 1.35] 

Bausch et al. 2012  –0.19 [–1.40, 1.02] 

RE Model  –0.61 [–1.23, 0.02]
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Figure 3. Forest plot showing the impact of endoscopic intervention compared with minimally invasive 
surgery for infected pancreatic necrosis patients regarding endocrine insufficiency (A), incisional hernia (B), 
and hospital stay (C)

A 

Onnekink et al. 2022  –0.09 [–1.54, 1.36]

Bang et al. 2019  –1.67 [–4.74, 1.40] 

Brunschot et al. 2018  –1.20 [–4.43, 2.02] 

Tan et al. 2014  –2.86 [–5.82, 0.09] 

RE Model  –1.04 [–2.43, 0.35] 

B 

Onnekink et al. 2022  0.05 [–0.78, 0.87] 

Bang et al. 2019  –0.52 [–1.68, 0.65] 

Brunschot et al. 2018  –1.54 [–3.77, 0.69] 

Kumar et al. 2014  –3.53 [–6.56, –0.50] 

Tan et al. 2014  2.59 [ 0.36, 4.82] 

Bakker et al. 2012  –0.54 [–2.60, 1.52] 

RE Model  –0.40 [–1.63, 0.84] 

C 

Angadi et al. 2021  1.39 [ 0.70, 2.08] 

Bang et al. 2019  –0.46 [–1.02, 0.10] 

Brunschot et al. 2018  –0.37 [–0.77, 0.03] 

Nemoto et al. 2017  –0.43 [–1.12, 0.25] 

Kumar et al. 2014  –3.76 [–5.09, –2.43] 

Bakker et al. 2012  0.14 [–0.73, 1.02] 

RE Model  –0.52 [–1.79, 0.75]
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to Begg’s test while Egger’s test showed significant 
publication bias (0.002); hence the overall publica-
tion bias for this model is considered significant.

New-onset organ failure

The analysis model includes seven studies us-
ing random dichotomous analysis, comparing the 
impact of minimally invasive surgery versus endos-
copy on the number of new-onset organ failures 
expressed by patients with infected necrotizing 
pancreatitis. The findings of the analysis revealed 
a significant (p < 0.001) difference between groups. 
The number of new-onset organ failures for endo-
scopic intervention was significantly lower than 
that of minimally invasive surgery. MD = –1.00, 
95% CI [–1.50, –0.50] (Figure 2 C). Publication bias 
analysis showed a non-significant p-value accord-
ing to Begg’s and Egger’s (Table II) but with low 
values.

Pancreatic fistula

The analysis model includes seven studies us-
ing random dichotomous analysis, comparing the 
impact of minimally invasive surgery versus en-
doscopy on the onset of postoperative pancreatic 
fistula expressed by patients with infected necro-
tizing pancreatitis. The findings of the analysis re-
vealed a significant (p < 0.001) difference between 
groups. The incidence of new-onset organ failures 
for endoscopic intervention was significantly low-
er than that of minimally invasive surgery. MD = 
–2.21, 95% CI [–2.99, –1.42] (Figure 2 D). Publica-
tion bias analysis showed a non-significant p-val-
ue according to Begg’s and Egger’s (Table II) but 
with low values.

Postoperative bleeding 

This model includes six studies comparing the 
clinical influence of minimally invasive surgery ver-
sus endoscopy on postoperative bleeding for pa-
tients with infected necrotizing pancreatitis. The 
findings of the analysis revealed no significant  
(p = 0.59) difference between groups regarding the 
incidence of postoperative bleeding that required 
medical intervention. Study outcomes appear to be 
non-heterogeneous (I² = 0%), MD = –0.16, 95% CI 
[–0.73, 0.41] (Figure 2 E). Publication bias analysis 
showed a  low, non-significant p-value according to 
Begg’s and Egger’s tests.

Perforation of a visceral organ

Eight studies that compared the clinical influence 
of minimally invasive surgery versus endoscopy on 
the perforation of a visceral organ for patients with 
infected necrotizing pancreatitis were analyzed in 
this random model. The findings of the analysis 
reflected no significant (p = 0.057) difference be-
tween groups regarding the incidence of perforation 
of a  visceral organ. Study outcomes appear to be 
non-heterogeneous (I² = 0%), MD = –0.61, 95% CI 
[–1.23, 0.02] (Figure 2 F). Publication bias analysis 
showed a  low, non-significant p-value according to 
Begg’s and Egger’s tests.

