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METHODS 

Study design 

Search strategy and eligibility criteria 

A predefined systematic literature search was carried out by investigators SvB and HvS in the Pubmed, 
EMBASE, and Cochrane databases for articles published between January 2002 and January 2012 to 
identify published cohorts of patients who underwent a form of necrosectomy (i.e., either by surgery or 
endoscopy) for necrotising pancreatitis. The search was limited to this timeframe to increase the chance 
that data were stored in electronic databases and completely available. Predefined search terms and Mesh 
headings were ‘pancreas’, ‘pancreatitis, ‘necro*’, ‘debridement’, ‘video assisted retroperitoneal 
debridement’, ‘VARD’, ‘minimally invasive’, ‘minimal invasive’, ‘MIRN’, ‘MIPN’, ‘MARPN’, ‘MAPN’, ‘minimal 
access’, ‘laparo*’, and ‘endosc*. The search was limited to adult patients, English language, and studies 
that were full text available. All identified studies were screened for cross-references of relevant publications 
that were not yet identified during the initial literature search. Two of the authors independently assessed 
the eligibility of the selected cohorts using the following in- and exclusion criteria. 

 

Inclusion criteria 

1. Observational cohort studies (both retrospective and prospective) or randomised trials reporting on the 
outcome of patients undergoing surgical necrosectomy or endoscopic necrosectomy for infected or sterile 
pancreatic and/or peripancreatic necrosis. 

2. Cohorts with a sample size of ≥ 30 patients. 

 

Exclusion criteria 

1. Cohorts which included patients with chronic pancreatitis. 

2. No data available for one or more of these variables: sex, age, method of necrosectomy, median time 
from hospital admission to necrosectomy, sterile or infected necrosis, and mortality. 

The corresponding authors of all cohorts eligible for inclusion were contacted and asked to participate in 
the study. This involved providing the original and, if appropriate, additional data of these patients regarding 
baseline characteristics, details on intervention, and clinical outcome. 

 

Cohort search and details of included studies, quality assessment 

Results of the literature search are shown in Figure 1. From the total of 2149 studies that were assessed 
for eligibility, 13 cohort studies were finally included in the study. Of these 13 studies, eight were 
retrospective analyses1-8; two were post-hoc analyses of prospectively collected data9,10; two were 
prospective studies11,12, and one was a combination of retrospective analyses and prospective data 
collection and analyses13. For four of the 13 studies local registries were updated and additional 
unpublished individual patient data were made available by the principal investigators: 50 patients in cohort 
42; 51 patients in cohort 57; 108 patients in cohort 118, and eight patients in cohort 124. These unpublished 
data were included in the current study. 

Two cohorts from specialist pancreatic centres (Glasgow Royal Infirmary, Glasgow and Freeman Hospital, 
Newcastle upon Tyne, UK) did not fulfil the eligibility criteria because fewer than 30 patients were 
included14,15, but it was widely recognised that these centres had a pioneering role in development and 
adaptation of minimally invasive pancreatic necrosectomy. Moreover, it was known from personal 
communications and international meetings that these centres had large ongoing registries that were not 
yet analysed for publication. Given the expertise of these centres and the availability of large databases, 
the principal investigators of these centres were invited to include the unpublished data of their patients 
(170 and 220 patients, respectively). Consent for inclusion of these two unpublished cohorts was given. 
The final study population consisted of 15 cohorts. Quality assessment was performed on all studies using 
two tools; the Newcastle-Ottawa Scale and the ROBINS-I tool. In the Newcastle-Ottawa Scale 
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nonrandomised studies are judged on three broad perspectives: the selection of the study groups; the 
comparability of the groups (if appropriate); and the ascertainment of either the exposure or outcome of 
interest.16 In this Scale, a maximum of nine points are awarded for high quality studies. From the included 
cohorts in our meta-analysis, eleven studies scored 6 points, two studies scored 7 points and two studies 
scored 8 points (Table 1). There was a considerable risk of confounding by indication and other forms of 
confounding in all studies. The ROBINS-I tool assesses risk of bias in non-randomised studies according 
to 7 domains through which bias might be introduced.17 The included cohorts were at low risk of bias in 
most domains, but considerable ‘risk of bias due to confounding’ was present for all. Detailed results for all 
domains in all studies are presented in Table 2. 

 

Data Collection 

Consideration for collection of baseline characteristics and outcomes 

Prior to requesting all principal investigators of included studies to transfer individual patient data to our 
combined database, a fixed set of patient characteristics and study outcomes was drafted and defined. The 
list of variables included was carefully selected based on 1) the extensive experience in the treatment of 
acute pancreatitis of the authors; 2) a search in the literature on factors associated with death in acute 
pancreatitis2,9,10,18,19; and 3) an assessment of the characteristics being available from included cohorts. 
 

Definitions of baseline characteristics and outcomes 

Cardiovascular organ failure:  

Circulatory systolic blood pressure <90 mm Hg, despite adequate fluid resuscitation, or need for inotropic 
catecholamine support (adapted from the original Atlanta Classification20). 

 

Respiratory organ failure: 

PaO2 <60 mm Hg, despite FiO2 of 30%, or need for mechanical ventilation (adapted from the original 
Atlanta Classification20). 

 

Renal organ failure: 

Creatinine level >177 μmol/litre after rehydration or need for hemofiltration or haemodialysis (adapted from 
the original Atlanta Classification20). 

 

Infected necrosis: 

Any one of the following (adapted from the revised Atlanta Classification21: 

1) Positive microbiological culture from fine-needle aspiration before first catheter drainage or before 
primary necrosectomy 

2) positive culture from first catheter drainage before necrosectomy; 

3) positive culture from primary necrosectomy 

 

Days from first admission to first necrosectomy: 

This is first admission of the current attack of acute pancreatitis. In case of referral, this means admission 
to the hospital from where the patient was transferred. 

First necrosectomy means first open, minimally invasive surgical or endoscopic necrosectomy. 
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Open necrosectomy 

Pancreatic necrosectomy performed through a bilateral subcostal incision with blunt and/or surgical 
removal of necrotic tissue. Post-operative lavage and re-necrosectomy was performed at the treating 
surgeon’s discretion. The procedure was first described by Beger et al.22 

 

Minimally invasive surgical necrosectomy 

Minimally invasive surgical pancreatic necrosectomy is usually preceded radiologic catheter drainage, the 
drain being preferably placed in the left retroperitoneum. A small incision close to the drain entrance allows 
the surgeon to follow the drain tract into the necrotic cavity. Subsequent pancreatic necrosectomy can be 
performed under direct vision or videoscopic guidance using basic surgical instruments. Post-operative 
lavage and re-necrosectomy was performed at the treating surgeon’s discretion. Several authors described 
minimally invasive surgical necrosectomy in which the described basic principle is similar.12,14,23 

 
Endoscopic necrosectomy 

Endoscopic pancreatic necrosectomy is performed following endoscopic ultrasound guided transgastric or 
transduodenal drainage of the pancreatic necrotic cavity. Usually, the drainage canal is created using 
electrocautery and balloon dilation. For endoscopic necrosectomy, further balloon dilation is needed in 
order to allow entrance of necrosectomy instruments (e.g. snares, baskets, grasping forceps). Post-
procedural lavage and re-necrosectomy was performed at the treating physician’s discretion. The 
procedure was first described by Seifert et al.24 

 

Death: 

This is in-hospital death during the admission in which necrosectomy took place. Readmission within 10 
days after discharge is considered the index admission. 

 

Bleeding: 

Definitions as used in the original study cohort. 

 

Pancreatic fistula: 

Definitions as used in the original study cohort. 

 

Hospital stay after necrosectomy 

Total number of days in hospital stay after necrosectomy. If a patient is transferred from or back to the 
original hospital, these admission days are included. 

 

Missing data and Multiple Imputation 

Data were missing for the following baseline variables: APACHE II score (n=93; 4.7%); Catheter drainage 
(n=20; 1.0%); Cause of pancreatitis (n=11; 0.6%); Cardiovascular organ failure (n=30; 1.5%); Pulmonary 
organ failure (n=34; 1.7%); Renal organ failure (n=42; 2.1 %); Tertiary referral (n=30; 1.5%); Time since 
hospital admission (n=3; 0.2%), and for the following outcome variables: Bleeding (n=38; 1.9%); Hospital 
stay after necrosectomy (n=24; 1.2%); Number of necrosectomies (n=18; 0.9%), and Pancreatic fistula 
(n=36; 1.8%). Considering the type of variables for which data were missing and the observational nature 
of the study the assumption that data were missing at random or completely at random was made. Data on 
baseline variables age, sex, method of necrosectomy, documented infected necrosis and the outcome 
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variable death were complete for all patients as demanded by the study protocol (http://www.crd.york.ac.uk: 
CRD42014008995). To increase power of the study (i.e. in logistical regression analysis only patients with 
complete data can be included) and to reduce bias in results, missing data for the independent baseline 
variables were imputed within each of the 15 cohorts. Dependent outcome variables were not imputed. 
Imputation is a statistical technique that uses observed data and analyses patterns of missing data to fill in 
plausible values where they are missing.25 Multiple imputation was performed with SPSS 22.0 (SPSS, 
Chicago, IL) using the Markov Chain Monte Carlo algorithm of ‘chained equations’ by linear and logistic 
regression methods. All independent baseline variables and dependent outcome variables were used as 
predictors in the imputation model. Five imputed datasets (i.e. without missing values for baseline variables) 
were created. The results of the multiple imputation were checked for integrity and plausibility within 
cohorts. Subsequent statistical analyses were primarily performed in each imputed dataset and 
supplemented by pooled analyses for final outcome and presentation. 

 

Statistical analysis 

Logistic regression and effect modification by disease severity 

To evaluate the association of method of necrosectomy with death we performed a multivariable logistic 
regression analysis. Selection of covariates included in the model was supported by construction of a 
directed acyclic graph. A directed acyclic graph is a graphic model that depicts a set of hypotheses about 
the causal process that generates a set of variables of interest (Figure 2).26 The construction of the directed 
acyclic graph indicated a minimal sufficient adjustment set for estimating the total effect of method of 
necrosectomy on death including the covariates APACHE-II score, age, documented infected necrosis, 
organ failure at necrosectomy (cardiac, pulmonary and renal), time from admission to necrosectomy and 
year of necrosectomy. To adjust for hidden confounders we supplemented this set of covariates with the 
variable cohort to constitute our final multivariable logistic regression model. Subsequently we studied 
disease severity (i.e. APACHE-II score within 24 hours of necrosectomy) as a modifier on the effect of 
method of necrosectomy on death in a secondary analyses as described in the manuscript. 
 
 

Baseline death risk-stratification 

Patients were stratified according to their predicted risk of death at baseline to study the effect of 
necrosectomy in different subgroups of disease severity, because it was anticipated that the beneficial 
effect of minimally invasive techniques is greater in more severely ill patients because of their increased 
vulnerability due to systemic inflammation.  

A prediction model for the risk of death determined 24 hours before necrosectomy was developed using 
the data of patients undergoing open necrosectomy; i.e. the control group.1-5,9-13 Firstly, the univariable 
association was determined between death and all of the following baseline characteristics: study cohort, 
sex, age, year of necrosectomy, cause of pancreatitis, APACHE-II score, cardiovascular failure, pulmonary 
failure, renal failure, tertiary referral, catheter drainage before necrosectomy, documented infected 
necrosis, and time since hospital admission. All factors with P<0.1 were included in a multivariable 
regression analysis, with forced entry of sex and infected necrosis (i.e. a variable hypothesized to have 
major prognostic value). Variables were excluded using stepwise backward elimination (P>0.05). Variables 
that remained independently associated with death in the multivariable model were: study cohort, age, 
APACHE-II score, cardiovascular failure, pulmonary failure, and renal failure (Table 6).  

The coefficients of each independent predictor, including study cohort as a measure for hidden 
confounders, were used to construct a prediction model to calculate the risk of death. Performance of this 
model was very good as indicated by the receiver operator characteristic curve with an area under the 
curve of 0.85 and the calibration curve depicted in Figure 3.  

Using the prediction model fitted in the group of patients undergoing open necrosectomy, the predicted risk 
of death at baseline was calculated in the entire study population. Patients were subsequently divided in 
four groups based on their predicted risk of death: Low (<5%); Intermediate (≥5% to <15%); High (≥15% to 
<35%); or Very high (≥35%). These cut-offs were chosen to reflect a balance between equal group sizes 
to obtain maximal statistical power in each subgroup and clinically relevant risk differences between 
subgroups. 
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Propensity-score matching 

A non-parsimonious multivariable logistic regression model was developed to estimate a propensity-score 
for minimally invasive necrosectomy.27 This was performed separately in the selection of patients 
undergoing minimally invasive surgical necrosectomy or open necrosectomy, and in the selection of 
patients undergoing endoscopic necrosectomy or open necrosectomy. Regarding the selection of variables 
for the propensity-score model: it is known to be difficult to accurately classify baseline characteristics into 
potential confounders (i.e. variables that affect the outcome), true confounders (i.e. those that affect both 
treatment assignment and outcome), and those that affect neither treatment assignment nor outcome. 
Therefore, it is commonly accepted to include all measured baseline characteristics. For our model we 
selected all available baseline characteristics (i.e. measured before necrosectomy) with the exception of 
previous catheter drainage and year of necrosectomy. Previous catheter drainage was not included 
because this was inherent to minimally invasive necrosectomy; especially minimally invasive surgical 
necrosectomy where the preoperatively placed catheter is used as a guide-wire for video-assisted 
retroperitoneal debridement.12 Year of necrosectomy was not included because minimally invasive 
necrosectomy was performed predominantly in more recent years. Inclusion of both variables would 
therefore have led to exclusion of the majority of potential matches from the open necrosectomy group. 
Notably, potential hidden confounders (e.g. better supportive intensive care in more recent years), were 
already accounted for by including study cohort as a variable in the prediction model for baseline death 
risk-stratification. The variables included in the final propensity-score model were: age, sex, cause of 
pancreatitis, APACHE-II, cardiovascular failure, pulmonary failure, renal failure, documented infected 
necrosis, tertiary referral, and days from admission to necrosectomy. 

