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ABSTRACT

Background: Gastrointestinal fistula (GIF) is a well-recognized complication of infected pancreatic necrosis
(IPN). However, the evidence on the effect of GIF remains limited. This study aimed to investigate incidence,
risk factors, microbiological profiles, and clinical outcomes of GIF in a large cohort of patients with IPN.
Methods: A post hoc analysis was conducted using data from a large prospective database involving 385 patients
with IPN between January 2011 and April 2025. A comparative analysis of the clinical and microbiological char-
acteristics, surgical management, and follow-up data was performed for patients with IPN with and without GIF.
Results: Of 385 patients with IPN, 62 (16.1%) developed GIF. Compared with patients without GIF, those with
GIF exhibited higher rates of polymicrobial infection (59.4% vs 79.0%, respectively; P =.004), multidrug-resistant
fungi (14.9% vs 27.4%, respectively; P =.016), carbapenem-resistant Enterobacteriaceae (CRE; 25.1% vs 40.3%,
respectively; P =.014), carbapenem-resistant Klebsiella pneumoniae (CRKP; 32.5% vs 56.5%, respectively; P
<.001), and fungal infections (23.2% vs 40.3%, respectively; P =.005). In addition, bloodstream infections from
multidrug-resistant organisms and CRE were more common in patients with GIF than in those without GIF
(multidrug-resistant organisms: 35.5% vs 15.5%, respectively; P <.001; CRE: 27.4% vs 6.5%, respectively; P <.001).
GIF development was associated with more frequent adoption of open necrosectomy (35.5% in the GIF group vs
14.9% in the non-GIF group; P <.001), longer duration of organ failure (median: 10.5 days in the GIF group vs 3.0
days in the non-GIF group; P =.048), higher incidence of severe acute pancreatitis (69.4% in the GIF group vs
55.1% in the non-GIF group; P =.038), prolonged hospital stay (median: 96.0 days in the GIF group vs 75.5 days in
the non-GIF group; P =.007), and an increased hemorrhage rate (35.5% in the GIF group vs 18.6% in the non-GIF
group; P =.003). In addition, mortality was significantly higher in patients with GIF than in those without GIF
(22/62 [35.5%] vs 70/323 [21.7%]; P =.019). Multivariate analysis revealed multiple organ failure (MOF) as an
independent predictor of mortality in patients with GIF (odds ratio, 27.97 [95% CI, 2.35-332.89]; P =.008).
Conclusion: GIF affected 16.1% of patients with IPN and was associated with adverse outcomes. MOF
predicted higher mortality for patients with IPN and GIF. CRE, particularly CRKP, is a crucial pathogen that
requires urgent attention.

© 2025 Society for Surgery of the Alimentary Tract. Published by Elsevier Inc. All rights are reserved, in-

cluding those for text and data mining, Al training, and similar technologies.

Introduction

necrotizing pancreatitis (ANP), which results in varying degrees of
necrosis of the pancreatic parenchyma and/or peripancreatic tissue

Acute pancreatitis (AP) is a common gastrointestinal (GI) disease and severe local or systemic complications [2,3]. Patients with ANP
in clinical practice [1]. Of note, 10% to 30% of cases progress to acute may experience a complex, prolonged clinical course, and approxi-
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mately one-third of these individuals develop infected pancreatic
necrosis (IPN), resulting in elevated mortality [4].
A Gl fistula (GIF) is a delayed complication secondary to necrotizing
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jejunum, ileum, or colon, occurring concurrently or separately [6]. It
may result from the direct erosion of digestive enzymes released by the
inflamed pancreas on the adjacent GI tract or induced by vascular
thrombosis-associated intestinal necrosis at an inflammation or in-
fection site [7]. In addition, GIF may be associated with surgical inter-
ventions [8,9]. Although previous studies have suggested that fistulas of
the GI tract are rare in patients with AP, IPN and operative management
for IPN could increase the frequency [10].

