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Objective: The incidence of acute pancreatitis (AP) is increasing. Twenty percent of AP patients with developing necrotizing
pancreatitis (NP), while ~40-70% of NP patients develop potentially fatal infectious complications. When patients are suspected or
confirmed infected pancreatic necrosis (IPN), antibiotics should be administered timeously to control the infection, but long-term use
of antibiotics can lead to multidrug-resistant bacteria (MDRB) infection and eventually to increased mortality. Our study aimed to
determine the incidence of MDRB infection and evaluate the risk factors for MDRB infection in IPN patients.

Methods: Clinical data of IPN patients admitted to the general surgery department of Xuanwu Hospital of Capital Medical University
between January 1, 2014, and December 31, 2021, were retrospectively analyzed.

Results: IPN patients (n = 267) were assigned to MDRB infection (n = 124) and non-MDRB infection (n = 143) groups. On
admission, patients in the MDRB group had a higher modified computer tomography severity index (CTSI) score (P < 0.05),
pancreatic necrosis degree, and PCT level (P < 0.05) than those in the non-MDRB group, and the prognosis of patients in MDRB
group was poor. The most common gram-negative bacteria were Acinetobacter baumannii (n = 117), the most common gram-positive
bacteria were Enterococcus faecium (n = 98), and the most common fungal infection was Candida albicans (n = 47). Multivariable
analysis showed that complications of EPI (OR: 4.116, 95% CI: 1.381-12.271, P = 0.011), procalcitonin (PCT) level at admission
(OR: 2.728, 95% CI: 1.502-4.954, P = 0.001), and degree of pancreatic necrosis (OR: 2.741, 95% CI: 1.109-6.775, P = 0.029) were
independent risk factors for MDRB infection in IPN patients.

Conclusion: We identified common infectious strains and risk factors for MDRB infection in IPN patients.

Keywords: infected pancreatic necrosis, extra-pancreatic infection, multidrug-resistant bacteria, risk factor analysis

Introduction

The morbidity of acute pancreatitis (AP) is increasing annually, and its clinical symptoms are complicated and variable.
Although 80% of AP cases are mild, self-limiting, and have a very low mortality rate, 20% of AP patients suffer
increased mortality due to various complications such as organ failure, peritoneal septal syndrome, and infected
pancreatic necrosis.”? In the early stages of the disease (<14 days), persistent organ failure (POF) caused by systemic
inflammatory response syndrome (SIRS) is the main cause of death in AP patients. In the late stages of the disease (>14
days), pancreatic parenchyma and/or peripancreatic fat tissue necrosis develop, and AP progresses to necrotizing
pancreatitis (NP). More patients die due to infected pancreatic necrosis (IPN) caused by complications such as septic
shock and death.'™
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The current guidelines and meta-analysis suggest that prophylactic application of antibiotics does not reduce the risk
of infection in AP patients and recommends that antibiotics only for patients with suspected or confirmed infection.®’ In
addition, in the early stages of AP patients, because of similar clinical symptoms of SIRS and infection (eg, fever,
elevated white blood cells, shortness of breath), about 2/3 of patients received at least one course of antibiotic therapy
history during their admission.* In recent years, the decline in production costs of antibiotics, lack of antibiotic
management processes in the community and local hospitals, and non-standard use of antibiotics have promoted the
emergence and development of multidrug-resistant bacteria (MDRB) infection.'®'! Some studies highlighted that MDRB
infection is an important factor contributing to the death of IPN patients.'*"?

Therefore, to help prevent and reduce the incidence of MDRB infection and improve the prognosis of IPN patients, it
is necessary to determine the incidence of MDRB infection in IPN patients, the common strains of MDRB infection, and

the risk factors that are associated with MDRB infection.

Methods
Study Design and Setting

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, 2021, were retrospectively analyzed. This study was
reviewed and approved by the Ethical Review Committee of Xuanwu Hospital of the Capital Medical University
(No0.2020158). 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 is illustrated in Figure 1.

