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Obijective: To clarify the incidence of colonic complications in patients with NP and their impact on prognosis.

Methods: The clinical data of NP patients admitted to the Department of General Surgery of Xuanwu Hospital, Capital Medical
University from January 2014 to December 2020 were retrospectively analyzed. Patients were grouped according to the presence or
absence of colonic complications, and the clinical prognosis of the two groups was analyzed after matching using a 1:1 propensity
score, The primary study endpoint was patient mortality during hospitalization. Data are reported as median (range) or percentage of
patients (%).

Results: A total of 306 patients with NP were included in this study, and the incidence of colonic complications was 12.4%, including
15 cases of colonic obstruction, 17 cases of colonic fistula, and 9 cases of colonic hemorrhage. Before matching, patients in the colonic
group had severe admissions and poor clinical outcomes (P<0.05). After matching, the baseline data and clinical characteristics at
admission were comparable between the two groups of patients. In terms of clinical outcomes, although the mortality was similar in
the two groups (P>0.05), but patients in the colonic group were more likely to have multiorgan failure, length of nutrition support,
number of minimally invasive interventions, number of extra-pancreatic infections, length of ICU stay and total length of stay were
significantly higher than those of patients in the group without colonic complications (P<0.05). During long-term follow-up, patients in
the colonic group were more likely to develop recurrent pancreatitis.

Conclusion: About 12.4% of NP patients developed colonic complications, and after PSM it was found that colonic complications
only led to a longer hospital stay and an increased number of clinical interventions in NP patients and did not increase the mortality.
Keywords: necrotizing pancreatitis, colon involvement, propensity score match

Introduction

Acute Pancreatitis (AP) is a common digestive system disease, and its incidence is increasing year by year, 20% AP
patients will develop pancreatic parenchymal and/or peripancreatic necrosis and progress to necrotizing pancreatitis
(NP)."> With the expansion of pancreatic necrosis and the development of infectious pancreatic necrosis in NP patients,
the colon and colonic mesentery may be affected by several pathways: 1) the invasive compressive effect of pancreatic
necrotic tissue; 2) the inflammatory response of the pancreas affecting the colonic blood supply, and 3) direct injury due
to the possible removal of pancreatic necrotic tissue.> > The incidence of colonic complications in AP patients varies

between studies, but the presence of colonic complications will lead to a poorer prognosis.®’
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In recent years, with the accumulation of the number of NP patients in our center, we found that most of the patients
diagnosed with colonic complications were complicated with serious complications (such as persistent organ failure,
infected pancreatic necrosis, etc.), which are the risk factors affecting the prognosis of patients. Therefore, we retro-
spectively analyzed the clinical data of previous NP patients to clarify the incidence of colonic complications in NP
patients and their impact on prognosis.

Methods

Study Design

In this study, clinical data of patients with AP admitted to the general surgery department of Xuanwu Hospital of Capital
Medical University between January 1, 2014, and December 31, 2020, were retrospectively analyzed. This study was
reviewed and approved by the Ethical Review Committee of Xuanwu Hospital of the Capital Medical University
(N0.2020158). This study was designed in accordance with the principles of the Declaration of Helsinki (as revised in
2013). All patient data were anonymously analyzed using an electronic data acquisition system without informed
consent. A detailed flowchart of this study is shown in Figure 1.

Inclusion and Discharge Criteria
Patients with pancreatic and/or peripancreatic necrosis confirmed by imaging examination (enhanced computerized
tomography [CT] / magnetic resonance imaging [MRI], etc.) were included in the study.

The exclusion criteria: 1) Mild acute pancreatitis (MAP); 2) NP patients need emergency surgery; 3) Acute
exacerbation of chronic pancreatitis or recurrent AP (RAP); 4) Patients with an incomplete case or follow-up data.

AP patients between 2014-2020 (n=914)

Excluded patients:
Inclusion criteria. 1. Edematous pancreatitis (n=577);
CT/MRI clear presence of pancreatic |4~ 7| 2. Acute exacerbation of chronic pancreatitis (n=21);
and/or peripancreatic necrosis 3. Underwent emergency surgery due to complications associated
with AP (n=12).

\4

NP patients (n=306)

>
»

Whether or not colonic complications

v v
Colonic group Non-colonic group
(n=38) (n=268)
v \4

After propensity score match, clinical data and follow-up data were compared between the two groups.

Figure | Flow chart of patient enrollment and follow-up.
Abbreviations: AP, acute pancreatitis; NP, necrotizing pancreatitis; CT, computed tomography; MRI, magnetic resonance image.
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Indication of Colon Complication

Confirmation of colonic complications: 1) Colonic fistula: (1) intraoperative exploration reveals a collection of fecal
contents; (2) enhanced CT reveals the presence of a sinus tract between the pancreas and the colon; (3) fecal drainage
fluid or contents flowing from the drainage tube. (2) Colon obstruction: the patient showed obvious symptoms of
intestinal obstruction (abdominal pain, bloating, vomiting, cessation of defecation, etc.), and the site of obstruction was
located in the colon on CT. (3) Colon bleeding: (1) bleeding in the drainage tube; (2) bleeding in the colon vessels
confirmed by digital subtraction angiography (DSA) or contrast CT.

