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Purpose: Necrotizing pancreatitis (NP) complicated by gastrointestinal fistula is challenging and understudied. As the treatment of
necrotizing pancreatitis changed to a step-up strategy, we attempted to evaluate the incidence, risk factors, clinical outcomes and
treatment of gastrointestinal fistulas in patients receiving a step-up approach.

Methods: Clinical data from 1274 patients with NP from 2014-2022 were retrospectively analyzed. Multivariable logistic regression
analysis was conducted to identify risk factors and propensity score matching (PSM) to explore clinical outcomes in patients with
gastrointestinal fistulas.

Results: Gastrointestinal fistulas occurred in 8.01% (102/1274) of patients. Of these, 10 were gastric fistulas, 52 were duodenal
fistulas, 14 were jejunal or ileal fistulas and 41 were colonic fistulas. Low albumin on admission (OR, 0.936), higher CTSI (OR, 1.143)
and invasive intervention prior to diagnosis of gastrointestinal fistula (OR, 5.84) were independent risk factors for the occurrence of
gastrointestinal fistula, and early enteral nutrition (OR, 0.191) was a protective factor. Patients who developed a gastrointestinal fistula
were in a worse condition on admission and had a poorer clinical outcome (p<0.05). After PSM, both groups of patients had similar
baseline information and clinical characteristics at admission. The development of gastrointestinal fistulas resulted in new-onset
persistent organ failure, increased open surgery, prolonged parenteral nutrition and hospitalization, but not increased mortality. The
majority of patients received only conservative treatment and minimally invasive interventions, with 7 patients (11.3%) receiving
surgery for upper gastrointestinal fistulas and 11 patients (26.9%) for colonic fistulas.

Conclusion: Gastrointestinal fistulas occurred in 8.01% of NP patients. Independent risk factors were low albumin, high CTSI and
early intervention, while early enteral nutrition was a protective factor. After PSM, gastrointestinal fistulas resulted in an increased
proportion of NP patients receiving open surgery and prolonged hospitalization. The majority of patients with gastrointestinal fistulas
treated with step-up therapy could avoid surgery.
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Introduction
Acute pancreatitis (AP) is a common disease of the gastrointestinal (GI) tract.' Approximately 10-30% of patients
progress to necrotizing pancreatitis(NP), which results in varying degrees of necrosis of the pancreatic parenchyma and/
or peripancreatic tissue and severe local or systemic complications.> Gastrointestinal fistula is one of the delayed
complications secondary to necrotizing pancreatitis.* The location of the fistula may involve the stomach, duodenum,
jejunum, ileum and colon simultaneously or separately.’

The development of gastrointestinal fistulas is associated with direct erosion of adjacent gastrointestinal tissue by
pancreatic enzymes released from pancreatic necrosis.® Severe pancreatic inflammatory response also results in affecting

the blood supply to the gastrointestinal tract thereby leading to gastrointestinal necrosis.” In addition, as the treatment of
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necrotizing pancreatitis moves into the era of minimally invasive step-up strategy, the previous increase in catheter
drainage interventions may also raise the risk of gastrointestinal fistula.® Previously upper gastrointestinal fistulas
(gastric and duodenal) were usually treated conservatively, whereas colonic fistulas usually required surgical
treatment.”'®'* With current changes in treatment strategies, recent studies have shown that minimally invasive
percutaneous and endoscopic transcatheter treatment modalities can reduce the proportion of patients with gastrointest-
inal fistulas undergoing surgery.'*'>

There are relatively few studies of necrotizing pancreatitis complicated by gastrointestinal fistulas receiving step-up

121516 which consist mainly of small sample studies or case reports; Therefore, we attempted to determine the

therapy,
incidence, specific risk factors, clinical outcomes, and effectiveness of minimally invasive interventions for gastrointest-

inal fistulas with this large retrospective sample of necrotizing pancreatitis.

Method
Study Design and Population

This retrospective study reviewed patients with necrotizing pancreatitis treated between January 1, 2014 and July 31,
2022 at the First Affiliated Hospital of Nanchang University. Patient hospitalization information was collected from the
electronic medical record database of the First Affiliated Hospital of Nanchang University. The study was reviewed and
approved by the institutional ethical review board (NO: 2023-201). This study was designed in accordance with the
principles of the Declaration of Helsinki. All patient data were anonymously analyzed using an electronic data
acquisition system without informed consent. The patient screening flowchart for this study is shown in Figure 1.

