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TaggedPAbstract
Background and AIMS: Minimally invasive step-up interventions are now the standard treatment
recommended by current guidelines for symptomatic pancreatic necrotic fluid collections
(PNFC); however, it is controversial whether delayed treatment after four weeks should always
be used in patients who have failed conservative treatment and whose condition has not
improved or worsened. The aim of this meta-analysis was to evaluate the impacts of the differ-
ent timing of interventions on the clinical outcomes and prognosis of patients with symptomatic
PNEC requiring intervention.
Methods: We searched Embase, Cochrane Library, PubMed and Web of Science databases to
identify comparative studies assessing the safety and efficacy of early and postponed interven-
tions in treating symptomatic PNFC. Primary outcome: Mortality. Secondary outcomes included
some major complications, need for further minimally invasive necrosectomy and length of hos-
pital stay.
Results: This meta-analysis included ten studies (2 RCTs and 8 observational studies) with a total
of 1178 symptomatic PNFC patients who required intervention. Pooled results showed that there
was no significant difference between early minimally invasive intervention and postponed inter-
vention in mortality(OR 1.41, 95%CI 0.93�2.12;p = 0.10) and the incidence of early and late com-
plications, but the early intervention group had a significantly increased need for further
minimally invasive necrosectomy compared with postponed intervention (OR 2.04,95%CI
1.04�4.03; p = 0.04). There was no increase in length of stay for patients who received early
intervention compared to postponed drainage (MD 3.53, 95% CI -4.20, 11.27; p = 0.37).
TaggedEndTAGGEDPKEYWORDS
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TaggedEndZ. Liu, P. Liu, X. Xu et al.
TaggedEndTaggedPConclusion: Intervention before four weeks should be considered for patients with PNFC compli-
cated by persistent organ failure or infections, who have been treated conservatively to the
maximum extent possible.
© 2023 Published by Elsevier Masson SAS. TaggedEnd
TaggedH1Introduction TaggedEnd

TaggedPAcute pancreatitis is a serious health and safety concern and
is the leading gastrointestinal diagnosis leading to hospitali-
zation [1]. While most patients progress to mild pancreatitis,
acute necrotizing pancreatitis occurs in 20% of patients,
resulting in parenchymal necrosis, peripancreatic tissue
necrosis, or a mixture of both, requiring advanced medical
and interventional treatment [2]. Most patients with acute
necrotizing pancreatitis (ANP) will develop pancreatic
necrotic fluid collections, which are an important local com-
plication of pancreatitis [3]. Depending on the duration and
degree of encapsulation of the collections, within 4 weeks
the necrotic collections of pancreas or peri‑pancreas are
known as acute necrotic collections (ANCs) and beyond 4
weeks some of the necrotic collections develop into wall-off
necrosis (WON) which includes necrotic fluid and solid tissue
fragments [4].TaggedEnd

TaggedPTreatment for asymptomatic pancreatic necrosis is typi-
cally conservative [5]. Common indications in the invasive
treatment of pancreatic necrosis are confirmed or suspected
infection, persistent organ failure and clinical signs due to
compression of adjacent vital structures [6]. The current
standard of treatment for symptomatic necrotic collections
of the pancreas is minimally invasive step-up treatment [6].
This step-up treatment involves an initial step of percutane-
ous catheter or endoscopic drainage, and if clinical symp-
toms do not resolve after catheter drainage, minimally
invasive necrosectomy is performed. Depending on the ini-
tial drainage route a video-assisted retroperitoneal debride-
ment (VARD) or an endoscopic transluminal necrosectomy is
used [6,7]. International guidelines recommend that inva-
sive treatment of pancreatic necrosis is usually delayed until
four weeks after the onset of the disease, in order to form
adequate encapsulation of the pancreatic and/or peri-
pancreatic necrosis [4,8]. Delaying invasive intervention can
make drainage and necrosectomy easier and reduce the risk
of complications or death. However, recommendations to
delay intervention are based primarily on studies involving
open surgical intervention [9�11]. For minimally invasive
treatment, the answer to the question of whether treatment
is delayed still needs to be clarified. TaggedEnd