Observation Outcome

The primary outcome in this study was in-hospital mortality. Other outcomes of this study were persistent organ failure
(POF) or new-onset organ failure (NOF), number of patients with confirmed infected pancreatic necrosis (IPN) and
extra-pancreatic infection (EPI), type and duration of nutritional support, postoperative complications, length of
intensive care unit (ICU) stay and total length of hospital stay. The relevant observables in this study are defined in
Table 1.

Patient Management

According to the current international guidelines,'*® after admission, patients received routine administration of trypsin
inhibitors, fluid resuscitation, analgesia, nutritional support, and other treatments, antibiotics only be used in patients with
suspected or confirmed infection. Regular laboratory investigations (routine blood tests, blood biochemistry, inflamma-
tory indicators, etc.) and imaging investigations (abdominal ultrasound or CT) were performed to monitor the patient’s
disease development. When the patient’s condition improves, continue the current treatment. If the patient’s condition
deteriorates, the multidisciplinary (MDT) team (including pancreatic surgeons, anesthesiologists, intensivists, and
imaging physicians) will take targeted treatment measures and reassess the patient’s condition.1) For patients suspected
or confirmed NOF, organ support therapy (continuous pumping of vasoactive drugs, mechanical ventilation therapy
[MVT], continuous renal replacement therapy [CRRT]) was given. 2) For patients with suspected or confirmed infection
symptoms, third- and fourth-generation cephalosporins or carbapenem antibiotics were empirically administered, and the
antibiotics were adjusted according to the results of drug sensitivity tests.'?

The minimally invasive intervention indications for NP patients were as follows: 1) After conservative treatment, the
patient’s condition did not improve (such as NOF, increased temperature and inflammatory factor levels, etc.); 2)
Confirmed IPN; 3) Patient presents with gastrointestinal or biliary tract obstruction due to compression of pancreatic
necrotic tissue, and the specific surgical methods have been discussed in our previous studies.'* !¢

Intervention strategies for colonic complications: 1) For patients with confirmed colonic fistula, if the patient’s
symptoms do not improve after conservative treatment (eg anti-infection, parenteral nutritional support and keeping the
drainage tube open, etc.), perform a Phase I terminal ileostomy, clear drainage and close the fistula in Phase II; 2) For
patients with confirmed colonic obstruction, place a small intestine decompression tube and if the decompression effect is
good, conservative treatment can be continued; if the condition continues to deteriorate, a stage I terminal ileostomy and
stage II colon-colon lateral anastomosis will be performed; 3) For patients with confirmed colonic bleeding, the preferred
treatment is embolization and hemostatic treatment while clarifying the patient’s bleeding site under DSA.'
Representative images are shown in Figure 2.

Follow-Up
Clinicians follow up with discharged patients through clinical visits, e-mail or telephone visit to assess readmission,
mortality, and long-term complications (eg, endocrine pancreatic insufficiency, exocrine pancreatic insufficiency, inci-
sional hernia, pancreatic cyst and chronic pancreatitis, etc.), the follow-up period was 6 months. Moreover, clinicians can
use the SF-36, EQ-5D, and Izbicki pain scales to assess patients’ quality of life. The last follow-up date in this study was
June 30, 2022.
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Table | Definitions of the Observation Indicators

Observation Indicators

Definition

Acute pancreatitis®

Fulfillment of two of the following three criteria: |) acute onset of epigastric pain radiating to the lower
back; 2) blood amylase and/or lipase levels >3 times higher than normal; and 3) imaging examination (eg,
abdominal ultrasound, enhanced CT, and MRI) revealing typical findings of acute pancreatitis.

Necrotizing pancreatitis’

Presence of varying density shadows in the pancreatic parenchyma on contrast-enhanced CT, with no
enhancement in the pancreatic parenchyma in the early stages of disease. The degree of pancreatic

necrosis in necrotizing pancreatitis patients was divided into <30%, 30-50%, and > 50%.

; .8
Infected pancreatic necrosis

Fulfillment of either of the following two criteria: 1) abdominal enhanced CT scan displaying the “bubble
sign” in pancreatic and/or peripancreatic tissues; 2) development of positive pancreatic necrotic bacterial

or fungal cultures with fine-needle aspiration (FNA) or other micro-invasive procedures.

Extra-pancreatic infection'®"'

Occurrence at sites other than the pancreas. When AP patients display symptoms of infection with no
definite signs of infection (bubble syndrome) are found to have necrotic pancreatic tissue on imaging but
the necrotic tissue and pus puncture and drainage culture are negative, the patient may be suspected of
having infection in other parts of the pancreas, which can be confirmed or excluded by multiple or multiple
sites of pathogen culture. Common sites include the blood, respiratory tract, urinary tract, abdominal

cavity, biliary tract, and surgical incision sites.