Definitions

Necrotizing pancreatitis was defined as a lack of pancreatic parenchymal enhancement and/or peripancreatic necrosis
detected on imaging (contrast-enhanced computed tomography). Specialist radiologists reviewed all radiological images
to diagnose necrotizing pancreatitis. Gastrointestinal fistula was defined as a pathological connection of any part of the
gastrointestinal tract (stomach, duodenum, jejunum, ileum and colon) to the pancreas and/or peripancreatic necrotic

Patients with pancreatic and/or peripancreatic necrosis
(n=1393)

Excluded :

Incomplete data (n=22)
Chronic pancreatitis (n=40)
Pancreatic carcinoma (n=12)
GIF after Intentional iatrogenic
intervention(n=11)

No adult patients (n=34)

1274 patients with necrotizing pancreatitis
eligible for the analysis

Gastric (n=10)
Duodenum (n=52) Gastrointestinal fistula group No gastrointestinal fistula group
Jejunum/ileum (n=14) (n=102) (n=1172)

Colon (n=41) | |

|One-to-one propensity score-matched analysis|

Gastrointestinal fistula group No gastrointestinal fistula group
(n=99) (n=99)
Figure | Flow chart of patient enrolment.
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cavity.'” However, gastrointestinal fistulas due to medical intervention were excluded (ie medical fistulas formed after the
necrotic fluid collection of the pancreas has been drained via the stomach or duodenum). Organ failure was defined based
on the modified Marshall Organ Dysfunction Scoring System. Patients with chronic pancreatitis, pancreatic cancer,
gastrointestinal fistulas due to medically induced interventions and under-aged patients were excluded. The full defini-
tions of this study are given in Table S1.

Diagnosis of Gastrointestinal Fistula

1) presence of gastrointestinal contents (faecal or nutritional fluid) in the drainage tube, 2) discharge of methylene blue from the
drainage tube (after oral administration of methylene blue by the patient), 3) gastroenteroscopy, 4) imaging findings, 5) finding
during minimally invasive necrosectomy, 6) finding during open surgery, 7) contrast fistula angiography.

Observation Outcome

Demographic variables including age, sex, etiology of pancreatitis, comorbidities, laboratory tests including white blood
cells, procalcitonin, blood urea nitrogen and albumin within 48 hours of admission, computed tomography severity
index(CTSI), clinical course variables including single organ failure, multi-organ failure and persistent multi-organ
failure during hospitalization, duration of parenteral and enteral nutrition, the total length of stay in hospital, length of
stay in intensive care unit, readmission, infected necrosis and associated complications (gastrointestinal hemorrhage,
intra-abdominal hemorrhage, abdominal compartment syndrome, pancreatic fistula and symptomatic vein thrombosis),
treatment included percutaneous catheter drainage or endoscopic transluminal drainage, the total number of catheter
drains, the total number of minimally invasive necrosectomy, and whether open surgery was performed. Organ failure
and ICU admissions were classified as either “early” or “delayed” periods. Early and delayed were defined by one week
of admission, and this cut-off value is chosen based on the duration of necrotizing pancreatitis.

Patient Management
According to current evidence-based guidelines,™'® patients were given supportive treatment on admission, including fluid
resuscitation, suppression of pancreatic exocrine function and nutritional support. For patients without nausea and vomiting and
without signs of severe gastrointestinal obstruction, a nasoduodenal nutrition tube was placed as soon as possible for enteral
nutrition. Antibiotic therapy was used for patients with confirmed or strongly suspected infected pancreatic necrosis or other
infections (eg blood, biliary, urinary, respiratory, etc.). Patients with NP were treated with a step-up approach, including
percutaneous catheter drainage or endoscopic transluminal drainage as the first step in necrotic intervention and subsequent
minimally invasive necrosectomy (videoscopically assisted retroperitoneal resection or endoscopic transluminal necrosectomy).
A similar step-up treatment strategy was used for patients with a confirmed diagnosis of gastrointestinal fistula. If symptoms
did not improve with conservative treatment, including medication and keeping previously placed drains open, minimally
invasive interventions including catheter drainage and endoscopic treatment (endoscopic clip closure) strategies were used. If
the patient’s symptoms continued to worsen or did not improve significantly, a surgical enterostomy was performed if necessary.

Statistical Analysis

Data for categorical variables were shown as frequencies and percentages. Continuous variables were described as means
and standard deviations (SD) when normally distributed and as medians and interquartile distances when non-normally
distributed. Differences between groups were assessed using chi-square or Fisher’s exact test for categorical variables
and Student’s #-test or Mann—Whitney U-test for continuous variables. Logistic regression analysis was performed to
assess risk factors for GI fistula in NP. Variables found to be significant for GI fistula in the one-way logistic regression
analysis (p < 0.1) were selected for inclusion in the multifactorial analysis to identify them as independent risk factors.
Variables were selected in a stepwise forward manner for the multi-factor analysis and the ratio (OR) with a 95%
confidence interval (CI) was calculated. Subgroup analyses were performed to explore risk factors for the occurrence of
upper gastrointestinal fistula, lower gastrointestinal fistula, and patients admitted to the hospital within 72 h of onset. To
assess and validate the clinical outcome of GI fistulas in NP, a 1:1 propensity score-matched analysis was performed to
balance the confounding bias of each group between groups, with a caliper value of 0.02. Propensity score-matching
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incorporated age, serum albumin, CTSI, early persistent organ failure, early ICU admission, early enteral nutrition, early
intervention, and infected necrosis (where early intervention and infected necrosis occurred before the diagnosis of
gastrointestinal perforation or fistula). Variables were selected based on differences in demographic variables and clinical
characteristics of all NP patients at admission. P values < 0.05 were regarded as statistically significant differences. In
this study, we used SPSS 26.0 (IBM Corp., Armonk, NY, USA) for statistical analysis.