Patients undergoing minimally invasive surgical necrosectomy or endoscopic necrosectomy were matched 
1:1 with patients undergoing open necrosectomy using their propensity-score with the nearest-neighbour-
matching algorithm without replacement (a caliper width equal to 0.2 of the standard deviation of the logit 
score was used).28 Standardised differences were estimated for all the baseline covariates to assess 
imbalance before matching and balance after matching. The standardised difference compares the 
difference in means in units of the pooled standard deviation. There is no universal agreement which cut-
off for the standardised difference can be used to indicate important imbalance between treatment groups. 
However, a standard difference of less than 0.1 is commonly accepted as indicating a negligible difference 
between means or prevalence of a certain covariate.27,29  

 

Subgroup and sensitivity analyses 

Two predefined subgroup analyses were performed: for patients who underwent previous catheter drainage 
and for patients with infected necrosis. The subgroup of patients who underwent previous catheter drainage 
was chosen because in many centres worldwide it is current practice to perform catheter drainage as a first 
step in patients with necrotising pancreatitis once the decision has been made to perform invasive 
intervention.30-33 The subgroup of patients with infected necrosis was chosen because infected necrosis is 
virtually always considered an indication for invasive intervention, whereas in most patients with sterile 
necrosis conservative treatment is successful.11,30-32 Both the baseline death risk-stratified analysis and the 
propensity-score-matched analysis as described above were performed in these subgroups. It is general 
consensus that intervention should preferably be performed after 3-4 weeks after onset of disease, because 
of better organisation of necrotic collections and superior outcome of clinical studies.30 As some believe 
that minimally invasive necrosectomy methods especially benefit from these better organized collections 
we also compared death rates exclusively in patients that underwent necrosectomy after 3 weeks (>22 
days) after admission, by excluding all pairs of patients from the matched cohorts in which one patient or 
both patients underwent necrosectomy before three weeks (<21 days). 

As an alternative risk-stratification, patients were also stratified according to their APACHE-II score ≤24 
hours before necrosectomy. The APACHE-II ("Acute Physiology and Chronic Health Evaluation II") score 
is a severity-of-disease classification system and the most widely used mortality prediction score. The score 
is based on information about previous health status, some information obtained at admission (such as 
age) and 12 routine physiological measurements.34,35 Patient were divided in four groups using a cut-off 
based on the quartiles of the APACHE-II score to achieve equally sized subgroups: APACHE-II <7, ≥7 to 
<11, ≥11 to <15, and ≥15. In each risk group based on APACHE-II score, patients were matched using 
their propensity-score and compared for actual death rates according to the methods described earlier.  
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As an alternative study outcome than in-hospital death, we also evaluated postoperative complications (i.e. 
bleeding and pancreatic fistula), number of necrosectomies, and hospital stay after necrosectomy. Patients 
undergoing minimally invasive surgical necrosectomy or endoscopic necrosectomy were compared with 
patients undergoing open necrosectomy in the propensity-score matched cohorts in each risk group based 
on predicted death at baseline. Data on number of bleedings, pancreatic fistula, number of necrosectomies, 
and total hospital stay were missing in 38 (1.9%), 36 (1.8%), 24 (1.2%) and 24 (1.2%) patients, respectively. 
These data were not imputed and the patients with missing values were excluded from the analyses. For 
the comparison of total hospital stay after necrosectomy, only the surviving patients were included. 
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Figure 1. Study inclusion flow chart 

2103 Studies were excluded based on abstract

1889 Did not meet inclusion criteria

416 Overview article

89 Letter to editor

147 Case report

255 No intervention

101 Other intervention than surgical or endoscopic

54 No pancreatic necrosis

231 Less than 30 patients included

253 No English language

343 Other

214 Met exclusion criteria

212 Chronic pancreatitis

2 Did not report baseline criteria

2149 Studies were assessed for eligibility

46 Cohorts were assessed for eligibility

23 Cohorts were excluded based on full text

12 Did not report baseline characteristics

6 Did not differentiate between infected and sterile necrosis

5 Less than 30 patients underwent necrosectomy

23 Cohorts were selected and principal 

investigators were requested for participation

10 Cohorts were excluded

8 Data were no longer available

2 No contact was achieved

Principal investigators of 13 cohorts agreed to 

participate

2 Unpublished cohorts were included

Unpublished data were added to 4 cohorts

15 Cohorts were included
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Figure 2. Directed acyclic graph. 

 

A directed acyclic graph is visual representation of a qualitative causal assumption that constructs adjustment sets (variables for which to adjust) for estimating the 
effect of the intervention (here: Method of necrosectomy) on the outcome (here: Death). It is a tool for an alternative approach of traditional multivariable regression 
with variables included based on univariate associations with the outcome measure. 
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Figure 3. Performance model for predicted risk of death in open necrosectomy group. 
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A. Shown is the receiver operating characteristic curve for the performance of the multivariable logistic regression model on death in the open necrosectomy group 
(n = 1167). Area under the curve is 0.85 (95% CI 0.82 - 0.88). B. The calibration curve shows the mean predicted and mean observed mortality (with associated 
95% CI) in each tenth percentile of the 1167 patients in the open necrosectomy group. The grey line is the reference line. 
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Figure 4. Propensity scores in patients undergoing minimally invasive surgical or open 
necrosectomy: overlap in unmatched and matched cohorts 
 
 Unmatched cohorts Matched cohorts 

Low risk of death 
(< 5%) 

  

Intermediate risk of 
death (≥5% to <15%) 

  

High risk of death 
(≥15% to <35%) 

  

Very high risk of 
death (≥35%) 
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Propensity scores were calculated including the variables age, sex, cause of pancreatitis, APACHE-II, cardiovascular 

failure, pulmonary failure, renal failure, documented infected necrosis, tertiary referral, and days from admission to 

necrosectomy. Propensity scores were calculated within each risk group. The overlap figures show the number of 

patients with their respective propensity scores in the open necrosectomy group (OPEN: light grey) and the minimally 

invasive surgical necrosectomy group (MIRN: dark grey). Black bars indicate equal propensity scores and represent ‘x’ 

number of patients in each of the treatment groups (i.e. overlap).  
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Figure 5. Propensity scores in patients undergoing endoscopic or open necrosectomy: 
overlap in unmatched and matched cohorts 
 
 Unmatched cohorts Matched cohorts 

Low risk of death 
(< 5%) 

  

Intermediate risk of 
death (≥5% to <15%) 

  

High risk of death 
(≥15% to <35%) 

 

  

Very high risk of 
death (≥35%) 
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Propensity scores were calculated including the variables age, sex, cause of pancreatitis, APACHE-II, cardiovascular 

failure, pulmonary failure, renal failure, documented infected necrosis, tertiary referral, and days from admission to 

necrosectomy. Propensity scores were calculated within each risk group. The overlap figures show the number of 

patients with their respective propensity scores in the open necrosectomy group (OPEN: light grey) and the endoscopic 

necrosectomy group (ETN: dark grey). Black bars indicate equal propensity scores and represent ‘x’ number of patients 

in each of the treatment groups (i.e. overlap). 
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Table 1. Quality assessment of included studies by the Newcastle-Ottawa Scale.* 
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Cohort 111 
        

Cohort 26 
        

Cohort 31 
        

Cohort 42 
        

Cohort 57 
        

Cohort 612 
        

Cohort 73 
        

Cohort 89 
        

Cohort 910 
        

Cohort 1013 
        

Cohort 118 
        

Cohort 124 
        

Cohort 13‡‡ 
        

Cohort 14‡‡         

Cohort 155 
        

 

* A star is awarded if the study meets the criteria of the Newcastle-Ottawa Scale. For Comparability, two stars may be 
assigned. The Newcastle-Ottawa Scale is available online.16 

‡‡ Unpublished cohorts: cohort no. 13 = Freeman Hospital, Newcastle upon Tyne, UK; 14 = Glasgow Royal Infirmary, 
Glasgow 
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Table 2. Quality assessment of included studies by the ROBINS-I tool.* 
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Cohort 111 Serious Low Low Low Low Low Moderate 

Cohort 26 NA Low Low Low Low Low Moderate 

Cohort 31 NA Low Low Low Low Low Moderate 

Cohort 42 NA Low Low Low Low Low Moderate 

Cohort 57 NA Low Low Low Low Low Moderate 

Cohort 612 Serious Low Low Low Low Low Moderate 

Cohort 73 NA Low Low Low Low Low Moderate 

Cohort 89 NA Low Low Low Low Low Moderate 

Cohort 910 Serious Low Low Low 
Low/ 

Moderate 
Low/ 

Moderate 
Moderate 

Cohort 1013 NA Low Low Low Low Low Moderate 

Cohort 118 NA Low Low Low Low Low Moderate 

Cohort 124 NA Low Low Low Low Low Moderate 

Cohort 13‡‡ NA Low Low Low Low Low Moderate 

Cohort 14‡‡ NA Low Low Low Low Low Moderate 

Cohort 155 NA Low Low Low Low Low Moderate 

 

* The ROBINS-I tool assesses risk of bias in non-randomised studies of interventions and covers seven distinct domains 
through which bias might be introduced. Risk of bias is scored either ‘Low’, ‘Moderate’, ‘Serious’ or ‘Critical’ through a 
series of signalling questions and subsequent judgment tables. ‘NA’ (not applicable) indicates this domain could not be 
classified according to the ROBINS-I tool and considerable risk of bias is assumed. 

‡‡ Unpublished cohorts: cohort no. 13 = Freeman Hospital, Newcastle upon Tyne, UK; 14 = Glasgow Royal Infirmary, 
Glasgow 
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Table 3. Baseline characteristics of 1980 patients undergoing pancreatic 
necrosectomy.* 

Characteristics 
Patients 

(N = 1980) 

Male sex - no. (%) 1299 (66) 

Age 54 ± 15 

Cause of pancreatitis - no. (%)  

  Gallstones 867 (44) 

  Alcohol 647 (33) 

  Other 466 (23) 

APACHE-II score † 10.6 ± 5.6 

Organ failure - no. (%)†  

Cardiovascular|| 511 (26) 

Pulmonary ‡ 640 (32) 

Renal¶ 333 (17) 

Infected necrosis - no. (%)£ 1485 (75) 

Tertiary referral - no. (%) 1377 (70) 

Time since hospital admission - days #  28 (17 - 42) 

Year of necrosectomy# 2003 (1998 - 2007) 

Previous catheter drainage - no. (%) 824 (42) 

Method of necrosectomy - no. (%)  

Open necrosectomy 1167 (59) 

Minimally invasive surgical necrosectomy 467 (24) 

Endoscopic necrosectomy 346 (18) 
 

* Plus-minus values are means ± SD. 

# Median (IQR). 

† ≤ 24 hours before necrosectomy. 

|| Circulatory systolic blood pressure <90 mm Hg, despite adequate fluid resuscitation, or need for  

inotropic catecholamine support. 

‡ PaO2 <60 mm Hg, despite FiO2 of 30%, or need for mechanical ventilation. 

¶ Creatinine level >177 μmol/litre after rehydration or need for hemofiltration or haemodialysis. 

£ Positive microbiological culture from fine-needle aspiration before first drainage/primary necrosectomy or 
from first catheter drainage before necrosectomy or from primary necrosectomy 
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 Table 4. Baseline characteristics, study characteristics and death rates for each study cohort. 

Characteristic 

Cohort 

111 

(N=172) 
26 

(N=56) 
31 

(N=224) 
42 

(N=216) 
57 

(N=114) 
612 

(N=31) 
73 

(N=68) 
89 

(N=84) 
910 

(N=172) 
1013 

(N=231) 
118 

(N=131) 
124 

(N=36) 
13‡‡ 

(N=214) 
14‡‡ 

(N=170) 
155 

(N=61) 

Male sex – no. (%) 125 (63) 25 (45) 166 (74) 145 (67) 82 (72) 18 (58) 43 (63) 45 (54) 103 (60) 150 (65) 81 (62) 25 (69) 130 (61) 112 (66) 49 (80) 

Age* 58 ± 13 45 ± 14 48 ± 13 56 ± 15 56 ± 16 52 ± 14 55 ± 14 56 ± 15 55 ± 16 54 ± 15 57 ± 13 53 ± 16 56 ± 15 53 ± 15 42 ± 14 

Cause - no. (%)                

   Gallstones 88 (51) 35 (63) 59 (26) 88 (41) 56 (49) 13 (42) 28 (41) 34 (40) 98 (57) 67 (29) 55 (42) 19 (53) 108 (50) 94 (55) 25 (41) 

   Alcohol 37 (22) 12 (21) 135 (60) 53 (25) 20 (38) 11 (35) 31 (46) 27 (33) 55 (32) 96 (42) 30 (23) 13 (36 72 (34) 40 (24) 14 (23) 

   Other 47 (27) 9 (16) 30 (13) 75 (35) 38 (33) 7 (23) 9 (13) 23 (27) 19 (11) 68 (29) 46 (35) 4 (11) 34 (16) 36 (21) 22 (36 

APACHE-II score* † 11.8 ± 5.6 9.3 ± 1.6 13.6 ± 3.3 8.3 ± 5.8 7.9 ± 4.9 8.5 ± 5.1 10.1 ± 4.6 7.0 ± 2.3 8.7 ± 5.1 10.4 ± 5.4 8.1 ± 5.1 12.9 ± 8.8 15.9 ± 5.7 8.7 ± 4.5 12.7 ± 1.6 

Organ failure - no. (%)†                

   Cardiovascular|| 48 (28) 0 70 (31) 19 (9) 7 (6) 3 (10) 19 (28) 25 (30) 16 (9) 84 (36) 12 (9) 19 (54) 148 (69) 21 (12) 20 (33) 

   Pulmonary‡ 62 (36) 0 80 (36) 50 (23) 12 (11) 3 (10) 29 (43) 27 (32) 50 (29) 147 (64) 19 (15) 25 (69) 62 (29) 42 (25) 32 (52) 

   Renal¶ 23 (13) 0 48 (21) 24 (11) 6 (5) 4 (13) 7 (10) 24 (29) 26 (15) 56 (24) 8 (6) 9 (25) 49 (23) 23 (14) 26 (43) 