Organ failure

Pulmonary failure

PaO,/ FIO, <300, or need for mechanical ventilation.

Circulatory failure

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

catecholamine support.

Renal failure

Creatinine level 2177 umol/L after rehydration or new need for hemofiltration or hemodialysis.

New-onset organ failure

First onset of organ failure requiring intervention at any time in a 24 hour period.

Multiple organ failure

Number of organs in failure 22.

Long-term complications

Incision hernia

After patient discharge, the full-thickness abdominal wall is discontinuous and abdominal contents bulge,

with or without obstruction

Pancreatic pseudocyst2

Mature, encapsulated collection(s) of fluid with a well-defined wall outside the pancreas, homogenous fluid

density, no solid component

Recurrent pancreatitis

A history of two or more episodes with and interval of at least 3 months

Pancreatic exocrine dysfunction

Clinical symptoms were improved by oral pancreatic enzyme use for more than 6 months, with no need to

take this drug before the onset of AP

Pancreatic endocrine dysfunction

New onset diabetes after pancreatitis, need oral hypoglycemic drugs or insulin therapy for at least 6

months

Chronic pancreatitis'?

Patients experience abdominal pain, weight loss, diabetes, and fatty diarrhea, endosonography/CT/MRI
imaging shows dilated main duct and side branches, intraductal calcifications, parenchymal calcifications.

The symptoms did not occur before the onset of AP

Abbreviations: CT, computed tomography; MRI, Magnetic resonance imaging; AP, acute pancreatitis.

Statistical Analysis

In this study, we used Excel 2018 (Microsoft, Redmond, CA, USA) to record the patients’ clinical data, SPSS 23.0 (IBM
Corp., Armonk, NY, USA) and GraphPad Prism 8.0 (GraphPad Software, La Jolla, CA, United States) for statistical

analysis.
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A Surgical treatment of colonic fistula

C Surgical treatment of colonic bleeding

Figure 2 Surgical intervention for colonic complications.

Notes: (A) Surgical treatment of colonic fistula) Male, 51 years old, gallstone AP, onset 32 days due to infection CT examination revealed IPN-transverse colonic
endovascular fistula, median approach pancreatic necrosectomy with terminal ileostomy was performed, patient’s infection was controlled; (B) Surgical treatment of colonic
obstruction) Female, 47 years old, gallstone AP, 56 days after onset, left retroperitoneal approach for debridement, 2 months after surgery, colonic splenic area obstruction
admitted, terminal ileostomy performed, obstruction relieved, 3 months after fistula, transverse colon-sigmoid lateral anastomosis performed, simultaneous ileostomy closed
fistula; (C) Surgical treatment of colonic bleeding) Male, 35 years old, hyperlipidemic AP, 55d after onset, 10d after left retroperitoneal access debridement, drainage
bleeding, Hb: 49g/L, spring coil embolization under DSA. (D) Surgical treatment of colonic bleeding) Female, 56 years old, hyperlipidemic AP, 42 days after onset, 7d after
epigastric median approach debridement, bleeding from drainage tube, Hb: 61g/L, medical glue embolization under DSA.

Abbreviations: AP, acute pancreatitis; CT, computed tomography; IPN, infected pancreatic necrosis; Hb, hemoglobin; DSA, digital subtraction angiography.
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Distribution characteristics of the overall population were expressed as categorical variables (percentages). For
comparison between groups, normal distribution data were represented as mean + standard deviation (mean + SD) and
¢t test was performed., skewed distribution data were represented as median (range) and Mann—Whitney U-test was
performed, quantitative data were represented as percentage and subjected to chi-square test. To balance differences
between groups and reduce confounding effects, patient baseline data were included in a logistic regression model for 1:1
propensity score matching (PSM) with a caliper value of 0.02. Survival analysis was performed using the Kaplan-Meier
method. P value <0.05 were considered significant.

Results

Incidence and Treatment of Colonic Complications

A total of 306 patients diagnosed with necrotizing pancreatitis were included in this study, the incidence of colonic
complications in NP patients was 12.4% (n=38), including 17 cases of colonic fistula, 15 cases of colonic obstruction,
and 9 cases of colonic bleeding, (2 patients with colonic fistula and colonic bleeding, and 1 patient with colonic
obstruction and colonic bleeding.) Figure 3 describes the sites of colonic complications, time to diagnosis, and