Results

Incidence and Clinical Characteristics at Admission

A total of 1274 patients treated for necrotizing pancreatitis were enrolled in the study between 2014 and 2022 (Table 1),
of which 102 patients (8.01%) developed a gastrointestinal fistula. The most common etiology in all patients with
necrotizing pancreatitis was biliary pancreatitis (n = 561, 44.0%). 816 patients (64.0%) had pancreatic parenchymal
necrosis with or without peripancreatic necrosis, and 458 patients (36.0%) had peripancreatic necrosis only. According to
demographic and clinical characteristics at admission (Table 1), patients with GI fistulas had lower albumin (p<0.001)
and higher CTSI (p<0.001) compared to those without GI fistulas. Patients with GI fistulas were more likely to have early

Table | Baseline Characteristics and Clinical Characteristics of Patients with Necrotizing
Pancreatitis at Admission to the Hospital

With Without p value
Fistula (n=102) Fistula(n=1172)

Age (years) 46 (37-53) 50 (39-59) 0.013
Male sex 60(58.8%) 743(63.4%) 0.359
Etiology of pancreatitis 0518

Biliary 40(39.2%) 521(44.5%)

Hyperlipidemia 37(36.3%) 426(36.3%)

Alcohol 8(7.8%) 84(7.2%)

Others 17 (16.7%) 141(12.0%)
Smoking 25 (24.5%) 317(27.0%) 0.579
Drinking 23 (22.5%) 315(26.9%) 0.342
Hypertension 25 (24.5%) 254(21.7%) 0.506
Diabetes mellitus 15 (14.7%) 140(11.9%) 0413
WBC 12.13 (8.86-17.05) 12.50 (8.79-16.09) 0.892
PCT 1.68 (0.42-4.67) 0.86 (0.27-3.06) 0.005
Blood urea nitrogen 7.10 (4.45-11.25) 6.00 (4.10-9.30) 0.024
Albumin 30.2 (27.68-33.23) 32.4 (29.10-36.40) <0.001
ASA 0.744

[ 42(41.2%) 528 (45.1%)

2 27(26.5%) 296 (25.3%)

3 33(32.4%) 348 (29.7%)
CTsI 6 (4-8.25) 6(4-7) <0.001

(Continued)

5534

Dove!

Journal of Inflammation Research 2023:16



https://www.dovepress.com
https://www.dovepress.com

Dove Liu et al

Table | (Continued).

With Without p value
Fistula (n=102) Fistula(n=1172)
Extent of parenchymal necrosis 0.008
| 26 (34.2%) 391 (52.8%)
2 25 (32.9%) 172 (23.2%)
3 25 (32.9%) 177 (23.9%)
Location of parenchymal necrosis
Head 30 (29.4%) 225 (19.2%) 0.013
Neck 28 (27.5%) 198 (16.9%) 0.007
Body 53 (52.0%) 504 (43.0%) 0.08
Tail 48 (47.1%) 381 (32.5%) 0.003
Peripancreatic necrosis only 26 (25.5%) 432 (36.9%) 0.022
Early organ failure® 68 (66.7%) 684(58.4%) 0.102
Cardiovascular 31 (30.4%) 173 (14.8%) <0.001
Respiratory 67 (65.7%) 672 (57.3%) o.101
Renal 33 (32.4%) 203 (17.3%) <0.001
Early persistent organ failure® 64 (62.7%) 560(47.8%) 0.004
Cardiovascular 29 (28.4%) 165 (14.1%) <0.001
Respiratory 63 (61.8%) 548 (46.8%) 0.004
Renal 33 (32.4%) 195 (16.6%) <0.001
Early persistent multiple organ failure® 37 (36.3%) 239 (20.4%) <0.001
EEN‘ 19 (18.6%) 615 (52.5%) <0.001
Early ICU-admission 67 (65.7%) 617 (52.6%) 0.011
Infected necrosis® 70 (68.6%) 525 (44.8%) <0.001
Prior intervention’ 86 (84.3%) 512 (43.7%) <0.001
Mortality 27 (26.5%) 151 (12.9%) <0.001

Notes: 2/CU admission within 7 days after admission. ®Organ failure within 7 days after admission. “Organ failure within 7 days

after admission. “Enteral nutrition within 4872 hours of admission. “Before diagnosis fistula of the gastrointestinal tract.

‘Before diagnosis fistula of the gastrointestinal tract.

Abbreviations: WBC white blood cells, PCT procalcitonin, ASA American Society of Anesthesiologists, CTSI computer

tomography severity index, EEN early enteral nutrition, ICU intensive care unit.
persistent organ failure (p = 0.004), a higher proportion of early ICU admissions (p = 0.011) and a lower proportion
receiving early enteral nutrition (p<0.001). Patients with combined GI fistula (before GI fistula was diagnosed) were
more likely to have infected necrosis (p<0.001) and invasive interventions (p<0.001) compared to those without GI
fistula. Baseline and clinical characteristics of patients with necrotizing pancreatitis on admission after propensity score

matching are shown in Table S2.