Infected necrosis - no. (%)£ 165 (96) 25 (45) 224 (100) 139 (64) 42 (37) 31 (100) 61 (90) 68 (81) 126 (73) 102 (44) 86 (66) 18 (50) 214 (100) 141 (83) 43 (70) 

Tertiary referral - no. (%)§ 92 (53) 44 (79) 101 (45) 147 (68) 85 (75) 26 (84) 26 (38) 44 (53) 127 (74) 166 (72) 83 (63) 29 (81) 213 (100) 145 (85) 49 (80) 

Time since hospital 
admission - days# 

38 
(26 - 55) 

29 
(26 - 40) 

18 
(15 - 20) 

37 
(25 - 72) 

29 
(14 - 59) 

62 
(47 - 106) 

18 
(14 - 24) 

24 
(13 - 36) 

33 
(20 - 48) 

8 
(4 - 20) 

46 
(27 - 75) 

26 
(12 - 55) 

29 
(19 - 33) 

35 
(25 - 48) 

32 
(28 - 36) 

Year of necrosectomy# 2007 
(06 - 08) 

2005 
(03 - 06) 

1994 
(91 - 99) 

2002 
(96 - 08) 

2010 
(07 - 12) 

2005 
(04 - 05) 

2001 
(99 - 02) 

2001 
(00 - 03) 

2003 
(01 - 06) 

1991 
(85 - 96) 

2009 
(06 - 11) 

2005 
(01 - 08) 

2004 
(01 - 08) 

2006 
(02 - 09) 

2005 
(03 - 07) 

Catheter drainage - no. (%)₸ 93 (54) 0 (0) 7 (3) 76 (35) 88 (77) 25 (81) 14 (21) 22 (26) 124 (72) 4 (2) 51 (39) 21 (58) 144 (67) 152 (89) 4 (7) 

Method of Necrosectomy                

   Open 96 0 224 215 0 6 68 73 48 231 0 35 86 26 59 

   Minimally invasive surgical 56 0 0 1 2 25 0 11 124 0 2 1 100 143 2 

   Endoscopic 20 56 0 0 112 0 0 0 0 0 129 0 28 1 0 

Country Netherlands Brazil Hungary USA USA 
USA + 

Canada 
Hungary UK UK Germany Germany UK UK UK India 

Number of hospitals 20 1 1 1 6 6 1 1 1 2 6 1 1 1 2 

Death rate – no. (%) 36 (21) 2 (4) 17 (8) 18 (8) 3 (3) 0 14 (21) 16 (19) 41 (24) 63 (27) 14 (11) 8 (22) 58 (27) 28 (16) 6 (10) 
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* Plus-minus values are means ± SD. 

# Median (IQR). 

† ≤ 24 hours before necrosectomy. 

|| Circulatory systolic blood pressure <90 mm Hg, despite adequate fluid resuscitation, or need for inotropic catecholamine support. 

‡ PaO2 <60 mm Hg, despite FIO2 of 30%, or need for mechanical ventilation. 

¶ Creatinine level >177 μmol/litre after rehydration or need for hemofiltration or haemodialysis. 

£ Positive microbiological culture from fine-needle aspiration before first drainage/primary necrosectomy or from first catheter drainage before necrosectomy or from 
primary necrosectomy.  

₸ Catheter drainage procedures of (peri)pancreatic fluid collections before necrosectomy. 

‡‡ Unpublished cohorts: cohort no. 13 = Freeman Hospital, Newcastle upon Tyne, UK; 14 = Glasgow Royal Infirmary, Glasgow.
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Table 5. Association of patient characteristics with death in multivariable 

regression analysis.* 

Characteristics Odds Ratio (95% CI) P Value 

Study cohort  <0.001 

1 (reference) 1  

2 2.27 (0.35 - 14.57) 0.39 

3 0.09 (0.04 - 0.20) <0.001 

4 0.33 (0.16 - 0.67) 0.002 

5 0.95 (0.18 - 4.91) 0.95 

6† 0.00 (0.00 - 0.00)  

7 0.63 (0.28 - 1.44) 0.28 

8 0.69 (0.30 - 1.58) 0.38 

9 2.08 (1.10 - 3.96) 0.03 

10 0.47 (0.21 - 1.02) 0.06 

11 3.91 (1.09 - 14.08) 0.04 

12 0.59 (0.20 - 1.74) 0.34 

13 0.87 (0.47 - 1.61) 0.65 

14 1.63 (0.82 - 3.23) 0.16 

15 0.28 (0.10 - 0.77) 0.01 

Age 1.04 (1.03 - 1.05) <0.001 

Documented infected necrosis 0.71 (0.48 - 1.05) 0.09 

Time since hospital admission - days 1.00 (0.99 - 1.00) 0.26 

Year of necrosectomy 0.95 (0.91 - 0.98) 0.004 

APACHE-II score# 1.07 (1.04 - 1.11) <0.001 

Cardiovascular failure# 1.95 (1.33 - 2.86) 0.001 

Pulmonary failure# 2.00 (1.36 - 2.94) <0.001 

Renal failure# 2.91 (2.03 - 4.19) <0.001 

Method of necrosectomy  0.002 

Open necrosectomy (reference) 1  

Minimally invasive surgical necrosectomy 0.53 (0.34 - 0.84) 0.006 

Endoscopic necrosectomy 0.20 (0.06 - 0.63) 0.006 
 

* For analyses of associations with death, all characteristics showing a univariable association with death (at P<0.10) 
were included in the original stepwise backward multivariable regression model. These characteristics included study 
cohort, year of necrosectomy, age, APACHE-II score, cardiovascular failure, pulmonary failure, renal failure, tertiary 
referral, documented infected necrosis, time since hospital admission and method of necrosectomy. 

# within 24 hours before necrosectomy, for definitions see Table 2. 

† No deaths occurred in study cohort 6. 
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* Table 5b is an extension of Table 5a, including the same variables and incorporating the interaction term for severity 
by method of necrosectomy. APACHE-II score, binned in four groups based on equal number of patients per APACHE-
II-category, is used as the severity of disease indicator. Higher APACHE-II scores indicate more severely ill patients. 

# within 24 hours before necrosectomy, for definitions see Table 2. 

† No deaths occurred in study cohort 6. 

Table 5b. Association of patient characteristics with death in multivariable 

regression analysis including interaction term for severity of disease.* 

Characteristics Odds Ratio (95% CI) P Value 

Study cohort   

1 (reference) 1  

2 2.42 (0.33 - 17.94) 0.39 

3 0.08 (0.03 - 0.19) <0.001 

4 0.34 (0.16 - 0.70) 0.004 

5 1.15 (0.22 - 6.10) 0.87 

6† 0.00 (0.00 - 0.00) - 

7 0.31 (0.27 - 1.49) 0.29 

8 0.54 (0.24 - 1.24) 0.15 

9 1.77 (0.93 - 3.39) 0.08 

10 0.49 (0.24 - 1.08) 0.08 

11 4.38 (1.20 - 15.98) 0.03 

12 0.72 (0.25 - 2.02) 0.53 

13 1.22 (0.65 - 2.29) 0.54 

14 1.36 (0.69 - 2.70) 0.37 

15 0.24 (0.08 - 0.68) 0.007 

Age 1.04 (1.03 - 1.05) <0.001 

Documented infected necrosis 1.43 (0.96 - 2.13) 0.08 

Time since hospital admission - days 1.00 (0.99 - 1.00) 0.30 

Year of necrosectomy 0.95 (0.92 - 0.99) 0.009 

Cardiovascular failure# 1.81 (1.23 - 2.66) 0.003 

Pulmonary failure# 2.39 (1.63 - 3.51) <0.001 

Renal failure# 3.26 (2.26 - 4.70) <0.001 

APACHE-II score#   

< 7 (reference) 1  

≥ 7 to < 11 1.07 (0.45 - 2.54) 0.87 

≥ 11 to < 15 2.05 (0.95 - 4.45) 0.07 

≥ 15 3.08 (1.35 - 7.01) 0.007 

Method of necrosectomy   

Open necrosectomy (reference) 1  

Minimally invasive surgical necrosectomy (MIN) 0.96 (0.32 - 2.88) 0.95 

Endoscopic necrosectomy (ETN) 0.13 (0.02 - 0.95) 0.04 

Interaction term for severity (APACHE-II by Method)   

APACHE <7 by MIN (reference) 1  

APACHE ≥7 to <11 by MIN 1.29 (0.36 - 4.66) 0.70 

APACHE ≥11 to <15 by MIN 0.66 (0.19 - 2.24) 0.50 

APACHE ≥15 by MIN 0.27 (0.08 - 0.88) 0.03 

APACHE <7 by ETN (reference) 1  

APACHE ≥7 to <11 by ETN 2.46 (0.38 - 15.82) 0.34 

APACHE ≥11 to <15 by ETN 0.96 (0.14 - 6.66) 0.97 

APACHE ≥15 by ETN 1.34 (0.22 - 8.31) 0.75 
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Table 6. Multivariable prediction model for death at baseline in 1167 
patients undergoing open necrosectomy.* 

Characteristic Odds ratio (95% CI) P Value 

Cohort   

1 (reference) 1  

3 0.22 (0.10 - 0.49) <0.001 

4 0.50 (0.23 - 1.09) 0.08 

6† 0.00 (0.00 - 0.00) 1.00 

7 1.24 (0.52 - 2.95) 0.63 

8 1.51 (0.61 - 3.76) 0.37 

9 4.14 (1.73 - 9.94) 0.001 

10 1.33 (0.68 - 2.59) 0.40 

12 0.70 (0.23 - 2.15) 0.53 

13 2.27 (1.02 - 5.03) 0.04 

14 0.98 (0.26 - 3.69) 0.98 

15 0.43 (0.15 - 1.26) 0.12 

Age 1.03 (1.02 - 1.05) <0.001 

APACHE II score# 1.10 (1.06 - 1.15) <0.001 

Cardiovascular failure# 2.03 (1.31 - 3.15) 0.002 

Pulmonary failure# 1.95 (1.18 - 3.24) 0.01 

Renal failure# 2.31 (1.49 - 3.56) <0.001 

 

* All characteristics showing a univariable association with death (at P <0.10) were included in the original stepwise 
backward multivariable regression model. These characteristics included study cohort, sex (forced entry), age, 
APACHE-II score, cardiovascular failure, pulmonary failure, renal failure, tertiary referral, documented infected 
necrosis (forced entry) and time since hospital admission. 

# ≤24 hours before necrosectomy. For definitions see Table 2. 

† No deaths occurred in cohort 6. 
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Table 7. Baseline characteristics before and after propensity-score matching of patients undergoing minimally invasive surgical 
necrosectomy or open necrosectomy – subgroup previous catheter drainage.* 

Characteristic Before Matching After Matching 

Low risk of death (< 5%) 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 90) 

Open 
Necrosectomy 

 
(N = 67) 

Standardised 
Difference 

 
 % 

Minimally Invasive 
Surgical 

Necrosectomy  
 

Open 
Necrosectomy 

 
 

Standardised 
Difference 

 
 %  

   Male sex - no. (%) 60 (67) 48 (72) 11.0 NA NA NA 

   Age 44 ± 12 48 ± 16 34.5 NA NA NA 

   Cause - no. (%)       

Gallstones 47 (52) 24 (36) 31.6 NA NA NA 

Alcohol 26 (29) 22 (33) 9.7 NA NA NA 

Other 17 (19) 20 (30) 25.7 NA NA NA 

   APACHE-II score† 5.9 ± 3.2 5.7 ± 3.0 5.2 NA NA NA 

      Cardiovascular failure - no. (%)†|| 0 (0) 1 (1) 17.4 NA NA NA 

      Pulmonary failure - no. (%)†‡ 3 (3) 4 (6) 9.9 NA NA NA 

      Renal failure - no. (%)†¶ 2 (2) 0 (0) 21.4 NA NA NA 

      Documented infected necrosis - no. (%)£ 85 (94) 52 (78) 53.7 NA NA NA 

   Tertiary referral - no. (%) 74 (82) 42 (63) 45.3 NA NA NA 

   Time since hospital admission - days 55 ± 52 112 ± 233 33.8 NA NA NA 

Intermediate risk of death (≥ 5% to < 15%) 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 109) 

Open 
Necrosectomy 

 
(N = 67) 

Standardised 
Difference 

 
 % 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 39) 

Open 
Necrosectomy 

 
(N = 39) 

Standardised 
Difference  

 
%  

   Male sex - no. (%) 75 (69) 44 (66) 8.6 26 (67) 26 (67) 3.3 

   Age 53 ± 15 56 ± 15 18.3 56 ± 15 57 ± 14 4.3 

   Cause - no. (%)       

Gallstones 60 (55) 26 (39) 32.6 18 (46) 18 (46) 0.9 

Alcohol 27 (25) 17 (25) 2.6 9 (23) 10 (26) 6.2 

Other 22 (20) 24 (36) 33.9 12 (31) 11 (28) 6.7 

   APACHE-II score† 7.9 ± 3.0 10.3 ± 3.9 68.0 9.6 ± 2.4 9.6 ± 3.1 0.0 

      Cardiovascular failure - no. (%)†|| 2 (2) 13 (19) 58.1 2 (5) 2 (5) 4.0 

      Pulmonary failure - no. (%)†‡ 8 (7) 16 (24) 45.2 4 (10) 4 (10) 0.0 

      Renal failure - no. (%)†¶ 5 (5) 6 (9) 18.9 3 (8) 3 (8) 4.1 

      Documented infected necrosis - no. (%)£ 88 (81) 55 (82) 3.5 33 (85) 33 (85) 1.5 

   Tertiary referral - no. (%) 88 (81) 40 (60) 47.8 25 (64) 25 (64) 2.2 

   Time since hospital admission - days 49 ± 42 45 ± 31 9.3 43 ± 28 45 ± 31 6.6 
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Table 7. Baseline characteristics before and after propensity-score matching of patients undergoing minimally invasive surgical 
necrosectomy or open necrosectomy – subgroup previous catheter drainage (continued).* 