In recent years, the prolonged use of broad-spectrum antibiotics
has resulted in multidrug resistance in many bacteria, complicating
the clinical management of patients with GIF. However, little data
exist regarding the risk factors for this complication in IPN, and few
publications have combined microbiological results for the precise
and adequate prediction of the risk of GIF in patients with IPN.
Therefore, early prediction of GIF and specific targeted interventions
are imperative to reduce GIF-related mortality.

This study was conducted using a large prospectively maintained
database of patients with IPN to identify the risk factors for GIF
development at a Chinese tertiary hospital, focusing on the effect of
the microbiology profile.

Materials and methods
Patients

This study included 385 patients with IPN who were admitted to
the Xiangya Hospital (a large tertiary care center) between January
2011 and April 2025. We excluded pregnant women, patients with
malignancy, or those with a history of chronic pancreatitis. The
flowchart for patients is presented in Fig. 1. The following data were
collected from the prospective institutional database of IPN [11]:
clinical, radiological, and microbiological characteristics; surgical
management; and follow-up data.

All study procedures adhered to the principles of the seventh
revision of the Declaration of Helsinki and received ethical approval
from the institutional review board of Xiangya Hospital (approval
number: 201012067). Written informed consent for data publication
was obtained from all participants or their representatives.

Definitions and inclusion criteria

The criteria for the diagnosis, classification, definitions, and
management of AP were based on the Revised Atlanta Classification

403 patients with IPN
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(RAC) [12] and the American Gastroenterological Association
guidelines [13]. IPN was diagnosed based on computed tomography
evidence of gas within pancreatic or peripancreatic necrosis and
confirmed through a positive bacterial or fungal culture, Gram
staining of peripancreatic/pancreatic necrosis, or fluid obtained from
the first drainage procedure or necrosectomy. AP severity was de-
fined according to RAC as follows: (i) mild AP, no organ failure or
local or systemic complications; (ii) moderately severe AP, transient
organ failure and/or local complications; and (iii) severe AP (SAP),
persistent organ failure (>48 h) with a score of >2 on the modified
Marshall scoring system.

GIF was defined as a pathological connection between any part of
the GI tract (stomach, duodenum, jejunum, ileum, and colon) and
the pancreas and/or a peripancreatic necrotic cavity. The etiology of
each GI tract perforation or fistula was categorized as follows: (i)
spontaneous, resulting from ischemia/necrosis or diagnosed without
any previous invasive intervention; (ii) iatrogenic, caused by an in-
advertent perforation during endoscopic intervention, percutaneous
catheter drainage (PCD), or surgical procedure; and (iii) unknown,
when the distinction between spontaneous and iatrogenic could not
be determined or a combination was possible. No distinction was
made between perforation and fistula, as these entities are not al-
ways clinically distinguishable. Intentionally created iatrogenic fis-
tulas resulting from endoscopic drainage were excluded from the
definition of GI tract perforation or fistula because of their deliberate
nature [7,14].

For the surgical management of IPN, a step-up approach using
PCD or endoscopic transluminal drainage serves as the initial step. If
clinical improvement was inadequate after drainage, additional
drainage or minimal access retroperitoneal pancreatic necrosectomy
(MARPN) was performed as the second step in the surgical step-up
strategy. Open pancreatic necrosectomy (OPN) was consistently re-
served as the final treatment option for patients with uncontrolled
infections or severe complications after MARPN. Detailed surgical
management protocols have been described in our previous studies
[15-18]. In contrast, OPN could be adopted as the initial surgical
procedure to remove the infected necrosis when there is no route for
PCD or transluminal drainage. If indicated, PCD or MARPN could be a
subsequent adjuvant procedure to control the infection, which is
also known as the step-down approach [11]. The aforementioned
treatment plans meet the current international guidelines [2,4].