Risk Factors
The results of multifactorial analyses are reported in Table 2. In multivariate logistic regression models, low albumin
within 48 hours of admission (OR, 0.936; 95% CI, 0.898-0.976; p=0.002), higher CTSI (OR, 1.143; 95% CI, 1.041-
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Table 2 Multifactorial Logistic Regression Analysis of the Occurrence of a Gastrointestinal Fistula in Patients with Necrotizing Pancreatitis

Fistula of the Gastrointestinal Tract
Overall Subgroup 1? Subgroup 2° Subgroup 3¢
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Albumin 0.936 (0.898-0.976) 0.002 0.939 (0.893-0.987) 0.014 0.946 (0.897-0.997) 0.039

CTsl 1.143 (1.041-1.255) 0.005 1.179 (1.011-1.374) 0.035
Pancreatic head and neck necrosis 2.319 (1.367-3.934) 0.002

Pancreatic body and tail necrosis 2.366 (1.221-4.584) 0.011

Early persistent respiratory failure 2.065 (1.062—4.014) 0.033 2.866 (1.051-7.818) 0.04
EEN 0.191 (0.112-0.327) <0.001 0.260 (0.138-0.488) <0.001 0.148 (0.065-0.334) <0.001 0.128 (0.038-0.427) 0.001
Prior intervention 5.84 (3.364-10.644) <0.001 3.318 (1.788-6.157) <0.001 23.476 (5.646-97.619) <0.001 4.743 (1.955-11.273) <0.001

Notes: *Risk factors for the gastrointestinal fistula in the upper gastrointestinal tract, "Risk factors for the gastrointestinal fistula in the lower gastrointestinal tract, “Risk factors for the gastrointestinal fistula in patients admitted within 72

hours of onset of the disease.

Abbreviations: CTSI, computer tomography severity index; EEN, early enteral nutrition; OR, odds ratio; Cl, confidence interval.
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1.255; p= 0.005) and invasive intervention prior to diagnosis of gastrointestinal fistula (OR, 5.84; 95% CI, 3.364—
103,644; p<0.001) were independently associated with the development of gastrointestinal fistula. In addition, early
enteral nutrition (OR, 0.194; 95% CI, 0.112-0.327; p<0.001) was identified as a protective factor for the development of
gastrointestinal fistula. In subgroup analyses, pancreatic head and neck necrosis (OR, 2.319; 95% CI, 1.367-3.934; P=
0.002) was likewise an independent risk factor for upper gastrointestinal fistula, as were pancreatic body and tail necrosis
(OR, 2.366; 95% CI, 1.221-4.584; P= 0.011) and early persistent respiratory failure (OR, 2.065; 95% CI, 1.062—4.014;
P=0.033) were also independent risk factors for lower gastrointestinal fistula. Early persistent respiratory failure (OR,
2.866; 95% CI, 1.051-7.818; P= 0.04) was an independent risk factor for gastrointestinal fistula in patients admitted
within 72 h after onset of the disease. Univariate logistic regression analyses of the risk factors associated with the total
number of patients and subgroups who developed GI fistulas are shown in Table S3.

Location and Diagnosis of Gastrointestinal Fistula

A total of 117 gastrointestinal fistulas were involved in 102 patients (Table 3). The stomach was involved in 10 (8.5%) patients
and the duodenum in 52 (44.4%). The jejunum or ileum was involved in 14 (12.0%) patients, and 41 patients (35.1%) had colonic
involvement. Thirteen of these patients had simultaneous or sequential involvement of multiple sites of the gastrointestinal tract.
The median (interquartile) interval between the onset of necrotizing pancreatitis and the diagnosis of gastrointestinal fistula was
57 (34.5-93.5) days. The median number of days between the first invasive intervention and the diagnosis of a gastrointestinal
fistula was 28 (11.5-52) days. Upper gastrointestinal fistulas (gastric and duodenal) were primarily detected by gastroscopy (36/
62) and, to a lesser extent during minimally invasive necrosectomy (6/62). Lower gastrointestinal fistulas (jejunum, ileum and
colon) were diagnosed mainly by finding faeces in the external drainage fluid (19/55), followed by open necrosectomy (8/55).

Clinical Outcomes

Compared to NP patients without GI fistula, those with GI fistula were more likely to have persistent organ failure (single
and multiple organs, p<0.05), required longer-term nutritional support (parenteral and enteral nutrition, p<0.05), received
more invasive interventions (minimally invasive interventions and open surgery, p<0.05) and were more prone to
pancreatic-related complications (hemorrhage, abdominal compartment syndrome and symptomatic vein thrombosis).
Patients with GI fistulas had a significantly longer duration of illness (length of hospital stay, length of ICU stay and
readmission, p<0.05) and a significantly higher mortality rate (Table 4).