High risk of death (≥ 15% to < 35%) 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 113) 

Open 
Necrosectomy 

 
(N = 38) 

Standardised 
Difference 

 
% 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 29) 

Open 
Necrosectomy 

 
(N = 29) 

Standardised 
Difference  

 
%  

   Male sex - no. (%) 60 (53) 21 (55) 5.9 15 (52) 16 (55) 8.7 

   Age 57 ± 13 61 ± 13 28.9 62 ± 14 61 ± 13 2.8 

   Cause - no. (%)       

Gallstones 70 (62) 21 (55) 11.1 17 (58) 16 (55) 2.9 

Alcohol 26 (23) 7 (19) 15.2 6 (21) 6 (21) 4.9 

Other 17 (15) 10 (26) 28.8 6 (21) 7 (24) 8.5 

   APACHE-II score† 10.0 ± 4.3 12.4 ± 4.3 55.4 11.9 ± 3.6 12.2 ± 4.0 7.3 

      Cardiovascular failure - no. (%)†|| 23 (20) 14 (37) 34.4 10 (34) 10 (34) 2.8 

      Pulmonary failure - no. (%)†‡ 23 (20) 22 (58) 82.4 14 (48) 14 (48) 0.9 

      Renal failure - no. (%)†¶ 5 (4) 11 (29) 68.0 4 (14) 4 (14) 2.4 

      Documented infected necrosis - no. (%)£ 90 (80) 34 (90) 26.8 25 (86) 25 (86) 4.5 

   Tertiary referral - no. (%) 92 (81) 31 (82) 3.2 23 (79) 23 (79) 0.1 

   Time since hospital admission - days 36 ± 22 38 ± 28 8.0 34 ± 20 34 ± 18 3.9 

Very high risk of death (≥ 35%) 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 124) 

Open 
Necrosectomy 

 
(N = 38) 

Standardised 
Difference 

 
 % 

Minimally Invasive 
Surgical 

Necrosectomy 
 (N = 32) 

Open 
Necrosectomy 

 
(N = 32) 

Standardised 
Difference 

 
 %  

   Male sex - no. (%) 77 (62) 24 (63) 0.6 19 (59) 19 (59) 0.8 

   Age 62 ± 12 63 ± 10 2.4 62 (11) 63 (10) 9.2 

   Cause - no. (%)       

Gallstones 71 (57) 18 (47) 16.5 17 (53) 17 (53) 0.1 

Alcohol 35 (28) 6 (16) 34.1 6 (19) 6 (19) 1.3 

Other 18 (15) 14 (37) 52.1 9 (28) 9 (28) 1.5 

   APACHE-II score† 16.8 ± 5.7 17.8 ± 5.2 18.6 17.3 ± 5.8 17.5 ± 5.2 4.7 

      Cardiovascular failure - no. (%)†|| 84 (68) 30 (79) 23.4 25 (78) 24 (75) 4.5 

      Pulmonary failure - no. (%)†‡ 85 (69) 30 (79) 24.2 23 (72) 24 (75) 4.2 

      Renal failure - no. (%)†¶ 57 (46) 20 (53) 10.7 16 (50) 17 (53) 7.5 

      Documented infected necrosis - no. (%)£ 116 (94) 34 (90) 16.2 30 (94) 31 (97) 5.3 

   Tertiary referral - no. (%) 108 (87) 32 (84) 7.9 27 (84 28 (88) 5.4 

   Time since hospital admission - days 30 ± 15 33 ± 20 15.5 32 ± 16 31 ± 17 8.5 
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* Plus-minus values are means ± SD. A value of less than 10.0% of the standardised difference indicates a negligible difference between groups. Propensity-score 
matching was not performed for patients with risk of death at baseline < 5% because of insufficient occurrence of deaths for relevant statistical analyses. 

† within 24 hours before necrosectomy. 

|| Circulatory systolic blood pressure <90 mm Hg, despite adequate fluid resuscitation, or need for inotropic catecholamine support. 

‡ PaO2 <60 mm Hg, despite FiO2 of 30%, or need for mechanical ventilation. 

¶ Creatinine level >177 μmol/litre after rehydration or need for hemofiltration or haemodialysis. 

£ Positive microbiological culture from fine-needle aspiration before first drainage/primary necrosectomy or from first catheter drainage before necrosectomy or 
from primary necrosectomy. 
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Table 8. Baseline characteristics before and after propensity-score matching of patients undergoing endoscopic necrosectomy or 
open necrosectomy – subgroup previous catheter drainage.* 

Characteristic Before Matching After Matching 

Low risk of death (< 5%) 

Endoscopic 
Necrosectomy 

 
(N = 26) 

Open 
Necrosectomy 

 
(N = 67) 

Standardised 
Difference 

 
 % 

Endoscopic 
Necrosectomy 

 
 

Open 
Necrosectomy 

 
 

Standardised 
Difference 

 
 %  

   Male sex - no. (%) 21 (81) 48 (72) 19.7 NA NA NA 

   Age 39 ± 12 48 ± 16 69.5 NA NA NA 

   Cause - no. (%)       

Gallstones 9 (35) 24 (36) 4.0 NA NA NA 

Alcohol 8 (30) 22 (33) 5.9 NA NA NA 

Other 9 (35) 20 (30) 10.0 NA NA NA 

   APACHE-II score† 3.3 ± 3.0 5.7 ± 3.0 80.0 NA NA NA 

      Cardiovascular failure - no. (%)†|| 0 (0) 1 (1) 17.4 NA NA NA 

      Pulmonary failure - no. (%)†‡ 0 (0) 4 (6) 33.7 NA NA NA 

      Renal failure - no. (%)†¶ 0 (0) 0 (0) 0.0 NA NA NA 

      Documented infected necrosis - no. (%)£ 10 (38) 52 (78) 86.3 NA NA NA 

   Tertiary referral - no. (%) 22 (85) 42 (63) 49.7 NA NA NA 

   Time since hospital admission - days 82 (117) 112 ± 233 16.4 NA NA NA 

Intermediate risk of death (≥ 5% to < 15%) 

Endoscopic 
Necrosectomy 

 
(N = 60) 

Open 
Necrosectomy 

 
(N = 67) 

Standardised 
Difference 

 
 % 

Endoscopic 
Necrosectomy 

 
(N = 15) 

Open 
Necrosectomy 

 
(N = 15) 

Standardised 
Difference  

 
%  

   Male sex - no. (%) 48 (80) 44 (66) 33.7 10 (67) 10 (67) 3.3 

   Age 56 ± 11 56 ± 15 4.3 59 ± 10 59 ± 13 2.7 

   Cause - no. (%)       

Gallstones 31 (52) 26 (39) 25.7 7 (46) 7 (46) 2.8 

Alcohol 14 (23) 17 (25) 5.9 4 (27) 4 (27) 5.6 

Other 15 (25) 24 (36) 22.2 4 (27) 4 (27) 2.5 

   APACHE-II score† 6.6 ± 2.8 10.3 ± 3.9 109.6 8.9 ± 2.5 8.9 ± 2.7 0.9 

      Cardiovascular failure - no. (%)†|| 0 (0) 13 (19) 69.8 0 (0) 0 (0) 0.0 

      Pulmonary failure - no. (%)†‡ 0 (0) 16 (24) 79.0 0 (0) 0 (0) 0.0 

      Renal failure - no. (%)†¶ 0 (0) 6 (9) 45.6 0 (0) 0 (0) 0.0 

      Documented infected necrosis - no. (%)£ 28 (47) 55 (82) 80.6 14 (93) 14 (93) 4.5 

   Tertiary referral - no. (%) 42 (70) 40 (60) 22.7 7 (46) 8 (53) 8.3 

   Time since hospital admission - days 48 ± 54 45 ± 31 6.4 37 ± 35 38 ± 26 4.6 
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Table 8. Baseline characteristics before and after propensity-score matching of patients undergoing endoscopic necrosectomy or 
open necrosectomy – subgroup previous catheter drainage (continued).* 

High risk of death (≥ 15% to < 35%) 

Endoscopic 
Necrosectomy 

 
(N = 56) 

Open 
Necrosectomy 

 
(N = 38) 

Standardised 
Difference 

 
% 

Endoscopic 
Necrosectomy 

 
(N = 13) 

Open 
Necrosectomy 

 
(N = 13) 

Standardised 
Difference  

 
%  

   Male sex - no. (%) 28 (50) 21 (55) 11.5 6 (46) 6 (46) 2.7 

   Age 60 ± 12 61 ± 13 5.5 60 ± 17 60 ± 14 0.5 

   Cause - no. (%)       

Gallstones 21 (37) 21 (55) 38.6 6 (46) 6 (46) 3.1 

Alcohol 14 (26) 7 (19) 18.7 3 (23) 3 (23) 9.2 

Other 21 (37) 10 (26) 24.6 4 (31) 4 (31) 5.7 

   APACHE-II score† 9.4 ± 3.5 12.4 ± 4.3 78.1 11.4 ± 3.1 11.4 ± 3.9 0.9 

      Cardiovascular failure - no. (%)†|| 11 (20) 14 (37) 36.6 6 (46) 5 (38) 8.2 

      Pulmonary failure - no. (%)†‡ 6 (11) 22 (58) 114.5 4 (31) 4 (31) 9.5 

      Renal failure - no. (%)†¶ 1 (2) 11 (29) 81.1 1 (8) 1 (8) 0.0 

      Documented infected necrosis - no. (%)£ 37 (66) 34 (90) 59.0 12 (92) 12 (92) 4.4 

   Tertiary referral - no. (%) 42 (75) 31 (82) 13.4 10 (80) 10 (80) 8.3 

   Time since hospital admission - days 65 ± 87 38 ± 28 41.1 34 ± 43 35 ± 19 9.7 

Very high risk of death (≥ 35%) 

Endoscopic 
Necrosectomy 

 
(N = 36) 

Open 
Necrosectomy 

 
(N = 38) 

Standardised 
Difference 

 
 % 

Endoscopic 
Necrosectomy 

 
(N = 22) 

Open 
Necrosectomy 

 
(N = 22) 

Standardised 
Difference 

 
 %  

   Male sex - no. (%) 23 (64) 24 (63) 4.4 13 (59) 14 (64) 5.6 

   Age 62 ± 16 63 ± 10 10.4 62 ± 16 63 ± 10 7.8 

   Cause - no. (%)       

Gallstones 22 (61) 18 (47) 25.2 15 (68) 15 (68) 1.9 

Alcohol 10 (28) 6 (16) 32.6 4 (18) 5 (23) 4.5 

Other 4 (11) 14 (37) 62.8 3 (14) 2 (9) 8.9 

   APACHE-II score† 17.6 ± 6.4 17.8 ± 5.2 4.6 17.8 ± 6.7 17 ± 5 5.7 

      Cardiovascular failure - no. (%)†|| 25 (69) 30 (79) 19.6 16 (73) 16 (73) 6.2 

      Pulmonary failure - no. (%)†‡ 22 (61) 30 (79) 40.0 16 (73) 16 (73) 2.3 

      Renal failure - no. (%)†¶ 14 (39) 20 (53) 25.2 9 (41) 10 (45) 5.8 

      Documented infected necrosis - no. (%)£ 29 (81) 34 (90) 23.8 19 (86) 19 (86) 1.6 

   Tertiary referral - no. (%) 32 (89) 32 (84) 13.3 19 (86) 19 (86) 0.1 

   Time since hospital admission - days 35 ± 18 33 ± 20 8.0 34 ± 17 34 ± 22 1.9 
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* Plus-minus values are means ± SD. A value of less than 10.0% of the standardised difference indicates a negligible difference between groups. Propensity-score 
matching was not performed for patients with risk of death at baseline < 5% because of insufficient occurrence of deaths for relevant statistical analyses. 

† within 24 hours before necrosectomy. 

|| Circulatory systolic blood pressure <90 mm Hg, despite adequate fluid resuscitation, or need for inotropic catecholamine support. 

‡ PaO2 <60 mm Hg, despite FiO2 of 30%, or need for mechanical ventilation. 

¶ Creatinine level >177 μmol/litre after rehydration or need for hemofiltration or haemodialysis. 

£ Positive microbiological culture from fine-needle aspiration before first drainage/primary necrosectomy or from first catheter drainage before necrosectomy or 
from primary necrosectomy. 

NA: Insufficient deaths for relevant statistical analyses. Propensity-score matching was not performed.  
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Table 9. Death rates in patients undergoing minimally invasive surgical necrosectomy as compared 
with patients undergoing open necrosectomy – subgroup previous catheter drainage.* 

 Matched cohorts 

Risk of death 
at baseline 

Minimally Invasive 
Surgical Necrosectomy 

Open Necrosectomy 
Risk Ratio  
(95% CI) 

P 

Low NA NA NA NA 

Intermediate 6 / 39 (15) 4 / 39 (10) 1.68 (0.25 - 11.15) 0.59 

High 8 / 29 (28) 5 / 29 (17) 1.41 (0.38 - 5.27) 0.61 

Very high 13 / 32 (40) 21 / 32 (66) 0.61 (0.34 - 1.10) 0.10 

 

* Deaths are reported as number of deaths / total patients (%). Risk Ratios <1.0 are in favour of minimally invasive surgical necrosectomy. The McNemar’s test 
for paired data was used. Patients are stratified in 4 risk groups based on predicted death at baseline (Low: <5%, Intermediate: ≥5% to <15%, High: ≥15% to 
<35% and Very high: ≥35%) which was determined by a multivariable prediction model incorporating study cohort, APACHE-II score, cardiovascular failure, 
pulmonary failure and renal failure in the 24 hours before necrosectomy. 