Inclusion and Discharge Criteria

The inclusion criteria of patients were as follows: 1) AP patients with pancreatic and/or peripancreatic necrosis confirmed
by imaging examination (enhanced CT/MRI, etc.) and pathogen culture positive, 2) Enhanced CT showed bubble sign in
pancreatic necrotic tissue. The exclusion criteria: 1) Mild acute pancreatitis (MAP) or sterile pancreatic necrosis; 2) NP
patients need emergency surgery; 3) Acute exacerbation of chronic pancreatitis or recurrent AP (RAP). The definitions of
relevant clinical factors in this study are shown in Table 1.

AP patients between January 2014 and December 2021 (n = 1159)

Inclusion criteria: Exclusion criteria:

1. Enhanced CT showed < »| 1. MAP patients (n=709);

pancreatic necrosis 2. AP patients with sterile necrosis (n=136);
2. Positive pathogen culture 3. Chronic pancreatitis patients (n=31);

4. AP patients needed emergency laparotomy (n = 16).

Included IPN patients (n=267)

Presence of MDRB infection

MDRB group (n = 124) No-MDRB group (n = 143)

Logistic regression analysis showed that in IPN patients, presence of EPI, PCT level at
admission, and degree of pancreatic necrosis were risk factors for MDRB infection.

Figure | Patient inclusion flow chart.
Abbreviations: AP, acute pancreatitis; MAP, mild acute pancreatitis; CT, computed tomography; IPN, infected pancreatic necrosis; MDRB, multidrug resistant bacteria; EPI,
extra-pancreatic infection; PCT, procalcitonin.
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Table | Definitions of the Clinical Factors

Clinical Factors

Definition

Acute pancreatitis7

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 pancreatitisI4

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%.

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.

Multidrug-resistant bacteria'”"'®

Bacteria that are resistant to three or more classes of commonly used antimicrobial drugs.

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.

Surgical complications

Intraabdominal hemorrhage

Persistent bleeding fluid in the drainage tube or around the wound, requiring surgical, radiologic, or
endoscopic intervention.

Gastrointestinal fistula

Secretion of fecal material from a percutaneous drain or inflow into the necrotic cavity, either from small
or large bowel; confirmed by endoscopy, imaging or during surgery.

Gastrointestinal obstruction

Gastrointestinal symptoms (eg abdominal distention, abdominal pain, dyspepsia, etc.) caused by pressure
on surrounding organs by pancreatic necrotic material.

Pancreatic fistula

Amylase content in drainage tube or exudate around wound 23 times the serum amylase level.

Abdominal compartment syndrome

An increase in intra-abdominal pressure (220 mmHg) caused by various factors leading to the dysfunction
of digestive, circulatory, respiratory and urinary systems.

Referral time

The time for patients to present to our hospital for treatment since the onset of disease, including direct
visits to our hospital and referral from other secondary hospitals.

Infected pancreatic necrosis diagnosed
before admission

Infected pancreatic necrosis diagnosed before the patient was referred to our hospital.

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

Pathogen Culture

Pathogenic culture and drug sensitivity tests were routinely performed in patients with suspected infection symptoms.

Common culture samples included 1) necrotic pancreatic tissue obtained by puncture or surgery; 2) blood; 3) respiratory