TaggedPAn updated clinical guideline from the American Gastro-
enterological Association suggests that patients with symp-
tomatic pancreatic necrotic fluid collections (PNFC) in the
early stages of the disease should consider catheter drainage
[12]. In addition, some experts suggest that patients with
pancreatic necrosis in early persistent organ failure have a
higher mortality rate and that delaying intervention for up
to 4 weeks may affect mortality risk [13]. Therefore, post-
poned invasive intervention is controversial in patients
with symptomatic PNFC that have failed with conservative
treatment. TaggedEnd

TaggedPTo investigate the appropriate timing of intervention for
patients with symptomatic PNFC, this study used a meta-
2

TaggedEndTaggedPanalysis to evaluate the impacts of different timing of inter-
ventions on the clinical outcomes and prognosis of patients
with symptomatic PNFC. TaggedEnd
TaggedH1Method TaggedEnd

TaggedH2Search strategy TaggedEnd

TaggedPTwo researchers (ZYL and YWX) performed a comprehensive
search, following established guidelines for reporting sys-
tematic evaluations and meta-analyses (PRISMA) [14]. A lit-
erature search of Embase, Cochrane Library, PubMed and
Web of Science (earliest inception to 1 October 2022) was
conducted to identify suitable studies. Use the following
keywords: (“Pancreatic necrotic collections” OR “Acute pan-
creatic necrosis” OR “Acute necrotic collections” OR “Nec-
rotizing Pancreatitis”) AND (“Early intervention” OR “Early
drainage” OR “Postponed intervention” OR “Delayed drain-
age’’) were searched in the literature. There were no limita-
tions on year of publication or language, and the reference
lists of eligible articles were searched manually for more rel-
evant articles. TaggedEnd

TaggedH2Selection criteriaTaggedEnd

TaggedPInclusion criteria TaggedEnd
TaggedPPopulation [1]: Patients suffering from acute necrotizing
pancreatitis with pancreatic and/or peripancreatic necrotic
collections proven on imaging (enhanced CT, MRI, etc.) [2],
Patients with symptomatic PNFC who have undergone opti-
mal conservative treatment but whose condition has not
improved or deteriorated requiring invasive intervention. TaggedEnd

TaggedPInterventions [1]: all patients were treated using a “step-
up” intervention strategy [2], Early minimally invasive inter-
ventions include an initial percutaneous catheter or endo-
scopic transluminal drainage, and if necessary, subsequent
minimally invasive necrosectomy in the form of a video-
scopic-assisted retroperitoneal debridement or endoscopic
transluminal necrosectomy. TaggedEnd

TaggedPComparison: postponed minimally invasive intervention
(the initial drainage and the necessary minimally invasive
necrosectomy). TaggedEnd

TaggedPExclusion criteria TaggedEnd
TaggedPThe study included [1]: Patients not suffering from pancreas
necrosis and/or peri‑pancreas necrosis [2], patients who did
not use the "step-up" intervention strategy [3], clinical trials
with patients with chronic pancreatitis were excluded. TaggedEnd

TaggedPData extraction TaggedEnd
TaggedPIndependently, two authors (ZYL and YWX) assessed poten-
tial studies based on eligibility. References for inclusion in
the article were also screened to identify studies that were
not identified in the initial search. Disagreements were



TaggedEnd TaggedFigure

Fig. 1 Flow diagram that summarizes the results of the litera-
ture search.TaggedEnd
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TaggedEndTaggedPhandled through conversations with senior third-party adju-
dicators (PL) in order to obtain a consensus. The following
features extracted from the eligible studies were: name of
the first author, year of article publication, country from
which this study was conducted, type of study, patient dem-
ographics, definition of timing of early intervention, initial
route of intervention, type of subsequent minimally invasive
necrosectomy, extent of encapsulation of necrotizing collec-
tions and primary clinical outcomes. TaggedEnd

TaggedPOutcomes TaggedEnd
TaggedPPrimary outcome: Mortality. Secondary outcomes included
some major complications: bleeding resulting in intervention,
gastrointestinal perforation or fistula, pancreatic fistula,
wound infection and endocrine pancreatic insufficiency, need
for further minimally invasive necrosectomy and length of
hospital stay.TaggedEnd

TaggedPAssessment of methodological quality TaggedEnd
TaggedPThe quality of the methods was independently assessed
depending on the type of study using proper tools by two
authors. The risk of bias in the RCTs was evaluated using the
Cochrane Collaboration Tool [15], and in observational
research, the Newcastle-Ottawa Scale was used [16]. The
third author will debate any disagreements to obtain a
consensus. TaggedEnd

