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Background: To identify the risk factors and prognosis of carbapenem-resistant organisms (CRO) in patients with acute cholangitis.
Methods: This retrospective observational study was conducted to explore the risk factors and prognosis of CRO infection in 503 
acute cholangitis patients diagnosed between July 2013 and January 2022 at the First Affiliated Hospital of Chongqing Medical 
University, who were divided into a CRO group and non-CRO group based on the presence or absence of CRO. Univariate, 
multivariate analyses, and the proportional hazards model were used to compare the risk factors and prognosis of CRO suffering in 
patients with acute cholangitis.
Results: We identified 35 patients colonized with CRO from 503 acute cholangitis patients. In the multivariate analysis, tumor 
(OR=7.09, 95% CI=1.11–45.30, P=0.038) and chronic kidney disease (OR=8.70, 95% CI=2.11–35.88, P=0.003) were ascertained as 
the risk factors of the occurrence on CRO infection under the background of acute cholangitis. CRO infection was identified as an 
independent risk factor for acute cholangitis patient death (HR=5.147, 95% CI=1.475–17.595, P=0.01) by Cox proportional-hazards 
regression.
Conclusion: Tumor and chronic kidney disease may be risk factors for CRO infection. Patients diagnosed with acute cholangitis 
further infected with CRO had a poor prognosis and a more severe mortality. Active screening for CRO is expected to facilitate early 
prevention, diagnosis, and treatment of high-risk patients.
Keywords: CRO, acute cholangitis, risk factors, prognosis

Introduction
Acute cholangitis is still deemed to be a fatal disease of the biliary system caused by bile duct stone obstruction and 
tumor formation, which can be accompanied by multiple organ dysfunction, and is one of the clinical problems that needs 
to be solved urgently due to its higher mortality and poor prognosis.1,2 According to the Tokyo Guidelines 2018 (TG18), 
patients with mild, moderate, and severe acute cholangitis may need antibacterial treatment, especially for more severe 
cases with systemic inflammation, for which antibacterial treatment may be relatively effective, and more severe patients 
even need antibacterial treatment until the implementation of surgical treatment such as cholecystectomy.3

At present, the multiple drug resistance (MDR) and multiple organ dysfunction associated with acute cholangitis bring 
heavily dilemma in improving the prognosis of patients.4 In addition, antimicrobial selection associated with antimicrobial 
therapy for acute cholangitis, is often reported to be affected by the presence of carbapenemase-producing bacteria.5 

Carbapenems once used to treat multidrug-resistant bacterial infections, are threatened by the widespread of carbapenems 
resistant gut bacteria.6 The increasing detection rate of CRO brings severe challenges to clinical infection of acute cholangitis.7

CRO is a class of bacteria characterized by different mechanisms of drug resistance, and the incidence of CRO is increasing 
worldwide.8 In recent years, more and more studies have focused on the analysis of risk factors for CRO infection in patients 
afflicted with different diseases, aiming to further explore the optimal utilization of antibiotics and the maximization of patients’ 
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benefits.9–13 The influence of carbapenem-resistant nonfermenting gram-negative bacteria (such as Acinetobacter baumannii and 
Pseudomonas aeruginosa) which caused a global epidemic is increasingly being recognized.14 Some retrospective studies 
elaborated that mechanical ventilation, septic shock, and low platelet count represent three independent risk factors to the 
mortality of ASOT recipients with CR-GNB infection.5,15 Studies have indicated that patients admitted to the ICU with high 
Sequential Organ Failure Assessment (SOFA) and Nutric scores, prolonged ICU LOS, previous surgery, dialysis and mechanical 
ventilation, and prior aminoglycosides and carbapenems use may be at increased risk for CRE infection.16,17 A systematic review 
referring to 92 studies identified that the most common risk factors for CRO infection but further exploration of CRO infection in 
patients with acute cholangitis was omitted.13 Therefore, to explore the risk factors of CRO infection in acute cholangitis is of great 
significance to further guide the prevention and control of CRO infection and to explore the potential causes of CRO infection in 
patients with acute cholangitis is of significance, which may ensure continuous access to effective treatment.