A Location distribution of colonic complications B Distributin of colon Hemorrhage
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Figure 3 Distribution, diagnosis and treatment of colonic complications.
Notes: (A) describes the sites of colonic fistula and colonic obstruction; (B) describes the arteries of origin of colonic hemorrhage; (C) describes the time of diagnosis of
colonic complications in NP patients; (D) describes the intervention type in NP patients with colonic complications; (E) describes the time of intervention for colonic

complications in NP patients.
Abbreviation: NP, necrotizing pancreatitis.
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interventions. The common sites of colonic fistula and colonic obstruction were colonic splenic flexure, transverse colon
(Figure 3A), and middle colonic artery was the common arterial sources of colonic bleeding (Figure 3B). Figure 3C
shows the time to diagnosis of colonic complications in NP patients, including 62 (33—106) days for colonic fistula, 67
(14-270) days for colonic obstruction, 40 (11-110) days for colonic bleeding, and 62 (11-270) for colonic complication.
52.9% (n=9) of patients with colonic fistula required surgical intervention with an intervention time of 76 (49-226)
minutes. 66.7% (n=10) of patients with colonic obstruction required surgical intervention with an intervention time of
117.5 (64-217) minutes, and 88.9% (n=8) of patients with colonic bleeding Patients required interventional embolization
intervention with an intervention time of 109.5 (35-193) minutes (Figure 3D and E).

Clinical Characteristics of NP Patients

A total of 306 patients diagnosed with necrotizing pancreatitis were included in this study, with a mean age of 49.46 +
15.38 years, 205 males and 101 females, There were 155 cases of biliary pancreatitis, 98 cases of hyperlipidemic
pancreatitis, and 53 cases of the pancreatitis of other etiologies (25 cases of the pancreatitis of unknown etiology, 14
cases of post-ERCP pancreatitis, 13 cases of alcoholic pancreatitis, and 1 case of traumatic pancreatitis).

In terms of baseline data and clinical characteristics at admission, there were no differences between the two groups
in terms of gender, age, BMI, and etiology. However, patients in the colon group had more comorbidities and increased
ASA score (P<0.05). On admission, compared with patients in the non-colonic group, patients with colonic complica-
tions had more extensive pancreatic necrosis (pancreatic necrosis >50%, CTSI score > 8, P<0.05), more obvious
symptoms of infection (temperature > 38°C on admission, procalcitonin > 0.5ng/mL, etc. P<0.05), and worse nutritional
status (hemoglobin level <90 g/L and albumin level <30 g/L, P<0.05). (Table 2). In terms of clinical outcomes, patients
in the colon complication group needed long-term nutrition support (P<0.05), more likely to have serious complications
(such as IPN, EPI, and POF, P<0.05), increased number of patients requiring minimally invasive intervention and the
number of interventions, results in poor prognosis of patients (the incidence of postoperative complications, Length of
stay in ICU, total length of stay, and mortality, P<0.05) (Table 3).

Table 2 Characteristics of the Necrotizing Pancreatitis Patients

Characteristics Colonic Group | Non-Colonic Group P-value
(n=38) (n=268)
Age, years [n (%)] 0.851
<60 year 28 (73.7) 193 (72.0)
260 year 10 (26.3) 75 (28.0)
Gender [n (%)] 0.842
Male 26 (68.4) 179 (66.8)
Female 12 (31.6) 89 (33.2)
BMI, Kg/m? [n (%)] 0.73
<25 18 (47.4) 137 (51.1)
225 20 (52.6) 131 (48.9)
Etiology [n (%)] 0.982
Gallstones 19 (50.0) 136 (50.7)
Hyperlipidemia 12 (31.6) 86 (32.1)
Others 7 (184) 46 (17.2)
(Continued)
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Table 2 (Continued).

Characteristics Colonic Group | Non-Colonic Group P-value
(n=38) (n=268)
ASA score [n (%)] 0.014*
| 10 (26.3) 134 (50.0)
2 26 (68.4) 129 (48.1)
3 2 (5.3) 5(1.9)
Smoking [n (%)] 0.181
No 31 (81.6) 239 (89.2)
Yes 7 (184) 29 (10.8)
Drinking [n (%)] 0.11
No 30 (78.9) 238 (88.8)
Yes 8 (21.1) 30 (11.2)
Pre-existing comorbidities [n (%)] 0.02*
Hypertension 12 (31.6) 97 (36.2)
Coronary heart disease 2 (5.3) 28 (10.4)
Diabetes 7 (18.4) 45 (16.8)
Others 18 (47.4) 145 (54.1)
CTSlI Scores [n (%)] 0.001*
<8 7 (184) 157 (58.6)
28 31 (81.6) 111 (41.4)
Extent of necrosis [n (%)] 0.001*
<30% 4 (10.5) 97 (36.2)
30%-50% I'1(29.0) 127 (47.4)
>50% 23 (60.5) 44 (16.4)
Admission temperature [n (%)] 0.003*
<38°C 23 (60.5) 221 (82.5)
238°C 15 (39.5) 47 (17.5)
Admission laboratory indicators
WBC (x10°/L) 0.036*
>10/<4 25 (65.8) 124 (46.3)
4-10 13 (34.2) 144 (53.7)
Percentage of neutrophils (%) 0.001*
>75/<50 32 (84.2) 138 (51.5)
50-75 6 (15.8) 130 (48.5)
(Continued)
134 https: Journal of Inflammation Research 2023:16

Dove!