sputum; 4) urine; 5) abdominal puncture drainage fluid; 6) gallbladder puncture drainage fluid; 7) wound swab.
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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, and antibiotics can only be used in patients with suspected
or confirmed infection. Regular laboratory investigations (routine blood tests, blood biochemistry, inflammatory indicators, etc.)
and imaging investigations (abdominal ultrasound or CT) were performed to monitor the patient’s disease development, and
different therapeutic measures were taken according to the changes in the patient’s condition. If the patient’s condition improved,
conservative treatment was continued. If the patient’s condition deteriorated (such as new-onset organ failure [NOF], IPN),
a multidisciplinary team (MDT), including pancreatic surgeons, anesthetists, intensivists, and imaging specialists, collaborated
and evaluated the patient. For patients with suspected or confirmed infection symptoms, third- and fourth-generation cephalos-
porins or carbapenem antibiotics were empirically administered, and the antibiotics were adjusted according to the results of drug
sensitivity tests. Patients with suspected or confirmed NOF were provided with relevant organ support therapy (continuous
pumping of vasoactive drugs, mechanical ventilation therapy [MVT], and continuous renal replacement therapy [CRRT]).
The indications for minimally invasive intervention in patients are as follows: 1) After active conservative treatment,
the patient’s condition has no significant improvement or has continued deterioration (new organ failure or increased
temperature and inflammatory indicators, etc.); 2) The presence of infected pancreatic necrosis is confirmed; 3) The
range of necrosis in patients is enlarged, resulting in compression symptoms of surrounding organs (such as digestive
tract or biliary tract obstruction). Our pancreatic surgeon has rich experience in laparoscopic necrotic tissue debridement.
Pancreatic surgeons adopted different minimally invasive intervention methods according to the nature, site, and integrity

of the necrotic material in patients, and the specific surgical methods have been discussed in our previous studies.'*°

Statistical Analysis

In this study, Excel 2018 (Microsoft, Redmond, CA, USA) was used to record the clinical data of patients, SPSS 23.0 (IBM Corp.,
Armonk, NY, USA) and GraphPad Prism 8.0 (GraphPad Software, La Jolla, CA, United States) were used for statistical analysis.
The Shapiro—Wilk test was used to evaluate whether the study data fit the normal distribution. Data with normal distribution were
expressed as mean + standard deviation (mean + SD), and the differences between groups were analyzed using the independent
sample -test. Data of skewed distribution were presented in the form of the median (range), and between-group differences were
analyzed using the rank sum test. Quantitative data were presented as rates, and differences between groups were analyzed using
the chi-square test or Fisher’s exact probability method. Logistic regression was used to analyze the risk factors for MDR
infection, and the odds ratio (OR) and 95% confidence interval (CI) were calculated; ROC curve analysis was employed to
investigate the diagnostic ability of risk factors and to find the ideal cut-off value. P value <0.05 was considered statistically

significant.

Results

A total of 267 IPN patients were included in this study, including 176 men and 92 women (average age: 50.72 = 14.94
years). Among them, 144 patients had biliary pancreatitis, 78 had hyperlipidemia, and 45 other patients (10 patients with
alcohol, 21 patients with unknown etiology, and 14 patients with postoperative endoscopic retrograde cholangiography
[ERCP]). Depending on the results of pathogen culture in IPN patients, patients were divided into the MDRB infection
group (n = 124) and the non-MDRB infection group (n = 143).

Baseline Data

There was no statistical difference between the two groups in sex, age, and etiology. In the MDRB group, the transfer
time (30 [1-120] days vs 25 [1-150] days, P < 0.05), modified computer tomography severity index (CTSI) score (8 [4—
10] vs 6 [2-10], P < 0.05), pancreatic necrosis degree, and PCT level (1.65 + 1.39 ng/mL vs 0.82 = 0.79 ng/mL, P <
0.05) were higher than those in the non-MDRB group. In the MDRB group, hemoglobin level (94.49 + 32.05 g/L vs
112.36 £ 28.34 g/L, P < 0.05), hematocrit level (29.39 + 6.78% vs 32.64 £ 8.31%, P < 0.05), and albumin level (27.76 £+
5.39 g/L vs 30.27 £ 6.55 g/L, P < 0.05) were lower than those in the non-MDRB group (Table 2).
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Table 2 Comparison of Baseline Data on Admission Between MDRB and Non-MDRB Groups

Characteristics MDRB (n = 124) No-MDRB (n= 143) | Total (n= 267) P value
Age [year mean * SD] 50.11 £ 14.42 51.32 £ |5.55 50.72 + 14.94 0.554
Sex [n (%)] 0.897

Male 81 (65.32) 95 (66.43) 176 (65.92)

Female 43 (34.68) 48 (33.56) 91 (34.08)
Etiology [n (%)] 0.288

Gallstones 66 (53.23) 78 (54.55) 144 (53.93)