Patients and Methods
Study Design
All 1,570 inpatients with acute cholangitis admitted to the First Affiliated Hospital of Chongqing Medical University 
from July 2013 to January 2022 were considered for inclusion. For inclusion and exclusion criteria refer to our previous 
studies.18 The inclusion criteria for acute cholangitis and the identification of cases are shown in Figure 1. In view of the 

A. Systemic inflammation
A-1. Fever and/or shaking chills A-2. Laboratory data: evidence of
inflammatory response
B. Cholestasis
B-1. Jaundice B-2. Laboratory data: abnormal liver function tests
C. Imaging
C-1. Biliary dilatation C-2. Evidence of the etiology on imaging
(stricture, stone, stent)
(Definite diagnosis: one item in A, one item in B and one item in C

Patients with acute cholangitis
n = 1570

Bile culture and blood culture were not
obtained (n=393)

Received treatment before admission (n=265)
Transfer to another hospital (n=161)
Neither ERCP and surgical drainage were
performed (n=248)

CRO (n = 35) Non-CRO (n = 468)

Patients included
n = 503

Patients with CRO infection or not

Figure 1 Inclusion and exclusion procedures for 503 acute cholangitis patients and CRO grouping between 503 acute cholangitis patients.
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following exclusion factors:) Bile culture and blood culture were not obtained, 2) Received treatment before admission, 3) 
Organ failure before onset, 4) Transfer to another hospital, and 5) Neither ERCP and surgical drainage were performed, 
503 patients were finally included in this research. Under the implementation of patient’s blood or bile culture of CRO 
infection, a total of 35 cases were included in the CRO group, while 468 cases were arranged into the non-CRO group, as 
shown in Figure 1. This research was approved by the Ethics Committee of the First Affiliated Hospital of Chongqing 
Medical University.

Basic Information
Information for all 503 patients was collected in the light of the form uniformly formulated by the team in the 
preliminary study, including patient’s gender, age, hospital stays, Acute Physiology And Chronic Health Evaluation 
II (APACHE II), SOFA, TG18 severity Grade (I, II, III), fever, abdominal pain, jaundice, mental status change, 
shock, biliary tract tumor, bile stones, relapse, 14 days antibiotic use, endoscopic retrograde cholangio- 
pancreatography (ERCP), biliary stent, biliary anastomosis, renal insufficiency (after the occurrence of CRO), 
baseline diseases (cardiovascular, chronic pulmonary, malignancies, diabetes mellitus, chronic kidney disease 
[(GFR <60 mL/(min·1.73 m2) over 3 months], chronic liver disease, neurological disease), laboratory tests for post- 
admission testing: platelet (PLT), international normalized ratio (INR), white blood cell (WBC), neutrophil (N), total 
bilirubin (TB), direct bilirubin (DB), alanine transaminase (ALT), aspartate transaminase (AST), albumin (ALB), 
blood urea nitrogen (BUN), creatinine (Cr), pathogen culture, MDR, extended-spectrum β-lactamases (ESBL), bile 
culture, and blood culture. In addition, organ functional injury in our study was determined according to the Organ 
injury criteria in the TG18: respiratory dysfunction (PaO2/FiO2 <300), hepatic dysfunction (INR >1.5, renal 
dysfunction (oliguria and serum creatinine >2.0 mg/dL), hematological dysfunction (platelet count <100,000/ 
mm3), and neurological dysfunction (disturbance of consciousness).

The following factors prior to hospitalization were also taken into account: infection-related risk factors, whether 
CRE infection was detected before being hospitalized, pre-admission factors included hospitalization within 3 months 
(emergency admission, duration of emergency stay, use of carbapenems within 3 months prior to admission, and presence 
of infection before admission), whether or not a ventilator or artificial airway were used within a month prior to infection, 
whether the catheter was indwelled, whether the blood flow catheter was indwelled, catching infection previously, 
whether the patients were admitted to the intensive care unit (ICU), usage of antibacterial drugs, that is, combination of 
drugs, use of carbapenems, cephalosporins, tetracycline, fluoroquinolones, aminoglycosides, glycopeptides, sulfamides, 
and other antibacterial drugs, and their hours of use.