TaggedPStatistical analysisTaggedEnd
TaggedPMeta-analysis illustrated with forest diagrams. Dichotomous
variables were summarized by estimating odds ratios (ORs)
and 95% confidence intervals (CIs), whereas continuous vari-
ables were summarized using mean differences and 95% CIs.
If the study’s continuous variables included only the median,
range, or interquartile range, we transformed them to mean
and standard deviation (SD) using the formula [17]. The I2

statistic was used in each meta-analysis to assess statistical
heterogeneity between studies. I2 values above 50% showed
moderate heterogeneity, and I2 values above 75% indicated
significant heterogeneity. If no heterogeneity is found
(I2<50%), the analysis of the results applies a fixed effects
model; conversely, a random effects model is applied. For
continuous outcomes, the inverse variance approach was
chosen, whereas the Mantel-Haenszel (MH) model was used
for dichotomous outcomes. Results P<0.05 represented a
statistically significant difference. Subgroup analyses were
performed on mortality, bleeding resulting in intervention,
need for further minimally invasive necrosectomy and length
of hospital stay according to the type of study design. Visual
assessment of the funnel plot verified potential publication
bias when the number of included studies was at least 10.
Statistical analysis was performed using Stata17 (StataCorp,
College Station, TX) software. TaggedEnd
TaggedH1Results TaggedEnd

TaggedH2Study selection TaggedEnd

TaggedP1006 studies were identified through the initial database
search, and 830 were screened after removing duplicates
(Fig. 1). The eligibility of the remaining 53 studies was eval-
uated. Of these, studies that did not include patients with
3

TaggedEndTaggedPpancreatic necrosis collections (n = 3), studies that did not
compare based on the timing of the intervention (n = 15), or
Studies that lacked clinical outcomes of interest (n = 2), or
studies that did not use a step-up approach as an interven-
tion strategy (n = 8), 18 reviews, meta-analyses, comments
and guidelines were excluded. Ten studies considered eligi-
ble were included in the meta-analysis [18�27].TaggedEnd

TaggedH2Study characteristics TaggedEnd

TaggedPA total of 1178 symptomatic PNFC patients requiring inter-
vention were included in the ten clinical studies (471
patients receiving early intervention, 707 patients postpon-
ing intervention). Details of the studies included are pro-
vided in Table 1. The studies by Boxhoorn et al. and Ke et al.
were RCTs, two studies by Dost et al. and Jagielski et al.
were cohort studies, and the other six studies were case-
control studies. Regarding the type of intervention for each
study (based on the initial drainage pathway), four trials
included only patients whose initial intervention was percu-
taneous drainage in their treatment strategy [18,20,25,27].
Four trials included only patients whose initial intervention
was endoscopic transluminal drainage in the treatment
strategy [21�24]. The study by Boxhoorn et al. used a mini-
mally invasive surgical or endoscopic-centered treatment
strategy, which depended on the initial drainage pathway
[26]. The study by Bomman et al. used a dual drainage pat-
tern (a combination of percutaneous and endoscopic drain-
age) as an initial intervention in a step-up strategy [19]. TaggedEnd

TaggedH2Patient characteristics TaggedEnd

TaggedPFour of the ten clinical studies accounted for the time to
encapsulation of necrotic collections in ANP patients



TaggedEnd Table 1 Characteristics of clinical studies included in the meta-analysis.

Study Country Study type No. of patients
(early/
Postponed)

The interval from the onset of
symptoms to the intervention

Type of intervention Encapsulation of necrosis
at the time of receiving the
intervention—no. (%)

Early
intervention

postponed
intervention

initial intervention Subsequent intervention

Lu et al. China Case control
study

43/55 Mean 15.26
days

Mean 50.86
days

Percutaneous catheter
drainage

Surgically centered step-up
interventions

unclear

Bomman et al. USA Case control
study

39/173 Median 22 days Median 52 days Percutaneous and
endoscopic transluminal
catheter drainage

Mainly endoscopically centered
step-up interventions

unclear

Dost et al. PAK Prospective
cohort study

65/65 Unclear Unclear Percutaneous catheter
drainage

Unclear unclear

Trikudanathan
et al.