NA: Insufficient deaths for relevant statistical analyses. Propensity-score matching was not performed. 
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Table 10. Death rates in patients undergoing endoscopic necrosectomy as compared with patients 
undergoing open necrosectomy – subgroup previous catheter drainage.* 

 Matched cohorts 

Risk of death 
at baseline 

Endoscopic 
Necrosectomy 

Open Necrosectomy 
Risk Ratio  
(95% CI) 

P 

Low NA NA NA NA 

Intermediate 1 /15 (7) 1 / 15 (7) 0.87 (0.06 - 12.37) 0.92 

High 2 / 13 (15) 2 / 13 (15) 1.10 (0.15 - 8.28) 0.93 

Very high 3 / 22 (14) 16 / 22 (73) 0.18 (0.05 - 0.71) 0.01 

 

* Deaths are reported as number of deaths / total patients (%). Risk Ratios <1.0 are in favour of endoscopic necrosectomy. The McNemar’s test for paired data 
was used. Patients are stratified in 4 risk groups based on predicted death at baseline (Low: <5%, Intermediate: ≥5% to <15%, High: ≥15% to <35% and Very high: 
≥35%) which was determined by a multivariable prediction model incorporating study cohort, APACHE-II score, cardiovascular failure, pulmonary failure and renal 
failure in the 24 hours before necrosectomy.  

NA: Insufficient deaths for relevant statistical analyses. Propensity-score matching was not performed.  
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Table 11. Baseline characteristics before and after propensity-score matching of patients undergoing minimally invasive surgical 
necrosectomy or open necrosectomy – subgroup infected necrosis.* 

Characteristic Before Matching After Matching 

Low risk of death (< 5%) 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 88) 

Open 
Necrosectomy 

 
(N = 279) 

Standardised 
Difference 

 
 % 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 82) 

Open 
Necrosectomy 

 
(N = 82) 

Standardised 
Difference 

 
 %  

   Male sex - no. (%) 59 (67) 209 (75) 16.9 58 (71) 56 (68) 5.8 

   Age 44 ± 12 45 ± 12 5.4 45 ± 11 46 ± 14 4.9 

   Cause - no. (%)       

Gallstones 44 (50) 78 (28) 46.7 38 (46) 37 (45) 3.9 

Alcohol 27 (31) 147 (53) 45.9 27 (33) 26 (32) 1.1 

Other 17 (19) 54 (19) 0.3 17 (21) 19 (23) 5.7 

   APACHE-II score† 5.9 ± 3.5 8.8 ± 3.8 79.1 6.2 ± 3.4 6.0 ± 3.5 4.9 

      Cardiovascular failure - no. (%)†|| 0 6 (2) 21.3 0 (0) 0 (0) 0.0 

      Pulmonary failure - no. (%)†‡ 2 (2) 23 (8) 26.8 2 (2) 2 (2) 2.2 

      Renal failure - no. (%)†¶ 2 (2) 9 (3) 5.9 2 (2) 2 (2) 3.1 

   Tertiary referral - no. (%) 73 (83) 147 (53) 68.3 67 (82) 67 (82) 0.7 

   Time since hospital admission - days 57 ± 55 45 ± 125 12.6 58 ± 56 57 ± 109 3.4 

Intermediate risk of death (≥ 5% to < 15%) 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 95) 

Open 
Necrosectomy 

 
(N = 270) 

Standardised 
Difference 

 
 % 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 86) 

Open 
Necrosectomy 

 
(N = 86) 

Standardised 
Difference  

 
%  

   Male sex - no. (%) 69 (73) 184 (68) 9.7 62 (72) 61 (71) 3.6 

   Age 54 ± 15 53 ± 14 9.5 54 ± 14 54 ± 13 0.1 

   Cause - no. (%)       

Gallstones 54 (56) 113 (42) 29.2 46 (54) 45 (52) 2.3 

Alcohol 22 (23) 92 (34) 24.7 21 (24) 22 (26) 2.5 

Other 20 (21) 65 (24) 8.1 19 (22) 19 (22) 0.1 

   APACHE-II score† 8.4 ± 2.8 10.4 ± 4.0 59.3 8.6 ± 2.6 8.6 ± 3.2 2.9 

      Cardiovascular failure - no. (%)†|| 2 (2) 56 (21) 59.2 2 (2) 2 (2) 4.9 

      Pulmonary failure - no. (%)†‡ 7 (7) 86 (32) 63.4 7 (8) 7 (8) 2.6 

      Renal failure - no. (%)†¶ 3 (3) 38 (14) 39.9 2 (2) 2 (2) 6.3 

   Tertiary referral - no. (%) 78 (82) 167 (62) 45.2 70 (81) 70 (81) 0.2 

   Time since hospital admission - days 48 ± 41 32 ± 27 45.8 42 ± 28 40 ± 37 6.6 
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Table 11. Baseline characteristics before and after propensity-score matching of patients undergoing minimally invasive surgical 
necrosectomy or open necrosectomy – subgroup infected necrosis (continued).* 

High risk of death (≥ 15% to < 35%) 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 97) 

Open 
Necrosectomy 

 
(N = 182) 

Standardised 
Difference 

 
% 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 65) 

Open 
Necrosectomy 

 
(N = 65) 

Standardised 
Difference  

 
%  

   Male sex - no. (%) 54 (56) 113 (62) 14.5 40 (62) 40 (62) 1.3 

   Age 58 ± 13 60 ± 13 9.7 59 ± 13 59 ± 13 1.1 

   Cause - no. (%)       

Gallstones 60 (62) 77 (42) 40.6 35 (54) 35 (54) 0.0 

Alcohol 22 (23) 62 (34) 26.5 17 (26) 17 (26) 1.3 

Other 15 (15) 43 (24) 20.3 13 (20) 13 (20) 1.5 

   APACHE-II score† 10.5 ± 4.3 13.2 ± 4.3 61.7 11.5 ± 3.9 11.5 ± 3.5 0.1 

      Cardiovascular failure - no. (%)†|| 25 (26) 81 (44) 41.1 21 (32) 21 (32) 0.6 

      Pulmonary failure - no. (%)†‡ 20 (21) 109 (60) 86.4 19 (29) 20 (31) 2.0 

      Renal failure - no. (%)†¶ 6 (6) 51 (28) 62.1 6 (9) 6 (9) 1.2 

   Tertiary referral - no. (%) 81 (84) 127 (70) 30.9 53 (82) 54 (83) 4.1 

   Time since hospital admission - days 33 ± 18 26 ± 19 36.3 29 ± 14 29 ± 19 1.2 

Very high risk of death (≥ 35%) 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 123) 

Open 
Necrosectomy 

 
(N = 154) 

Standardised 
Difference 

 
 % 

Minimally Invasive 
Surgical 

Necrosectomy 
 (N = 101) 

Open 
Necrosectomy 

 
(N = 101) 

Standardised 
Difference 

 
 %  

   Male sex - no. (%) 77 (62) 101 (66) 7.2 64 (63) 63 (62) 1.2 

   Age 63 ± 12 63 ± 13 4.7 63 ± 12 63 ± 13 1.3 

   Cause - no. (%)       

Gallstones 68 (55) 75 (49) 12.9 54 (53) 54 (53) 1.2 

Alcohol 35 (29) 39 (25) 8.0 28 (28) 27 (27) 2.3 

Other 20 (16) 40 (26) 24.6 19 (19) 20 (20) 0.9 

   APACHE-II score† 17.2 ± 5.6 16.5 ± 5.3 12.1 17.2 ± 5.6 17.4 ± 5.2 4.3 

      Cardiovascular failure - no. (%)†|| 89 (72) 123 (80) 18.9 76 (75) 77 (76) 2.8 

      Pulmonary failure - no. (%)†‡ 84 (69) 117 (76) 17.3 71 (70) 72 (71) 0.4 

      Renal failure - no. (%)†¶ 54 (44) 74 (48) 9.4 47 (47) 48 (48) 2.4 

   Tertiary referral - no. (%) 110 (89) 117 (76) 35.9 88 (87) 88 (87) 1.9 

   Time since hospital admission - days 30 ± 14 25 ± 18 28.3 28 ± 13 28 ± 18 4.5 
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* Plus-minus values are means ± SD. A value of less than 10.0% of the standardised difference indicates a negligible difference between groups. Infected necrosis 
is defined by a positive microbiological culture from fine-needle aspiration before first drainage/primary necrosectomy or from first catheter drainage before 
necrosectomy or from primary necrosectomy. 

† within 24 hours before necrosectomy. 

|| Circulatory systolic blood pressure <90 mm Hg, despite adequate fluid resuscitation, or need for inotropic catecholamine support. 

‡ PaO2 <60 mm Hg, despite FiO2 of 30%, or need for mechanical ventilation. 

¶ Creatinine level >177 μmol/litre after rehydration or need for hemofiltration or haemodialysis. 
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Table 12. Baseline characteristics before and after propensity-score matching of patients undergoing endoscopic necrosectomy or 
open necrosectomy – subgroup infected necrosis.* 

Characteristic Before Matching After Matching 

Low risk of death (< 5%) 

Endoscopic 
Necrosectomy 

  
(N = 12) 

Open 
Necrosectomy 

 
(N = 279) 

Standardised 
Difference 

 
 % 

Endoscopic 
Necrosectomy  

 
(N = 10) 

Open 
Necrosectomy 

 
(N = 10) 

Standardised 
Difference 

 
 %  

   Male sex - no. (%) 6 (50) 209 (75) 53.0 6 (60) 6 (60) 1.1 

   Age 39 ± 14 45 ± 12 44.0 41 ± 14 42 ± 10 5.6 

   Cause - no. (%)       

Gallstones 2 (17) 78 (28) 27.6 1 (10) 1 (10) 0.0 

Alcohol 3 (25) 147 (53) 59.0 3 (30) 3 (30) 9.0 

Other 7 (58) 54 (19) 87.0 6 (60) 6 (60) 7.9 

   APACHE-II score† 4.2 ± 2.8  8.8 ± 3.8 137.8 4.5 ± 2.9 4.4 ± 3.4 3.5 

      Cardiovascular failure - no. (%)†|| 0 (0) 6 (2) 21.3 0 (0) 0 (0) 0.0 

      Pulmonary failure - no. (%)†‡ 0 (0) 23 (8) 42.2 0 (0) 0 (0) 0.0 

      Renal failure - no. (%)†¶ 0 (0) 9 (3) 25.8 0 (0) 0 (0) 0.0 

   Tertiary referral - no. (%) 9 (75) 147 (53) 47.4 7 (70) 7 (70) 0.1 

   Time since hospital admission - days 44 ± 37 45 ± 125 1.8 46 ± 40 46 ± 31 3.0 

Intermediate risk of death (≥ 5% to < 15%) 

Endoscopic 
Necrosectomy 

  
(N = 59) 

Open 
Necrosectomy 

 
(N = 270) 

Standardised 
Difference 

 
 % 

Endoscopic 
Necrosectomy  

 
(N = 44) 

Open 
Necrosectomy 

 
(N = 44) 

Standardised 
Difference  

 
%  

   Male sex - no. (%) 41 (69) 184 (68) 2.6 28 (64) 29 (66) 3.0 

   Age 50 ± 13 53 ± 14 21.5 52 ± 13 52 ± 13 0.5 

   Cause - no. (%)       

Gallstones 25 (42) 113 (42) 1.0 22 (50) 21 (48) 2.8 

Alcohol 17 (29) 92 (34) 11.6 13 (30) 13 (30) 0.1 

Other 17 (29) 65 (24) 11.1 9 20) 10 (22) 3.3 

   APACHE-II score† 6.6 ± 3.2 10.4 ± 4.0 106.9 7.6 ± 2.8 7.7 ± 3.0 4.4 

      Cardiovascular failure - no. (%)†|| 0 (0) 56 (21) 72.2 0 (0) 0 (0) 0.0 

      Pulmonary failure - no. (%)†‡ 0 (0) 86 (32) 96.7 0 (0) 0 (0) 0.0 

      Renal failure - no. (%)†¶ 0 (0) 38 (14) 57.4 0 (0) 0 (0) 0.0 

   Tertiary referral - no. (%) 34 (58) 167 (62) 8.7 27 (61) 26 (59) 1.7 

   Time since hospital admission - days 52 ± 53 32 ± 27 47.9 37 ± 29 38 ± 26 5.1 
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Table 12. Baseline characteristics before and after propensity-score matching of patients undergoing endoscopic necrosectomy or 
open necrosectomy – subgroup infected necrosis (continued).* 

High risk of death (≥ 15% to < 35%) 

Endoscopic 
Necrosectomy 

  
(N = 76) 

Open 
Necrosectomy 

 
(N = 182) 

Standardised 
Difference 

 
% 

Endoscopic 
Necrosectomy 

  
(N = 31) 

Open 
Necrosectomy 

 
(N = 31) 

Standardised 
Difference 

  
%  

   Male sex - no. (%) 39 (51) 113 (62) 22.0 19 (61) 19 (61) 1.6 

   Age 59 ± 11 60 ± 13 8.2 60 ± 13 60 ± 15 3.9 

   Cause - no. (%)       

Gallstones 38 (50) 77 (42) 15.8 13 (42) 13 (42) 2.6 

Alcohol 16 (21) 62 (34) 29.3 9 (29) 8 (26) 3.4 

Other 22 (29) 43 (24) 11.5 9 (29) 10 (32) 5.4 

   APACHE-II score† 8.7 ± 2.8 13.2 ± 4.3 123.6 10.4 ± 2.8 10.4 ± 3.0 2.6 

      Cardiovascular failure - no. (%)†|| 8 (11) 81 (44) 82.1 8 (26) 8 (26) 1.6 

      Pulmonary failure - no. (%)†‡ 5 (7) 109 (60) 137.1 4 (13) 4 (13) 0.4 

      Renal failure - no. (%)†¶ 1 (1) 51 (28) 82.1 1 (3) 1 (3) 5.1 

   Tertiary referral - no. (%) 58 (76) 127 (70) 14.8 23 (74) 23 (74) 1.4 

   Time since hospital admission - days 54 ± 67 26 ± 19 57.0 30 ± 14 31 ± 19 5.9 

Very high risk of death (≥ 35%) 

Endoscopic 
Necrosectomy  

 
(N = 50) 

Open 
Necrosectomy 

 
(N = 154) 

Standardised 
Difference 

 
 % 

Endoscopic 
Necrosectomy 

 
 (N = 42) 

Open 
Necrosectomy 

 
(N = 42) 

Standardised 
Difference 

 
 %  

   Male sex - no. (%) 34 (68) 101 (66) 4.5 27 (64) 26 (62) 1.7 

   Age 63 ± 14 63 ± 13 4.5 62 ± 14 62 ± 14 2.8 

   Cause - no. (%)       

Gallstones 30 (60) 75 (49) 22.8 24 (57) 24 (57) 1.0 

Alcohol 11 (22) 39 (25) 7.7 10 (24) 10 (24) 1.1 

Other 9 (18) 40 (26) 19.5 8 (19) 8 (19) 0.1 

   APACHE-II score† 16.0 ± 6.2 16.5 ± 5.3 8.2 16.4 ± 6.4 16.4 ± 4.9 0.4 

      Cardiovascular failure - no. (%)†|| 28 (56) 123 (80) 53.8 28 (67) 27 (64) 1.9 

      Pulmonary failure - no. (%)†‡ 26 (52) 117 (76) 52.1 25 (60) 25 (60) 1.1 

      Renal failure - no. (%)†¶ 14 (28) 74 (48) 43.0 13 (31) 14 (33) 4.9 

   Tertiary referral - no. (%) 42 (84) 117 (76) 19.9 34 (81 35 (83) 3.1 

   Time since hospital admission - days 32 ± 16 25 ± 18 40.8 30 ± 15 31 ± 21 6.4 



40 
 

 

* Plus-minus values are means ± SD. A value of less than 10.0% of the standardised difference indicates a negligible difference between groups. Infected necrosis 
is defined by a positive microbiological culture from fine-needle aspiration before first drainage/primary necrosectomy or from first catheter drainage before 
necrosectomy or from primary necrosectomy. 