Table 3 Diagnostic Modalities of Gastrointestinal Fistulas

Stomach (n=10) Duodenum (n=52) Jejunuml/lleum (n=14) Colon (n=41)

Time from onset to fistula diagnosis(day) 44.5(25-99) 61(33.5-93) 66(48.25-91) 54(35-98.5)
Intervention before diagnosis 6 (60%) 28 (53.8%) 12 (85.7%) 37 (92.5%)
Time from initial intervention to diagnosis(day) 65 (18-89.5) 36 (10.5-53.5) 24.5 (12.25-43) 21 (9-44)

Diagnostic modality

Fecal or nutrient fluid external drainage fluid 0 (0%) 3 (5.8%) 4 (28.6%) 15 (36.6%)
Methylene blue in external drain fluid 0 (0%) 4 (7.7%) 2 (14.3%) 4 (9.8%)
Endoscopy 6(60%) 30 (57.7%) 0 (0%) 3 (7.3%)
Fistulography 0 (0%) 4 (7.7%) 3 (21.4%) 3 (7.3%)
CcT 2 (20%) 4 (7.7%) 2 (14.3%) 2 (4.9%)
Minimally invasive necrosectomy 1 (10%) 5 (9.6%) 1 (7.1%) 7 (17.1%)
Open surgery 1 (10%) 2 (3.8%) 2 (14.3%) 7 (17.1%)

Abbreviation: CT, computed tomography.
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Table 4 Clinical Outcome of Patients with Necrotizing Pancreatitis

All Patients Propensity-Matched Patients
With Fistula Without Fistula | p value | With Fistula | Without p value
(n=102) (n=1172) (n=99) Fistula(n=99)

New-onset persistent organ failure® 57 (55.9%) 208 (17.7%) <0.001 54 (54.5%) 30 (30.3%) 0.001

Cardiovascular 43(42.2%) 148(12.6%) <0.001 40(40.4%) 22(22.2%) 0.006

Respiratory 43(42.2%) 117(10.0%) <0.001 40(40.4%) 20(20.2%) 0.002

Renal 21(20.6%) 73(6.2%) <0.001 19(19.2%) 10(10.1%) 0.07
New-onset persistent multi-organ failure® 34(33.3%) 208(17.7%) <0.001 31(31.3%) 30(30.3%) 0.878
Parenteral nutrition 103(100%) 1163(99.2%) | 99(100%) 99(100%) |
Duration of parenteral nutrition(day) 42(28-74) 17(10-34) <0.001 42(28-73) 29(15-48) <0.001
Enteral nutrition 97(95.1%) 1108(94.5%) 03811 94(94.9%) 96(97.0%) 0.721
Duration of enteral nutrition(day) 27(16-43) 14(7.25-29.0) <0.001 27(16-43) 23(12-38) 0.211
Length of hospital stay(day) 48.5(30.75-79) | 20(12-38.75) <0.001 48(31-76) 30(20-52) 0.001
Number of ICU admissions 75(73.5%) 657(56.1%) 0.001 72(72.7%) 73(73.7%) 0.872
Length of ICU stay (day) 20(1-42.75) 3(0-15) <0.001 20(1-39) 12(0-24) 0.039
Number of hospital readmissions 43(42.2%) 300(25.6%) <0.001 42(42.4%) 42(42.4%) |
Number of patients requiring catheter 84(82.4%) 504(43.0%) <0.001 81(81.8%) 77(77.8%) 0.479
drainage
Number of catheter drainage <0.001 0.425

0 18 (17.6%) 668(57.0%) 18 (18.2%) 22 (22.2%)

| 37 (36.3%) 301 (25.7%) 35 (35.4%) 44 (44.4%)

2 25 (24.5%) 124 (10.6%) 25 (25.3%) 20 (20.3%)

3 16 (15.7%) 44 (3.8%) 16 (16.2%) 10 (10.1%)

24 6 (5.9%) 35 (3.0%) 5 (5.1%) 3 (3%)
Number of patients requiring minimally 46(45.1%) 295(25.2%) <0.001 44(44.4%) 40(40.4%) 0.565
invasive necrosectomy
Number of minimally invasive 0.002 0.83
necrosectomies

0 56 (54.9%) 877 (74.8%) 55 (55.6%) 59 (59.6%)

| 16 (15.7%) 104 (8.9%) 16 (16.2%) 12 (12.1%)

2 14 (13.7%) 86 (7.3%) 13 (13.1%) 16 (16.2%)

3 6 (5.9%) 45 (3.8%) 6 (6.1%) 4 (4%)

24 10 (9.8%) 60 (5.1%) 9 (9.1%) 8 (8.1%)
Number of patients requiring open surgery | 26(25.5%) 46(3.9%) <0.001 26(26.3%) 10(10.1%) 0.003
Gastrointestinal bleeding 10(9.8%) 38(3.2%) 0.003 9 (9.1%) 7 (7.1%) 0.602
Intra-abdominal bleeding 31 (30.4%) 90 (7.7%) <0.001 29 (29.3%) 20 (20.2%) 0.138

(Continued)
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Table 4 (Continued).