USA Case control
study

76/117 Median 20 days Median 78 days Endoscopic transluminal
drainage

Mainly endoscopically centered
step-up interventions

Early:32/76(42.1),
postponed:88/117(75.2)

Jagielski et al. Poland Prospective
cohort study

25/46 Median 16.4
days

Median 74.5
days

Endoscopic transluminal
drainage

Endoscopically centered step-up
interventions

unclear

Oblizajek et al. USA Case control
study

19/19 Median 23 days Median 64 days Endoscopic transluminal
drainage

Endoscopically centered step-up
interventions

Early:8/19(42.1) post-
poned:17/19(89.5)

Rana et al. India Case control
study

34/136 Mean 24 days Mean 75 days Endoscopic transluminal
drainage

Endoscopically centered step-up
interventions

early:26/34(74.2),
postponed:136/136(100)

Zhang et al. China Case control
study

100/31 Median 19 days Median 33 days Percutaneous catheter
drainage

Surgically centered step-up
interventions

unclear

Boxhoorn et al. The
Netherlands

Randomized
controlled trial

55/49 Median 24 days Median 34 days Percutaneous or endo-
scopic transluminal
catheter drainage

Endoscopically and surgically cen-
tered step-up interventions were
both adopted

early:33/55(60),
postponed:22/49(44.9)

Ke et al. China Randomized
controlled trial

15/15 Median 15.5
days

Median 22 days Percutaneous catheter
drainage

Surgically centered step-up
interventions

unclear
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TaggedEnd Table 2 Definitions of intervention timing.

Study Early intervention postponed intervention

Lu et al. <4 weeks after onset of symptoms of ANP >4 weeks
Bomman et al. <4 weeks after onset of symptoms of ANP >4 weeks
Dost et al. Immediate drainage within 24 h after infected

necrosis was diagnosed
>4 weeks

Trikudanathan et al. <4 weeks after onset of symptoms of ANP >4 weeks
Jagielski et al. <4 weeks after onset of symptoms of ANP >4 weeks
Oblizajek et al. <4 weeks after onset of symptoms of ANP >4 weeks
Rana et al. <4 weeks after onset of symptoms of ANP >4 weeks
Zhang et al. <4 weeks after onset of symptoms of ANP >4 weeks
Boxhoorn et al. Immediate drainage within 24 h after infected

necrosis was diagnosed
intervention until necrotic collections were
largely or fully encapsulated

Ke et al. <3 weeks after onset of symptoms of ANP >4 weeks

TaggedEndClinics and Research in Hepatology and Gastroenterology 47 (2023) 102105
TaggedEndTaggedP[21,23,24,26]. The four studies included 184 patients who
received early intervention and 321 patients who received
postponed intervention. 99 patients (53.8%) in the early
group whose pancreatic and peripancreatic necrosis was
largely or completely encapsulated at the time of receiving
the intervention and 263 patients (81.9%) in the late group
whose necrosis was encapsulated at the time of receiving
the intervention (Table 1).TaggedEnd

TaggedH2Timing of intervention TaggedEnd

TaggedPTable 2 provides definitions of the timing of interventions
across studies. The studies by Dost et al. and Boxhoorn et al.
defined “early” intervention as a diagnosis of infected
necrosis as soon as it was diagnosed and drainage within 24 h
of randomization, while “postponed” intervention was
defined as the pancreatic and peripancreatic necrotic col-
lections being largely or completely encapsulated. In the
other eight studies, the timing of early and postponed inter-
ventions was separated by a 4-week cut-off. TaggedEnd

TaggedH2Assessment of methodological quality TaggedEnd

TaggedPTable 3 provides a risk assessment of bias among the
included articles. The studies by Boxhoorn et al. and Ke et
al. were RCTs. Using Cochrane risk of bias estimates, the
two studies used randomized samples and explained the par-
ticular method of concealing allocation. It is not possible to
be completely blind as a result of the characteristics of the
intervention. 2 studies were also blinded in their outcome
assessments. Newcastle-Ottawa scale was used to assess
non-randomized controlled trials; for the cohort studies,
two studies were rated as moderate-quality [20,22]. For
case-control studies, five studies were rated as high-quality
[18,21,23-25], and 1 study was rated as moderate-quality
[19]. TaggedEnd

