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Abstract: Introduction: Acute necrotizing pancreatitis (ANP) is the acute inflammation of pancreatic
parenchyma, most commonly due to alcohol abuse or cholelithiasis. The treatment can be either
conservative or invasive, including a variety of techniques; however, it has not yet been established if
the intervention should be early or if it should be delayed. The aim of this review is to investigate
the optimal time for intervention in ANP. Methods: A literature search was conducted in PubMed
and Scopus from inception until September 2024 for studies reporting the comparison between early
and late intervention. Results: Early intervention, within 4 weeks of symptom onset, often involves
drainage via percutaneous, endoscopic, or combined methods. Delayed intervention occurs after
4 weeks of symptom onset. This can be conducted either surgically or via minimally invasive means.
The results of this review reveal that the time of intervention for ANP plays an important role in the
prognosis and the course of the disease. In particular, early intervention is associated with higher
mortality, which is also the primary clinical outcome. Delayed intervention is also superior regarding
secondary clinical outcomes, specifically the complications associated with the intervention. Thus,
it is accompanied by fewer episodes of new-onset organ failure, bleeding, gastrointestinal fistula,
pancreatic fistula, wound infection, endocrine pancreatic insufficiency, and other complications.
Finally, delayed intervention results in shorter stays, both in hospitals and the ICU. Conclusions:
Delayed intervention is clearly more effective than early intervention and should be preferred.
However, early intervention appears to be both safe and effective, and it is feasible.

Keywords: acute necrotizing pancreatitis; early intervention; delayed intervention; narrative review

1. Introduction

Acute inflammation of the pancreatic parenchyma is termed acute pancreatitis (AP). It
ranges from mild to potentially fatal and is commonly attributed to the enzymatic autodi-
gestion of the organ. It constitutes a prevalent cause of emergency room admissions [1,2].
The clinical symptoms belong to a severe spectrum, primarily characterized by intense and
excruciating abdominal pain, which often radiates to the loins and can also be accompanied
by nausea or vomiting [3,4].
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The etiology involves a wide range of causative factors. The most common of these
are cholelithiasis and alcohol. However, AP can also arise from various other causes,
including metabolic, infectious, and vascular factors, as well as autoimmune diseases and
other underlying conditions. When the cause of AP cannot be identified, then it is called
idiopathic [5–7]. The underlying etiology of AP serves as the determinant for the ensuing
pathophysiological mechanisms [8,9].

Diagnosing AP requires a comprehensive evaluation of clinical presentation and
relevant laboratory findings. Measurement of serum amylase within the first 48 h and
serum lipase over an extended period holds significant diagnostic value [10,11]. Imaging
tests also contribute to the diagnosis of AP; ultrasound can detect gallstones, while multi-
detector computed tomography (MDCT) helps in staging the disease. Finally, endoscopic
methods can contribute to diagnosis [12,13].

AP can be classified depending on the pathoanatomical picture in terms of whether it is
edematous or necrotic. This classification also determines the prognosis, as the edematous
form generally has a favorable outcome and often requires conservative management,
whereas the necrotic form may necessitate invasive treatment [14–16].

Upon hospital admission, the severity of AP is assessed using the Atlanta classification.
These criteria take into account the existence of organ failure and major complications to
classify it as mild, moderate, and severe [17]. These complications, spanning a diverse array
of conditions, can be categorized into either systemic manifestations or localized conditions
directly affecting the pancreatic parenchyma. Thus, local ones include the collection of fluid
in the peri-alveolar and interstitial tissue, pseudocysts, abscesses and walled-off pancreatic
necrosis (WON). Pseudocyst and WON are two different clinical entities, with the first
mainly containing fluid along with enzymes, blood, and necrotic tissue, and the second
mainly containing necrotic tissue and debris. These differences have an impact on the
approach and treatment of these two complications. The systemic ones include kidney
failure, circulatory failure, and respiratory distress syndrome in adults [18].

According to the guidelines, after the diagnosis of AP, the prognosis is influenced
by various prognostic factors and the patient’s imaging findings [19,20]. Then, treatment
follows, with restoration of the patient’s fluids, pain management, nutritional support
and prevention of complications, which does not, however, require the administration of
prophylactic antibiotic treatment [21–24].

In cases of necrotizing pancreatitis, the need for intervention is carefully evaluated.
This intervention becomes necessary in cases of infected necrotizing pancreatitis, particu-
larly when necrosis has become walled-off, even in the absence of documented infected
necrosis with concurrent and persistent organ failure. Intervention may be needed in
sterile necrotizing pancreatitis when there are persistent symptoms, biliary obstructions,
and disconnected duct syndrome. Numerous treatment options exist for managing acute
necrotizing pancreatitis (ANP), and the timing of the intervention also differs. Additionally,
interventions may be necessary to drain symptomatic effusions, pseudocysts, or abscesses
that may coexist with ANP [25–27].

The various types of interventions for ANP can be categorized into two main groups:
surgical and minimally invasive (MI). Surgical interventions for the treatment of ANP
include necrosectomy, pancreatic debridement, cystgastrostomy, cystjejunostomy, and
other techniques [28–31]. The MI approach encompasses a range of techniques determined
by both the visualization method and the access route. Thus, the laparoscopic technique,
the retroperitoneal approach, the endoscopic approach [endoscopic transluminal drainage
(ED)], or a combination of these, can be distinguished. The laparoscopic technique presents
significantly lower rates of complications, blood loss, and length of stay in the hospital
than surgical techniques. However, it presents a longer average operation duration [32].
Necrosectomy can also be performed laparoscopically, with significantly lower morbidity
and complications. However, mortality seems to have exceeded 10% [33–35]. Finally, the
use of invasive radiology, specifically the percutaneous approach for drainage (PCD) of
ANP, can also contribute to treatment. This is a method that can be performed shortly after
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the onset of symptoms using a percutaneous catheter under ultrasound or computerized
tomography (CT) guidance [36,37]. A comprehensive overview of AP is depicted in
Figure 1.
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Figure 1. A comprehensive overview of acute pancreatitis. The figure was created using Canva.com.

The current standard procedure for managing symptomatic pancreatic necrotic fluid
collections involves MI step-up interventions. Although traditional guidelines have recom-
mended delaying the drainage of these collections, there has been a recent shift towards
earlier, minimally invasive, non-surgical interventions [28–30]. This narrative review aims
to present and compare the optimal timing of intervention.

2. Materials and Methods

Extensive research was conducted using two databases, PubMed and Scopus, covering
publications from inception until September 2024, with a focus solely on articles written in
English. The search terms used were “necrotizing pancreatitis AND (early intervention OR
delayed intervention)”. Excluded from this review were review articles, letters, comments,
and case studies. Studies meeting the inclusion criteria for this review focused on adult
patients with ANP, interventions for ANP, and the timing of these interventions. We
used the 4-week (28-day) period as a cut-off to distinguish between early and delayed
intervention. The aim of this review is to investigate if early intervention in ANP is more
effective than late intervention. For this reason, the studies included in this review analyze
the clinical outcomes of early and late intervention in patients with AP.

Canva.com
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3. Results

Using the search terms “necrotizing pancreatitis” and [“early intervention or delayed
intervention”], a total of 650 studies were found. Of these, 266 were eliminated for being
duplicates, 99 for being reviews, 28 for being case reports, 3 for being protocols, and 12 for
being comments and letters. In total, 254 studies remained after being screened. Of these,
236 were eliminated because they failed to meet the inclusion standards of this review.
Exclusions were made either because the studies did not specify the timing of intervention
or the delayed interventions occurred before the 4-week cut-off or they lacked the primary
outcome of interest, which was mortality. Overall, therefore, 18 studies were evaluated
for eligibility. To evaluate the ideal timing of intervention in ANP, all were taken into
consideration. A total of 18 studies were included. These 18 studies involved 2276 patients
with ANP. Of these patients, 1178 were managed with early intervention for ANP and the
remaining 1096 with delayed intervention. The early intervention in these studies was
below the median of 29 days, reaching a median of 19 days, while the delayed intervention
was over a month, reaching a median of 85 days. These days are counted from the onset
of symptoms to the intervention. The majority of studies belong to the category of cohort
studies, specifically nine of the eighteen studies, while seven studies are case–control
studies and two are randomized controlled trials.