The separation and identification of bacteria were carried out in strict accordance with the national Clinical 
Laboratory Operating Procedures (4th edition) in 2016; the drug sensitivity test was conducted by automatic instrument 
method or K-B disk diffusion method,19 a modified Hodge test was used to confirm the phenotype of the carbapenemase- 
producing strain. All drug sensitivity results were interpreted based on the American Institute for Clinical Laboratory 
Standardization (CLSI) standards.

Statistical Analysis
SPSS 20.0 (IBM, Armonk, NY) was used for statistical analysis. Descriptive statistics included the frequency (percen-
tage) for categorical variables and mean ± standard deviation (x±s) and median (interquartile range, IQR) for continuous 
variables. Variables were compared between CRO group and non-CRO group through univariable analysis to assess any 
statistical significance using Mann-Whitney U-test, chi-square, or Fisher’s exact test, as appropriate. Subsequently, 
multivariate logistic regression was further used to verify single factors that were identified through univariate analysis 
or worth discussing according to clinical experience. Cox proportional-hazards regression model was used to assess the 
risk of death. P<0.05 indicated that the difference was statistically significant.
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Results
Characteristics of All 503 Patients
According to drug sensitivity results, 35 patients with CRO infection were defined as the CRO group, and 468 patients 
without CRO infection were included in the non-CRO group. The baseline characteristics of 503 patient with acute 
cholangitis are summarized and described in Table 1. Tumor, bile stones, biliary stent, chronic pulmonary disease, 
chronic kidney disease, abdominal pain, mental status change, INR, INR>1.5, TB, DB, ALB, Grade I, Grade II, Grade 
III, APACHE II, SOFA, ICU admission, and Death, as shown in Table 1, could be associated with an increased incidence 
of CRO infection when compared with the non-CRE group (P<0.05).