TaggedH2Primary outcome TaggedEnd

TaggedPMortality TaggedEnd
TaggedPAll studies reported mortality [18�27]. Pooled analysis dem-
onstrated that early intervention had a slightly higher
impact on mortality than postponed intervention; however,
no differences that were statistically significant were
5

TaggedEndTaggedPidentified (OR 1.41, 95% CI 0.93, 2.12; p = 0.10; Fig. 2).
These studies had a low degree of heterogeneity (I2=12.05%,
p.0.33). Meta-analysis of subgroups in two randomised con-
trolled trials showed no significant difference in mortality
between the early and postponed intervention groups (OR
0.82, 95% CI 0.32, 2.12; Fig. 2). The subgroup heterogeneity
was low (I2=28.60%). TaggedEnd

TaggedPSecondary outcomesTaggedEnd
TaggedPBleeding TaggedEnd. TaggedPThe occurrence of bleeding was reported in all
ten trials [18�27]. Pooled analysis showed that the inci-
dence of bleeding was not affected by the timing of the
intervention (OR 0.99, 95% CI 0.69, 1.42; p = 0.96; Fig. 3).
These studies had a low degree of heterogeneity (I2=39.24%,
p.0.10). Meta-analysis of subgroups in two randomised con-
trolled trials showed no significant difference in the occur-
rence of bleeding in the early and postponed groups (OR
0.72, 95% CI 0.29, 1.80; Fig. 3). No heterogeneity in sub-
group (I2=0%). TaggedEnd
TaggedPGastrointestinal fistula or perforation TaggedEnd. TaggedPData on the occur-
rence of gastrointestinal fistula or perforation were avail-
able for eight included studies [18�22], [25�27]. Pooled
analysis demonstrated that the early intervention strategy
slightly increased the occurrence of gastrointestinal fistula
or perforation but was not statistically significant when
compared with postponed intervention (OR 1.32, 95% CI
0.86�2.03; p = 0.20; Fig. 4). No heterogeneity (I2=0%,
p.0.80). TaggedEnd
TaggedPPancreatic fistulaTaggedEnd. TaggedPFive studies reported on the rate of pan-
creatic fistula [19,20,25-27]. Meta-analysis showed that
early intervention had a tendency to increase the rate of
pancreatic fistula compared to postponed intervention;
however, no statistical differences were identified (OR 1.38,
95% CI 0.70, 2.71; p = 0.35; Fig. 5). No heterogeneity (I2=0%,
p.0.89). TaggedEnd
TaggedPWound infection TaggedEnd. TaggedPData on wound infection resulting in
intervention were available for three of the included trials
[19,20,26]. Pooled results showed that early intervention
strategy was related to decrease in the occurrence of wound
infection but not statistically significant when compared
with postponed intervention (OR 0.56, 95%CI 0.23, 1.36;
p = 0.20; Fig. 6). No heterogeneity (I2=0%, p.0.85). TaggedEnd
TaggedPEndocrine pancreatic insufficiency TaggedEnd. TaggedPData on endocrine pan-
creatic insufficiency came from five of the included studies



TaggedEnd Table 3 Risk of bias assessment of included studies.

Risk of bias assessment of the randomized controlled trial

study Random sequence
generation

Allocation
concealment

Blinding of participants
and personnel

Blinding of out-
come assessment

Incomplete
outcome data

Reporting bias Other bias

Boxhoorn et al. Low Low High High Low Low Low
Ke et al. Low Low High Low Low Low Low

Newcastle�Ottawa quality assessment scale for cohort studies
Selection Comparability Outcome

study Representativeness
of the exposed
cohort

Selection of the
non-exposed
cohort

Ascertainment of
exposure

Demonstration that
outcome of inter-
est was not present
at the start of the
study