3.1. Comparison of Time and Type of Intervention of ANP

The type of intervention varies between studies. The early intervention in these studies
was carried out in two different ways. The first is PCD, which was selected by seven stud-
ies [38–44], and the second is ED, which was selected by five studies [45–49]. The remaining
six studies [50–55] used both the first and second techniques. Delayed intervention was
performed either with endoscopically centered step-up interventions [38,40,45–49,51] with
surgically centered step-up interventions [39,41,42] with a combination of these [50,52], or
finally, with PCD [43,44]. These characteristics are presented in Table 1.

Regarding early interventions in ANP in the studies that used ED, the mortality
ranged from 0 to 13.15% [45–49]. On the contrary, in the studies that used PCD [38–44], the
mortality ranged from 2% to 35%, with the majority, i.e., five out of seven, exceeding 10%
and only one scoring 0%. This perhaps indicates a potential superiority of ED over PCD in
early intervention. Corresponding to delayed intervention, endoscopically centered step-up
interventions are associated with slightly lower mortality rates compared to surgically
centered step-up interventions.

The definition of early and delayed intervention differs between studies, with the
majority [39,41,42,45–51], however, defining early intervention as an intervention at less
than 4 weeks after the onset of the symptoms and the delayed as an intervention at more
than 4 weeks after the onset of the symptoms. Nevertheless, Boxhoorn et al., Dost et al.,
and Veldhuisen [38,40,52] define early as immediate drainage within 24 h.

3.2. Indicators for Intervention and Associated Risk Factors

The indications for intervention include the presence of inflammation, obstruction
of either the gastric outlet or the biliary tract, abdominal pain, as well as others, such as
weight loss or non-response to conservative treatment. It appears that the most frequent
indication is the presence of inflammation, especially in the early intervention group. In
the delayed intervention group, pain is also a very common indication. These indications
of the included studies are shown in the Supplementary Table S1 [38–42,45–55].
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Table 1. Study Characteristics of included studies.

Study ID Location Study Type Total Subjects No of Patients
Early/Delayed

Early
Intervention (Time from

Symptom Onset to
Intervention)

Delay
Intervention (Time from

Symptom Onset to
Intervention)

Type of Early
Intervention

Type of Delayed
Intervention

Jagielski et al.,
2022 [48] Poland Cohort study 71 25/46 Median 16.4

days
Median 74.5

days ED Endoscopically centered
step-up interventions

Rana et al.,
2021 [47] India Case–control

study 170 34/136 Mean 24 days Mean 75 days ED Endoscopically centered
step-up interventions

Boxhoorn et al.,
2021 [52] The Netherlands Randomized

controlled trial 104 55/49 Median 24 days Median 34 days PCD OR ED Endoscopically centered
step-up interventions

Trikudanathan
et al., 2018 [46] USA Case–control

study 193 76/117 Median 20 days Median 78 days ED Endoscopically centered
step-up interventions

Chantarojanasiri
et al., 2018 [49] Japan Cohort study 35 12/23 Median

23 days
Median
85 days ED Endoscopically centered

step-up interventions

Dost et al.,
2022 [38] Pakistan Cohort study 130 65/65 NM NM PCD Endoscopically centered

step-up interventions

Ke et al.,
2021 [42] China Randomized

controlled trial 30 15/15 Median 15.5
days Median 22 days PCD Surgically centered

step-up interventions

Lu et al.,
2022 [39] China Case–control

study 98 43/55 Mean 15.26
days

Mean 50.86
days PCD Surgically centered

step-up interventions

Zhang et al.,
2022 [41] China Case–control

study 131 100/31 Median 19 days Median 33 days PCD Surgically centered
step-up interventions

Oblizajek et al.,
2020 [45] USA Case–control

study 38 19/19 Median 23 days Median 64 days ED Endoscopically centered
step-up interventions

Santvoort et al.,
2011 [50] The Netherlands Cohort study 142 143/99 <29 days >29 days PCD OR ED

Surgically centered
step-up interventions
AND endoscopically

centered step-up
interventions

Bomman et al.,
2023 [51] USA Case–control

study 212 39/173 Median 22 days Median 52 days PCD AND ED Endoscopically centered
step-up interventions

Veldhuisen et al.,
2023 [40] The Netherlands Randomized

controlled trial 88 47/41 NM NM PCD Endoscopically centered
step-up interventions

Gupta et al.,
2021 [55] India Cohort study 146 90/54 NM NM PCD OR ED Endoscopically centered

step-up interventions
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Table 1. Cont.

Study ID Location Study Type Total Subjects No of Patients
Early/Delayed

Early
Intervention (Time from

Symptom Onset to
Intervention)

Delay
Intervention (Time from

Symptom Onset to
Intervention)

Type of Early
Intervention

Type of Delayed
Intervention

Guo et al.,
2014 [54] China Cohort study 223 136/87 Median 20 days Median 49 days

PCD OR Open OR
Retroperitoneal

pancreatic
necrosectomy

PCD OR Open OR
Retroperitoneal

pancreatic necrosectomy

Woo et al.,
2017 [53] Australia Cohort study 30 7/23 NM NM NM NM

Mallick et al.,
2018 [44] India Cohort study 375 258/117 NM NM PCD PCD

Ganaie et al.,
2021 [43] India Cohort study 60 24/16 NM NM PCD PCD

Table 2. Characteristics of pancreatic necrosis and etiology.

Study ID Early Intervention Delayed Intervention Etiology

Extent of Pancreatic Necrosis Median Diameter
(Range), cm Extent of Pancreatic Necrosis Median Diameter

(Range), mm
Gallstones

(Early/Delayed)
Alcohol Abuse
(Early/Delayed)

Other or
Idiopathic

(Early/Delayed)

<30% 30–50% >50% <30% 30–50% >50%

Jagielski et al.,
2022 [48] 0 (0%) 0 (0%) 24 (100%) 17.8 (8.8–32) 0 (0%) 9 (19.6%) 37 (80.4%) 11.7 (6.8–24.7) NM 47 24

Rana et al.,
2021 [47] NM 12.3 NM 10.5 36 (8/28) 116 (22/94) 69 (27/42)

Boxhoorn
et al., 2021 [52] 35 (64%) 8 (15%) 12 (22%) NM 33 (67%) 7 (14%) 9 (18%) NM 65 (34/53) 15 (8/7) NM

Trikudanathan
et al., 2018 [46] NM 17.5 (13.4–

23.4) NM 14 (9.2–18.6) 87 (34/53) 49 (19/30) 47 (23/24)

Chantarojanasiri
et al., 2018 [49] NM 9.4 (4–18) NM 12.3 (1.7–25) 15 (8/7) 6 (2/4) 9 (1/8)

Dost et al.,
2022 [38] NM 81 (42/39) 20 (10/10) 29 (13/16)
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Table 2. Cont.