All Patients Propensity-Matched Patients
With Fistula Without Fistula | p value | With Fistula | Without p value
(n=102) (n=1172) (n=99) Fistula(n=99)
Pancreatic fistula 4(3.9%) 37(3.2%) 0.564 4(4.0%) 9(9.1%) 0.151
ACS 15(14.7%) 93(7.9%) 0.019 15(15.2%) 12(12.1%) 0.534
Symptomatic vein thrombosis 20(19.6%) 123(10.5%) 0.005 18(18.2%) 15(15.2%) 0.567
Mortality 27 (26.5%) 151 (12.9%) <0.001 25 (25.3%) 22 (22.2%) 0.616

Notes: *new organ failure after seven days of admission. ®new organ failure after seven days of admission.
Abbreviations: ICU, intensive care unit; ACS, abdominal compartment syndrome.

Patients admitted with the presence of GI fistulas were clearly in serious condition by comparing baseline data and clinical
characteristics at admission. We performed propensity score matching analyses to control for and reduce confounding bias in each
group, and we compared clinical outcomes between the two groups with similar backgrounds. After propensity score matching
analysis, the clinical characteristics of the two groups on admission were generally balanced. The proportion of new-onset
persistent renal failure, the proportion receiving minimally invasive interventions, the occurrence of pancreas-related complica-
tions, and mortality were similar in the two groups. However, the proportion of new-onset persistent cardiovascular and
respiratory failure, duration of parenteral nutritional support, receipt of open surgical interventions, and length of hospital stay
were significantly higher in patients with gastrointestinal fistula than in those without gastrointestinal fistula (P<0.05).

Therapy
The treatment of the GI fistula is shown in Table 5.

Five (50%) patients with gastric fistulas were treated conservatively and the fistula was closed, four (40%) patients
had drainage of the fistula, two (20%) patients had endoscopic closure of the fistula, and one (10%) patient required
a repeat enterostomy. No mortality was observed in patients with gastric fistulas.

Table 5 Treatment Strategies for Gastrointestinal Fistulas

Stomach Duodenum Jejunum/lleum Colon
(n=10) (n=52) (n=14) (n=41)
Conservative treatment® 5 (50%) 28 (53.8%) 6 (42.9%) 19 (46.3%)
New catheter drainage 4 (40%) 20 (38.5%) 8 (57.1%) 19 (46.3%)
Percutaneous 3 (30%) 19 (36.5%) 8 (57.1%) 14 (34.1%)
Endoscopic I (10%) 3 (5.8%) 1 (7.1%) 5 (12.2%)
Closure of fistula via endoscopic clip 2 (20%) 5 (9.6%) 0 (0%) 2 (4.9%)
Closure of fistulae via surgery 1 (10%) 6 (11.5%) 1 (7.1%) 11 (26.8%)
Suture 1 (10%) 2 (3.8%) 0 (0%) 2 (4.9%)
Stoma I (10%)° 4 (7.7%)° I (7.1%)¢ 11 (26.8%)°
Outcome
Death (receiving conservative treatment and minimally invasive interventions) 0(0%) 8(17.3%) 4(30.8%) 12 (40%)
Death (Receiving open surgical treatment) 0(0%) 2(33.3%) 1(100%) 3 (27.3%)

Notes: *Conservative treatment includes allowing gastrointestinal fistulas to close on their own without any measures, medication to close fistulas and
percutaneous catheters that have been placed to drain the fistulas in situ. °I(10%) patient required a repeat enterostomy. 4(7.7%) patients required
a jejunostomy. “one (7.1%) patient required an ileostomy. °6(14.6%) patients required an ileostomy and 5 (12.2%) required a transverse colostomy.
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Twenty-eight (53.8%) patients with duodenal fistulas received only conservative treatment (including catheter
drainage prior to diagnosis of fistula), 20 (38.5%) had catheter drainage of the fistula, 5 (9.6%) had endoscopic closure
of the duodenal fistula, 2 (3.8%) had intraoperative closure of the fistula and 4 (7.7%) had a jejunostomy. The mortality
rate for patients with duodenal fistula without surgical intervention was 17.3% (8 out of 46) compared to 33.3% (2 out
of 6) for patients with duodenal fistula with surgical intervention.

Six (42.9%) patients with jejunal or ileal fistulas were treated conservatively only, eight (57.1%) had catheter drainage
of the fistula and one (7.1%) had an ileostomy. The mortality rate of patients with jejunal or ileal fistulas who did not
receive surgical intervention was 30.8% (4 of 13), and the only patient who did receive surgical intervention died after an
ileostomy.

Nineteen (46.3%) patients with colonic fistulas were treated conservatively without further invasive intervention, 19
(46.3%) patients had drainage of colonic fistulas, 2 (5.0%) patients had endoscopic closure of colonic fistulas, 2 (5.0%)
patients had intraoperative closure of fistulas, 6 (14.6%) patients had an ileostomy, and 5 (12.2%) had a transverse
colostomy. The mortality rate for patients with colonic fistulas who did not receive surgical intervention was 40% (12 out
of 30), slightly higher (3 out of 11) than patients who received surgical intervention for colonic fistulas.