Microbial culture specimens were obtained from pancreatic ne-
crosis or fluid during the first necrosectomy or drainage, and blood

Excluded:
e Pregnant women(n=1)

A

385 patients with IPN
included

|

e Patients with malignancy(n=3)
e Patients with a history of chronic pancreatitis(n=3)
e Patients with incomplete data(n=11)

Patients with
gastrointestinal fistula
(n=62)

Patients without
gastrointestinal fistula
(n=323)

|

Stomach Duodenum | |Jejunum/ileum Colon
(n=5) (n=24) (n=8) (n=25)

Figure 1. Inclusion flowchart. IPN, infected pancreatic necrosis.
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cultures were collected during fever (238.5 °C) in patients with IPN.
The multidrug-resistant organisms (MDROs) were defined as or-
ganisms resistant to at least 1 antimicrobial agent in >3 anti-
microbial categories [19].

Using the modified Marshall scoring system (as detailed in the
RAC [12]), organ failure was defined as a score of >2 affecting the
respiratory, cardiovascular, or renal organ system. Multiple organ
failure (MOF) is characterized by the failure of >2 organ systems [20].

Hemorrhages related to AP included GI, intraperitoneal, or ret-
roperitoneal bleeding. Pancreatic fistulas were confirmed by ele-
vated drain amylase levels (ie, >3 times the upper limit of normal
serum amylase concentration) in peripancreatic fluid collected
during debridement or drainage [21].

Statistical analysis

Statistical analyses were conducted using SPSS software (version
26.0; SPSS Inc). Continuous variables were presented as mean + SD
or median (IQR), based on distribution normality assessed by the
Shapiro-Wilk test. Categorical variables were presented as fre-
quencies and percentages. For group comparisons, categorical vari-
ables were analyzed using the chi-square test, whereas continuous
variables were assessed with either the Student t test or the Mann-
Whitney U test, depending on their distribution. Variables showing
significant associations were subsequently included in the multi-
variate logistic regression analysis. Results are reported as odds ra-
tios (ORs) with corresponding 95% confidence intervals (CIs).
Statistical significance was set at P <.05.

Results
Clinical characteristics of patients with IPN

This study included 385 patients treated for IPN between 2011
and 2025, of whom 62 (16.1%) developed GIF at a median of 48 days
(IQR, 25-78) after disease onset. In 47 patients (75.8%) with GIF, an
invasive intervention was performed before the diagnosis of GIF.
There was a median of 23 days (IQR, 8-47) between the first inter-
vention and diagnosis of the GIF. The cohort was further divided into
the GIF and non-GIF groups. Fig. 2 presents the GIF distribution. The
colon (40.2%) was the most common GIF location in patients with
IPN, followed by the duodenum (38.71%), jejunum/ileum (12.9%),
and stomach (8.06%). Table 1 presents the comparison of the base-
line and clinical characteristics between the 2 groups. The GIF group
had 49 men (79%) with a mean age of 44.9 * 12 years, and the most
prevalent etiology was hyperlipidemia (45.2%), followed by biliary
(30.6%), others (16.1%), alcoholic (6.5%), and iatrogenic (1.6%). There
were no significant differences in the baseline characteristics, in-
cluding age, sex (male/female), etiology, or occurrence of diabetes

jejunum
fileum
stomach Colon (40.32%, 25/62)
duodenum Duodenum (38.71%, 24/62)
Jejunum/ileum (12.90%, 8/62)
colon Stomach (8.06%, 5/62)
Total=62

Figure 2. Distribution sites of gastrointestinal fistula in patients with infected pan-
creatic necrosis.
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mellitus, between the 2 groups. However, the SAP rate in the GIF
group was significantly higher than that in the non-GIF group (69.4%
vs 55.1%, respectively; P =.038).