Table 1 Demographic Characteristics of Patients

Total CRO Non-CRO P-value

Number of patients 503 35 468 —

Gender (male) 249 (49.5%) 21 (60.0%) 228 (48.7%) 0.211

Age 64 ± 16 58 ± 18.3 64.5 ± 15.7 0.352

Hospital stays 15.5 (12–22) 19 (9.5–29) 15 (11–21) 0.446

Cause of biliary obstruction

Tumor 26 (5.2%) 5 (14.3%) 21 (4.5%) 0.012

Bile stones 472 (93.8%) 29 (82.9%) 443 (94.7%) 0.002

History of any biliary procedures

Surgery 75 (14.9%) 7 (20.0%) 68 (14.5%) 0.390

ERCP 34 (6.8%) 1 (2.9%) 33 (7.1%) 0.337

Biliaryanastomosis 8 (1.6%) 1 (2.9%) 7 (1.5%) 0.539

Cholecystectomy 128 (25.4%) 11 (31.4%) 117 (25.0%) 0.413

Biliary stent 42 (8.3%) 8 (22.9%) 34 (7.3%) 0.001

Baseline Diseases

Cardiovascular 157 (31.2%) 14 (40.0%) 143 (30.6%) 0.256

Chronic pulmonary disease 78 (15.5%) 16 (45.7%) 62 (13.2%) <0.001

Malignancies 38 (7.6%) 4 (11.4%) 34 (7.3%) 0.375

Diabetes, mellitus 77 (15.3%) 3 (8.6%) 74 (15.8%) 0.246

Chronic kidney disease 10 (2.0%) 4 (11.4%) 6 (1.3%) <0.001

Chronic liver disease 30 (6.0%) 3 (8.6%) 27 (5.8%) 0.509

Neurological disease 78 (15.5%) 0 (0.0%) 24 (5.1%) 0.168

Clinical manifestation

Shock 91 (18.1%) 10 (28.6%) 81 (17.3%) 0.099

Fever 253 (50.3%) 21 (60.0%) 232 (47.6%) 0.249

Abdominal pain 459 (91.3%) 29 (82.9%) 430 (91.9%) 0.046

Jaundice 356 (71.8%) 27 (77.1%) 329 (70.3%) 0.421

Mental status change 76 (15.1%) 10 (28.6%) 66 (14.1%) 0.022

Laboratory inspection

PLT <100×109 121 (24.1%) 10 (28.6%) 110 (23.5%) 0.511

INR 1.1 (1.0–1.3) 1.3 (1.1–1.6) 1.1 (1.0–1.2) 0.002

INR >1.5 392 (77.9%) 10 (28.6%) 382 (81.6%) <0.001

WBC 11.5 (9.1–15.2) 12 (7.2–16.3) 11.2 (8.2–15.3) 0.971

N 90.7 (84–92.9) 86.3 (81–91.4) 89.9 (83–93.1) 0.082

PLT 119.5 (70–193.5) 124 (73–182.5) 155.5 (82.8–227.5) 0.149

TB 79.7 (34.4–129.7) 127.3 (55.1–196.4) 77.9 (35.4–134.2) 0.040

DB 57.6 (18.4–91.7) 99.8 (35.7–169.3) 55.6 (17.2–102.8) 0.021

ALT 103.5 (51.8–224) 70 (41–228.5) 126 (60.8–239) 0.082

AST 110 (49–219) 80 (45–237.5) 115.5 (49.8–224.5) 0.273

ALB 32.5±6.8 31.1±7.6 32.6±6.8 0.006

BUN 5.7 (4.4–7.4) 5.3 (3.4–8.7) 5.6 (4–7.6) 0.709

Cr 68 (55.3–85) 61 (50–81) 68 (55–88.3) 0.177

14 days antibiotic use 194 (38.6%) 15 (42.9%) 178 (38.0%) 0.592

Relapse 161 (32.0%) 15 (42.9%) 146 (31.2%) 0.162

(Continued)
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Microbiological Characteristics of Blood Culture and Bile Culture
As described in Table 2, 313 (62.2%) blood positive culture records and 365 (72.6%) bile positive culture records were 
verified among 503 enrolled acute cholangitis patients. Aeromonas hydrophila, Proteus vulgaris, Enterococcus avium, 
Enterobacter aerogenes, other Enterococcus spp and Enterococcus raffinosus were not detected in the blood culture, but 

Table 1 (Continued). 

Total CRO Non-CRO P-value

Severity of acute cholangitis

Grade I 115 (22.9%) 5 (14.3%) 110 (23.5%) 0.014

Grade II 212 (42.1%) 10 (28.6%) 202 (43.2%) 0.018

Grade III 173 (34.4%) 20 (57.1%) 153 (32.7%) 0.011

APACHE II 11 (8.25–15) 15 (9–21) 11 (8–14) 0.013

SOFA 4 (2–9) 7 (4–13.5) 3 (2–6) <0.001

Prognosis

ICU admission 171 (40.0%) 16 (45.7%) 155 (33.1%) 0.001

Hospital stays 15.5 (12–22) 19 (12.5–27) 15 (12–22) 0.924

Death 27 (5.4%) 9 (25.7%) 18 (3.8%) <0.001

Abbreviations: ERCP, encoscopic retrograde cholangio-pancreatography; PLT, platelet; INR, international 
normalized ratio; WBC, white blood cell; N, neutrophi; TB, total bilirubin; DB, direct bilirubin; ALT, alanine 
transaminase; AST, aspartate transaminase; ALB, albumin; BUN, blood urea nitrogen; Cr, creatinine; APACHE 
II, acute physiology and chronic health evaluation II; SOFA, sequential organ failure assessment.

Table 2 Results of Blood and Bile Cultures in CRO Patients 
with Acute Cholangitis

Species Blood Culture Bile Culture
(n=164/313) (n=304/365)

Gram-negative bacilli 135 (82.3%) 209 (68.8%)

Escherichia coli 94 (57.3%) 122 (40.1%)
Klebsiella pneumoniae 34 (20.7%) 48 (15.8%)

Enterobacter cloacae 11 (6.7%) 24 (7.9%)
Pseudomonas aeruginosa 11 (6.7%) 28 (9.2%)

Acinetobacter baumannii 1 (0.6%) 5 (1.6%)

Other Enterobacter spp. 3 (1.8%) 4 (1.3%)
Klebsiella oxytoca 2 (1.2%) 1 (0.3%)

Citrobacter spp. 1 (0.6%) 12 (2.8%)

Aeromonas hydrophila 0 (0%) 4 (1.3%)
Proteus vulgaris 0 (0%) 3 (1.0%)

Gram-positive cocci 40 (24.4%) 147 (48.4%)

Enterococcus faecalis 12 (7.3%) 62 (20.4%)
Enterococcus faecium 12 (7.3%) 48 (15.8%)