Discussion

Since the management of necrotizing pancreatitis shifted to an approach of minimally invasive step-up based on first-step
catheter drainage, there has been a lack of large series evaluating the incidence, specific risk factors, clinical outcomes
and treatment of gastrointestinal fistulas in patients with necrotizing pancreatitis receiving step-up therapy. The incidence
of gastrointestinal fistula in necrotizing pancreatitis in this large retrospective study was 8.01%. This large series found
a relatively low incidence of gastrointestinal fistulas compared to previous studies, where the incidence of GI fistulas
ranged from 4-41%.%%1213:1621 This could be explained by the fact that the previous studies mainly originated from
patients with necrotizing pancreatitis in the open surgery era or a different study population (eg including only patients
with infected necrotizing pancreatitis). Gastrointestinal fistulas, as a delayed complication of necrotizing pancreatitis,
usually occurred after the first month. The time to diagnosis of gastrointestinal fistula in this study was 57 (34.5-93.5)
days, which is similar to previous studies.’

Current research identified several important risk factors for the development of gastrointestinal fistula in NP. Low
albumin within 48 hours of admission was an independent risk factor for fistula development, and early enteral nutrition
was a protective factor. Previous studies have shown that when pancreatic necrosis occurs, the gastrointestinal tract is
directly exposed to necrotic material and pancreatic enzymes, leading to a deterioration in the condition of the
gastrointestinal tract and failure of the intestinal barrier.”? In addition, a severe local inflammatory response promotes
thrombosis and reduces the blood supply to the relevant gastrointestinal segments.”> This eventually leads to focal
necrosis of the gastrointestinal tract and the formation of a fistula that connects the pancreatic and/or peripancreatic
necrotic cavity or peritoneum. A decrease in albumin represents deterioration in the nutritional status of the patient.
When patients with pancreatitis lack essential nutrition, this disrupts the integrity of the intestinal tract leading to
increased gastrointestinal dysfunction.>* Early enteral nutrition helps to maintain intestinal barrier function, reduce the
inflammatory response, treat malnutrition and reduce the risk of infected necrosis.”> Moreover, in subgroup analyses,
early enteral nutrition was also a protective factor against the development of gastrointestinal fistula in patients admitted
to the hospital within 72 h of onset.

A high CTSI after admission was also an independent risk factor for the development of a fistula. High CTSI is
manifested by more extensive pancreatic necrosis and more peripancreatic necrotic fluid collections.?® The direct
compressive effect of large amounts of necrotic pancreatic tissue affects the blood supply to the gastrointestinal tract.
This may lead to the formation of gastrointestinal fistulas. Subgroup analyses showed that the site of pancreatic necrosis
had an effect on the location of gastrointestinal fistula involvement. Pancreatic head and neck necrosis was an
independent risk factor for upper gastrointestinal fistula, and pancreatic body and tail necrosis was an independent risk
factor for lower gastrointestinal fistula. This appears to correlate with the anatomical location of the pancreas in relation
to neighboring organs. The duodenum is anatomically connected to the head of the pancreas, while the body and tail of
the pancreas are anatomically closely related to the transverse colon and the splenic flexure of the colon.'”?” A previous

5540 "o Journal of Inflammation Research 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Liu et al

study by Timmerhuis et al reported early intervention as being an important risk factor for the development of lower
gastrointestinal fistulas, which is similar to our findings.” This may be related to the prolonged contact of the drainage
tube with the gastrointestinal tract and its invasive and compressive effect on the gastrointestinal tract. There is a lack of
standardized diagnostic tests for the identification of gastrointestinal fistulas. Patients with NP who have
a gastrointestinal fistula do not always have clear clinical signs and bubbles detected on CECT imaging in the
retroperitoneum outside the lumen or within the necrotic zone are often confused with infected necrosis of the
pancreas.”® Gastrointestinal fistulas are suspected in more than half of patients because of the presence of nutrient
fluid or faeces in the drainage tube, which in turn leads to further diagnosis by other invasive procedures. This also seems
to explain early invasive interventions as a risk factor for the development of gastrointestinal fistula. It is therefore of
interest to clinicians to clarify the risk factors for gastrointestinal fistulas and the timing of their occurrence for definitive
diagnosis and treatment.

In the present study, the occurrence of gastrointestinal fistulas was associated with poor clinical outcomes. A previous study by
Timmerhuis et al reported that patients with NP who developed a gastrointestinal fistula had a higher rate of organ failure and
longer lengths of hospital and ICU stay.” Furthermore, in all patients with necrotizing pancreatitis, the occurrence of
a gastrointestinal fistula increased the risk of death, which is also consistent with the previous study by Jiang et al.'> After
balancing the baseline and clinical characteristics of the two groups of patients on admission by propensity score matching, we
found that the occurrence of gastrointestinal fistulas significantly increased the rate of persistent respiratory organ failure. As the
development of a gastrointestinal fistula required patients to receive longer nutritional support and more invasive interventions to
facilitate its closure, this resulted in a prolonged clinical course for patients who developed a gastrointestinal fistula.