The culture results of the drainage fluid showed that polymicrobial
infection exhibited a higher prevalence in patients with GIF than in
those without GIF (79% vs 59.4%, respectively; P =.004). The occurrence
of MDRO infection in the drainage fluid was not significantly different
between the 2 groups, whereas the occurrence of carbapenem-re-
sistant Enterobacteriaceae (CRE) and multidrug-resistant fungal infec-
tions were more frequently in the GIF group than in the non-GIF group
(CRE: 40.3% vs 25.1%, respectively; P =.014; multidrug-resistant fungal
infection: 27.4% vs 14.9%, respectively; P =.016, respectively). Among
the 62 patients with GIF, the dominant pathogens were Gram-negative
bacilli, including Klebsiella pneumoniae (56.5%), Escherichia coli (33.9%),
Acinetobacter baumannii (33.9%), and Pseudomonas aeruginosa (12.9%).
The microorganisms identified in the 62 patients are presented in
Fig. 3. The prevalence rates of 7 multidrug-resistant pathogens, car-
bapenem-resistant Klebsiella pneumoniae (CRKP), carbapenem-resistant
Acinetobacter baumanii (CRAB), Escherichia coli producing an extended-
spectrum beta-lactamase (ESBLp), Pseudomonas aeruginosa, En-
terococcus faecium, Staphylococcus epidermidis, and Candida tropicalis,
are presented in Fig. 3.

Patients with IPN and GIF had higher rates of Klebsiella pneu-
moniae and fungal infections than those without GIF (Klebsiella
pneumoniae infection: 56.5% vs 32.5%, respectively; P <.001; fungal
infection: 40.3% vs 23.2%, respectively; P =.005).

In the bloodstream culture results, MDRO and CRE infections
were higher in patients with GIF than in those without GIF (MDRO:
35.5% vs 15.5%, respectively; P <.001; CRE: 27.4% vs 6.5%, respec-
tively; P <.001).

Surgical interventions and outcomes between patients with GIF and
those without GIF

Table 2 presents the surgical interventions, major complications,
and outcomes. There were no significant differences in the number
of surgical interventions, number of PCDs, number of MARPNSs, rate
of MOF, ICU admission, length of ICU stay, or rate of pancreatic fistula
between patients with IPN complicated by GIF and those without
GIF. The overall mortality rate was 23.9% (92/385). Mortality was
significantly higher in patients with GIF (22/62 [35.5%]) than in those
without GIF (70/323 [21.7%]) (P =.019). In addition, compared with
patients without GIF, those with IPN and GIF had a higher open
necrosectomy rate (14.9% vs 35.5%, respectively; P <.001), longer
duration of organ failure (median: 3.0 vs 10.5 days, respectively; P
=.048), longer hospital stay (median: 75.5 vs 96.0, days, respectively;
P =.007), and higher hemorrhage rates (18.6% vs 35.5%, respectively;
P =.003).

Predictors of mortality in patients with IPN and GIF

The overall mortality rate of patients with IPN and GIF was 35.5%
(22/62). Table 3 presents the potential risk factors for mortality in
patients with IPN and GIF. In the univariate analysis, SAP (P =.013),
MOF (P <.001), step-down surgical interventions (P =.039), hemor-
rhage (P =.005), drainage fluid with MDRO infection (P =.018),
bloodstream infections (P =.01), and bloodstream with MDRO in-
fection (P =.023) were associated with increased mortality. In the
multivariate analysis, MOF (OR, 27.973 [95% CI, 2.351-332.886]; P
=.008) was identified as an independent predictor of higher mor-
tality in patients with IPN and GIF.