Enterococcus casseliflavus 5 (3.0%) 18 (5.9%)

Enterococcus gallinarum 6 (3.7%) 14 (4.6%)
Streptococcus spp. 5 (3.0%) 12 (3.9%)

Staphylococcus hominis 3 (1.8%) 2 (0.7%)

Enterococcus avium 0 (0%) 6 (2.0%)
Enterobacter aerogenes 0 (0%) 1 (0.3%)

Other Enterococcus spp. 0 (0%) 3 (1.0%)

Enterococcus raffinosus 0 (0%) 3 (1.0%)
Other Gram-positive cocci 4 (2.4%) 4 (1.3%)

Fungus 2 (1.2%) 18 (5.9%)

Notes: Gram-negative bacilli: Bacteria with a red gram staining reaction. 
Gram-positive cocci: Bacteria dyed dark blue or purple by Gram stain.
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were in the bile culture. In addition, for Gram-negative bacilli, Escherichia coli and Klebsiella pneumoniae occupy 
a higher proportion both in blood culture (57.3%, 20.7%) and bile culture (40.1%, 15.8%). For Gram-positive cocci, 
Enterococcus faecalis and Enterococcus faecium accounted for a higher proportion both in blood culture (7.3%, 7.3%) 
and bile culture (20.4%, 15.8%). Results of blood culture and bile culture in 35 CRO patients from 503 acute cholangitis 
are shown in Figure 2. K. pneumoniae accounts for the highest proportion both in blood culture (8/44.4%) and bile 
culture (10/37.0%) followed by E.coli, Pseudomonas aeruginosa, A.baumannii, Enterobacter cloacae, and E.aerogenes.

The Cox Proportional-Hazards Regression Model and Organ Function Between CRO 
and Non-CRO
CRO infection identified as an independent risk factor for acute cholangitis patient death (HR=5.147, 95% CI=1.475– 
17.959, P=0.01) by Cox proportional-hazards regression (60 days of follow-up) when compared with the non-CRO group 
in Figure 3. Cox proportional-hazards regression model was adjusted for age, gender, fever, mental status change, shock, 
tumor, biliary stent, malignancies, chronic liver disease, chronic kidney disease, chronic pulmonary disease, cardiovas-
cular, diabetes, relapse, surgery PLT <100×109, INR >1.5, WBC, TB, and CRE.

The results of the risk ratio of organ dysfunction expounded that the hepatic dysfunction was more severe in the CRO 
group than the non-CRO group [OR=3.63, 95% CI=1.49–8.81, P=0.004], while the respiratory dysfunction was worse in 
thr CRO group than non-CRO group [OR=6.77, 95% CI=2.93–15.64, P<0.001]. Correspondingly, there was no 
significant difference in ICU admission, ICU stay, Hospital stays, Grade, mental status change, renal insufficiency, 
shock, hospital stays, or cardiovascular sequelae between the CRO group and non-CRO group, as described in Table 3.

Risk Factors for CRO Infection
According to the results of univariate analysis in Table 4, tumor may be a risk factor for CRO infection (OR=3.52, 95% 
CI=1.24–10.00, P=0.018). Furthermore, biliary stent placement (OR=3.76, 95% CI=1.59–8.90, P=0.003), and chronic 
kidney disease (OR=9.87, 95% CI=2.55–36.82, P=0.001) were also ascertained as risk factors of the occurrence of CRO 
infection by univariate analysis.

0 2 4 6 8 10 12

Enterobacter aerogenes

enterobacter cloacae

Acinetobacter baumannii

pseudomonas aeruginosa

Escherichia coli

klebsiella pneumoniae

Bacterial culture of 35 CRO patients

bile culture blood culture

Figure 2 Both blood culture and bile culture results of 35 CRO patients.
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On the grounds of univariate analysis, age, tumor, biliary stent placement, malignancies, and chronic kidney disease 
were included in the multivariable analysis, as described in Table 4. The results suggested that tumor (OR=7.09, 95% 
CI=1.11–45.30, P=0.038) and chronic kidney disease (OR=8.70, 95% CI=2.11–35.88, P=0.003) were regarded as the risk 
factors of the occurrence on CRO infection by further multivariable analysis.