Comparability of
cohorts on the
basis of the design
or analysis

Assessment of
outcome

Was follow-up long
enough for out-
comes to occur

Adequacy of
follow up of
cohorts

Dost et al. Truly
representative

Same hospital Secure record Yes Age and gender
matched

independent blind
assessment

No No statement

Jagielski et al. Truly
representative

Same hospital Secure record Yes Gender matched independent blind
assessment

Yes Complete fol-
low-up

Newcastle�Ottawa quality assessment scale for case control studies

Selection Comparability Expose
study Is the case

definition
adequate

Representativeness
of the cases

Selection of Controls Definition of
Controls

Comparability of
cases and controls
on the basis of the
design or analysis

Ascertainment of
exposure

The same method
of ascertainment
for cases and
controls

Non-Response
rate

Lu et al. Yes Consecutive or
obviously
representativeness

Same hospital No history of the
disease

Age and gender
matched

Secure record Same method Same rate

Bomman et al. Yes Consecutive or
obviously
representativeness

Same hospital No history of the
disease

Age and gender
matched

Secure record Same method no description

Trikudanathan et al. Yes Consecutive or
obviously
representativeness

Same hospital No history of the
disease

Age and gender
matched

Secure record Same method Same rate

Oblizajek et al. Yes Consecutive or
obviously
representativeness

Same hospital No history of the
disease

Age and gender
matched

Secure record Same method Same rate

Rana et al. Yes Consecutive or
obviously
representativeness

Same hospital No history of the
disease

Age and gender
matched

Secure record Same method Same rate

Zhang et al. Yes Consecutive or
obviously
representativeness

Same hospital No history of the
disease

Age and gender
matched

Secure record Same method Same rate
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Fig. 2 Forest plot of the effect of early intervention for symptomatic pancreatic necrotic fluid collections on mortality compared
with postponed intervention stratified by the type of study design. TaggedEnd
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TaggedEndTaggedP[21-23,26,27]. Pooled odds ratios showed that the occur-
rence of endocrine pancreatic insufficiency was comparable
in the early and postponed groups (OR 1.13, 95% CI 0.72,
1.76; p = 0.59; Fig. 7). No heterogeneity (I2=0%, p.0.59). TaggedEnd
TaggedPMinimally invasive necrosectomy TaggedEnd. TaggedPData on the need for fur-
ther minimally invasive necrosectomy were available for
eight included studies [18,19,21,23-27]. Pooled odds ratios
showed that compared to the postponed intervention, the
early intervention group had a significantly increased need
for further minimally invasive necrosectomy (OR 2.04, 95%
CI 1.04�4.03; p = 0.04; Fig. 8). Significant heterogeneity
was observed across the included studies (I2 = 69.08%,
p = 0.00). TaggedEnd

TaggedPMeta-analysis of subgroups in two randomised controlled
trials showed the early intervention strategy significantly
increased need for further minimally invasive necrosectomy,
compared to delayed intervention (OR 2.99, 95% CI
1.39�6.42; Fig. 8). No heterogeneity in subgroup (I2=0%). TaggedEnd
TaggedPLength of hospital stay TaggedEnd. TaggedPSeven trials in the meta-analysis
reported on hospital length of stay [18,20,21,23,25-27]. The
pooled results showed that the timing of the intervention
had no effect on the length of hospital stay (MD 3.53, 95% CI
7

TaggedEndTaggedP�4.20, 11.27; p = 0.37; Fig. 9).These studies had a signifi-
cant degree of heterogeneity (I2=81.98%, p = 0.00). Meta-
analysis of subgroups in two randomised controlled trials
showed no significant difference in length of hospital stay
between the early and postponed groups (MD 5.92, 95% CI
�4.03, 15.87; Fig. 9). No heterogeneity in subgroup (I2=0%). TaggedEnd
TaggedPPublication bias TaggedEnd. TaggedPA visual examination of funnel plots
revealed no asymmetry in the distribution of studies. We
found no indication of considerable publication bias in our
meta-analysis (Fig. 10, 11).TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPIt is currently controversial when to perform a minimally
invasive procedure for PNFC that needs treatment. Some
pancreatic experts support conservative treatment until a
necrotic encapsulation has formed and then treated with
puncture drainage. These experts argue that [1]: in the ini-
tial stages of the disease, the extent of pancreatic necrosis
is blurred from normal tissue. Early intervention is more
traumatic for the patient, increasing the risk of



TaggedEnd TaggedFigure

Fig. 3 Forest plot of the effect of early intervention for symptomatic pancreatic necrotic fluid collections on the incidence of
bleeding, which would need a blood transfusion or subsequent intervention for hemostasis compared with postponed intervention
stratified by the type of study design.TaggedEnd