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

Dove Lu et al

Table 2 (Continued).

Characteristics Colonic Group | Non-Colonic Group P-value
(n=38) (n=268)

Hb (g/L) 0.001*
<90 20 (52.6) 62 (23.1)
290 18 (47.4) 206 (76.9)

Alb (g/L) 0.009*
<30 27 (71.1) 129 (48.1)
230 11 (28.9) 139 (51.9)

PCT (ng/mL) 0.001*
>0.5 28 (73.7) 106 (39.6)
<0.5 10 (26.3) 162 (60.4)

Note: *P<0.05.
Abbreviations: BMI, Body mass index; ASA, American Society of Anesthesiologists; CTSI, computer tomography
severity index; WBC, white blood cell count; Hb, hemoglobin; Alb, Albumin; PCT, Procalcitonin.

Propensity Score Matching Analysis

After PSM, the baseline data and clinical characteristics at admission were similar in both groups (Table 4). In terms of
clinical outcomes, the number of patients in both groups with confirmed IPN, requiring combined nutritional support,
requiring minimally invasive intervention and mortality were similar (P>0.05), but the number of patients in the colonic
group with MOF, duration of enteral nutrition support, length of parenteral nutrition support, number of minimally
invasive interventions, number of confirmed EPI, length of ICU stay and total length of stay were significantly higher
than those in the non-colonic group (P<0.05) (Table 5).

Follow-Up
During the follow-up period, before PSM, a total of 256 patients, 42 patients lost to follow-up, 9 patients died, and 205
patients survived (Figure 4A). After matching, with 52 patients, 3 patients died, 6 patients were lost to follow-up, and 43
patients survived (Figure 4B). The overall survival rates [22 (88.0%) and 21 (77.8%), P>0.05] and follow-up times
[(42.16 £ 25.89) days vs (38.33 + 20.24) days, P>0.05] were not statistically different between the two groups
(Figure 4C).

In the colonic group, although patients were more likely to develop recurrent pancreatitis (P<0.05), there were no
statistical differences between the two groups in terms of other long-term complications (P>0.05) (Table 6).

There was no statistical difference in the final scores of the SF-36 health questionnaire, EQ-5D questionnaire, and
Lzbicki pain score questionnaire between the two groups (P>0.05) (Table 7).

Discussion
In this study, we found that after PSM the presence of colonic complications only led to a longer number of minimally
invasive interventions, days of nutritional support, and length of hospital stay in NP patients, and did not lead to
increased mortality.

The incidence of colonic complications among NP patients was 12.4%, similar to the results of Hu, Lin, and Thomas
et al (15.12%, 19%, and 11%),>'®'? but higher than the incidence reported by Minnen, Jiang, and Kochhar et al (7.27%,
7.76%, and 4.15%),%° % considered to be related to the type of patients included between studies (eg, AP, NP, SAP, etc.).
Regarding the time to diagnosis of colonic complications, the time to diagnosis of colonic complications in the study of
Heeter et al was 89 (13-394) days,”® Thomas et al noted that early in the course of NP patients, colonic ischemia [29 (0—
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Table 3 Comparison of Clinical Outcomes Between Two Groups Before PSM

Characteristics Colonic Group | Non-Colonic Group P-value
(n=38) (n=268)
Primary composite outcomes
Mortality [n (%)] 13 (34.2) 37 (13.8) 0.003*
Secondary outcomes
Duration of nutritional support [days (mean + SD)]
Parenteral nutrition 25.47+18.02 15.80+8.39 0.013*
Enteral nutrition 34.48+25.84 20.87+9.18 0.006*
Nutritional support [n (%)] 0.013*
Only parenteral nutrition 12 (31.6) 110 (41.0)
Enteral and parenteral nutrition 26 (68.4) 158 (59.0)
IPN 34 (89.5) 148 (55.2) 0.001*
EPI 31 (81.6) 162 (60.4) 0.001*
Blood infection 24 (63.2) 94 (35.1)
Catheter-associated infection 7 (184) 31 (11.6)
Respiratory infection 19 (50.0) 75 (28.0)
Urinary tract infection 10 (26.3) 42 (15.7)
Abdominal infection 9 (23.7) 26 (9.7)
Biliary tract infection 5(13.2) 13 (4.9)
Wound infection 3(7.9) 4 (1.5)
Persistent organ failure 27 (71.1) 58 (21.6) 0.001*
Single organ failure 9 (23.7) 31 (11.6)
Multiple organ failure 18 (47.4) 27 (10.1)
Respiratory failure 21 (55.3) 33 (12.3)
Circulatory failure 16 (42.1) 26 (9.7)
Renal failure 12 (31.6) 25 (9.3)
Number of patients requiring minimally invasive interventions 35 (92.1) 170 (63.4) 0.001
Number of operations [time median(range)] 2 (1-10) I (1-4) 0.001*
Surgical complications [n (%)] 0.018*
Intraabdominal hemorrhage I (2.6) 7 (2.6)
Pancreatic fistula 2 (5.3) 8 (3.0
Others 6 (15.8) 18 (6.7)
ICU stay [days (mean + SD)] 37.97+27.31 21.36x17.74 0.001*
Total hospital stay [days (mean + SD)] 59.97+33.11 34.13+£25.32 0.001*