Figure 3 The results of Cumulative hazard rates (Cox) proportional-hazards regression. Cox proportional-hazards regression model was adjusted for age, gender, fever, 
mental status change, shock, tumor, biliary stent, malignancies, chronic liver disease, chronic kidney disease, chronic pulmonary disease, cardiovascular, diabetes, relapse, 
surgery PLT <100×109, INR >1.5, WBC, TB, and CRE.

Table 3 Risk Ratio of Organ Dysfunction in Different Culture Results by Logistic- 
Regression Model

Variables No-CRO  
(n=468)

CRO (n=35)

Adjusted OR (95% CI) P-value

Septic shock 1.0 (reference) 1.79 (0.78–4.10) 0.168

Neurological dysfunction 1.0 (reference) 2.11 (0.88–5.02) 0.093

Hepatic dysfunction 1.0 (reference) 3.63 (1.49–8.81) 0.004
Hematological dysfunction 1.0 (reference) 1.11 (0.49–2.53) 0.801

Renal dysfunction 1.0 (reference) 1.47 (0.53–4.13) 0.463

Respiratory dysfunction 1.0 (reference) 6.77 (2.93–15.64) <0.001
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Discussion
Carbapenem-resistant organisms (CRO) represent a growing threat to human health globally, which usually requires 
a longer treatment time and higher treatment costs.7 The reduction in mortality from CRO infection requires 
a combination of appropriate antibiotic use, infection severity, and CRO strain characteristics.12 However, optimal 
antimicrobial treatments available against CRO are limited, with only a few active antimicrobials left for use. 
Subsequently, the burden and source of carbapenem resistance is still an urgent problem to be solved,20 and under-
standing the risk factors for CRO infection is also becoming critical.

Acute cholangitis, a potentially life-threatening clinical syndrome with a mortality rate of more than 50%, occurs in 
most cases with biliary obstruction, followed by bacterial transplantation and infection.21 The main treatment methods 
for acute cholangitis are fluid resuscitation, antibiotic therapy, and biliary drainage.22,23 Antibiotic use and invasive 
biliary drainage including endoscopic retrograde cholangiopancreatography (ERCP) have been widely reported as 
possible risk factors for CRO infection.24,25 Therefore, we hypothesized that the analysis of risk factors for CRO 
infection in patients with acute cholangitis may play a suggestive role in clinical diagnosis and treatment and guide the 
improvement of prognosis.

At present, precision medicine is increasingly being recommended for personalized management of patients with 
CRO infection because it is a multicomponent approach, but the mortality associated with CRO infection remains high.26 

Reyes and Nicolau27 mentioned that important prerequisites for precision treatment of CRO include in-depth under-
standing of the clinical characteristics of patients and analysis of risk factors related to CRO infection. Comprehension 
toward the characteristics of patients with different diseases and the risk factors for CRO infection is of great help for 
precise treatment and personalized medicine of CRO suffering.

Our results suggested that tumor (OR=7.09, 95% CI=1.11–45.30, P=0.038) and chronic kidney disease (OR=8.70, 
95% CI=2.11–35.88, P=0.003) may be risk factors for CRO infection in patients with acute cholangitis. Consistent with 
our studies, some studies confirm that the risk of CRO infection was higher in patients suffering from tumor.28–30 Tumor 
was also found to be an independent risk factor for CRO infection by several retrospective systematic analyses.31,32 In 
Hong Kong, a study involving 1,408 residents from 28 northern Hemisphere regions identified an increased risk of CRO 
infection in cancer patients.33 A study of 551 residents of Italy confirmed a possible six-fold increase in the risk of CRO 
infection among cancer patients.34 In addition, cancer and metastasis were seen as the independent risk factors for 28-day 
mortality for CRO infection.35 The presence of underlying diseases such as cancer and diabetes have been identified as 
possible causes for CRO, based on multivariate analysis.30,36

Table 4 Univariate and Multivariable Analysis of Risk Factors for the Occurrence of CRO in 
Acute Cholangitis

Characteristics Univariate Analysis Multivariable Analysis

OR 95% CI P-value OR 95% CI P-value

Age, year, median (range) 0.99 0.97–1.01 0.352 — — —
Gender, male, n (%) 1.56 0.77–3.14 0.214 — — —