† within 24 hours before necrosectomy. 

|| Circulatory systolic blood pressure <90 mm Hg, despite adequate fluid resuscitation, or need for inotropic catecholamine support. 

‡ PaO2 <60 mm Hg, despite FiO2 of 30%, or need for mechanical ventilation. 

¶ Creatinine level >177 μmol/litre after rehydration or need for hemofiltration or haemodialysis. 
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Table 13. Death rates in patients undergoing minimally invasive surgical necrosectomy as 
compared with patients undergoing open necrosectomy – subgroup infected necrosis.* 

 Matched cohorts 

Risk of death 
at baseline 

Minimally Invasive 
Surgical Necrosectomy 

Open Necrosectomy 
Risk Ratio  
(95% CI) 

P 

Low 3 / 82 (4) 3 / 83 (4) 1.45 (0.10 - 20.21) 0.78 

Intermediate  9 / 86 (10) 6 / 86 (7) 1.39 (0.42 - 4.59) 0.59 

High 13 / 65 (20) 15 / 65 (23) 0.89 (0.38 - 2.11) 0.79 

Very high 39 / 101 (39) 56 / 101 (55) 0.70 (0.52 - 0.95) 0.02 

 

* Deaths are reported as number of deaths / total patients (%). Risk ratios <1.0 are in favour of minimally invasive surgical necrosectomy. The McNemar’s test for 
paired data was used. Patients are stratified in 4 risk groups based on predicted death at baseline (Low: <5%, Intermediate: ≥5% to <15%, High: ≥15% to <35% 
and Very high: ≥35%) which was determined by a multivariable prediction model incorporating study cohort, APACHE-II score, cardiovascular failure, pulmonary 
failure and renal failure in the 24 hours before necrosectomy. 
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Table 14. Death rates in patients undergoing endoscopic necrosectomy as compared with patients 
undergoing open necrosectomy – subgroup infected necrosis.* 

 Matched cohorts 

Risk of death 
at baseline 

Endoscopic 
Necrosectomy 

Open Necrosectomy 
Risk Ratio  
(95% CI) 

P 

Low 0 / 10 (0) 0 / 10 (0) NA NA 

Intermediate 1 / 44 (2) 3 / 44 (7) 0.48 (0.04 - 5.76) 0.56 

High 4 / 31 (13) 8 / 31 (26) 0.45 (0.15 - 1.36) 0.16  

Very high 6 / 42 (14) 23 / 42 (55) 0.27 (0.13 - 0.58) <0.001 

 

* Deaths are reported as number of deaths / total patients (%). Risk Ratios <1.0 are in favour of endoscopic necrosectomy. The McNemar’s test for paired data 
was used. Patients are stratified in 4 risk groups based on predicted death at baseline (Low: <5%, Intermediate: ≥5% to <15%, High: ≥15% to <35% and Very high: 
≥35%) which was determined by a multivariable prediction model incorporating study cohort, APACHE-II score, cardiovascular failure, pulmonary failure and renal 
failure in the 24 hours before necrosectomy. 

NA: Insufficient events for relevant statistical analyses. 
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Table 15. Baseline characteristics before and after propensity-score matching of patients undergoing minimally invasive surgical 
necrosectomy or open necrosectomy – risk stratification based on APACHE-II score.* 

Characteristic Before Matching After Matching 

APACHE-II < 7 at baseline 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 122) 

Open 
Necrosectomy 

  
(N = 240) 

Standardised 
Difference 

 
 % 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 108) 

Open 
Necrosectomy 

 
(N = 108) 

Standardised 
Difference 

 
 %  

   Male sex - no. (%) 76 (62) 168 (70) 16.7 69 (64) 72 (67) 4.8 

   Age 51 ± 14 48 ± 14 20.6 51 ± 13  51 ± 14 1.8 

   Cause - no. (%)       

Gallstones 66 (54) 75 (31) 48.0 52 (48) 50 (46) 4.4 

Alcohol 36 (30) 98 (41) 24.4 36 (33) 38 (35) 3.9 

Other 20 (16) 67 (28) 28.0 20 (19) 20 (19) 0.5 

   APACHE-II score† 4.1 ± 1.7 3.9 ± 1.9 11.6 4.1 ± 1.7 4.2 ± 1.7 3.4 

      Cardiovascular failure - no. (%)†|| 3 (2) 14 (6) 19.2 2 (2) 2 (2) 4.1 

      Pulmonary failure - no. (%)†‡ 6 (5) 33 (14) 29.6 6 (6) 5 (5) 3.3 

      Renal failure - no. (%)†¶ 1 (1) 12 (5) 21.9 1 (1) 1 (1) 4.2 

   Documented infected necrosis - no. (%)£ 96 (78) 141 (59) 43.2 81 (75) 82 (76) 1.8 

   Tertiary referral - no. (%) 92 (76) 145 (60) 33.2 80 (74) 80 (74) 0.5 

   Time since hospital admission - days 51 ± 42 58 ± 130 7.4 50 ± 42 50 ± 86 1.0  

APACHE-II ≥ 7 to < 11 at baseline 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 139) 

Open 
Necrosectomy 

 
(N = 254) 

Standardised 
Difference 

 
 % 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 121) 

Open 
Necrosectomy 

 
(N = 121) 

Standardised 
Difference  

 
%  

   Male sex - no. (%) 88 (63) 159 (63) 1.9 77 (64) 76 (63) 1.1 

   Age 54 ± 15 56 ± 14 11.2 55 ± 15 55 ± 14 1.1 

   Cause - no. (%)       

Gallstones 82 (59) 105 (41) 35.4 66 (55) 67 (55) 1.5 

Alcohol 30 (22) 78 (31) 21.1 28 (23) 30 (25) 3.0 

Other 27 (19) 71 (28) 19.3 27 (22) 24 (20) 5.1 

   APACHE-II score† 8.4 ± 1.2 8.3 ± 1.2 2.5 8.3 ± 1.2 8.3 ± 1.2 2.5 

      Cardiovascular failure - no. (%)†|| 9 (6) 46 (18) 35.1 9 (7) 10 (8) 3.7 

      Pulmonary failure - no. (%)†‡ 29 (21) 76 (30) 21.7 27 (22) 28 (23) 1.5 

      Renal failure - no. (%)†¶ 16 (12) 31 (12) 1.4 14 (12) 15 (12) 1.9 

   Documented infected necrosis - no. (%)£ 118 (85) 185 (73) 30.3 101 (83) 100 (83) 2.1 

   Tertiary referral - no. (%) 112 (81) 159 (63) 40.9 94 (78) 96 (79) 3.3 

   Time since hospital admission - days 46 ± 47 39 ± 104 9.0 46 ± 44 48 ± 145 1.9 
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Table 15. Baseline characteristics before and after propensity-score matching of patients undergoing minimally invasive surgical 
necrosectomy or open necrosectomy – risk stratification based on APACHE-II score (continued).* 

APACHE-II ≥ 11 to < 15 at baseline 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 99) 

Open 
Necrosectomy 

 
(N = 402) 

Standardised 
Difference 

 
% 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 94) 

Open 
Necrosectomy 

 
(N = 94) 

Standardised 
Difference  

 
%  

   Male sex - no. (%) 64 (65) 289 (72) 15.8 61 (65) 59 (63) 4.0 

   Age 57 ± 15 51 ± 15 39.0 57 ± 15 56 ± 15 2.9 

   Cause - no. (%)       

Gallstones 56 (57) 156 (39) 34.9 52 (55) 53 (56) 4.0 

Alcohol 27 (27) 169 (42) 31.3 26 (28) 24 (26) 5.0 

Other 16 (16) 77 (19) 6.5 16 (17) 17 (18) 0.5 

   APACHE-II score† 12.4 ± 1.1 12.2 ± 1.1 21.5 12.4 ± 1.1 12.3 ± 1.2 2.4 

      Cardiovascular failure - no. (%)†|| 25 (25) 99 (25) 0.6 23 (25) 24 (26) 2.7 

       Pulmonary failure - no. (%)†‡ 23 (23) 149 (37) 31.4 23 (25) 25 (27) 4.7 

      Renal failure - no. (%)†¶ 10 (10) 77 (19) 26.5 10 (11) 11 (12) 3.7 

   Documented infected necrosis - no. (%)£ 86 (87) 343 (85) 4.7 81 (86) 80 (85) 3.0 

   Tertiary referral - no. (%) 86 (87) 241 (60) 64.0 81 (86) 82 (87) 5.5 

   Time since hospital admission - days 34 ± 18 24 ± 18 59.7 34 ± 18 33 ± 25 4.4 

APACHE-II ≥ 15 at baseline 

Minimally Invasive 
Surgical 

Necrosectomy  
(N = 107) 

Open 
Necrosectomy 

 
(N = 271) 

Standardised 
Difference 

 
 % 

Minimally Invasive 
Surgical 

Necrosectomy 
 (N = 92) 

Open 
Necrosectomy 

 
(N = 92) 

Standardised 
Difference 

 
 %  

   Male sex - no. (%) 65 (40) 174 (64) 7.9 56 (61) 54 (59) 5.3 

   Age 59 ± 13 57 ± 15 12.8 58 ± 14 58 ± 15 3.0 

   Cause - no. (%)       

Gallstones 58 (54) 100 (37) 34.8 46 (50) 47 (51) 2.3 

Alcohol 32 (30) 99 (36) 13.4 29 (32) 28 (30) 3.9 

Other 17 (16) 72 (27) 26.6 17 (18) 17 (19) 1.4 

   APACHE-II score† 19.2 ± 4.0 18.4 ± 3.6 21.0 18.9 ± 3.4  18.9 ± 3.8 1.1 

      Cardiovascular failure - no. (%)†|| 82 (77) 190 (70) 15.8 70 (76) 68 (74) 3.5 

      Pulmonary failure - no. (%)†‡ 69 (65) 211 (78) 29.0 61 (66) 60 (65) 3.2 

      Renal failure - no. (%)†¶ 45 (43) 121 (45) 4.5 38 (41) 40 (43) 3.6 

   Documented infected necrosis - no. (%)£ 104 (98) 216 (80) 59.6 89 (97) 89 (97) 5.0 

   Tertiary referral - no. (%) 96 (90) 197 (73) 46.6 81 (88) 81 (88) 1.9 

   Time since hospital admission - days 31 ± 15 24 ± 19 39.9 29 ± 14 30 ± 20 3.3 
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* Plus-minus values are means ± SD. A value of less than 10.0% of the standardised difference indicates a negligible difference between groups. 

† within 24 hours before necrosectomy. 

|| Circulatory systolic blood pressure <90 mm Hg, despite adequate fluid resuscitation, or need for inotropic catecholamine support. 

‡ PaO2 <60 mm Hg, despite FiO2 of 30%, or need for mechanical ventilation. 

¶ Creatinine level >177 μmol/litre after rehydration or need for hemofiltration or haemodialysis. 

£ Positive microbiological culture from fine-needle aspiration before first drainage/primary necrosectomy or from first catheter drainage before necrosectomy or 
from primary necrosectomy.  