Discussion

GIF is a well-recognized complication that occurs in the late
phase of AP [22]. However, the clinical relevance of GIF in patients
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Table 1
Baseline and clinical characteristics of patients with infected pancreatic necrosis.
Characteristics Total (N = 385) With GIF (n = 62) Without GIF (n = 323) P value
Age (y), mean * SD 469+12.8 449+12 473+12.9 176
Male sex, n (%) 49 (79.0) 233 (72.1) 261
Etiology, n (%) .558
Biliary 151 19 (30.6) 132 (40.9)
Hypertriglyceridemia 162 28 (45.2) 134 (41.5)
Alcoholic 18 4 (6.5) 14 (4.3)
ERCP 7 1(1.6) 6 (1.9)
Others 47 10 (16.1) 37 (11.5)
Revised Atlanta classification, n (%) .038
MSAP 164 19 (30.6) 145 (44.9)
SAP 221 43 (69.4) 178 (55.1)
Diabetes mellitus 75 12 (19.4) 63 (19.5) 978
Infection, n (%)
Drainage fluid infection, n (%)
With polymicrobial infection 241 49 (79.0) 192 (59.4) .004
With CRE infection 106 25 (40.3) 81 (25.1) 014
With MDROs infection 213 38 (61.3) 175 (54.2) 302
With multidrug-resistant fungal infection 65 17 (27.4) 48 (14.9) .016
Microbiology profile of organisms, n (%)
Escherichia coli 98 21(33.9) 77 (23.8) .097
Klebsiella pneumoniae 140 35 (56.5) 105 (32.5) <.001
Acinetobacter baumannii 102 21 (33.9) 81 (25.1) 151
Pseudomonas aeruginosa 47 8 (12.9) 39 (12.8) .855
Fungal infection 100 25 (40.3) 75 (23.2) .005
Bloodstream infection, n (%) 118 31 (50.0) 87 (26.9) <.001
With MDRO infection 72 22 (35.5) 50 (15.5) <.001
With CRE infection 38 17 (27.4) 21 (6.5) <.001

CRE, carbapenem-resistant Enterobacteriaceae; ERCP, endoscopic retrograde cholangiopancreatography; GIF, gastrointestinal fistula; MDRO, multidrug-resistant organism; MSAP,

moderately severe acute pancreatitis; SAP, severe acute pancreatitis; SD, standard deviation.

with IPN, based on microbiological characteristics, has rarely been
studied. This prospective cohort of IPN, one of the largest cohorts
worldwide, revealed a 16.1% incidence rate of GIF among patients
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with IPN and demonstrated that patients with IPN complicated by
GIF exhibited a significantly higher prevalence of polymicrobial in-
fections, higher rates of CRE and Klebsiella pneumoniae infections,

Figure 3. The microbiology profiles of organisms isolated from wall-off necrosis and the prevalence rates of 7 multidrug-resistant pathogens in patients with infected pancreatic
necrosis. CRAB, carbapenem-resistant Acinetobacter baumannii; CRKP, carbapenem-resistant Klebsiella pneumoniae; ESBLp, Escherichia coli producing an extended-spectrum beta-

lactamase; MDRO, multidrug-resistant organism.
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Table 2
Comparison of patient outcomes between 2 groups.
Characteristics Total (N = 385) With GIF (n = 62) Without GIF (n = 323) P value
Surgical interventions
Time from onset to first surgical intervention (d), median (IQR) 22.0 (13.0-32.0) 22.5 (11.5-34.0) 21.0 (13.8-32.0) 931
Number of surgical interventions, median (IQR) 3(2-5) 4 (2-5) 3(2-5) .050
Step-up surgical interventions, n (%) 325 44 (71.0) 281 (87.0) .001
PCD alone, n (%) 66 6 (9.7) 60 (18.6) .089
Number of PCD 1(1-2) 1(1-2) 1(1-2) .651
Number of MARPNs 1(0-3) 1(0-3) 1(0-3) .842
Open necrosectomy, n (%) 70 22 (35.5) 48 (14.9) <.001
Number of OPNs 0(0-1) 1(0-1) 0(0-0) <.001
Duration of the organ failure 4.0 (0.0-23.0) 10.5 (0.0-31.0) 3.0 (0.0-22.3) .048
Multiple organ failure (vs single organ failure), n (%) 132 25 (40.3) 107 (33.1) 274
ICU admiission, n (%) 273 47 (75.8) 226 (70.0) 354
Length of ICU stay (d), median (IQR) 10.0 (0.0-21.8) 12.0 (1.5-29.3) 10.0 (0.0-21) 165
Hospital stay (d), median (IQR) 76.0 (57.0-110.5) 96.0 (65.8-135.8) 75.5 (56.0-102.5) .007
Major complications, n (%)
Hemorrhage 82 22 (35.5) 60 (18.6) .003
Pancreatic fistula 156 28 (45.2) 128 (39.6) .308
Mortality, n (%) 92 (23.9) 22 (35.5) 70 (21.7) .019