Hyperlipidemia 41 (33.06) 37 (25.87) 78 (29.21)

Others 17 (13.71) 28 (19.58) 45 (16.85)
BMI [kg/m? mean % SD] 2475 + 3.58 25.24 + 455 25.00 + 4.09 0.207
ASA [score, median (range)] 2 (1~3) I (1~3) 2 (1~3) 0.186
Transfer time [days, median (range)] 30 (1~120) 25 (1~150) 30 (1~150) 0.01*
Transfer [n (%)] 115 (92.74) 130 (90.91) 245 (91.76) 0.659
IPN diagnosed at a different facility 0.704

Yes 44 (35.48) 56 (39.16) 100 (37.45)

No 80 (64.52) 87 (60.84) 167 (62.55)
Admission temperature [mean + SD] 37.14 £ 0.89 36.91 £ 0.89 37.03 £ 0.89 0.191
CTSI [score, median(range)] 8 (4~10) 6 (2~10) 6 (2~10) 0.001*
Extent of necrosis [n (%)] 0.001*

<30% 10 (8.06) 56 (39.16) 66 (24.72)

30-50% 79 (63.71) 66 (46.15) 118 (54.31)

>50% 35 (28.23) 21 (14.69) 56 (20.97)
Admission laboratory indicators [mean + SD]
WBC (% 10°/L) 12.10 £ 5.76 11.25 + 6.70 11.67 + 6.24 0.318
Percentage of neutrophils (%) 82.28 + 8.78 81.49 + 9.86 81.91 £9.21 0.664
Hb (g/L) 94.49 + 32.05 112.36 + 28.34 102.75 £ 31.40 0.003*
Hct (%) 29.39 + 6.78 32.64 + 831 31.02 £7.73 0.002*
Alb (g/L) 27.76 + 5.39 30.27 + 6.55 28.92 + 6.03 0.033*
CRP (mg/L) 186.27 + 122.88 165.43 + 122.97 176.07 + 122.71 0.249
PCT (ng/mL) 1.65 £ 1.39 0.82 + 0.79 125 £ 1.19 0.001*
IL-6 (pg/mL) 239.48 + 210.65 186.50 + 160.11 21343 + 18835 | 0.058

Note: *P<0.05.

Abbreviations: MDRB, multidrug resistant bacteria; BMI, body mass index; ASA, American Society of Anesthesiologists; IPN, infected
pancreatic necrosis; WBC, white blood cell count; Hb, hemoglobin; CTSI, computer tomography severity index; Hct, hematocrit; CRP,

C-reactive protein; Alb, albumin; PCT, procalcitonin; IL-6, interleukin; ERCP, endoscopic retrograde cholangiography.

Clinical Outcomes
In the clinical management of the MDRB group, the number of patients requiring combined nutritional support (80.65%
vs 48.95%, P < 0.05), the parenteral nutrition (PN) support time (32.07 + 26.92 days vs 20.71 £+ 18.61 days, P < 0.05),
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the enteral nutrition (EN) support time (30.25 + 27.44 days vs 20.07 £+ 19.08 days, P < 0.05) days, the number of patients
needing antibiotics treatment (88.71% vs 73.43%, P < 0.05), the number of patients requiring surgical intervention
(88.71% vs 65.03%, P < 0.05), and the number of surgical interventions (2 [1-10] vs 2 [1-7] times, P < 0.05) were all
higher than those in the non-MDRB group, and the differences were statistically significant (Table 3).