Study ID Early Intervention Delayed Intervention Etiology

Ke et al.,
2021 [42] 3 (20%) 6 (40.0%) 6 (40.0%) 5.78 (5.11 to 7.88) 2 (13.3%) 3 (20%) 10 (66.7%) 6.11 (4.24 to 9.44) 13 (7/5) NM 18 (8/18)

Lu et al.,
2022 [39] 12 (27.91) 16 (37.21) 15 (34.88) NM 20 (36.36) 20 (36.36) 15 (27.27) NM 50 (21/19) 2 (0/2) 46 (22/24)

Zhang et al.,
2022 [41] NM 66 (51/15) NM 65 (49/16)

Oblizajek et al.,
2020 [45] NM 16 (7–24) NM 15 (5–22) 18 (8/10) 1 (0/1) 19 (11/8)

Santvoort
et al., 2011 [50] NM 112 55 75

Bomman et al.,
2023 [51] NM 13.8 ± 3.7 NM 12.8 ± 4.5 107 (24/83) 50 (4/45) 60 (10/50)

Gupta et al.,
2021 [55] NM 48 72 24

Guo et al.,
2014 [54] 52 (38%) 37 (27%) 45 (35%) NM 37 (42%) 22 (25%) 29 (33%) NM 108 (67/41) 24 (13/11) 91 (56/35)

Woo et al.,
2017 [53] NM 3 13 14

Mallick et al.,
2018 [44] NM 133 (88/45) 193 (134/59) 49

Ganaie et al.,
2021 [43] NM 30 10 20



Medicina 2024, 60, 1592 8 of 22

3.3. Extent of Pancreatic Necrosis and Underlying Causes

Some of the characteristics of necrosis are also mentioned in these studies. These
include the percentage extent as assessed on CT or Magnetic Resonance Imaging (MRI), as
well as the diameter of the necrotic collection. In the majority of cases, the extent covers
more than 50% both in the early intervention group and in the delayed intervention group.
The diameter of the collection varies between studies, and these characteristics are shown in
Table 2. The median diameter of the collection seems to be smaller in the early intervention
group, which is explained by the progression of the disease until the intervention, and
other factors, such as the formation of walled-off necrosis and others.

These studies reported 970 cases in which ANP was due to gallstones. Overall, 394 of
these belong to the early intervention group, and 383 belong to the delayed intervention
group. In total, 673 incidents are due to alcohol abuse, with most of them being in the
delayed intervention group. Finally, 659 cases are attributed to other causes, such as
hypertriglyceridemia, hypercalcemia, or idiopathic origins with unknown etiology. The
distribution of these etiologies between the two groups appears to be balanced.

3.4. Primary and Secondary Outcomes Assessment in the Context of Intervention

The clinical outcomes related to the treatment of ANP can be distinguished into
primary and secondary. The primary clinical outcomes are focused on the mortality rates
associated with each intervention. Secondary clinical outcomes include complications as
well as ICU and hospital stay. Among these complications, the most common are new-onset
organic insufficiency, bleeding, perforation, fistula, either gastrointestinal or pancreatic,
infection of the injured person, and pancreatic insufficiency, either endocrine or exocrine.
In these studies, the primary and secondary outcomes of both early and late intervention
were analyzed [38–42,45–55]. Table 3 shows the clinical results of the early intervention
group and of the delayed intervention groups.

The data collected and presented suggest a tendency towards the greater success of
delayed intervention. This success concerns both primary clinical outcomes and secondary
outcomes. Therefore, the findings hint at the possibility that delayed intervention is as-
sociated with lower mortality, since 109 deaths occurred out of 1096 cases, while early
intervention resulted in 228 deaths out of 1178 cases. Additionally, the possibility of compli-
cations in delayed intervention is lower. These are organ failure, bleeding, gastrointestinal
fistula, pancreatic fistula, wound infection, and endocrine pancreatic insufficiency. Specifi-
cally, 161 cases of organ failure were observed out of a total of 481 in the early intervention
as opposed to only 59 out of a total of 307 in the late intervention. Bleeding, which is one of
the most common complications, is more prevalent in the early intervention group, with
112 cases out of 666 (16.8%) compared with 96 cases out of 868 (11%) in the late intervention,
while gastrointestinal fistula or perforation, another common complication, has 81 cases
out of 701 in early intervention compared to 63 cases out of 703 in late intervention. Addi-
tionally, pancreatic fistula and endocrine pancreatic insufficiency presented 21 of 341 and
57 of 260 early intervention cases compared with 20 of 375 and 63 of 323 late intervention
cases, respectively, also showing prevalence in the early intervention group. Only wound
infection complications seem to be more frequent in the delayed intervention group, with
23 cases out of 329 compared to 9 cases out of 206 in early intervention.
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Table 3. Primary and secondary clinical outcomes for early and delayed intervention group.

Primary Outcome Secondary Outcomes

Study ID Mortality [n (%)] Persistent Organ
Failure Bleeding Gastrointestinal

Fistula Pancreatic Fistula Wound Infection Endocrine Pancreatic
Insufficiency ICU Stay Total Hospital Stays

Early Delayed Early Delayed Early Delayed Early Delayed Early Delayed Early Delayed Early Delayed Early Delayed Early Delayed

Jagielski et al., 2022 [48] 4% 4.34% - - 16% 13% 0% 2.17% - - - - 28% 30.4% - - - -

Rana et al., 2021 [47] 5.88% 0% - - 20.59% 1.47% - - - - - - - - - - - -

Boxhoorn et al., 2021 [52] 12.72% 10.2% 25.45% 22.45% 14.54% 20.40% 9% 8.16% 10.9% 8.16% 0% 2% 2% 20.4% 12 12 59 51

Trikudanathan et al., 2018 [46] 13.15% 4.27% - - 10.53% 9.45% 32.89% 20.5% - - - - 19.73% 21.36% 2.5 0 41.93 33.83

Chantarojanasiri et al., 2018 [49] 8.33% 4.34% - - 25% 0% 0% 17.39% - - - - - - - - 27.5 31

Dost et al., 2022 [38] 15.38% 10.76% - - 15.38% 20% 10.76% 10.76% 12.7% 10.77% 10.76% 15.38% - - - - 12.9 16.7

Ke et al., 2021 [42] 2% 40% - - 13.13% 13.33% 0% 13.33% 6.67% 6.67% - - - - - - 35.36 30.91

Lu et al., 2022 [39] 13.95% 10.9% - - 4.65% 7.27% 4.65% 3.63% - - - - 25.6% 12.72% - - 40.28 47.76

Zhang et al., 2022 [41] 35% 32.25% 49% 38.7% 35% 35.49% 29% 12.9% 2% 0% - - - - 30 22 45.25 45.34

Oblizajek et al., 2020 [45] 0% 5.26% - - 5.26% 15.79% - - - - - - 10.5% 5.26% 1 0 25.69 10.27

Santvoort et al., 2011 [50] 34.96% 15.15% 51.74% 27.27% - - - - - - - - - - - - - -

Bomman et al., 2023 [51] 5.12% 5.17% - - 10.26% 14.37% 0% 1.15% 6.78% 4.6% 25.64% 5.74% - - - - - -

Veldhuisen et al., 2023 [40] 14.89% 12.19% 8.51% 4.87% 2.13% 0% 2.12% 24.39% 2.1% 0% 2.12% 4.87% 26.2% 16.2% - - - -

Gupta et al., 2021 [55] 17.78% 14.81% - - - - - - - - - - - - - - - -

Guo et al., 2014 [54] 21% 10% 15% 8% 20% 9% 9% 14% - - - - - - - - - -

Woo et al., 2017 [53] 0 17.39% - - - - - - - - - - - - - - 137 66

Mallick et al., 2018 [44] 18.99% 13.67% - - - - - - - - - - - - - - 22.0 ± 13.6 22.9 ± 12.6

Ganaie et al., 2021 [43] 4.17% 0 - - - - - - - - - - - - - - - -
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4. Discussion

In this review, 18 studies that distinguished the outcomes of early versus delayed
intervention for ANP were included. In these studies, involving a total of 2276 patients, out-
comes were distinguished into primary and secondary. The primary outcome is mortality,
which was considered the predominant finding that determines the effectiveness of the two
types of interventions (early vs. delayed). Mortality ranges from 0% to 34.96% in the early
intervention group and from 0% to 32.25% in the delayed intervention group. Secondary
outcomes include both complications and hospital and intensive care unit stays, as well
as the need for reoperation. Therefore, ANP necessitates comprehensive management,
encompassing various aspects such as treatment modalities and the timing of intervention.
Generally, delayed intervention yields superior primary and secondary outcomes, making
it the preferred approach for managing ANP.