TaggedEndZ. Liu, P. Liu, X. Xu et al.
TaggedEndTaggedPcomplications and adverse outcomes [28],[2]. Some ANP
patients may develop improvement simply by conservative
care without invasive intervention [26]. Other pancreatic
experts think that after symptomatic PNFC patients have
failed conservative treatment, early minimally invasive
intervention should be carried out [1]. These experts believe
that the concept of postponed intervention originated in the
period when open surgery was performed, and it is debat-
able whether this concept is followed in the period of mini-
mally invasive surgery [29],[2]. Catheter drainage can
control the infection source and promote necrotic tissue
encapsulation [30]. Theoretically, pancreatic necrotic tissue
contains inflammatory agents and pancreatic enzymes, and
timely drainage can reduce systemic inflammatory response
syndrome (SIRS) and prevent the development of systemic
organ dysfunction and further clinical deterioration [27]. TaggedEnd

TaggedPThe Revised Atlanta Classification states that it usually
takes four weeks for the pancreatic and peripancreatic
necrotic collections to be encapsulated [4]. However, there
is currently a dearth of accurate data to prove this state-
ment. The study by Van Grinsven et al. reported that
8

TaggedEndTaggedPwalled-off necrosis was observed at all stages of the disease
in patients with necrotizing pancreatitis. Despite the fact
that walled-off necrosis became more common as time
passes, nearly half of patients developed a “largely” or
“complete” wall within the first three weeks of disease
onset [31]. The study by S R Choudhury et al. also reported
that more than one-third of the necrotic collections in the
current CT-based analysis had complete walls by the third
week and more than 50% of the collections had complete
walls in the fourth week [32]. Four of the articles in our
included studies counted necrotic tissue forming “largely”
or “complete” walls by four weeks [21,23,24,26]. The for-
mation of “largely” or “complete” walls by four weeks
accounted for approximately 42.1%�74.2% of patients with
early intervention (Table 1). These results suggest that arbi-
trary definitions of the four-week threshold for walled-off
necrosis may be inaccurate and that arbitrary delays may be
pointless. TaggedEnd

TaggedPOur analysis showed a slight increase in mortality with
the early intervention compared to postponed intervention,
but no statistical difference. Infected pancreatic necrosis



TaggedEnd TaggedFigure

Fig. 4 Forest plot of the effect of early intervention for symptomatic pancreatic necrotic fluid collections on the incidence of gas-
trointestinal perforation or fistula compared with postponed intervention. TaggedEnd

TaggedEndClinics and Research in Hepatology and Gastroenterology 47 (2023) 102105
TaggedEndTaggedPand organ failure are the most important factors determin-
ing the prognosis of patients with acute necrotizing pancrea-
titis [33]. In a recent research involving 805 patients with AP,
it was shown that early sterile organ failure due to pancrea-
titis had a higher mortality rate relative to late organ failure
due to infected pancreatic necrosis and that drainage of
necrotic collections or infected fluid provided an opportu-
nity to delay sepsis and secondary organ failure [34].
TaggedEnd TaggedFigure

Fig. 5 Forest plot of the effect of early intervention for symptoma
creatic fistula compared with postponed intervention. TaggedEnd

9

TaggedEndTaggedPMoreover, patients with persistent organ failure are inclined
to produce infected necrosis, which is a cause of late mortal-
ity. In a retrospective study, IPN occurred in 40 of 53 patients
(75%) with AP in persistent organ failure [35]. Early organ
failure is related to a significant mortality risk, with late
development of infectious necrosis exacerbating the initial
injury and worsening the outcome [36]. In the study by Triku-
danathan et al., an endoscopic-centered intervention
tic pancreatic necrotic fluid collections on the incidence of pan-
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Fig. 6 Forest plot of the effect of early intervention for symptomatic pancreatic necrotic fluid collections on the incidence of
wound infection compared with postponed intervention. TaggedEnd

TaggedEndZ. Liu, P. Liu, X. Xu et al.
TaggedEndTaggedPstrategy for patients with collections of pancreatic necrosis
resulted in significant improvements in organ failure after
both early and postponed intervention. Most patients
were successfully discharged from relevant organ support
therapy [21]. Patients suffering from acute pancreatitis
accompanied by organ failure or pancreatic/peripancreatic
tissue necrosis, or both, have been found to have a mortality
rate of 20�40% [1]. In our study, the mortality rate for
patients receiving early intervention was 16%. In PNFC,
where optimal conservative treatment has failed, earlier
intervention to improve organ failure and control the source
of infection is sometimes required to stabilize the clinical
state. TaggedEnd