Table 3 Clinical Management and Prognosis Comparison by Group

Characteristics MDRB (n = 124) No-MDRB (n = 143) Total (n = 267) P value
Duration of nutritional support [days (mean * SD)]
Parenteral nutrition 32.07 + 26.92 20.71 £ 18.61 26.31 £ 23.67 0.001*
Enteral nutrition 30.25 + 27.44 20.07 £+ 19.08 25.03 £ 23.96 0.001*
Nutritional support [n (%)] 0.001*
Only parenteral nutrition 24 (19.35) 73 (51.05) 97 (36.33)
Combined nutrition 100 (80.65) 70 (48.95) 170 (63.67)
Need antibiotic treatment [n (%)]
Yes 110 (88.71) 105 (73.43) 215 (80.52) 0.002*
No 14 (11.29) 38 (26.57) 52 (19.47)
Outside intervention [n (%)] 0.152
Yes 46 (37.10) 41 (28.67) 87 (32.58)
No 78 (62.90) 102 (71.33) 180 (67.42)
Minimally invasive intervention [n (%)] 0.001*
Yes 110 (88.71) 93 (65.03) 203 (76.03)
No 14 (11.29) 50 (34.97) 64 (23.97)
Number of surgical interventions [times, median (Range)] 2 (I-10) 2 (1-7) 2 (1-10) 0.014*
Surgical complications [n (%)] 29 (23.39) 17 (11.89) 46 (17.23) 0.015*
Intraabdominal hemorrhage 12 (9.68) 8 (5.59) 20 (7.49)
Gastrointestinal fistula 8 (6.45) 4 (2.80) 12 (4.49)
Gastrointestinal obstruction 6 (4.84) 2 (1.40) 8 (3.00)
Others 3(242) 3 (2.10) 6 (2.25)
Preoperative organ failure 40 (32.26) 41 (28.67) 81 (30.34) 0.594
New organ failure after surgery 14 (11.29) 2 (1.40) 16 (5.99) 0.001*
Time of confirmed infection [days (mean + SD)] 10.84 + 7.79 14.61 = 12.65 12.73 = 10.64 0.009*
EPI infection [n (%)] 79 (63.71) 49 (34.27) 128 (47.94) 0.001*
Fungal infection [n (%)] 44 (35.48) 28 (19.58) 72 (26.97) 0.004*
Pancreatic origin 8 (6.45) 5 (3.50) 13 (4.87)
Extra-pancreatic origin 36 (29.03) 23 (16.08) 59 (22.10)
ICU stay [days (mean * SD)] 30.13 + 28.67 17.94 + 13.72 2379 £ 19.75 0.001*
Hospital stay [days (mean * SD)] 49.98 + 31.08 2899 + 21.45 36.59 £ 27.25 0.001*
Mortality [n (%)] 30 (24.19) 20 (13.99) 50 (18.73) 0.041%

Note: *P <0.05.
Abbreviations: MDRB, multidrug resistant bacteria; POF, persistent organ failure; EPI, extra-pancreatic infection; ICU, intensive care unit.
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In terms of clinical outcome, the in-hospital mortality (24.19% vs 13.99%; P < 0.05), the incidence of postoperative
complications (23.39% vs 11.89%, P < 0.05), the incidence of postoperative new-onset organ failure (NOF) (11.29% vs
1.4%, P < 0.05), length of intensive care unit (ICU) stay (30.13 + 28.67 days vs 17.94 &+ 13.72 days, P < 0.05), and total
length of hospital stay (49.98 + 31.08 days vs 28.99 + 21.45 days, P < 0.05) in the MDRB group were significantly
higher than those in the non-MDRB group (P < 0.05) (Table 3).

Microbiologic Distribution

In terms of infection, patients in both groups had been diagnosed with IPN in other hospitals (35.48% vs 39.16%; P > 0.05), and
the incidence of EPI (63.71% vs 34.27%, P < 0.05) and fungal infection (35.48% vs 19.58%, P <0.05) in the MDRB group was
significantly higher than that in the non-MDRB group. A total of 995 positive strains were cultured. Of these, 402 strains of
pathogenic bacteria were cultured in the MDRB group, including 307 strains of MDRB bacteria and 95 strains of fungi. In the
non-MDRB group, 593 strains of pathogenic bacteria were cultured, including 35 strains of fungi and 558 strains of bacteria. The
most common gram-negative bacteria were Acinetobacter baumannii (n = 117), Pseudomonas aeruginosa (n = 118), Klebsiella
pneumonia (n = 118), and Escherichia coli (n = 88). The incidence of MDRB bacteria was 72.65%, 32.20%, 66.95%, and
36.36%, respectively. The most common gram-positive bacteria were Enterococcus faecium (n = 98), Staphylococcus epider-
midis (n = 57), and Staphylococcus hominis (n = 38), and the incidence of MDRB bacteria was 16.67%, 15.09%, and 11.43%,
respectively. The most common fungal infection was Candida albicans (n = 47) (Table 4).