GIF, gastrointestinal fistula; ICU, intensive care unit; IQR, interquartile range; MARPN, minimal access retroperitoneal pancreatic necrosectomy; OPN, open pancreatic necro-

sectomy; PCD, percutaneous catheter drainage.

and higher rates of fungal and multidrug-resistant fungal infections
in the drainage fluid. Similarly, we found higher rates of MDRO and
CRE bloodstream infections in patients with [PN complicated by GIF
than in those without GIF. CRE members, particularly CRKP, are
emerging as a crucial concern requiring substantial attention. Fur-
thermore, our data suggested that combined IPN and GIF were as-
sociated with a high open necrosectomy rate, long duration of organ
failure, prolonged hospital stays, and high hemorrhage rates. Finally,
this study revealed that MOF was an independent predictor of high
mortality in patients with IPN and GIF. Here, we specifically focused
on the association between GIF risk in patients with IPN and mi-
crobial culture results, which may help clinicians identify and stra-
tify patients based on microbial culture results.

GIF, a delayed complication of necrotizing pancreatitis, typically
develops after the first month of onset [7,23]. Pancreatic necrosis
directly exposes the adjacent GI tract to necrotic material and pan-
creatic enzymes, resulting in its deterioration and the failure of the
intestinal barrier. Concurrently, a severe regional inflammatory re-
sponse induces thrombosis and ischemia in affected segments
[14,24], culminating in focal transmural necrosis and fistulous tract
formation communicating with pancreatic or peripancreatic necrotic
collections or the peritoneal space [25]. The reported incidences
(3%-67%) of perforation or fistula of the GI tract vary largely
[5,7,10,14,26], and the incidence of GIF in our study (16.1%) was
comparable with that reported by Timmerhuis et al. [14] (16.0%) but
slightly lower than that reported in other studies. These dis-
crepancies could be explained by the different study populations and
the limited number of patients included in previously published
studies.

GIF could involve the stomach, duodenum, jejunum, ileum, or
colon, occurring concurrently or separately [5]. Similar to other

studies [22,27], colonic fistula was the most common form in this
study, which was found in 40.32% of patients, followed by duodenal
fistula (38.71%). The underlying mechanism of this phenomenon
may be that the colon is more prone to ischemia due to a low-flow
state or the hemodynamic response to sepsis than the stomach, je-
junum, and ileum [27,28].

Previous studies have confirmed that the microbial pathogens
responsible for IPN in necrotizing pancreatitis are predominantly gut
derived [29-31]. Within the first 1 to 2 weeks, a transition occurs
from a proinflammatory response to an anti-inflammatory response.
During this period, intestinal barrier failure places patients at risk of
translocation of intestinal flora, followed by the development of
consequent IPN and fluid collections. These complications are as-
sociated with a severe local inflammatory response, which may di-
rectly erode blood vessels, induce vasospasm, promote thrombosis,
and reduce capillary perfusion, particularly when secondary infec-
tion occurs [32-34]|. Furthermore, the inflammation or infected ne-
crosis, combined with enzyme-rich fluid, exacerbates GI tract injury.
This facilitates the formation of edema, thrombosis, ischemia, and
necrosis, ultimately resulting in fistula formation [35].

This study showed that the prevalence of polymicrobial infection
was significantly higher in patients with IPN and GIF than in those
without GIF, possibly because GIF created direct communication
between the peripancreatic necrotic areas and the intestinal lumen,
allowing abundant aerobic and anaerobic bacteria from the gut to
invade the originally sterile pancreatic and surrounding necrotic
tissues through the fistula tract. Although the occurrence of MDRO
infections in the drainage fluid was not significantly different be-
tween the groups with and without GIF, CRE and multidrug-resistant
fungal infections occurred more frequently in the GIF group than in
the non-GIF group. Among the 62 patients with GIF, the most

Table 3

Predictors of mortality in patients with infected pancreatic necrosis and gastrointestinal fistula.
Variables n (%) Univariate analysis Multivariate analysis