As for intervention types, there are various techniques for the treatment of ANP. All of
these can be classified into two major categories: MI and open surgical methods (Figure 2).
Two large clinical studies showed the highest effectiveness of MI methods, i.e., endoscopic
necrosectomy, PCD, and endoscopic “step-up” therapy [31,56]. In addition, these results
are confirmed by other clinical studies, such as van Brunschot et al., which showed that MI
surgical necrosectomy and endoscopic necrosectomy are accompanied by lower mortality
(OR, 0.53; 95% CI 0.34 to 0.84; p = 0.006) and (OR, 0.20; 95% CI 0.06 to 0.63; p = 0.006),
respectively. It was also found that the reduced mortality of MI methods also applies to
high-risk patients with 3/40 vs. 12/40 [57]. Luckhurst et al. also compared mortality
between the two types of procedures over a period of one year, as well as the occurrence
of complications. The findings indicate higher mortality after 12 months in the surgical
approach (15% vs. 3%) as well as higher rates of organ failure. However, bleeding episodes
were more common in the MI management of ANP [58]. Additionally, it was found that
the ED approach is superior to laparoscopic or video-assisted retroperitoneal debridement
as it is accompanied by a lower risk of fistula formation and other complications. The data
also suggest having a lower cost as an operation [59]. On the contrary, no difference in cost
has been found regarding MI and open surgical methods in general [60]. Drainage may
not be possible in a very small percentage of patients, either because of lack of access or
because of the contents of the collection [61].

Another surgical technique that seems to contribute a lot to limiting complications,
especially mortality, is the step-up technique. It is a technique that begins with mainly PCD
and is accompanied by MI retroperitoneal necrosectomy [62]. In this technique, PCD is
employed as a method to temporize the situation to allow for delayed intervention with
the goal of optimizing outcomes. The four-stage step-up technique has also been proposed,
which additionally includes PCD for residual infections and conventional open pancreatic
necrosectomy [63]. By using the step-up technique, both the best primary clinical results
and the secondary ones are achieved. At the same time, the length of stay in the hospital is
significantly reduced. Finally, the step-up technique requires a lower average intervention
time from the onset of symptoms. These results were also confirmed by long-term follow-
up, which showed a lower need for reoperation [58,62–65]. It was also found that among
the step-up techniques, endoscopic means seem to prevail over surgery, as it is accompanied
by lower rates of fistula formation and lower rates of need for reoperations [66].

In the context of the PCD of necrotic collections, this technique is typically applied
more frequently within four weeks of the onset of symptoms. It is primarily utilized for
inflammation or symptomatic fluid collections. Consequently, PCD is not usually chosen
for acute peripancreatic fluid collections due to their tendency to undergo spontaneous
resolution, unlike acute necrotic collection (ANC). Therefore, the use of PCD catheters
significantly contributes to the avoidance of surgery [67,68]. At the same time, it can
also lead to the complete treatment of ANP [43,68,69]. However, the success rate of PCD
seems to vary. These discrepancies can be due either to the type of collection (pancreatic
pseudocyst has higher success rates) or to management and technique. An important
parameter for PCD is the degree of liquification. More solid materials/debris in a collection,
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implicating the PCD, influence both the complexity of the procedure and the outcome. MRI
and US are the modalities of choice in assessing the number of solid materials/debris in
a collection, while CT underestimates their presence. Frequent monitoring and regular
adjustments, including increasing the catheter diameter, when necessary, appear to enhance
the success of the intervention. A larger catheter may be necessary in the case of ANC
or WON as the components of the necrotic effusions are thicker and more solid. At the
same time, the lower success rates in ANC, apart from the size of the components, are
also due to factors, such as associated multiorgan failure and shock, and the presence of
central pancreatic necrosis that disrupts the pancreatic duct with the continuous leakage of
pancreatic enzymes [43].
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Figure 2. This figure demonstrates the superior benefits of minimally invasive approaches over
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Gupta et al. [55] demonstrated that regardless of the baseline severity of ANP, the
timing of drainage or the presence of organ failure, percutaneous placement of the large-
sized catheter at the outset may result in reduced hospital stay times as well as readmissions.
Catheters were distinguished into smaller than 12 F and larger than 12 F. In fully liquefied
collections or with minimal debris, 10–12 F catheters might be adequate for drainage.
However, in collections with small-to-moderate solid material/debris, 12–16 F catheters
are required, while in the presence of abundant solid materials, catheters larger than 16 F
might be necessary. Additionally, Šileikis et al. [70] suggest that any surgical attempt to
treat ANP should commence with MI techniques. Simultaneously, they emphasize that
in case of failure of more than one organ, the operation should not be delayed more than
4 weeks.

Canva.com
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Regarding the ED of ANP, Chantarojanasiri et al. suggested that this can be carried
out safely within the first 4 weeks as long as it is encapsulated [49,71]. In immature
encapsulation, perforation is one of the biggest and most frequent complications [49]. Also,
a combination of ED and PCD is another safe option, even when it is performed early [72].
The challenge of this technique is that the use of a percutaneous catheter before ED can
make the latter difficult due to the presence of air and the existence of only solid necrotic
material [72]. Finally, the use of lumen-apposing metal stents seems to be able to increase
the success of ED [73].

ED in ANP can be performed using plastic double pigtail stents, fully covered self-
expanding metal stents, preferably using lumen-apposing fully covered self-expanding
metal stents (LAMSs). The latter seems to have many advantages over the others. Some
of them concern the larger diameter, which leads to more efficient drainage and shorter
hospital stays [74]. The use of LAMSs was more frequently indicated in cases of WON
and pseudocyst formation [75]. The technical success of the operation exceeds 97%, while
the clinical success exceeds 80% [75–78]. Another advantage of this technique is that the
intervention does not require a long period of time. As for adverse events, sepsis and the
migration of the stent appear more often in the early stages, while occlusion, infection
and esophageal fistula appear as delayed events [75,78]. However, the use of LAMSs is a
particularly expensive method compared to the rest available [77].

Hence, regarding ED and PCD (Figure 3), there are both advantages and disadvantages.
Initially, in ED, there is less risk of infection due to the different routes used, as well as
fistula formation. It also does not require moving the patient and does not require general
anesthesia [48,50,62]. However, ED depends on the location of the necrotic collection and
cannot be carried out independently of it [48,50,62]. Another factor that hampers the
success of ED is the presence of solid components in necrotic collections, as it is associated
with an increased risk of complications, especially when they exceed 40% [79].

Another difference in treatment options lies in the quality of life that each treatment
provides. Conservative treatment and MI methods provide the best quality of life after
treatment [59,65,80]. The quality of life after treatment is related to the clinical results
of each option. The clinical outcomes that greatly affect the quality of life are endocrine
or exocrine pancreatic insufficiency, postoperative hernia as well as the recurrence of
pancreatitis [59,65,80]. All primary and secondary clinical outcomes affect quality of life.
Poor quality of life is associated with alcoholic pancreatitis [81].