Table 4 Microbiological Profile of Organisms in IPN Patients

Organism Total, n (%)

MDRB Non-MDRB Total

Gram positive

Enterococcus faecium 19 (1.91) 79 (7.94) 98 (9.85)
Staphylococcus epidermidis 12 (1.21) 45 (4.52) 57 (5.73)
Staphylococcus hominis 7 (0.70) 31 (3.12) 38 (3.82)
Staphylococcus aureus 10 (1.01) 12 (1.21) 22 (2.21)
Others 8 (0.80) 41 (4.12) 49 (4.92)

Gram negative

Acinetobacter bowman 85 (8.84) 32 (3.22) 117 (11.76)
Klebsiella pneumoniae 79 (7.94) 39 (3.92) 118 (11.86)
Pseudomonas aeruginosa 38 (3.82) 80 (8.04) 118 (11.86)
Escherichia coli 32 (3.22) 56 (5.63) 88 (8.84)
Others 17 (1.71) 143 (14.37) 160 (16.08)
Fungal
Candida albicans 30 (3.02) 17 (1.71) 47 (4.72)
Candida parapsilosis 16 (1.61) 7 (0.70) 23 (2.31)
Candida glabrata 17 (1.71) 3 (0.30) 20 (2.01)
Candida tropicalis 17 (1.71) 6 (0.60) 23 (2.31)
Others 15 (1.51) 2 (0.20) 17 (1.71)
Total, n (%) 402 (40.40) 593 (59.60) 995 (100)

Abbreviation: MDRB, multidrug resistant bacteria.
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Table 5 Multivariable Analysis of Risk Factors for MDRB Infection in IPN Patients

Variables Univariable Analysis Multivariable Analysis

OR (95% CI) p-value OR (95% CI) p-value
EPI 3.947 (2.240-6.957) 0.001* 4.116 (1.381-12.271) 0.01I*
Level of admission PCT 2.141 (1.557-2.994) 0.001* 2.728 (1.502-4.954) 0.001*
Degree of pancreatic necrosis 6.347 (2.831-14.227) 0.001* 2.741 (1.109-6.775) 0.029*
Transfer time 1.01'1 (1.000-1.021) 0.044* 1.107 (0.994-1.04) 0.153
Hb 0.979 (0.965-0.994) 0.006* 0.956 (0.905-1.009) 0.103
Het 0.943 (0.908-0.980) 0.003* 1.125 (0.907-1.395) 0.284
Alb 0.930 (0.868-0.996) 0.038* 0.997 (0.895-1.109) 0.949
Antibiotic treatment 2911 (1.425-5.946) 0.003* 0.964 (0.898-1.035) 0317
Whether surgical intervention 4.364 (2.080-9.156) 0.001* 1.007 (0.980-1.034) 0.622

Notes: After univariate and multivariate Logistic regression analysis found that combined EPI (OR: 4.116, 95% CI: 1.381-12.271, P = 0.011),
PCT level at admission (OR: 2.728, 95% Cl: 1.502—4.954, P = 0.001), and the degree of pancreatic necrosis (OR: 2.741, 95% CI: 1.109-6.775, P =
0.029) being identified as independent risk factors for MDRB infection in IPN patients. *P < 0.05.

Abbreviations: MDRB, multidrug resistant bacteria; EPI, extra-pancreatic infection; PCT, procalcitonin; Hb, hemoglobin; Hct, hematocrit; Alb,
albumin; IPN, infected pancreatic necrosis.