Note: *P<0.05.
Abbreviations: PSM, Propensity Score-Match; IPN, infected pancreatic necrosis; EPI, extra-pancreatic infection; ICU: intensive care unit.
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Table 4 Baseline Data of the Two Groups After PSM

Characteristics Colonic Group | Non-Colonic Group | P-value
(n=38) (n=268)

Age, years [n (%)] 0.791
<60 year 28 (73.7) 29 (76.3)

260 year 10 (26.3) 9 (23.7)

Gender [n (%)] 0.801
Male 26 (68.4) 28 (73.7)

Female 12 (31.6) 10 (73.7)

BMI, Kg/m? [n (%)] 0.644
<25 18 (47.4) 15 (39.5)

225 20 (52.6) 23 (60.5)

Etiology [n (%)] 0.909
Gallstones 19 (50.0) 20 (52.6)
Hyperlipidemia 12 (31.6) 10 (26.3)

Others 7 (184) 8 (21.1)

ASA score [n (%)] 0.848
| 10 (26.3) 12 (31.6)

2 26 (68.4) 25 (65.8)
3 2 (5.3) | (2.6)

Smoking [n (%)] 0.754
No 31 (81.6) 33 (86.8)

Yes 7 (18.4) 5(13.2)

Drinking [n (%)] 0.783
No 30 (78.9) 29 (76.3)

Yes 8 (21.1) 9(23.7)

Pre-existing comorbidities [n (%)] 0.818

Hypertension 12 (31.6) 13 (34.2)
Coronary heart disease 2 (5.3) 3(7.9)
Diabetes 7 (184) 9 (23.7)

Others 18 (47.4) 19 (50.0)

CTSI Scores [n (%)] 0.779
<8 7 (184) 9 (23.7)
=8 31 (81.6) 29 (76.3)

Extent of necrosis [n (%)] 0.942
<30% 4 (10.5) 4 (10.5)

(Continued)
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Table 4 (Continued).

Characteristics Colonic Group | Non-Colonic Group | P-value
(n=38) (n=268)
30%-50% 11 (29.0) 13 (34.2)
>50% 23 (60.5) 21 (55.3)
Admission temperature [n (%)] 0.469
<38°C 23 (60.5) 27 (71.1)
238°C 15 (39.5) 11 (28.9)
Admission laboratory indicators
WBC (x10%/L) 0.805
>10/<4 25 (65.8) 27 (71.1)
4-10 13 (34.2) 11 (28.9)
Percentage of neutrophils (%) 0.768
>75/<50 32 (84.2) 30 (78.9)
50-75 6 (15.8) 8 (21.1)
Hb (g/L) 0.491
<90 20 (52.6) 16 (42.1)
290 18 (47.4) 22 (57.9)
Alb (g/L) 0.803
<30 27 (71.1) 26 (68.4)
230 11 (28.9) 12 (31.6)
PCT (ng/mL) 0.618
>0.5 28 (73.7) 25 (65.8)
<0.5 10 (26.3) 13 (34.2)

Note: *P<0.05.

Abbreviations: PSM, Propensity Score-Match; BMI, Body mass index; ASA, American Society of
Anesthesiologists; CTSI, computer tomography severity index; WBC, white blood cell count; Hb, hemoglo-
bin; Alb, Albumin; PCT, Procalcitonin.

200)] days, colonic perforation [47.5 (2-135)] days and fulminant C. difficile colitis [19 (1-63)] days, while colonic
fistulas [144.5 (18—466)] and inflammatory colonic strictures (obstruction) [87 (7-289)] days were mostly seen later in
the course of the disease.” In contrast, the time to diagnosis of colonic complications in this study was 62 (11-270) days,
which occurred mostly in the late course of NP patients, the difference in the time to diagnosis of colonic complications
may be related to the severity of the patient’s disease and the clinician’s diagnosis and treatment.