Endocrine insufficiency

Six studies that compared the clinical influence 
of minimally invasive surgery versus endoscopy on 
endocrine insufficiency for patients with infected 
necrotizing pancreatitis were analyzed in this ran-
dom model. The findings of the analysis revealed 
no significant (p = 0.53) difference between groups 
regarding the occurrence of endocrine insufficien-
cy. Study outcomes were expressed as MD = –0.40,  
95% CI [–1.63, 0.84] (Figure 3 A). Publication bias 
analysis showed a  low, non-significant p-value ac-
cording to Begg’s and Egger’s tests.

Incisional hernia

Four studies that compared the clinical influence 
of minimally invasive surgery versus endoscopy on 
incisional hernia for patients with infected necrotiz-
ing pancreatitis were analyzed in this random mod-
el. The findings of the analysis revealed no signifi-
cant (p = 0.14) difference between groups regarding 
the occurrence of incisional hernia. Study outcomes 
were expressed as MD = –1.04, 95% CI [–2.43, 0.35] 
(Figure 3 B). Publication bias analysis showed a low, 
non-significant p-value according to Begg’s and 
Egger’s tests.

Hospital stay

Six studies investigating the clinical influence 
of minimally invasive surgery versus endoscopy on 
hospital stay for patients with infected necrotizing 
pancreatitis were analyzed in this continuous ran-
dom model. The findings of the analysis revealed 
no significant (p = 0.42) difference between groups 
regarding hospital stay. Study outcomes were ex-
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pressed as MD = –0.52, 95% CI [–1.79, 0.75] (Figure 
3 C). One of the six studies, Angadi et al., indicated 
a  significant impact of surgery on decreasing hos-
pital stay compared with endoscopy, while Kumar 
et al. reported that hospital stay was lower with 
endoscopy. Publication bias analysis showed a low, 
non-significant p-value according to Begg’s and 
Egger’s tests.

Discussion

Ten studies have been included in the current 
investigation (published between 2012 and 2024). 
Endoscopic procedures demonstrated considerable 
beneficial outcomes in comparison to minimally in-
vasive surgery, particularly in terms of the number 
of complications that occurred after the operation  
(p = 0.006), the occurrence of new-onset organ fail-
ure (p < 0.001), and the presence of pancreatic fis-
tula (p < 0.001). On the other hand, there was no 
discernible difference between the two procedures 
in terms of the average length of stay in the hospital, 
postoperative hemorrhage, incisional hernia, endo-
crine insufficiency, or perforation of a visceral organ.

A  previous study by Szeliga et al., comparing 
the impact of three different types of minimally in-
vasive procedures, showed that the hospitalization 
time ranged from 10 to 192 days. The type 1 (clas-
sic necrosectomy with repeated peritoneal flushing) 
procedures exhibited the highest mortality rate. No 
statistically significant differences were seen in the 
absolute number of postoperative complications 
across the three interventional groups (classic necro-
sectomy with repeated peritoneal flushing, laparoto-
my with active drainage, and video-assisted retroper-
itoneal debridement). However, there was variation 
in the quality of these complications. Traditional 
techniques were employed in patients with more se-
vere general and local conditions [20]. Another study 
investigating the impact of endoscopic interventions 
for management of acute biliary pancreatitis showed 
that the utilization of endoscopic retrograde cholan-
giopancreatography for the management of acute 
biliary pancreatitis was linked to the alleviation of 
abdominal pain, expedited intestinal expulsion and 
recovery of serum amylase levels, as well as signif-
icant improvements in serum biochemical parame-
ters and inflammatory factor levels [21].

Over the past ten years, minimally invasive pro-
cedures have largely supplanted conventional open 

necrosectomy in an effort to diminish the negative 
health outcomes and death rates linked to open ne-
crosectomy. In addition to percutaneous drainage 
and minimally invasive surgery, other studies have 
documented endoscopic transgastric drainage and 
necrosectomy as viable alternatives to open surgery 
[22–25]. Despite the growing prevalence of endo-
scopic intervention for pancreatic necrosis, there is 
still insufficient evidence to support the advantage 
of ETA over SA. Endoscopy has been shown to have 
clinical superiority in only a few observational stud-
ies [24, 26] and a modest randomized controlled trial 
[19]. Additionally, a total of three single-arm system-
atic studies [26, 27] have demonstrated that endo-
scopic transgastric necrosectomy is a  secure and 
efficient minimally invasive intervention for necrotiz-
ing pancreatitis. The paper did not provide evidence 
supporting the advantage of the endoscopic step-up 
method in terms of lowering significant mortality in 
patients with infected necrotic pancreatitis. Howev-
er, it did recommend that further investigations be 
carried out to validate the findings of the complet-
ed trials. In order to demonstrate the superiority of 
endoscopy, we conducted the initial meta-analysis 
to assess and evaluate the efficacy and safety of 
the two methods. The pooled proportion of effec-
tive resolution of pancreatic necrosis by endoscopic 
transgastric necrosectomy in previous single-arm 
systematic reviews was approximately 80%. Consis-
tent with prior comprehensive reviews [16, 17], the 
endoscopic group had a  significant clinical resolu-
tion rate in our systematic review. In the interim, the 
minimally invasive surgery exhibited a  comparable 
rate of clinical resolution. Furthermore, as indicated 
by this systematic review, the observed decrease in 
the incidence of significant complications following 
endoscopic compared to the surgery group aligns 
with findings from prior research [16–18]. Endo-
scopic trans-gastric procedures have the potential to 
minimize surgical trauma and decrease the occur-
rence of problems such as new-onset organ failure, 
pancreatic fistula, and incisional hernia by avoiding 
laparotomy and general anesthesia [15]. Moreover, it 
is widely recognized that general anesthesia has the 
potential to elicit or extend systemic inflammation 
in patients who are critically ill.