Risk Factor Analysis for MDRB Infection

Table 5 shows the univariable and multivariable analyses of risk factors for MDR infection in the IPN patients. In
univariable analysis, patients with long transfer time (OR: 1.011, 95% CI: 1.000-1.021, P = 0.044), high PCT level on
admission (OR: 2.141, 95% CI: 1.557-2.994, P = 0.001), low hemoglobin (OR: 0.979, 95% CI: 0.965-0.994, P = 0.006),
hematocrit (OR: 0.943, 95% CI: 0.908-0.980, P = 0.003) and albumin level (OR: 0.930, 95% CI: 0.868-0.996, P =
0.038), combined EPI (OR: 3.947, 95% CI: 2.240-6.957, P = 0.001), need antibiotic therapy (OR: 2.911, 95% CI: 1.425-
5.946, P = 0.003) or surgical intervention (OR: 4.364, 95% CI: 2.080-9.156, P = 0.001) are more likely to develop MDR
infection. Multivariable analysis identified combined EPI (OR: 4.116, 95% CI: 1.381-12.271, P = 0.011), the level of
PCT at admission (OR: 2.728, 95% CI: 1.502—4.954, P = 0.001), and the degree of pancreatic necrosis (OR: 2.741, 95%
CI: 1.109-6.775, P = 0.029) as the independent risk factors for MDRB infection in IPN patients (Table 5). The ROC
analysis of the PCT level at admission found that when the PCT value was 1.055 ng/mL, the sensitivity was 0.636, the

specificity was 0.741, and the ROC curve area was 0.705 (Figure 2).
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Figure 2 Receiver operating characteristic curve analysis of the prediction of MDRB infection by admission PCT level.

Notes: The ROC analysis of the PCT level at admission found that when the PCT value was 1.055 ng/mL, the sensitivity was 0.636, the specificity was 0.741, and the ROC

curve area was 0.705.
Abbreviations: MDRB, multidrug resistant bacteria; PCT, procalcitonin.
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Discussion

In this study, we found that compared with the non-MDRB group, the prognosis of patients in the MDRB group was
poor, which reconfirmed the view of previous studies.'>'* In addition, we identified the risk factors of MDRB infection
in IPN patients and provided the references for clinicians to prevent and treat MDRB infection.

There were no between-group differences regarding age, sex, etiology, BMI, and other baseline characteristics of
patients. The most common condition in the two groups was biliary pancreatitis, which is consistent with the results of
our previous study.'® !, However, the incidence of hyperlipidemic pancreatitis showed an increasing trend, which may
be related to improvements in living standards. Changes in dietary habits are also associated with a lack of exercise.”***

The incidence of MDRB infection in this study was 46.44% (124/267), which was much higher than that in other studies
(38.28% [80/209] and 29.50% [164/556]),'*' and similar to Li et al (45.10% [23/51]),>* it may be caused by the different
severity of the included patients (eg, AP, SAP, IPN) and clinical treatment measures (eg, early intensive care, minimally
invasive interventions, application of antibiotics, etc.). Possible reasons are as follows: 1) Our hospital has a special acute
pancreatitis diagnosis and treatment center, 91.76% of the patients (n = 245) are referred from other hospitals, local hospitals
may lack experience in monitoring and treating local complications of severe AP patients, which more likely to have IPN and
MDRB infections,? the results of the present study also further support this view. 2) The high resistance of Acinetobacter
baumannii in the environment and its ability to develop resistance to antibiotics have resulted in it becoming the main
pathogen in nosocomial infections.?**’ 3) More patients in the MDRB group required surgical intervention to control the
disease than patients in the non-MDRB group. Treatment measures such as the placement of long-term indwelling drainage
tubes after surgery, regular tube replacement, and tube lavage may also increase the incidence of MDRB infection.”®
Therefore, clinicians should perform multiple and multi-site pathogen cultures to avoid prolonged empiric antibiotic
administration. After identifying the pathogenic strains and sensitive antibiotics, timely antibiotic adjustment is necessary
to reduce the time of empiric antibiotic administration to reduce the risk of MDR pathogen infection.