Died (n=22)  Survived (n=40) OR (95% CI) Pvalue  OR(95% CI) P value

SAP 0(90.9) 23 (57.5) 7.391 (1.518-35.991) 013 1.535 (0.111-21.243) 749
Multiple organ failure (vs single organ failure) (81 8) 7 (17.5) 21.214 (5.466-82.332) <.001 27.973 (2.351-332.886) .008
Step-down surgical interventions 10 (45.5) 8 (20.0) 3.333 (1.064-10.445) .039 2.420 (0.294-19.913) 411
Hemorrhage 13 (59.1) 9 (22.5) 4.975 (1.610-15.376) .005 4.214 (0.763-23.288) 099
Drainage fluid with MDRO infection 8 (81.8) 20 (50.0) 4500 (1.292-15.678)  .018 5.383 (0.355-81.601) 225
Bloodstream infection 16 (72.7) 15 (37.5) 4.444 (1427-13.839) 010 3.892 (0.288-52.555) 306
Bloodstream with MDRO infection 2 (54.5) 10 (25.0) 3.600 (1.195-10.847) 023 0.313 (0.023-4.189) 380
Drainage fluid with Acinetobacter baumannii infection 11 (50.0) 10 (25.0) 3.000 (0.998-9.015) .050 0.699 (0.089-5.491) 734

Cls, confidence intervals; MDRO, multidrug-resistant organism; OR, odds ratio; SAP, severe acute pancreatitis.
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common pathogens were Klebsiella pneumoniae and Escherichia coli,
similar to our previous findings in the entire IPN cohort. Klebsiella
pneumoniae was the most common pathogen and Gram-negative
bacterium in patients with IPN, and Escherichia coli and Acinetobacter
baumannii also constituted a large proportion [24,31]. In addition,
the most common MDRO in patients with IPN and GIF in this study
was CRKP, followed by CRAB and ESBLp, similar to the findings of
previous studies on the entire IPN cohort [24]. Carbapenem re-
sistance has been recently linked to high mortality rates and has
emerged as a global concern, increasing the treatment burden for
infection control. Klebsiella pneumoniae has surpassed Escherichia
coli as the most prevalent strain, exhibiting the highest proportion of
resistance mechanisms, consistent with previous research [36]. This
trend necessitates significant clinical attention. Klebsiella pneumo-
niae was the most prevalent pathogen in the microbial culture re-
sults of drainage fluid from patients with IPN complicated by GIF [9],
explaining why the occurrence of GIF in patients with IPN was as-
sociated with a high infection rate of Klebsiella pneumoniae in this
study.

Furthermore, our study showed that the occurrence of GIF in
patients with IPN was associated with a high rate of fungal and
multidrug-resistant fungal infections in the drainage fluid. The de-
tection of fungal infections is clinically challenging, and delays in
antifungal treatment, prolonged use of antifungal medications, and
pronounced side effects pose significant challenges in managing
fungal infections associated with GIF [37,38].

Moreover, it was found that patients with IPN and GIF had a
higher rate of CRE infection in the drainage fluid and blood flow
cultures than those without GIF. This study highlighted that patients
with IPN and GIF predominantly presented with multidrug-resistant
Gram-negative bacteria, particularly CRE, with Klebsiella pneumoniae
emerging as a crucial concern that requires substantial attention.