46 
 

Table 16. Baseline characteristics before and after propensity-score matching of patients undergoing endoscopic necrosectomy or 
open necrosectomy – risk stratification based on APACHE-II score.* 

Characteristic Before Matching After Matching 

APACHE-II < 7 at baseline 

Endoscopic  
Necrosectomy 

 
(N = 115) 

Open 
Necrosectomy 

 
 (N = 240) 

Standardised 
Difference 

 
 % 

Endoscopic  
Necrosectomy 

 
(N = 108) 

Open 
Necrosectomy 

 
(N = 108) 

Standardised 
Difference 

 
 %  

   Male sex - no. (%) 80 (70) 168 (70) 1.1 75 (69) 77 (71) 4.1 

   Age 52 ± 14 48 ± 14 32.3 52 ± 14 52 ± 15 1.0 

   Cause - no. (%)       

Gallstones 54 (47) 75 (31) 32.9 49 (45) 49 (45) 0.4 

Alcohol 22 (19) 98 (41) 49.2 22 (21) 20 (19) 6.2 

Other 39 (34) 67 (28) 13.1 37 (34) 39 (36) 5.4 

   APACHE-II score† 3.9 ± 1.9 3.9 ± 1.9 0.7 3.8 ± 1.9 3.8 ± 2.0 0.3 

      Cardiovascular failure - no. (%)†|| 2 (2) 14 (6) 21.5 2 (2) 2 (2) 2.8 

      Pulmonary failure - no. (%)†‡ 2 (2) 33 (14) 45.7 2 (2) 3 (3) 3.7 

      Renal failure - no. (%)†¶ 1 (1) 12 (5) 23.9 1 (1) 2 (2) 3.2 

   Documented infected necrosis - no. (%)£ 56 (49) 141 (59) 20.0 55 (51) 55 (51) 0.4 

   Tertiary referral - no. (%) 79 (69) 145 (60) 17.4 73 (68) 73 (68) 0.8 

   Time since hospital admission - days 85 ± 106 58 ± 130 23.2 79 ± 92 70 ± 129 7.9 

APACHE-II ≥ 7 to < 11 at baseline 

Endoscopic  
Necrosectomy 

 
(N = 124) 

Open 
Necrosectomy 

 
(N = 254) 

Standardised 
Difference 

 
 % 

Endoscopic  
Necrosectomy 

 
 (N = 102) 

Open 
Necrosectomy 

 
(N = 102) 

Standardised 
Difference 

  
%  

   Male sex - no. (%) 72 (58) 159 (63) 9.3 60 (59) 57 (56) 6.8 

   Age 55 ± 15 56 ± 14 9.1 57 ± 14 56 ± 14 2.5 

   Cause - no. (%)       

Gallstones 64 (52) 105 (41) 20.6 52 (51) 51 (50) 0.9 

Alcohol 29 (23) 78 (31) 16.5 24 (24) 25 (25) 1.0 

Other 31 (25) 71 (28) 6.7 26 (25) 26 (25) 0.0 

   APACHE-II score† 8.4 ± 1.2 8.3 ± 1.2 6.0 8.3 ± 1.2 8.4 ± 1.1 5.1 

      Cardiovascular failure - no. (%)†|| 3 (2) 46 (18) 53.1 3 (3) 3 (3) 0.1 

      Pulmonary failure - no. (%)†‡ 6 (5) 76 (30) 70.3 6 (6) 7 (7) 4.7 

      Renal failure - no. (%)†¶ 1 (1) 31 (12) 46.9 1 (1) 1 (1) 3.2 

   Documented infected necrosis - no. (%)£ 71 (57) 185 (73) 32.6 70 (69) 71 (70) 1.2 

   Tertiary referral - no. (%) 94 (76) 159 (63) 29.2 73 (72) 75 (74) 6.2 

   Time since hospital admission - days 46 ± 43 39 ± 104 8.5 47 ± 45 49 ± 157 2.3 
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Table 16. Baseline characteristics before and after propensity-score matching of patients undergoing endoscopic necrosectomy or 
open necrosectomy – risk stratification based on APACHE-II score (continued).* 

APACHE-II ≥ 11 to < 15 at baseline 

Endoscopic  
Necrosectomy 

 
(N = 67) 

Open 
Necrosectomy 

 
(N = 402) 

Standardised 
Difference 

 
% 

Endoscopic  
Necrosectomy 

  
(N = 55) 

Open 
Necrosectomy 

 
(N = 55) 

Standardised 
Difference 

  
%  

   Male sex - no. (%) 38 (57) 289 (72) 32.4 32 (58) 34 (62) 7.6 

   Age 58 ± 16 51 ± 15 43.4 57 ± 17 57 ± 14 0.8 

   Cause - no. (%)       

Gallstones 29 (43) 156 (39) 9.0 24 (44) 22 (40) 6.0 

Alcohol 18 (27) 168 (42) 32.1 17 (31) 18 (33) 6.1 

Other 20 (30) 77 (19) 24.9 14 (25) 15 (27) 0.1 

   APACHE-II score† 12.1 ± 1.0 12.2 ± 1.1 7.1 12.0 ± 1.0 12.0 ± 1.1 4.5 

      Cardiovascular failure - no. (%)†|| 11 (16) 99 (25) 20.2 10 (18) 10 (18) 1.1 

      Pulmonary failure - no. (%)†‡ 12 (18) 149 (37) 44.2 11 (20) 12 (22) 1.8 

      Renal failure - no. (%)†¶ 3 (5) 77 (19) 46.6 3 (5) 3 (5) 4.8 

   Documented infected necrosis - no. (%)£ 36 (54) 343 (85) 72.9 36 (65) 36 (65) 0.0 

   Tertiary referral - no. (%) 42 (63) 241 (60) 5.6 34 (62) 32 (58) 5.3 

   Time since hospital admission - days 26 ± 25 24 ± 18 12.3 27 ± 23 27 ± 22 0.4 

APACHE-II ≥ 15 at baseline 

Endoscopic  
Necrosectomy 

  
(N = 40) 

Open 
Necrosectomy 

 
(N = 271) 

Standardised 
Difference 

 
 % 

Endoscopic  
Necrosectomy 

 
 (N = 39) 

Open 
Necrosectomy 

 
(N = 39) 

Standardised 
Difference 

 
 %  

   Male sex - no. (%) 25 (62) 174 (64) 3.8 24 (62) 25 (64) 1.1 

   Age 57 ± 15 57 ± 15 0.1 57 ± 15 57 ± 15 3.2 

   Cause - no. (%)       

Gallstones 23 (58) 100 (37) 42.2 22 (57) 23 (60) 6.4 

Alcohol 9 (22) 99 (36) 30.9 9 (23) 8 (20) 5.4 

Other 8 (20) 72 (27) 15.9 8 (20) 8 (20) 3.3 

   APACHE-II score† 19.1 ± 5.6 18.4 ± 3.6 14.1 19.2 ± 5.7 18.7 ± 3.4 9.1 

      Cardiovascular failure - no. (%)†|| 28 (70) 190 (70) 0.5 27 (69) 29 (74) 8.2 

      Pulmonary failure - no. (%)†‡ 23 (58) 211 (78) 44.8 23 (59) 23 (59) 0.1 

      Renal failure - no. (%)†¶ 15 (38) 121 (45) 14.8 15 (38) 15 (38) 1.9 

   Documented infected necrosis - no. (%)£ 34 (85) 216 (80) 13.9 33 (85) 34 (87) 9.3 

   Tertiary referral - no. (%) 34 (85) 197 (73) 30.6 33 (85) 33 (84) 1.1 

   Time since hospital admission - days 32 ± 16 24 ± 19 48.6 32 ± 16 32 ± 27 4.2 
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* Plus-minus values are means ± SD. A value of less than 10.0% of the standardised difference indicates a negligible difference between groups. 

† within 24 hours before necrosectomy. 

|| Circulatory systolic blood pressure <90 mm Hg, despite adequate fluid resuscitation, or need for inotropic catecholamine support. 

‡ PaO2 <60 mm Hg, despite FiO2 of 30%, or need for mechanical ventilation. 

¶ Creatinine level >177 μmol/litre after rehydration or need for hemofiltration or haemodialysis. 

£ Positive microbiological culture from fine-needle aspiration before first drainage/primary necrosectomy or from first catheter drainage before necrosectomy or 
from primary necrosectomy. 
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Table 17. Death rates in patients undergoing minimally invasive surgical necrosectomy as compared 
with patients undergoing open necrosectomy – risk stratification based on APACHE-II score. 

 Matched cohorts 

APACHE-II at 
baseline 

Minimally Invasive 
Surgical Necrosectomy 

Open Necrosectomy 
Risk Ratio  
(95% CI) 

P 

< 7 9 / 108 (8) 7 / 108 (6) 1.33 (0.45 - 3.96) 0.60 

≥ 7 to < 11 20 / 121 (17) 16 / 121 (13) 1.27 (0.68 - 2.36) 0.45 

≥ 11 to < 15 20 / 94 (21) 17 / 94 (18) 1.19 (0.68 - 2.10) 0.54 

≥ 15 25 / 92 (27) 39 / 92 (42) 0.63 (0.41 - 0.97) 0.03 

 

* Deaths are reported as number of deaths / total patients (%). Risk ratios <1.0 are in favour of minimally invasive surgical necrosectomy. The McNemar’s test for 
paired data was used.  
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Table 18. Death rates in patients undergoing endoscopic necrosectomy as compared with patients 
undergoing open necrosectomy – risk stratification based on APACHE-II score. 

 Matched cohorts 

APACHE-II at 
baseline 

Endoscopic  
Necrosectomy 

Open Necrosectomy 
Risk Ratio  
(95% CI) 

P 

< 7 2 / 108 (2) 4 / 108 (4) 0.56 (0.09 - 3.44) 0.53 

≥ 7 to < 11 7 / 102 (7) 8 / 102 (8) 0.90 (0.32 - 2.53) 0.85 

≥ 11 to < 15 2 / 55 (4) 10 / 55 (18) 0.20 (0.05 - 0.83) 0.03 

≥ 15 10 / 39 (26) 19 / 39 (49) 0.51 (0.27 - 0.95) 0.03 

 

* Deaths are reported as number of deaths / total patients (%). Risk ratios <1.0 are in favour of endoscopic necrosectomy. The McNemar’s test for paired data 
was used. 

  



51 
 
 

 

 

Table 19. Number of necrosectomies in patients undergoing minimally invasive necrosectomy 
as compared with patients undergoing open necrosectomy.* 

 Matched cohorts‡ 

 N 
Minimally Invasive 

Surgical Necrosectomy 
Open Necrosectomy P 

Risk of death 
at baseline 

 
   

Low 84 2 (1 - 3) 1 (1 - 1) <0.001 

Intermediate 104 2 (1 - 4) 1 (1 - 1) <0.001 

High 69 3 (2 - 4) 1 (1 - 2) <0.001 (<0.001 - 0.001) 

Very high 111 3 (2 - 4) 1 (1 - 2) <0.001 

 N 
Endoscopic 

Necrosectomy 
Open Necrosectomy P 

Risk of death 
at baseline 

 
   

Low 28 3 (1 - 4) 1 (1 - 1) <0.001 

Intermediate 69 3 (2 - 4) 1 (1 - 1) <0.001 

High 39 3 (2 - 6) 1 (1 - 3) 0.005 (<0.001 - 0.009) 

Very high 57 4 (3 - 7) 1 (1 - 2) <0.001 

 

* Number of necrosectomies is reported as median (interquartile range). Patients are stratified in 4 risk groups based on predicted death at baseline (Low: 
<5%, Intermediate: ≥5% to <15%, High: ≥15% to <35% and Very high: ≥35%) which was determined by a multivariable prediction model incorporating study 
cohort, APACHE-II score, cardiovascular failure, pulmonary failure and renal failure in the 24 hours before necrosectomy. 

‡ P value is averaged over the 5 imputation layers and reported as P (range) if the values within the range differ in the first three decimal places, otherwise 
only the P is reported. For paired data the Wilcoxon signed rank test was used. 
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Table 20.  Hospital stay after necrosectomy in patients undergoing minimally invasive necrosectomy 
as compared with patients undergoing open necrosectomy - subgroup of patients that survived.* 

 After Matching‡ 

 N 
Minimally Invasive Surgical 

Necrosectomy 
Open Necrosectomy P 

Risk of death at 
baseline 

    

Low 79 32 (17 - 46) 21 (13 - 40) 0.12 (0.03 - 0.31) 

Intermediate 85 50 (29 - 78) 33 (18 - 61) 0.006 (0.002 - 0.02) 

High 40 59 (33 - 85) 41 (25 - 75) 0.25 (0.04 - 0.58) 

Very high 32 54 (31 - 78) 52 (29 - 82) 0.52 (0.17 - 0.75) 

 N Endoscopic Necrosectomy Open Necrosectomy P 

Risk of death at 
baseline 

    

Low 26 5 (1 - 17) 17 (11 - 29) 0.009 (<0.001 - 0.02) 

Intermediate 61 9 (4 - 20) 34 (21 - 59) <0.001 

High 25 25 (8 - 49) 44 (27 - 72) 0.01 (0.003 - 0.02) 

Very high 22 42 (30 - 68) 49 (27 - 76) 0.31 (0.06 - 0.85) 

 

* Hospital stay is reported in median number of days (interquartile range) after necrosectomy to discharge. Patients are stratified in 4 risk groups based on 
predicted death at baseline (Low: <5%, Intermediate: ≥5% to <15%, High: ≥15% to <35% and Very high: ≥35%) which was determined by a multivariable 
prediction model incorporating study cohort, APACHE-II score, cardiovascular failure, pulmonary failure and renal failure in the 24 hours before necrosectomy. 