Our study findings suggest that in IPN patients, the presence of EPI and the high level of degree of pancreatic necrosis are
risk factors for MDRB infection. The reasons may be as follows: 1) 63.71% of MDRB cases were complicated by EPI, and the
time of EPI development patient with AP was less than that of patients with IPN.'*>!®*22%3% EPI pathogens were also slightly
different from IPN pathogens.'>**?° Antibiotics that are sensitive to pancreatic pathogens may not be sensitive to extra-
pancreatic pathogens, the duration of antibiotic use increases, and multiple antibiotics are needed, which increases the risk of
MDRB infection. 2) Studies have confirmed that the risk of pancreatic infection is positively correlated with the degree of
pancreatic necrosis.’' Patients need multiple surgical interventions, which are more prone to postoperative complications,
resulting in prolonged hospital stay and increased mortality.>*** 3) With the expansion of pancreatic necrosis, it is suggested
that patients have more pancreatic acinar cell damage, and a large amount of inflammatory factors into the blood, causing
SIRS, clinicians have the possibility of prophylactic application of antibiotics due to the suspicion of patient infection, which
prone to develop MDRB infection.®***** Therefore, for patients with suspected infection, clinicians should base their
treatment strategy on the time of symptom onset, the latest imaging findings, changes in clinical symptoms (cough, sudden
or persistent high fever, etc.), and whether different treatment modalities have been performed (placement of deep venous
catheters or indwelling urinary catheters, etc.) to exclude EPIL.

PCT has both hormonal and cytokine characteristics, and when patients have bacterial infection, PCT has the role of
maintaining vascular endothelial tension. The level of PCT increases rapidly under the proinflammatory stimulation of
bacterial origin and decreases after the successful anti-inflammatory treatment.*® In our previous study, we identified the
PCT level as an independent risk factor for infection recurrence in patients with IPN after surgical intervention,*® and He
et al’s study indicated that PCT could be used to predict the risk of critically severe AP (CAP) and IPN within 48 hours
after hospital admission.?” Siriwardena et al showed that a procalcitonin-based algorithm (whether PCT levels >1.0ug/L)
to guide antibiotic use in patients with acute pancreatitis (PROCAP) reduced antibiotic use and did not increase patient’s
infection.® This study found that patients with PCT levels higher than 1.055 ng/mL on admission had an increased risk of
MDRB infection. Clinicians can perform PCT testing regularly to reduce the risk of infection.

However, there were some limitations of this study: 1) Our hospital is a large pancreatitis diagnosis and treatment
center in northern China, and the patients admitted to our hospital are mainly those with moderate and severe acute
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pancreatitis, which may drive MDRB infection; 2) Most patients in this study (n = 245) were referral patients who had
different treatments before admission (such as the types of empiric antibiotics used, nutritional support, surgical
treatment, etc.), and these factors may have introduced bias into the statistical analysis; 3) In this study, only one patient
received the endoscopic intervention, and the difference in prognosis and incidence of MDRB infection between
endoscopic intervention and surgical intervention was not compared.

Conclusion

In conclusion, MDRB infections are increasing in IPN patients, with gram-negative bacteria being the most common
causative pathogen. Clinicians can assess the risk of MDRB infection in patients based on whether IPN patients have
EPI, the degree of pancreatic necrosis, and the level of PCT at admission.

Abbreviations

AP, acute pancreatitis; NP necrotizing pancreatitis; IPN infected pancreatic necrosis; EPI, extra-pancreatic infection;
MDR multidrug-resistant; PCT procalcitonin; POF, persistent organ failure; SIRS systemic inflammatory response
syndrome; NP, necrotizing pancreatitis; CT computed tomography; MAP mild acute pancreatitis; OF, organ failure;
MDT, multidisciplinary team; MVT, mechanical ventilation therapy; CRRT, continuous renal replacement therapy; OR,
odds ratio; CI, confidence interval; ROC, receiving operating characteristic; CTSI, computer tomography severity index;
ERCP, endoscopic retrograde cholangiography; EN, enteral nutrition; PN, parenteral nutrition; NOF, new-onset organ
failure; ICU, intensive care unit.
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