Here, mortality was significantly higher in patients with IPN and
GIF than in those without GIF (35.5% vs 21.7%, respectively), and
patients with GIF had a more severe disease course and suffered
more organ failure. In addition, previous studies have indicated that
GIF might cause clinical consequences, such as GI hemorrhage and
sepsis, leading to death [27]. Interestingly, several previous studies
have suggested that GIF did not increase mortality because it could
benefit patients by draining the IPN into the GI tract, particularly
when the IPN, wall-off necrosis, or pseudocyst communicates with
the gut [5,7,10,39], which seemed to contradict our study’s findings.
However, previous studies have reported that MOF, prolonged organ
failure (25 days), and open necrosectomy performed outside a step-
up approach were associated with high mortality rates in patients
with IPN [11,40]. Timmerhuis et al. [14] reported that patients with
necrotizing pancreatitis who developed a GIF had a higher rate of
organ failure and longer lengths of hospital and ICU stays. Our re-
sults were consistent with those of previous studies demonstrating
that, compared with patients without GIF, those with IPN and GIF
demonstrated significantly higher rates of open necrosectomy (14.9%
vs 35.5%, respectively), longer median duration of organ failure (3.0
vs 10.5 days, respectively), higher incidence of SAP (55.1% vs 69.4%,
respectively), longer hospital stays (median: 75.5 vs 96.0 days, re-
spectively), and higher hemorrhage rates (18.6% vs 35.5%, respec-
tively). More importantly, the higher incidence of SAP and longer
duration of organ failure in patients with IPN and GIF suggested that
GIF might serve as a marker of disease severity, whereas SAP and
organ failure were the primary drivers of increased mortality, po-
tentially explaining the increased mortality rate observed among
patients with IPN and GIF in this study.

Previous studies have revealed multiple clinical risk factors
predictive of mortality in patients with IPN, including SAP, MDRO
infection, candidemia, step-down surgical approach, history of un-
controlled arterial hypertension, renal failure, and hemodynamic
failure [24,40,41]. Consistent with these findings, our investigation
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demonstrated that, even in patients with IPN complicated by GIF,
several factors, including SAP, MOF, step-down surgical interven-
tions, hemorrhage, and MDRO infection, remained significantly as-
sociated with elevated mortality rates. In addition, MOF was
identified as an independent predictor of higher mortality in pa-
tients with IPN and GIF. Formulating and implementing appropriate
surgical intervention strategies are crucial for improving the prog-
nosis of patients with IPN. The primary interventions for IPN include
the endoscopic or surgical step-up approach and open surgery. Al-
though the endoscopic step-up approach has demonstrated out-
comes comparable with the surgical step-up approach in reducing
major complications and mortality, the surgical step-up strategy
remains the standard treatment cornerstone for IPN in most hospi-
tals [42]. Typically, PCD is used as the initial intervention, followed
by minimally invasive surgery or OPN [43]. Based on our experience,
the MARPN procedure serves as the cornerstone of the step-up
treatment strategy. However, if MARPN fails to control infection or if
complications, such as intra-abdominal bleeding or intestinal fis-
tula arise, prompt conversion to open surgery is essential [18].

This study has some limitations. First, in the case of a large ter-
tiary center in China, most patients with IPN were transferred from
other centers. The lack of complete clinical data precluded the
capture of potentially significant variables, including precise data on
the use of antibiotics, duration of antibiotic exposure, time to ef-
fective therapy, and details before referral, which are associated with
MDROs, particularly CRE. Moreover, the results were derived from a
single center. Thus, they cannot be indiscriminately generalized to
other hospitals. Further multicenter, prospective, original studies
would provide more precise data to reduce potential confounding
results. Furthermore, the small sample size led to wide CIs for some
variables in the multivariate analysis, suggesting unstable estimates
that required cautious interpretation. Finally, the long study period
and the evolution of surgical/endoscopic practices over 14 years may
have been significant confounders that compromised the uniformity
of the results.

Conclusion

The incidence of GIF in patients with IPN was 16.1%. This study
revealed that patients with IPN and GIF had significantly higher risks
of polymicrobial infections and multidrug-resistant pathogens than
those without GIF, including an increased prevalence of CRE and
Klebsiella pneumoniae infections and elevated rates of fungal infec-
tions, particularly multidrug-resistant fungal strains in the drainage
fluid. In addition, we found high frequencies of bloodstream infec-
tions caused by MDROs and CRE in patients with IPN and GIF. CRE,
particularly CRKP, have emerged as crucial pathogens requiring ur-
gent clinical attention. GIF was associated with poor clinical out-
comes and increased mortality in patients with IPN. Finally, MOF
was the most significant predictor of mortality in patients with IPN
and GIF.
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