Podda et al. [82] proposed an algorithm using artificial intelligence that can direct
the appropriate management of acute biliary pancreatitis. Specifically, out of 10 research
questions, seven elements of the bundle were identified. According to them, in acute biliary
pancreatitis, antibiotic treatment is discouraged, and laparoscopic cholecystectomy within
14 days and ERCP within 2–3 days are recommended. In mild AP, a full solid diet is recom-
mended. In cases when ANP requires surgical intervention, the endoscopic step-up method
should be the first course of action [82]. Li et al. [83] presented a nomogram to predict
the likelihood of an MI step-up intervention’s success. It can forecast if the intervention
will be successful or not based on seven separate parameters. An extrapancreatic necro-
sis collection found in the small bowel mesentery, APACHE II score, early spontaneous
bleeding, platelet and granulocyte decline during the first four weeks, fungal infection, and
computed tomography severity index (CTSI) are these factors [83].

Due to the poorer primary and secondary outcomes associated with early intervention,
it should only be selected when there are appropriate indications. These concern the occur-
rence of serious complications during the first four weeks due to systemic inflammation [84].
This systemic inflammation, driven by the release of numerous enzymes and inflammatory
cytokines, can exacerbate the patient’s condition, leading to new-onset organ failure or
the worsening of pre-existing organ failure, among other complications [85]. Addition-
ally, in some patients, complete encapsulation of the necrotic pancreatic collection may
occur within the first three weeks, rendering any delay in treatment unnecessary [86,87].
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Moreover, in these patient categories, early intervention does not appear to result in higher
complication rates or greater mortality compared to delayed intervention [41].
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Indications for early intervention in ANP include hospital admission with elevated
levels of four parameters: neutrophils, CRP, PCT, and IL-6 [39]. In addition, the value of
Hgb was found to be lower in these patients [39]. Finally, no significant differences were
observed in the levels of WBC, Hct, and Alb [39].

There are many prognostic factors concerning the development of ANP or its ap-
pearance in the first stage (Figure 4). More specifically, in cases of ANP, factors such as
advanced age, the presence of shock, and a high APACHE II score appear to be significant
predictors of mortality. Additionally, a prolonged hospital stay is also associated with an
increased risk of mortality [88]. A high APACHE II score appears to significantly influence
the likelihood of organ failure, alongside the patient’s body weight and the severity of
ANP [88]. The severity of ANP seems to be caused by a variety of factors; these initially
include the laboratory findings, which include high levels of haematocrit, C-reactive pro-
tein, blood urea nitrogen/creatinine, cytokines, and others. Also, the depicted findings can
contribute as prognostic factors, specifically a CT scan, which discloses and quantifies the
degree of pancreatic parenchyma necrosis. Finally, there are many classification systems
for AP, such as the APACHE II and the Ranson score [89]. In patients who underwent
endoscopic necrosectomy, the occurrence of bleeding seems to be predicted by factors such
as renal failure, culture-confirmed infectious pancreatic necrosis, and multiple debridement
procedures [90].

Canva.com
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Differences between early and delayed treatment are observed in several areas (Figure 5),
but particular focus and scrutiny are warranted for the difference between clinical outcomes
and hospital stay. In this review, 18 studies [38–55], encompassing a total of 2276 patients,
were included to compare the outcomes of early versus delayed intervention for ANP.
The outcomes in these studies were categorized into primary and secondary. The primary
outcome was mortality, which was considered the key determinant of the effectiveness
of the two types of interventions (early vs. delayed). Mortality ranges from 0% [45,53] to
34.96% [50] in the early intervention group and from 0% [43,47] to 40% [42] in the delayed
intervention group. Secondary outcomes include both complications and hospital and
intensive care unit stays, as well as the need for reoperation.
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The increased failure of early compared to delayed intervention is due to the poorly
formed capsule wall as well as the increased proportion of solid necrotic debris compared to
a well-formed WON in the late phase that has mainly fluid content. This leads to the need
for many reoperations [47]. According to the revised Atlanta criteria, it takes more than
4 weeks to encapsulate the necrotic collection of the pancreas. Additionally, the liquefaction
and encapsulation of the necrotic collection contribute to a clearer demarcation between
necrotic and viable tissue. These characteristics make late intervention easier to perform
compared to early intervention, which necessitates a highly experienced interventional
team to ensure successful outcomes [26,91,92]. However, according to Bomman et al., the
exact time period of complete encapsulation may vary from patient to patient. Therefore,
CT or MRI scans are valuable tools for precisely determining the extent of encapsulation
and the location of the necrotic collection. EUS can also help determine the position of

Canva.com
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the necrotic effusion relative to the stomach. Finally, a percutaneous shunt sonogram can
also help assess complete encapsulation [51,93]. The time until the intervention is covered
by conservative treatment, which may include fluid replacement, nutritional support,
prevention of complications, and stays in intensive care units [26,94,95].
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Another important advantage of the late intervention for ANP, besides low mortality
and fewer complications, is the possibility of treating AP conservatively. Conservative
treatment is afforded the necessary time to take effect. These findings were confirmed by
the POINTER study, in which 39% of patients assigned to the late intervention group were
treated with antibiotics alone, with 35% of patients surviving the trials’ initial 6-month
follow-up [40,52]. These findings underscore the potential of antibiotic therapy in managing
ANP. However, advancing antibiotic development is crucial to optimize their efficacy.
Additionally, there is a need to formulate antibiotic regimens tailored to the specific clinical
context and patient needs. Specifically, Timmerhuis et al. showed that 48% of patients
received the wrong treatment, as it was based only on empiric broad-spectrum antibiotic
treatment based on the identified microorganisms. Also, special attention must be paid to
avoid the misuse of antibiotics, which can lead to resistance. To mitigate this risk, antibiotic
administration should be based on culture results adjusted by imaging-guided fine needle
aspiration (FNA) [96,97].

Mortality appears to be significantly affected by organ failure. Mortele et al. showed
that the presence of multiple organ failure is the most important outcome indicator [98].
Also, organ failure appears to correlate with the presence of infection and the extent of the
necrotic area [99,100]. So, it seems that the percentage of deaths with ANP due to organ

Canva.com


Medicina 2024, 60, 1592 16 of 22

failure reaches 50%. Among these, early persistent organ failure carries the worst prognosis
compared to transient organ failure. This difference in outcomes is attributed to the distinct
pathophysiological mechanisms underlying the two types of organ failure. Specifically,
in the early stage, systemic inflammation and the widespread release of cytokines form
the pathophysiological basis of organ failure, whereas, in the later stage, organ failure
typically results from sepsis [101–104]. Another factor influencing the outcome of the
intervention is the presence of pancreatic parenchymal necrosis, which is associated with
higher mortality. In contrast, the presence of only peripancreatic necrosis is linked to lower
mortality. However, despite the lower mortality in the second category, complications were
more frequent, and there was a greater need for reoperation [105].

Another factor associated with increased mortality is walled-off necrosis infection.
Specifically, infected WON compared to sterile presents greater mortality and complications.
Fistula formation belongs to these complications Additionally, an extended stay in the ICU
and a prolonged hospital admission are indicative of WON. Finally, there was a greater
need for drains in these patients [106]. Also, for sterile WON, MI surgical and endoscopic
cyst gastrostomy have been proposed for its treatment with lower cost and LOS related to
surgical treatment [107].

Concerning the occurrence of bleeding as a complication of MIS, it appears to be
strongly linked to a significant rise in mortality rates. Consequently, it necessitates metic-
ulous attention and specialized care. Intravascular embolization stands out as a viable
treatment option for addressing this issue [108].