TaggedPResults of the analysis revealed no significant differences
in the early and late complications among the different
TaggedEnd TaggedFigure

Fig. 7 Forest plot of the effect of early intervention for symptomat
crine pancreatic insufficiency compared with postponed intervention
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TaggedEndTaggedPtiming intervention groups. In a previous meta-study by Gao
et al. on the timing of intervention in infected necrotizing
pancreatitis, the incidence of bleeding and gastrointestinal
perforation or fistula due to intervention was analyzed, and
this study revealed that early intervention was not associ-
ated with a significant increase in the rate of bleeding com-
pared to postponed intervention, while the incidence of
gastrointestinal perforation or fistula was significantly
increased [37]. However, this study did not analyze pancre-
atic fistula, wound infection and endocrine pancreatic insuf-
ficiency. When analyzing the length of stay in the hospital
for early and postponed interventions, we found that the
timing of the intervention had no effect on the length of hos-
pital stay. In a recent research meta-study by Ramai et al. on
the endoscopic drainage of pancreatic walled-off fluid
ic pancreatic necrotic fluid collections on the incidence of endo-
. TaggedEnd
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Fig. 8 Forest plot of the effect of early intervention for symptomatic pancreatic necrotic fluid collections on the further minimally
invasive necrosectomy compared with postponed intervention stratified by the type of study design.TaggedEnd
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TaggedEndTaggedPcollections, patients undergoing early intervention had an
increased length of hospital stay compared to postponed
drainage [38]. The possible reason for the different results is
that our study included patients whose initial route was per-
cutaneous drainage. Early intervention increased the need
for further minimally invasive necrosectomy compared to
postponed intervention. As the necrotic collections are
encapsulated, the necrotic tissue liquefies over time, and
the boundary between necrotic and viable tissue becomes
more clearly defined [39]. This reduced the need for
further necrosectomy in the postponed intervention group.
Although early intervention increases the need for necrosec-
tomy, it may be reasonable to intervene before four weeks
in patients who present with persistent organ failure
or infection and whose condition has not significantly
improved or deteriorated in spite of maximized conservative
treatment. TaggedEnd

TaggedPThere are several limitations to this systematic review
and meta-analysis. First, although the Cochrane collabora-
tive tool and the Newcastle-Ottawa scale were used to eval-
uate the quality of all articles, with the exception of two
randomized controlled studies, all included articles were
observational studies. So we were unable to exclude hetero-
geneity due to the type of article study. Moreover, although
strict inclusion and exclusion criteria were defined to reduce
11
TaggedEndTaggedPthe sources of heterogeneity to a minimum, heterogeneity
in our study was inevitable because of other confounding
factors, including differences in initial drainage routes, defi-
nitions of intervention timing and the origin of cases from
different countries. Finally, some studies had relatively
small sample sizes, which may also have affected the accu-
racy of the results. TaggedEnd
TaggedH1Conclusion TaggedEnd

TaggedPIn symptomatic PNFC patients, early intervention did not
increase the incidence of mortality or complications; how-
ever, the need for further minimally invasive necrosectomy
was increased compared with postponed intervention. The
timing of the intervention had no effect on the length of
hospital stay. For patients with pancreatic necrotizing fluid
collections complicated by persistent organ failure or infec-
tion, if conservative treatment has been performed to the
maximum extent possible, intervention should be consid-
ered before four weeks. To identify the appropriate time to
intervene in symptomatic PNFC, future valuable prospective
randomized controlled trials are essential to assess the clini-
cal outcomes, adverse events and potential costs of early
intervention in these challenging patients. TaggedEnd
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Fig. 9 Forest plot of the effect of the early and postponed intervention for symptomatic pancreatic necrotic fluid collections on the
length of hospital stay stratified by the type of study design.TaggedEnd
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Fig. 10 Funnel plot of publication bias for mortality. TaggedEnd
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Fig. 11 Funnel plot of publication bias for the incidence of
bleeding. TaggedEnd
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