‡ Matched pairs are only reported if both patients in each pair survived. P value is averaged over 5 imputation layers and reported as P (range) if the values 

within the range differ in the first three decimal places, otherwise only the P is reported. For paired data the Wilcoxon signed rank test was used.  
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Table 21. Bleeding rates in patients undergoing minimally invasive necrosectomy 
as compared with patients undergoing open necrosectomy.* 

 After Matching 

 
Minimally Invasive 

Surgical Necrosectomy 
Open 

Necrosectomy 
Risk Ratio 
(95% CI) 

P 

Risk of death 
at baseline 

    

Low 6 / 84 (7) 4 / 84 (5) 1.79 (0.39 - 8.13) 0.45 

Intermediate 18 / 99 (18) 7 / 99 (7) 2.57 (0.65 - 10.12) 0.18 

High 11 / 66 (17) 9 / 66 (14) 1.26 (0.40 - 3.99) 0.69 

Very high 21 / 109 (19) 21 / 109 (19) 0.98 (0.54 - 1.77) 0.95 

 
Endoscopic 

Necrosectomy 
Open 

Necrosectomy 
Risk Ratio 
(95% CI) 

P 

Risk of death 
at baseline 

    

Low 3 / 28 (11) 2 / 28 (7) 1.23 (0.18 - 8.56) 0.83 

Intermediate 8 / 67 (12) 4 / 67 (6) 2.00 (0.60 - 6.64) 0.67 

High 4 / 38 (11) 6 / 38 (16) 0.70 (0.20 - 2.49) 0.58 

Very high 5 / 56 (9) 8 / 56 (14) 0.66 (0.23 - 1.91) 0.45 

 

* Bleeding is reported as number of events / total patients (%). Risk Ratios < 1.0 are in favour of minimally invasive surgical necrosectomy or endoscopic 
necrosectomy as compared with open necrosectomy. The value for Bleeding was missing in 38 patients. The McNemar’s test for paired data was used. Patients 
are stratified in 4 risk groups based on predicted death at baseline (Low: <5%, Intermediate: ≥5% to <15%, High: ≥15% to <35% and Very high: ≥35%) which 
was determined by a multivariable prediction model incorporating study cohort, APACHE-II score, cardiovascular failure, pulmonary failure and renal failure in 
the 24 hours before necrosectomy. 
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Table 22. Pancreatic fistula rates in patients undergoing minimally invasive necrosectomy 
as compared with patients undergoing open necrosectomy.* 

 After Matching 

 
Minimally Invasive 

Surgical Necrosectomy 
Open Necrosectomy 

Risk Ratio 
(95% CI) 

P 

Risk of death 
at baseline 

    

Low 29 / 84 (35) 22 / 84 (26) 1.31 (0.80 - 2.14) 0.28 

Intermediate 15 / 100 (15) 30 / 100 (30) 0.50 (0.28 - 0.88) 0.02 

High 7 / 66 (11) 14 / 66 (21) 0.55 (0.21 - 1.43) 0.22 

Very high 8 / 109 (7) 21 / 109 (19) 0.39 (0.18 - 0.83) 0.02 

 
Endoscopic 

Necrosectomy 
Open Necrosectomy 

Risk Ratio 
(95% CI) 

P 

Risk of death 
at baseline 

    

Low 2 / 28 (7) 8 / 28 (29) 0.24 (0.05 - 1.15) 0.07 

Intermediate 3 / 68 (4) 16 / 68 (24) 0.17 (0.04 - 0.61) 0.007 

High 2 / 38 (5) 5 / 38 (13) 0.49 (0.09 - 2.71) 0.41 

Very high 2 / 56 (4)  9 / 59 (16) 0.23 (0.05 - 0.97) 0.05 

 

* Pancreatic Fistula is reported as number of events / total patients (%). Risk Ratios < 1.0 are in favour of minimally invasive surgical necrosectomy or 
endoscopic necrosectomy as compared with open necrosectomy. The value for Pancreatic Fistula was missing in 36 patients. The McNemar’s test for paired 
data was used. Patients are stratified in 4 risk groups based on predicted death at baseline (Low: <5%, Intermediate: ≥5% to <15%, High: ≥15% to <35% and 
Very high: ≥35%) which was determined by a multivariable prediction model incorporating study cohort, APACHE-II score, cardiovascular failure, pulmonary 
failure and renal failure in the 24 hours before necrosectomy. 
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Table 23. Baseline characteristics before and after propensity score matching of patients undergoing minimally invasive 
surgical necrosectomy or endoscopic necrosectomy.* 

Characteristic Before Matching After Matching 

Risk of death at baseline < 5% 

Endoscopic 
necrosectomy  

 
(N = 31) 

Minimally 
invasive surgical 

necrosectomy  
(N = 97) 

Standardised 
difference 

 
 % 

Endoscopic 
necrosectomy  

 
(N = 16) 

Minimally 
invasive surgical 

necrosectomy  
(N = 16) 

Standardised 
difference 

 
 %  

   Male sex - no. (%) 22 (71)  65 (68) 7.4 10 (63) 10 (63) 0.7 

   Age 39 ± 11 43 ± 12 41.2 39 ± 14 39 ± 13 3.0 

   Cause - no. (%)       

Gallstones 10 (32) 50 (51) 39.6 7 (44) 6 (38) 8.4 

Alcohol 8 (26) 28 (29) 7.0 4 (25) 4 (24) 2.8 

Other 13 (42) 19 (20) 49.8 5 (31) 6 (38) 5.2 

   APACHE-II score† 3.3 ± 2.9 6.0 ± 3.4 85.1 4.6 ± 3.1 4.7 ± 2.6 1.8 

      Cardiovascular failure - no. (%)†|| 0 0 (0) 0.0 0 (0) 0 (0) 0.0 

      Pulmonary failure - no. (%)†‡ 0 3 (3) 25.3 0 (0) 0 (0) 0.0 

      Renal failure - no. (%)†¶ 0 2 (2) 20.5 0 (0) 0 (0) 0.0 

   Documented infected necrosis - no. (%)£ 12 (39) 88 (91) 132.3 11 (69) 11 (69) 5.7 

   Tertiary referral - no. (%) 25 (81) 77 (80) 1.7 12 (75) 12 (75) 6.1 

   Time since hospital admission - days 88 ± 118 56 ± 53 35.4 55 ± 83 54 ± 58 8.1 

Risk of death at baseline  ≥ 5 to < 15% 

Endoscopic 
necrosectomy  

 
(N = 120) 

Minimally 
invasive surgical 

necrosectomy  
(N = 119) 

Standardised 
difference 

 
 % 

Endoscopic 
necrosectomy  

 
(N = 64) 

Minimally 
invasive surgical 

necrosectomy  
(N = 64) 

Standardised 
difference  

 
%  

   Male sex - no. (%) 85 (71) 82 (69) 4.1 44 (69) 44 (69) 0.1 

   Age 50 ± 14 54 ± 15 26.3 52 ± 14 52 ± 15 0.3 

   Cause - no. (%)       

Gallstones 57 (48) 65 (55) 14.8 33 (52) 33 (52) 1.4 

Alcohol 29 (24) 29 (24) 0.4 15 (23) 17 (27) 5.0 

Other 34 (28) 25 (21) 17.6 16 (25) 14 (22) 6.6 

   APACHE-II score† 6.5 ± 3.1 7.9 ± 3.0 47.0 7.1 ± 3.0 7.0 ± 3.3 2.1 

      Cardiovascular failure - no. (%)†|| 0 (0) 3 (3) 24.2 0 (0) 0 (0) 0.0 

      Pulmonary failure - no. (%)†‡ 1 (1) 8 (7) 32.3 1 (2) 1 (2) 0.0 

      Renal failure - no. (%)†¶ 0 (0) 5 (4) 29.6 0 (0) 0 (0) 0.0 

   Documented infected necrosis - no. (%)£ 59 (49) 95 (80) 67.8 44 (69) 44 (69) 1.4 

   Tertiary referral - no. (%) 80 (67) 95 (80) 30.2 45 (70) 46 (72) 2.6 

   Time since hospital admission - days 48 ± 51 48 ± 41 0.6 46 ± 51 46 ± 34 1.9 
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Risk of death at baseline ≥ 15 to < 35% 

Endoscopic 
necrosectomy  

 
(N = 133) 

Minimally 
invasive surgical 

necrosectomy  
(N = 120) 

Standardised 
difference 

 
% 

Endoscopic 
necrosectomy 

  
(N = 81) 

Minimally 
invasive surgical 

necrosectomy  
(N = 81) 

Standardised 
difference  

 
%  

   Male sex - no. (%) 68 (51) 65 (54) 5.4 41 (51) 39 (48) 5.5 

   Age 59 ± 12 57 ± 13 14.1 58 ± 12 58 ± 12 2.5 

   Cause - no. (%)       

Gallstones 66 (50) 72 (60) 21.0 45 (56) 46 (57) 1.5 

Alcohol 27 (20) 31 (25) 12.4 21 (25) 20 (24) 1.8 

Other 40 (30) 17 (15) 38.1 15 (19) 15 (19) 0.0 

   APACHE-II score† 8.9 ± 2.9 10.1 ± 4.3 32.8 9.3 ± 2.7 9.5 ± 4.3 4.0 

      Cardiovascular failure - no. (%)†|| 11 (8) 25 (21) 35.4 9 (11) 9 (11) 0.4 

      Pulmonary failure - no. (%)†‡ 7 (5) 25 (21) 48.3 7 (9) 6 (7) 3.7 

      Renal failure - no. (%)†¶ 2 (2) 7 (6) 22.5 2 (2) 1 (1) 1.8 

   Documented infected necrosis - no. (%)£ 76 (57) 97 (81) 53.9 59 (73) 61 (75) 3.9 

   Tertiary referral - no. (%) 96 (72) 99 (83) 25.3 67 (83) 66 (81) 2.0 

   Time since hospital admission - days 59 ± 84 35 ± 22 38.5 38 ± 29 38 ± 23 0.5 

Risk of death at baseline ≥ 35% 

Endoscopic 
necrosectomy  

 
(N = 62) 

Minimally 
invasive surgical 

necrosectomy  
(N = 131) 

Standardised 
difference 

 
 % 

Endoscopic 
necrosectomy 

 
 (N = 54) 

Minimally 
invasive surgical 

necrosectomy  
(N = 54) 

Standardised 
difference 

 
 %  

   Male sex - no. (%) 40 (65) 81 (62) 5.9 35 (65) 35 (65) 0.8 

   Age 64 ± 14 63 ± 12 5.9 63 ± 14 63 ± 13 3.0 

   Cause - no. (%)       

Gallstones 37 (60) 74 (56) 6.8 32 (59) 31 (57) 2.2 

Alcohol 14 (22) 37 (29) 13.7 13 (24) 14 (26) 2.5 

Other 11 (18) 20 (15) 7.1 9 (17) 9 (17) 0.4 

   APACHE-II score† 16.0 ± 6.2 16.8 ± 5.7 14.6 16.0 ± 6.0 16.3 ± 5.5 3.8 

      Cardiovascular failure - no. (%)†|| 33 (53) 91 (69) 33.5 31 (57) 31 (57) 0.1 

      Pulmonary failure - no. (%)†‡ 35 (56) 90 (69) 25.9 31 (57) 31 (57) 2.3 

      Renal failure - no. (%)†¶ 18 (29) 59 (45) 33.3 16 (30) 16 (30) 1.9 

   Documented infected necrosis - no. (%)£ 50 (81) 123 (94) 40.6 47 (87) 48 (89) 4.8 

   Tertiary referral - no. (%) 48 (77) 115 (88) 27.6 46 (85) 46 (85) 0.2 

   Time since hospital admission - days 36 ± 24 30 ± 15 26.8 33 ± 17 33 ± 18 1.6 
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* Plus-minus values are means ± SD. A value of less than 10.0% of the standardised difference indicates a negligible difference between groups. 

† within 24 hours before necrosectomy. 

|| Circulatory systolic blood pressure <90 mm Hg, despite adequate fluid resuscitation, or need for inotropic catecholamine support. 

‡ PaO2 <60 mm Hg, despite FiO2 of 30%, or need for mechanical ventilation. 

¶ Creatinine level >177 μmol/liter after rehydration or need for hemofiltration or hemodialysis. 

£ Positive microbiological culture from fine-needle aspiration before necrosectomy or from first catheter drainage before necrosectomy or from primary 

necrosectomy. 
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Table 24. Death rates in patients undergoing endoscopic necrosectomy as compared with patients undergoing 
minimally invasive surgical necrosectomy.* 

 Before Matching After Matching 

Risk of death 
at baseline 

Endoscopic 
necrosectomy 

Minimally 
invasive surgical 

necrosectomy 

Risk ratio  
(95% CI) 

P 
Endoscopic 

necrosectomy 

Minimally 
invasive surgical 

necrosectomy 

Risk ratio  
(95% CI) 

P 

Low 1 / 31 (3)  3 / 97 (3) 1.04 (0.11 - 9.65) 0.97 1 / 16 (6) 0 / 16 (0) NA NA 

Intermediate 1 / 120 (1) 12 / 119 (10) 0.84 (0.01 - 0.64) 0.02 1 / 64 (2) 5 / 64 (8) 0.20 (0.03 - 1.58) 0.13 

High 9 / 133 (7) 18 / 120 (15) 0.46 (0.21 - 0.99) <0.05 5 / 81 (6) 9 / 81 (11) 0.56 (0.18 - 1.73) 0.32 

Very high 12 / 62 (19) 50 / 131 (38) 0.51 (0.29 - 0.89) 0.02 10 / 54 (19) 16 / 54 (30) 0.63 (0.29 - 1.39) 0.26 

 

* Deaths are reported as number of deaths / total patients (%). Risk Ratios <1.0 are in favour of endoscopic necrosectomy. For unpaired data the chi-square test 
was used. For paired data the McNemar’s test was used. Patients are stratified in 4 risk groups based on predicted death at baseline (Low: <5%, Intermediate: 
≥5% to <15%, High: ≥15% to <35% and Very high: ≥35%) which was determined by a multivariable prediction model incorporating study cohort, APACHE-II score, 
cardiovascular failure, pulmonary failure and renal failure in the 24 hours before necrosectomy. 
 
NA: Insufficient events for relevant statistical analyses. 
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Table 25. Death rates in patients undergoing necrosectomy beyond three weeks after start of disease - 
minimally invasive necrosectomy compared with open necrosectomy 

Risk of death at baseline 
Minimally Invasive 

Surgical Necrosectomy 
Open Necrosectomy 

Risk ratio  
(95% CI) 

P 

Low 1/55 (2%) 1/55 (2%) NA NA 

Intermediate 7/65 (11%) 5/65 (8%) 1.40 (0.55 - 3.57) 0.48 

High 4/30 (13%) 9/30 (30%) 0.44 (0.17 - 1.18) 0.11 

Very high 20/52 (38%) 27/52 (52%) 0.74 (0.49 - 1.15) 0.18 

Risk of death at baseline 
Endoscopic 

Necrosectomy 
Open Necrosectomy 

Risk ratio  
(95% CI) 

P 

Low 0/19 0/19 NA NA 

Intermediate 1/33 (3%) 4/33 (12%) 0.25 (0.03 - 2.24) 0.22 

High 3/23 (13%) 8/23 (35%) 0.38 (0.11 - 1.25) 0.11 

Very high 4/26 (15%) 10/26 (38%) 0.40 (0.14 - 1.17) 0.09 

 
* Deaths are reported as number of deaths / total patients (%). Risk Ratios <1.0 are in favour of minimally invasive surgical and endoscopic necrosectomy 
respectively. The McNemar’s test for paired data was used. Patients are stratified in 4 risk groups based on predicted death at baseline (Low: <5%, Intermediate: 
≥5% to <15%, High: ≥15% to <35% and Very high: ≥35%) which was determined by a multivariable prediction model incorporating study cohort, APACHE-II 
score, cardiovascular failure, pulmonary failure and renal failure in the 24 hours before necrosectomy. 
 
NA: Insufficient events for relevant statistical analyses. 
 

 

  