One of the complications of ANP is post-pancreatitis diabetes mellitus or type 3c
DM. It is a chronic disease that significantly affects the patient’s quality of life [109–111].
Within the first three years following severe ANP, type 3c DM appears to develop in around
one out of every four individuals [112,113]. According to Yu et al. [110], there are several
characteristics that increase the risk of acquiring diabetes, including age, gender, etiology,
APACHE II score, the severity of ANP, organ failure, pancreatic necrosis, and history of
smoking and drinking. The management of this type of diabetes includes various methods.
First, because pancreatitis severity and prevention are closely correlated, it is important
to focus on preventing the development of severe pancreatitis, but the patient’s lifestyle
should also be taken into consideration. Considering the patients’ poorer glycemic control,
the remaining course of treatment is similar to that for type 2 diabetes [111,114].

Finally, it is important to acknowledge that the timing of the intervention may be
beyond the clinician’s control, as it is often dictated by the natural progression of the disease
in individual patients.

Further investigation is imperative to comprehensively elucidate the management
intricacies of ANP. Initially, a full, thorough investigation of the methods of treating AP is
required in all areas (time, techniques, etc.). The potential efficacy of LAMSs in treating
AP appears promising; nevertheless, comprehensive research is necessary to establish a
reliable protocol for their routine use and to mitigate associated costs. Research should be
conducted to enhance interventions in the early stages of encapsulation for more effective
and timely treatments. The contribution of early cholecystectomy to biliary pancreatitis
also requires investigation. Further study is also important for the improvement of the
conservative treatment to reach the point of replacing the intervention. It is recommended
that more investigation be carried out in this area, particularly to determine the precise
function of antibiotics in the treatment of infected necrosis. The potential role of MRI in
the decision-making process should be further elucidated. It is important to have solid
evidence that MRI is superior to CT in accurately assessing the degree of pancreatic necrosis,
distinguishing between pancreatic and peripancreatic necrosis, assessing the degree of
liquefaction, or evaluating the process of wall formation in WON, etc. This information
would enhance our understanding of the optimal time of intervention during ANP.

Complications also require further investigation. Investigating and elucidating the
pathophysiology of type 3 diabetes following AP is also an imperative step in understand-
ing it and designing more effective prevention and treatment. To direct research into these
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putative pathogenic processes, dynamic assessments of insulin production, resistance,
and pancreatic and incretin hormone response are required. Treatment strategies for AP-
related type-3 diabetes can be emphasized with the aid of dynamic assessments of glucose
homeostasis. Simultaneously, it is essential to explore the timing of pancreatic endocrine
function recovery following ANP and determine methods for assessing it, such as through
the examination of HbA1c and C-peptide levels. The long-term follow-up data in studies
comparing the effectiveness of early versus late interventions are also limited.

5. Conclusions

In conclusion, treatment options encompass a spectrum of techniques, spanning both
conservative and invasive approaches, with the flexibility to be applied either early or
through delayed interventions. Delayed intervention appears to be more effective than
early intervention, as it is associated with lower mortality rates and fewer complications.
Additionally, delayed intervention is linked to shorter hospital and intensive care unit
stays, as well as a reduced need for reoperations. Therefore, it should be preferred to
early intervention. Early intervention should be chosen only when there are appropriate
indications to support this choice, which include the occurrence of complications such as
organ failure as well as complete capsule wall formation in less than 3 weeks. In all other
cases, late intervention is preferable.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/medicina60101592/s1, Table S1: Indicators for Intervention and
Associated Risk Factors.
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70. Šileikis, A.; Pečiulytė, E.; Misenkienė, A.; Klimašauskas, A.; Beiša, V.; Strupas, K. Is minimally invasive surgical treatment
justified for severe acute necrotizing pancreatitis patients with dysfunction of two or more organ systems? Wideochir Inne
Tech. Maloinwazyjne 2017, 12, 225–230. [CrossRef]

71. Sugimoto, M.; Sonntag, D.P.; Flint, G.S.; Boyce, C.J.; Kirkham, J.C.; Harris, T.J.; Carr, S.M.; Nelson, B.D.; Bell, D.A.; Barton, J.G.;
et al. Better Outcomes if Percutaneous Drainage Is Used Early and Proactively in the Course of Necrotizing Pancreatitis. J. Vasc.
Interv. Radiol. 2016, 27, 418–425. [CrossRef]

72. Rana, S.S.; Gupta, R.; Kang, M.; Sharma, V.; Sharma, R.; Gorsi, U.; Bhasin, D.K. Percutaneous catheter drainage followed
by endoscopic transluminal drainage/necrosectomy for treatment of infected pancreatic necrosis in early phase of illness.
Endosc. Ultrasound 2018, 7, 41–47. [CrossRef] [PubMed]

73. Sharaiha, R.Z.; Tyberg, A.; Khashab, M.A.; Kumta, N.A.; Karia, K.; Nieto, J.; Siddiqui, U.D.; Waxman, I.; Joshi, V.; Benias, P.C.; et al.
Endoscopic Therapy With Lumen-apposing Metal Stents Is Safe and Effective for Patients With Pancreatic Walled-off Necrosis.
Clin. Gastroenterol. Hepatol. 2016, 14, 1797–1803. [CrossRef]

74. Hammad, T.; Khan, M.A.; Alastal, Y.; Lee, W.; Nawras, A.; Ismail, M.K.; Kahaleh, M. Efficacy and Safety of Lumen-Apposing
Metal Stents in Management of Pancreatic Fluid Collections: Are They Better Than Plastic Stents? A Systematic Review and
Meta-Analysis. Dig. Dis. Sci. 2018, 63, 289–301. [CrossRef]

75. Venkatachalapathy, S.V.; Bekkali, N.; Pereira, S.; Johnson, G.; Oppong, K.; Nayar, M.; Leeds, J.; Paranandi, B.; Penman, I.; Carroll,
N.; et al. Multicenter experience from the UK and Ireland of use of lumen-apposing metal stent for transluminal drainage of
pancreatic fluid collections. Endosc. Int. Open 2018, 6, E259–E265. [CrossRef]

76. Rinninella, E.; Kunda, R.; Dollhopf, M.; Sanchez-Yague, A.; Will, U.; Tarantino, I.; Gornals Soler, J.; Ullrich, S.; Meining, A.;
Esteban, J.M.; et al. EUS-guided drainage of pancreatic fluid collections using a novel lumen-apposing metal stent on an
electrocautery-enhanced delivery system: A large retrospective study (with video). Gastrointest. Endosc. 2015, 82, 1039–1046.
[CrossRef]

77. Bang, J.Y.; Navaneethan, U.; Hasan, M.K.; Sutton, B.; Hawes, R.; Varadarajulu, S. Non-superiority of lumen-apposing metal stents
over plastic stents for drainage of walled-off necrosis in a randomised trial. Gut 2019, 68, 1200–1209. [CrossRef]

78. Khan, S.; Chandran, S.; Chin, J.; Karim, S.; Mangira, D.; Nasr, M.; Ermerak, G.; Trinh, A.; Kia, C.Y.H.; Mules, T.; et al.
Drainage of pancreatic fluid collections using a lumen-apposing metal stent with an electrocautery-enhanced delivery system.
J. Gastroenterol. Hepatol. 2021, 36, 3395–3401. [CrossRef]

79. Rana, S.S.; Bhasin, D.K.; Sharma, R.K.; Kathiresan, J.; Gupta, R. Do the morphological features of walled off pancreatic necrosis
on endoscopic ultrasound determine the outcome of endoscopic transmural drainage? Endosc. Ultrasound 2014, 3, 118–122.
[CrossRef]

80. Ermolov, A.S.; Blagovestnov, D.A.; Rogal, M.L.; Yanovich, D.A.O. Long-term results of severe acute pancreatitis management.
Khirurgiia 2016, 10, 11–15. [CrossRef] [PubMed]