Although the meta-analysis did not reveal any 
significant differences in death rates between the 
two groups, this might have been because there 
have only been a  limited number of studies that 
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have investigated the differences between these 
two approaches. In addition, it has been demon-
strated that patients with infected necrotic pancre-
atitis who have new onset single organ failure have 
a significantly higher death rate than patients who 
do not have new organ failure. When compared to 
individuals who do not have new organ failure, the 
differences related to higher rates of new-onset mul-
tiple organ failure are particularly significant [28].

There is a significant probability that this is also 
the case with multiple organ failure. It is possible 
that the increased inflammatory stress response 
that the surgical treatment induces in patients is 
the underlying cause of this probably higher rate 
of organ failure in individuals who have undergone 
surgical treatment. This additional inflammatory re-
sponse has the potential to either exacerbate organ 
failure that is already present or give rise to new or-
gan failure in patients who are already in a critical 
condition [29]. In addition, the surgical group ex-
perienced a significantly higher number of cases of 
perforations of visceral organs or enterocutaneous 
fistulae, whereas the endoscopic group experienced 
a shorter length of stay in the hospital.

Conclusions

When it comes to complications, new-onset or-
gan failure, and pancreatic fistula, endoscopic thera-
py appears to have the potential to offer advantages 
over minimally invasive surgery. On the other hand, 
there is no difference between the two therapies 
with regard to the remaining clinical criteria. How-
ever, future clinical multicenter randomized trials are 
needed.

Conflict of interest

The authors declare no conflict of interest.

References

1. Leonard-Murali S, Lezotte J, Kalu R, et al. Necrotizing pancreati-
tis: a review for the acute care surgeon. Am J Surg 2021; 221: 
927-34.

2. Zerem E, Treatment of severe acute pancreatitis and its compli-
cations. World J Gastroenterol 2014; 20: 13879-92.

3. Alkaaki A, Al-Radi OO, Khoja A, et al. Surgical site infection 
following abdominal surgery: a prospective cohort study. Can  
J Surg 2019; 62: 111-7.

4. Boxhoorn L, Fockens P, Besselink MG, et al. Endoscopic manage-
ment of infected necrotizing pancreatitis: an evidence-based 
approach. Curr Treat Options Gastroenterol 2018; 16: 333-44.

5. Bang JY, Arnoletti JP, Holt BA, et al. An endoscopic transluminal 
approach, compared with minimally invasive surgery, reduces 
complications and costs for patients with necrotizing pancre-
atitis. Gastroenterology 2019; 156: 1027-40.e3.

6. Binda C, Fabbri S, Perini B, et al. Endoscopic ultrasound-guided 
drainage of pancreatic fluid collections: not all queries are al-
ready solved. Medicina 2024; 60: 333.

7. Rogalski P, Daniluk J, Baniukiewicz A, et al. Endoscopic manage-
ment of gastrointestinal perforations, leaks and fistulas. World 
J Gastroenterol 2015; 21: 10542-52.

8. Wroński M, Cebulski W, Słodkowski M, et al. Minimally invasive 
treatment of infected pancreatic necrosis. Gastroenterology 
Rev 2014; 9: 317-24.

9. Bello B, Matthews JB. Minimally invasive treatment of pancre-
atic necrosis. World J Gastroenterol 2012; 18: 6829-35.

10. Mohiuddin K, Swanson SJ. Maximizing the benefit of minimally 
invasive surgery. J Surg Oncol 2013; 108: 315-9.

11. Timmermann L, Schönauer S, Hillebrandt KH, et al. Endoscopic 
and surgical treatment of necrotizing pancreatitis-a compari-
son of short- and long-term outcome. Langenbecks Arch Surg 
2024; 409: 58.