Previously, for most upper gastrointestinal fistulas (gastric and duodenal), jejunal and ileal fistulas could be self-
closing with conservative treatment.'* However, most colonic fistulas were persistent and required surgical treatment.”*°
Previous studies have shown that frequent open surgery disrupts the pancreatic ducts to release pancreatic enzymes,
which in turn leads to an increased risk of gastrointestinal fistulas.*” A study of gastrointestinal fistulas in patients
undergoing surgical treatment for necrotizing pancreatitis by Tsiotos et al showed that only close to a quarter of patients
had a gastrointestinal fistula identified during the initial surgical intervention, with the majority having a combined
gastrointestinal fistula after surgery occurred.® In recent years, the standard approach to necrotizing pancreatitis has
shifted from open surgery to a step-up strategy based on minimally invasive interventions.>® In this study, all patients
with NP were treated with a step-up strategy based on minimally invasive interventions. Despite the relatively low
incidence of gastrointestinal fistulas in our patients, our study cohort lacked patients who underwent only open surgery
for a controlled study. Previous studies have observed no significant difference in the occurrence of gastrointestinal
fistulas requiring intervention between patients who underwent the step-up strategy and those who underwent surgery
(14% vs 22%).>" 1t is therefore not possible to confirm the superiority of minimally invasive intervention strategies over
surgical strategies in preventing the occurrence of gastrointestinal fistulas.

A significant proportion of patients in our cohort (73.7%) with upper gastrointestinal (gastric and duodenal), jejunal
and ileal fistulas could be successfully treated with conservative treatment or minimally invasive interventions (catheter
drainage or endoscopic clips). The mortality rate for patients with upper gastrointestinal fistulas (gastric and duodenal),
jejunum and ileocecal fistulas was 19.7%. Unlike previous studies of colonic fistulas, a total of 43.9% of patients with
colonic fistulas in this study were treated conservatively or with minimally invasive interventions (catheter drainage or
endoscopic clips) resulting in self-closing fistulas. The mortality rate for patients with colonic fistulas was 36.6%, with
a slightly higher mortality rate for those who did not receive surgical treatment (40%) than for those who did (27%). This
is related to the deterioration of the clinical status of some patients (eg persistent multi-organ failure or combined
infectious shock), which does not allow for surgical intervention. A previous study of colonic fistulas in patients with
infected pancreatic necrosis treated with a step-up treatment strategy showed that close to half of the patients did not
undergo open surgical treatment, which is similar to the results of our study.'* In addition to catheter drainage, one
patient with a gastric fistula, five with a duodenal fistula and two with a colonic fistula attempted to close the fistula by
endoscopic clamping in this study. For small fistulas with uninflamed margins, the fistula could be closed with a clip.
Some case reports similarly described the closure of gastrointestinal perforations or fistulas by the endoscopic clamp
system (OTSC).*>** This suggests the potential benefit of endoscopy for the treatment of gastrointestinal fistulas. For the

Journal of Inflammation Research 2023:16 hetps: 5541

Dove:


https://www.dovepress.com
https://www.dovepress.com

Liu et al Dove

treatment of gastrointestinal fistulas, our current experience is that patients whose fistulas do not close spontanecously
after conservative treatment should be treated first with catheter drainage and endoscopic treatment. For gastrointestinal
fistulas that cannot be closed by minimally invasive intervention, the optimal timing of surgery should be assessed based
on the patient’s clinical status, including nutritional status and local and systemic complications. More prospective
studies are needed in the future to determine specific treatment strategies.

There are certain limitations to this study. Firstly there may be undiagnosed gastrointestinal fistulas in patients who
have not undergone invasive interventions and have no significant clinical symptoms, which distort the true potential
incidence. In addition, this was a single-centre retrospective study, and some patients had received long-term treatment at
other institutions. As opposed to defined clinical outcomes and treatments, the clinical indicators involved were
influenced by the detail of the clinical information available at the time the patients were referred, leading to the
possibility of some statistical bias regarding the factors that contribute to the occurrence of gastrointestinal fistulas.

Conclusion

The incidence of gastrointestinal fistulas in patients with NP was 8.01%. Low albumin, high CTSI and early invasive
interventions were identified as independent risk factors, and early enteral nutrition was shown to be a significant
protective factor. Gastrointestinal fistulas were associated with poorer clinical outcomes, and after PSM the occurrence of
gastrointestinal fistulas did not increase mortality, but only led to an increased rate of new-onset persistent organ failure,
an increase in the proportion of patients receiving open surgery, and a prolongation of the duration of parenteral
nutritional support and the clinical course of the disease. Gastrointestinal fistulas could be effectively managed in
most patients with a step-up strategy while avoiding open surgical treatment.

Ethical Approval and Consent to Participate

The clinical data of the patients in this study were obtained from the electronic medical record system of the First
Affiliated Hospital of Nanchang University and reviewed and approved by the Review Committee of the First Affiliated
Hospital of Nanchang University (No. 2023-201). As this was a retrospective study analyzing only available clinical data,
informed consent from patients was not required.
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