81. Cinquepalmi, L.; Boni, L.; Dionigi, G.; Rovera, F.; Diurni, M.; Benevento, A.; Dionigi, R. Long-term results and quality of life
of patients undergoing sequential surgical treatment for severe acute pancreatitis complicated by infected pancreatic necrosis.
Surg. Infect. 2006, 7 (Suppl. 2), S113–S116. [CrossRef]

82. Podda, M.; Di Martino, M.; Ielpo, B.; Catena, F.; Coccolini, F.; Pata, F.; Marchegiani, G.; De Simone, B.; Damaskos, D.; Mole, D.;
et al. The 2023 MANCTRA Acute Biliary Pancreatitis Care Bundle: A Joint Effort between Human Knowledge and Artificial
Intelligence (ChatGPT) to Optimize the Care of Patients with Acute Biliary Pancreatitis in Western Countries. Ann. Surg. 2023,
279, 203–212. [CrossRef]

83. Li, G.; Li, S.; Cao, L.; Mao, W.; Zhou, J.; Ye, B.; Zhang, J.; Ding, L.; Zhu, Y.; Ke, L.; et al. Nomogram development and validation
for predicting minimally invasive step-up approach failure in infected necrotizing pancreatitis patients: A retrospective cohort
study. Int. J. Surg. 2023, 109, 1677–1687. [CrossRef]

https://doi.org/10.3760/cma.j.cn112139-20200429-00348
https://doi.org/10.1097/MPA.0000000000001154
https://doi.org/10.1053/j.gastro.2018.10.045
https://www.ncbi.nlm.nih.gov/pubmed/30391468
https://doi.org/10.1053/j.gastro.2022.05.015
https://doi.org/10.1002/bjs.7304
https://doi.org/10.5152/tjg.2018.17542
https://doi.org/10.5114/wiitm.2017.68792
https://doi.org/10.1016/j.jvir.2015.11.054
https://doi.org/10.4103/eus.eus_94_17
https://www.ncbi.nlm.nih.gov/pubmed/29451168
https://doi.org/10.1016/j.cgh.2016.05.011
https://doi.org/10.1007/s10620-017-4851-0
https://doi.org/10.1055/s-0043-125362
https://doi.org/10.1016/j.gie.2015.04.006
https://doi.org/10.1136/gutjnl-2017-315335
https://doi.org/10.1111/jgh.15658
https://doi.org/10.4103/2303-9027.131039
https://doi.org/10.17116/hirurgia20161011-15
https://www.ncbi.nlm.nih.gov/pubmed/27804929
https://doi.org/10.1089/sur.2006.7.s2-113
https://doi.org/10.1097/SLA.0000000000006008
https://doi.org/10.1097/JS9.0000000000000415


Medicina 2024, 60, 1592 21 of 22

84. Singh, V.K.; Wu, B.U.; Bollen, T.L.; Repas, K.; Maurer, R.; Mortele, K.J.; Banks, P.A. Early Systemic Inflammatory Response
Syndrome Is Associated With Severe Acute Pancreatitis. Clin. Gastroenterol. Hepatol. 2009, 7, 1247–1251. [CrossRef]

85. Shi, N.; Liu, T.; de la Iglesia-Garcia, D.; Deng, L.; Jin, T.; Lan, L.; Zhu, P.; Hu, W.; Zhou, Z.; Singh, V.; et al. Duration of organ
failure impacts mortality in acute pancreatitis. Gut 2020, 69, 604–605. [CrossRef]

86. van Grinsven, J.; van Brunschot, S.; Bakker, O.J.; Bollen, T.L.; Boermeester, M.A.; Bruno, M.J.; Dejong, C.H.; Dijkgraaf, M.G.; van
Eijck, C.H.; Fockens, P.; et al. Diagnostic strategy and timing of intervention in infected necrotizing pancreatitis: An international
expert survey and case vignette study. HPB 2016, 18, 49–56. [CrossRef]

87. van Grinsven, J.; van Brunschot, S.; van Baal, M.C.; Besselink, M.G.; Fockens, P.; van Goor, H.; van Santvoort, H.C.; Bollen,
T.L.; Dutch Pancreatitis Study Group. Natural History of Gas Configurations and Encapsulation in Necrotic Collections during
Necrotizing Pancreatitis. J. Gastrointest. Surg. 2018, 22, 1557–1564. [CrossRef]

88. Yu, L.; Xie, F.; Luo, L.; Lei, Y.; Huang, X.; Yang, X.; Zhu, Y.; He, C.; Li, N.; He, W.; et al. Clinical characteristics and risk factors of
organ failure and death in necrotizing pancreatitis. BMC Gastroenterol. 2023, 23, 19. [CrossRef]

89. Lee, D.W.; Cho, C.M. Predicting Severity of Acute Pancreatitis. Medicina 2022, 58, 787. [CrossRef]
90. Zheng, X.; Li, L.; Li, J.; Huang, X.; Le, Y.; Ke, H.; Wu, Y.; Shu, X.; Liu, Z.; Xia, L.; et al. Risk factors for bleeding in patients with

acute necrotizing pancreatitis undergoing endoscopic necrosectomy. HPB 2021, 23, 1856–1864. [CrossRef] [PubMed]
91. Petrov, M.S.; Chong, V.; Windsor, J.A. Infected pancreatic necrosis: Not necessarily a late event in acute pancreatitis.

World J. Gastroenterol. 2011, 17, 3173–3176. [CrossRef] [PubMed]
92. Tenner, S.; Baillie, J.; DeWitt, J.; Vege, S.S.; American College of Gastroenterology. American College of Gastroenterology guideline:

Management of acute pancreatitis. Am. J. Gastroenterol. 2013, 108, 1400–1416. [CrossRef]
93. Albashir, S.; Stevens, T. Endoscopic ultrasonography to evaluate pancreatitis. Cleve Clin. J. Med. 2012, 79, 202–206. [CrossRef]
94. van Grinsven, J.; van Santvoort, H.C.; Boermeester, M.A.; Dejong, C.H.; van Eijck, C.H.; Fockens, P.; Besselink, M.G.; Dutch

Pancreatitis Study Group. Timing of catheter drainage in infected necrotizing pancreatitis. Nat. Rev. Gastroenterol. Hepatol. 2016,
13, 306–312. [CrossRef]

95. Slavin, J.; Ghaneh, P.; Sutton, R.; Hartley, M.; Rowlands, P.; Garvey, C.; Hughes, M.; Neoptolemos, J. Management of necrotizing
pancreatitis. World J. Gastroenterol. 2001, 7, 476–481. [CrossRef]

96. van Baal, M.C.; Bollen, T.L.; Bakker, O.J.; van Goor, H.; Boermeester, M.A.; Dejong, C.H.; Gooszen, H.G.; van der Harst, E.;
van Eijck, C.H.; van Santvoort, H.C.; et al. The role of routine fine-needle aspiration in the diagnosis of infected necrotizing
pancreatitis. Surgery 2014, 155, 442–448. [CrossRef]

97. Timmerhuis, H.C.; van den Berg, F.F.; Noorda, P.C.; van Dijk, S.M.; van Grinsven, J.; Sperna Weiland, C.J.; Umans, D.S.; Mohamed,
Y.A.; Curvers, W.L.; Bouwense, S.A.W.; et al. Overuse and Misuse of Antibiotics and the Clinical Consequence in Necrotizing
Pancreatitis: An Observational Multicenter Study. Ann. Surg. 2023, 278, e812–e819. [CrossRef]