12. Onnekink AM, Boxhoorn L, Timmerhuis HC, et al. Endoscopic 
versus surgical step-up approach for infected necrotizing pan-
creatitis (ExTENSION): long-term follow-up of a randomized 
trial. Gastroenterology 2022; 163: 712-22.e14.

13. Angadi S, Mahapatra SJ, Sethia R, et al. Endoscopic transmural 
drainage tailored to quantity of necrotic debris versus laparo-
scopic transmural internal drainage for walled-off necrosis in 
acute pancreatitis: a randomized controlled trial. Pancreatolo-
gy 2021; 21: 1291-8.

14. Garg PK, Meena D, Babu D, et al. Endoscopic versus laparoscop-
ic drainage of pseudocyst and walled-off necrosis following 
acute pancreatitis: a randomized trial. Surg Endosc 2020; 34: 
1157-66.

15. van Brunschot S, van Grinsven J, van Santvoort HC, et al. En-
doscopic or surgical step-up approach for infected necrotising 
pancreatitis: a multicentre randomised trial. Lancet 2018; 391: 
51-8.

16. Tan V, Charachon A, Lescot T, et al. Endoscopic transgastric ver-
sus surgical necrosectomy in infected pancreatic necrosis. Clin 
Res Hepatol Gastroenterol 2014; 38: 770-6.

17. Kumar N, Conwell DL, Thompson CC. Direct endoscopic necro-
sectomy versus step-up approach for walled-off pancreatic 
necrosis: comparison of clinical outcome and health care uti-
lization. Pancreas 2014; 43: 1334-9.

18. Bausch D, Wellner U, Kahl S, et al. Minimally invasive operations 
for acute necrotizing pancreatitis: comparison of minimally 
invasive retroperitoneal necrosectomy with endoscopic trans-
gastric necrosectomy. Surgery, 2012. 152 (3 Suppl 1): S128-34.

19. Bakker OJ, van Santvoort HC, van Brunschot S, et al. Endoscopic 
transgastric vs surgical necrosectomy for infected necrotizing 
pancreatitis: a randomized trial. JAMA 2012; 307: 1053-61.

20. Szeliga J, Jackowski M. Minimally invasive procedures in severe 
acute pancreatitis treatment–assessment of benefits and pos-
sibilities of use. Videosurgery Miniinv 2014; 9: 170-8.

21. Tang D, Gu J, Ao Y, et al. Clinical efficacy of endoscopic retro-
grade cholangiopancreatography in the treatment of acute bil-



Videosurgery and Other Miniinvasive Techniques 

Minimally invasive surgery compared to endoscopic intervention for treating infected pancreatic necrosis. A meta-analysis

11

iary pancreatitis: a meta-analysis. Videosurgery Miniinv 2022; 
17: 561-78.

22. Papachristou GI, Takahashi N, Chahal P, et al. Peroral endoscop-
ic drainage/debridement of walled-off pancreatic necrosis.  
Ann Surg 2007; 245: 943-51.

23. Abdelhafez M, Elnegouly M, Hasab Allah MS, et al. Translu-
minal retroperitoneal endoscopic necrosectomy with the use 
of hydrogen peroxide and without external irrigation: a novel 
approach for the treatment of walled-off pancreatic necrosis. 
Surg Endosc 2013; 27: 3911-20.

24. Escourrou J, Shehab H, Buscail L, et al. Peroral transgastric/
transduodenal necrosectomy: success in the treatment of in-
fected pancreatic necrosis. Ann Surg 2008; 248: 1074-80.

25. Trikudanathan G, Attam R, Arain M.A, et al. Endoscopic inter-
ventions for necrotizing pancreatitis. Am J Gastroenterol 2014; 
109: 969-81; quiz 982.

26. Puli SR, Graumlich JF, Pamulaparthy SR, et al. Endoscopic trans-
mural necrosectomy for walled-off pancreatic necrosis: a sys-
tematic review and meta-analysis. Can J Gastroenterol Hepatol 
2014; 28: 50-3.

27. Haghshenasskashani A, Laurence JM, Kwan V, et al, Endoscopic 
necrosectomy of pancreatic necrosis: a systematic review. Surg 
Endosc 2011; 25: 3724-30.

28. Petrov MS, Shanbhag S, Chakraborty M, et al. Organ failure and 
infection of pancreatic necrosis as determinants of mortality in 
patients with acute pancreatitis. Gastroenterology 2010; 139: 
813-20.

29. Malmstrøm ML, Hansen MB, Andersen AM, et al. Cytokines and 
organ failure in acute pancreatitis: inflammatory response in 
acute pancreatitis. Pancreas 2012; 41: 271-7.

Received: 20.03.2024
Accepted: 2.04.2024
Online publication: 24.04.2024


	_Hlk161793181
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29