In our center, we found that the most common sites of colonic complications in patients with NP were the colonic
splenic flexure and the transverse colon, respectively, which were considered to be related to the fact that the area of
pancreatic necrosis often extends to the tail of the pancreatic body and the lack of blood supply to the colonic splenic
flexure in patients with NP.>* 2 The causes of different colonic complications may be as follows: 1) direct erosion of
colonic trophoblastic vessels by pancreatic fluid-rich necrotic tissue, causing erosion and destruction of colonic arterial
blood vessel walls, leading to pseudoaneurysm formation and colonic bleeding;'” 2) spread of peripancreatic necrotic

tissue to the colon and colonic mesentery causing colonic adhesions, or compression by inflammatory masses of the
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Table 5 Comparison of Clinical Outcomes Between Two Groups After PSM
Characteristics Colonic Group Non-Colonic P-value
(n=38) Group (n=38)
Primary composite outcomes
Mortality [n (%)] 13 (34.2) 11 (28.9) 0.805
Secondary outcomes
Duration of nutritional support [days (mean * SD)]
Parenteral nutrition 25.47+18.02 16.81+7.85 0.009*
Enteral nutrition 34.48+25.84 18.76+8.09 0.002*
Nutritional support [n (%)] 0.345
Only parenteral nutrition 12 (31.6) 16 (42.1)
Enteral and parenteral nutrition 26 (68.4) 22 (57.9)
IPN 34 (89.5) 28 (73.7) 0.399
EPI 31 (81.6) 22 (57.9) 0.045*
Blood infection 24 (63.2) 16 (42.1) 0.039*
Catheter-associated infection 7 (184) 5(13.2) 0.754
Respiratory infection 19 (50.0) 14 (36.8) 0.355
Urinary tract infection 10 (26.3) 13 (34.2) 0.618
Abdominal infection 9 (23.7) 7 (18.4) 0.779
Biliary tract infection 5(13.2) 3(7.9) 0.711
Wound infection 3(7.9) 1 (2.6) 0.615
Persistent organ failure 27 (71.1) 22 (57.9) 0.338
Single organ failure 9 (23.7) 15 (39.5) 0.217
Multiple organ failure 18 (47.4) 7 (18.4) 0.014*
Respiratory failure 21 (55.3) 13 (34.2) 0.106
Circulatory failure 16 (42.1) 12 (31.6) 0.476
Renal failure 12 (31.6) 10 (26.3) 0.801
Number of patients requiring minimally 35 (92.1) 30 (78.9) 0.191
invasive interventions
Number of operations [time median(range)] 2 (1-10) 1 (1-4) 0.015*
Surgical complications [n (%)] 0.047*
Intraabdominal hemorrhage | (2.6) 0 (0)
Pancreatic fistula 2 (5.3) 0 (0)
Others 6 (15.8) 2 (5.3)
ICU stay [days (mean * SD)] 37.97x27.31 22.74+20.14 0.05
Total hospital stay [days (mean * SD)] 59.97+33.11 41.81+25.53 0.019
Note: *P<0.05.
Abbreviations: IPN, infected pancreatic necrosis; EPI, extra-pancreatic infection; ICU, intensive care unit.
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A The overall survival rate of NP patients during follow-up period before PSM
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Figure 4 The comparison of overall survival rate between two groups.

Notes: (A) The overall survival rate of NP patients during follow-up period before PSM. A total of 9 patients died, 42 patients were lost follow-up, and 205 patients
survived. The average follow-up time was 39.78 + 29.07 months; (B) The overall survival rate of NP patients during follow-up period after PSM. A total of 3 patients died, 6
patients were lost follow-up, and 43 patients survived. The average follow-up time was 40.17 *+ 23.21 months; (C) The comparison of the overall survival rate between the
two groups. In the colonic group, |5 patients died; 13 patients died during hospitalization, and 2 patients died during follow-up. In the no-colonic group, 12 patients died; | |

patients died during hospitalization and | patient died during follow-up. The overall survival rates of colonic group and no-colonic group were 88.0% and 77.8%, respectively
(P =0.537).
Abbreviations: NP, necrotizing pancreatitis; PSM, propensity score-matched.

pancreas or colonic fibrosis leading to narrowing of the intestinal lumen, and fixed position of the colonic splenic flexure,
poor mobility, prone to colonic obstruction;>* 3) direct erosion of the colonic intestinal wall by pancreatic digestive
enzymes, inflammatory factors in the area of pancreatic necrosis stimulate vasospasm and reduce capillary perfusion,
leading to thrombosis causing intestinal necrosis and colonic fistula;'® 4) direct injury from surgical operations or
compression by drainage tubes during the removal of necrotic tissue, causing tortuous edematous colonic vascular
hemorrhage or intestinal fistula formation.?'-*’ In this study, we found that although colonic complications in NP patients
are insidious, most of them are often accompanied by the worsening of patients’ clinical symptoms (eg, sepsis,
hemorrhagic shock, blood in stool, etc.). Therefore, clinicians should pay high attention to NP patients with sudden
exacerbations.