98. Mortelé, K.J.; Girshman, J.; Szejnfeld, D.; Ashley, S.W.; Erturk, S.M.; Banks, P.A.; Silverman, S.G. CT-guided percutaneous catheter
drainage of acute necrotizing pancreatitis: Clinical experience and observations in patients with sterile and infected necrosis.
AJR Am. J. Roentgenol. 2009, 192, 110–116. [CrossRef]

99. Isenmann, R.; Rau, B.; Beger, H.G. Bacterial infection and extent of necrosis are determinants of organ failure in patients with
acute necrotizing pancreatitis. Br. J. Surg. 1999, 86, 1020–1024. [CrossRef]

100. Garg, P.K.; Madan, K.; Pande, G.K.; Khanna, S.; Sathyanarayan, G.; Bohidar, N.P.; Tandon, R.K. Association of extent and infection
of pancreatic necrosis with organ failure and death in acute necrotizing pancreatitis. Clin. Gastroenterol. Hepatol. 2005, 3, 159–166.
[CrossRef]

101. Buter, A.; Imrie, C.W.; Carter, C.R.; Evans, S.; McKay, C.J. Dynamic nature of early organ dysfunction determines outcome in
acute pancreatitis. Br. J. Surg. 2002, 89, 298–302. [CrossRef]

102. Mofidi, R.; Duff, M.D.; Wigmore, S.J.; Madhavan, K.K.; Garden, O.J.; Parks, R.W. Association between early systemic inflammatory
response, severity of multiorgan dysfunction and death in acute pancreatitis. Br. J. Surg. 2006, 93, 738–744. [CrossRef]

103. Blum, T.; Maisonneuve, P.; Lowenfels, A.B.; Lankisch, P.G. Fatal outcome in acute pancreatitis: Its occurrence and early prediction.
Pancreatology 2001, 1, 237–241. [CrossRef]

104. Johnson, C.D.; Abu-Hilal, M. Persistent organ failure during the first week as a marker of fatal outcome in acute pancreatitis. Gut
2004, 53, 1340–1344. [CrossRef]

105. Sakorafas, G.H.; Tsiotos, G.G.; Sarr, M.G. Extrapancreatic necrotizing pancreatitis with viable pancreas: A previously under-
appreciated entity. J. Am. Coll. Surg. 1999, 188, 643–648. [CrossRef]

106. Hyun, J.J.; Sahar, N.; Singla, A.; Ross, A.S.; Irani, S.S.; Gan, S.I.; Larsen, M.C.; Kozarek, R.A.; Gluck, M. Outcomes of Infected
versus Symptomatic Sterile Walled-Off Pancreatic Necrosis Treated with a Minimally Invasive Therapy. Gut Liver 2019, 13,
215–222. [CrossRef]

107. Khreiss, M.; Zenati, M.; Clifford, A.; Lee, K.K.; Hogg, M.E.; Slivka, A.; Chennat, J.; Gelrud, A.; Zeh, H.J.; Papachristou, G.I.; et al.
Cyst Gastrostomy and Necrosectomy for the Management of Sterile Walled-Off Pancreatic Necrosis: A Comparison of Minimally
Invasive Surgical and Endoscopic Outcomes at a High-Volume Pancreatic Center. J. Gastrointest. Surg. 2015, 19, 1441–1448.
[CrossRef]

108. Luckhurst, C.M.; El Hechi, M.; Maurer, L.R.; Yamada, K.; Krishnan, K.; Castillo, C.F.; Lillemoe, K.D.; Fagenholz, P.J. Treatment
and Prevention of Intraabdominal Bleeding in Necrotizing Pancreatitis Patients Treated With a Step-Up Approach. Pancreas 2022,
51, 516–522. [CrossRef]

https://doi.org/10.1016/j.cgh.2009.08.012
https://doi.org/10.1136/gutjnl-2019-318241
https://doi.org/10.1016/j.hpb.2015.07.003
https://doi.org/10.1007/s11605-018-3792-z
https://doi.org/10.1186/s12876-023-02651-4
https://doi.org/10.3390/medicina58060787
https://doi.org/10.1016/j.hpb.2021.04.024
https://www.ncbi.nlm.nih.gov/pubmed/34023211
https://doi.org/10.3748/wjg.v17.i27.3173
https://www.ncbi.nlm.nih.gov/pubmed/21912463
https://doi.org/10.1038/ajg.2013.218
https://doi.org/10.3949/ccjm.79a.11092
https://doi.org/10.1038/nrgastro.2016.23
https://doi.org/10.3748/wjg.v7.i4.476
https://doi.org/10.1016/j.surg.2013.10.001
https://doi.org/10.1097/SLA.0000000000005790
https://doi.org/10.2214/AJR.08.1116
https://doi.org/10.1046/j.1365-2168.1999.01176.x
https://doi.org/10.1016/S1542-3565(04)00665-2
https://doi.org/10.1046/j.0007-1323.2001.02025.x
https://doi.org/10.1002/bjs.5290
https://doi.org/10.1159/000055817
https://doi.org/10.1136/gut.2004.039883
https://doi.org/10.1016/S1072-7515(99)00045-9
https://doi.org/10.5009/gnl18234
https://doi.org/10.1007/s11605-015-2864-6
https://doi.org/10.1097/MPA.0000000000002067


Medicina 2024, 60, 1592 22 of 22

109. American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care 2014, 37 (Suppl. 1), S81–S90.
[CrossRef]

110. Yu, B.J.; Li, N.S.; He, W.H.; He, C.; Wan, J.H.; Zhu, Y.; Lu, N.H. Pancreatic necrosis and severity are independent risk factors
for pancreatic endocrine insufficiency after acute pancreatitis: A long-term follow-up study. World J. Gastroenterol. 2020, 26,
3260–3270. [CrossRef]

111. Hart, P.A.; Bradley, D.; Conwell, D.L.; Dungan, K.; Krishna, S.G.; Wyne, K.; Bellin, M.D.; Yadav, D.; Andersen, D.K.; Serrano, J.;
et al. Diabetes following acute pancreatitis. Lancet Gastroenterol. Hepatol. 2021, 6, 668–675. [CrossRef]

112. Das, S.L.M.; Singh, P.P.; Phillips, A.R.J.; Murphy, R.; Windsor, J.A.; Petrov, M.S. Newly diagnosed diabetes mellitus after acute
pancreatitis: A systematic review and meta-analysis. Gut 2014, 63, 818–831. [CrossRef]

113. Zhi, M.; Zhu, X.; Lugea, A.; Waldron, R.T.; Pandol, S.J.; Li, L. Incidence of New Onset Diabetes Mellitus Secondary to Acute
Pancreatitis: A Systematic Review and Meta-Analysis. Front. Physiol. 2019, 10, 637. [CrossRef]

114. Woodmansey, C.; McGovern, A.P.; McCullough, K.A.; Whyte, M.B.; Munro, N.M.; Correa, A.C.; Gatenby, P.A.C.; Jones, S.A.; de
Lusignan, S. Incidence, Demographics, and Clinical Characteristics of Diabetes of the Exocrine Pancreas (Type 3c): A Retrospective
Cohort Study. Diabetes Care 2017, 40, 1486–1493. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.2337/dc14-S081
https://doi.org/10.3748/wjg.v26.i23.3260
https://doi.org/10.1016/S2468-1253(21)00019-4
https://doi.org/10.1136/gutjnl-2013-305062
https://doi.org/10.3389/fphys.2019.00637
https://doi.org/10.2337/dc17-0542

	Introduction 
	Materials and Methods 
	Results 
	Comparison of Time and Type of Intervention of ANP 
	Indicators for Intervention and Associated Risk Factors 
	Extent of Pancreatic Necrosis and Underlying Causes 
	Primary and Secondary Outcomes Assessment in the Context of Intervention 

	Discussion 
	Conclusions 
	References