At admission, the degree of pancreatic necrosis and the level of inflammatory factors were significantly higher in
patients in the colonic group than in those in the non-colonic group, and as the extent of pancreatic necrosis expanded
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Table 6 The Long-Term Complication Between the Two Groups During the Follow-Up Period

Characteristics Colonic Group (n=22) Non-Colonic Group P-value
(n=21)
Follow-up time (months) 42.16+£25.89 38.33+20.24 0.238
Long-time complications [n (%)]
Recurrent pancreatitis 14 (56.0) 6 (22.2) 0.022*
Incision hernia 7 (28.0) 4 (14.8) 0317
Pseudocyst 6 (24.0) 3(1.1) 0.284
New onset endocrine insufficiency [n (%)] 0.378
Oral medication 7 (28.0) 5(18.5)
Insulin 3 (12.0) 2(74)
Pancreatic exocrine insufficiency [n (%)] 0.167
Diet adjustment 3 (12.0) 1 3.7)
Enzyme use 4 (16.0) 2(74)
Chronic pancreatitis [n (%)] I (4.0) 0 (0) 0.481
Pancreatic cancer [n (%)] 0 (0) 0 (0) 0
Clinical symptoms [n (%)] 0.215
Bloating 4 (16.0) 1 3.7)
Weight loss 5 (20.0) 4 (14.8)

Table 7 Quality of Life Rating Scale During the Follow-Up Period of Surviving Patients

Rating Scale (Mean t SD) Colonic Group | Non-Colonic Group P-value
(n=22) (n=21)

SF-36 Physical health score® 36.04+16.69 37.89+11.34 0.64

SF-36 Mental health score® 37.56x19.67 41.89£12.56 0.345

EQ-5D based health status score® 61.56+28.38 67.96120.66 0.354

Lzbicki pain score® 17.68+14.83 18.89+13.03 0.756

Notes: *SF-36, Short Form-36. The SF-36 physical and mental health scores range from 0 to 100. The higher the
score, the better the quality of life. °(EQ-5D, Euroqol-5 dimensions. The scores also range from 0 to 100, and the
higher the score, the better the health. “The higher the Izbicki pain score, the more severe is the discomfort. The
Izbicki pain score scale includes four parts (ranging from 0 to 100 per part); the sum of the values of the four parts is
divided by 4.

and the degree of necrosis increased in patients, inflammatory factors entered the blood and caused severe systemic
inflammatory response syndrome (SIRS) and decreased immune function, making it more likely to develop IPN and
POF,*® leading to an increased incidence of colonic complications and mortality in patients.*'® The impact of colonic
complications on the digestive function of NP patients requires therapeutic measures such as suppression of pancreatic
fluid secretion, nutritional support, minimally invasive interventions, and the prolongation of the patient’s hospital stay.
In addition, the number of patients in the colonic group who develop extra-pancreatic infections and MOF remains higher

than those in the non-colonic group, and severe systemic or local inflammatory reactions and hemodynamic disturbances
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due to organ failure disrupt the colonic blood supply, leading to the development of colonic complications, which in turn
affect the prognosis of patients.”!

Previous studies have suggested that colography facilitates the early detection of asymptomatic fistula patients. For
patients with obvious colon fistula, approximately 47% of patients recover after treatment with percutaneous catheter
drainage (PCD) and continuous negative pressure irrigation (CNPI), avoiding further surgical treatment.'®

For clinicians, surgical interventions are still the preferred method for treating colonic complications, and different
interventions can be used to remove pancreatic necrotic tissue by multiple and timely drainages depending on whether
the patient is wrapped in necrotic tissue, which helps to reduce the inflammatory response and injury around the colon
and reduce or avoid the occurrence of medically induced intestinal injury.?*-**°

After long-term follow-up, although the quality of life scores of the two groups were similar, the incidence of RAP in the
colonic group was much higher than that in the non-colonic group and Petrov et al study (56% vs 22.2% vs 21.0%).>' Due to
the wide range of pancreatic necrosis, multiple interventions were needed to control infection in the colonic group, moreover,
there are a large number of co-morbidities in the colonic group, which may induce the deterioration of self-co-morbidities
under the inflammatory stimulation of residual necrotic tissue, and eventually lead to the the emergence of RAP.>* The
similar incidence of other long-term complications between the two groups may be related to the small number of patients in
the colon group, which needs to be verified by further large-sample studies in the future.

The main limitations of our study are as follows:1) Our center is a large acute pancreatitis treatment center, and most
of the patients have a history of outpatient treatment and are in serious condition, which potentially increases the
incidence of colonic complications; 2) This is a retrospective study, and some of the patients are outpatient referrals, and
the clinical indicators included are influenced by the level of detail of clinical information at the time of patient referral,
which may have some statistical bias; 3) The number of patients in both groups after PSM is small (n=38), and there may

be some selection bias.

Conclusion

In this study, the incidence of colonic complications in NP patients was 12.4%. After PSM, colonic complications only
led to a longer hospital stay and an increased number of clinical interventions and did not increase the mortality. During
long-term follow-up, patients in the colonic group were more likely to have RAP.
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