Tumor, n (%) 3.52 1.24–10.00 0.018 7.09 1.11–45.30 0.038

Chronic liver disease, n (%) 1.52 0.44–5.27 0.512 — — —
Chronic pulmonary disease, n (%) 0.41 0.06–3.1 0.390 — — —

Malignancies, n (%) 1.64 0.55–4.91 0.380 — — —

Diabetes mellitus, n (%) 0.50 0.15–1.66 0.255 — — —
Chronic kidney disease, n (%) 9.87 2.55–36.82 0.001 8.70 2.11–35.88 0.003

Cholecystectomy, n (%) 1.36 0.65–2.87 0.414 — — —

Surgery, n (%) 1.46 0.61–3.47 0.393 — — —
ERCP, n (%) 0.39 0.05–2.90 0.354 — — —

Biliary stent placement, n (%) 3.76 1.59–8.90 0.003 — — —

Relapse, n (%) 1.64 0.82–3.29 0.165 — — —
14 days antibiotic use 0.21 0.50–2.42 0.592 — — —
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Biliary stent placement, one of the invasive interventions, may increase the risk of bloodstream infections caused by 
Enterobacter carbapenem-resistant bacteria. Several studies have indicated that the association of health care exposures 
and devices with invasive infections in CRO patients has become somewhat of a health consensus in clinical practice 
(22–24). Previous studies among hospitalized patients have also explored risk factors for progression from colonization 
with CRO to invasive infection, and have identified invasive procedures, central line placement, ICU admission, receipt 
of antibiotics, and underlying diagnoses of diabetes and cancer as risk factors (25–27). In our study, biliary stent 
placement was found to be a significant risk factor for CRO infection in acute cholangitis by univariate analysis, but not 
in the process of multivariate analysis due to some limitations.

Our results confirm that chronic kidney disease was also identified as a possible independent risk factor for CRO 
infection. In another study, the status of transplanted kidney and the degree of immunosuppression have been confirmed 
to be risk factors for carbapenem resistance in renal transplantation patients.37 Coagulation time, which may be affected 
by renal dysfunction, may also be an independent risk factor for CRO infection in patients with acute cholangitis.38,39

The results of bacterial culturing in 503 acute cholangitis patients suggested that the overall bacterial distribution in 
bile culture and blood culture showed similar trends. The results of bacterial culture indicated that the proportions of E. 
coli, E.pneumoniae, E.f aecalis, and E. faecium were all high in blood culture and bile culture, which may play a certain 
guiding role in the selection of antimicrobial agents in clinical practice. The bacterial profiles of 35 CRO patients also 
provided a basis for further clinical exploration of the bacterial distribution characteristics of CRO. Correlation analysis 
of colonizing bacteria may also contribute to early antibiotic intervention and multidrug resistance reduction guidance.

The results of cumulative hazard rates indicated that patients suffering CRO infection have more severe mortality and 
worse prognosis. Meanwhile, patients with chronic liver injury and chronic kidney damage in CRO infections were more 
likely than non-CRO infections which is worth exploring further.

Age was not a risk factor in our study. In most studies, age was analyzed as a categorical variable, it was found that 
those aged ≥90 were around nine times more likely to be infected in the adjusted analysis.30 An Italian study reported 
OR=4.63 (95% CI=1.12–19.1; P=0.034) in residents with age ≥86 years to be the risk factor toward CRO infection.40 

Therefore, the inclusion of age as a categorical variable may be more scientifically analyzed than the relationship 
between age and CRO infection in patients with acute cholangitis. In addition, cholecystectomy, surgery, and ERCP were 
not found to be risk factors for CRO infection in patients with acute cholangitis, which is worthy of further data 
enrichment and discussion.

Conclusion
In conclusion, our results suggested that tumor and chronic kidney disease may be risk factors for CRO infection and 
further CRO infection in patients with acute cholangitis has poor prognosis and higher mortality.

There are some limitations in our study. The study excluded hospital-acquired CRO infection, and only focused on 
community-acquired CRO infection. Due to the low incidence of CRO appearance during the community, only 35 
patients were included in the study, which brings some disadvantages for further study. Despite these limitations, we still 
hope that this study will help identify risk factors for CRO infection and provide guidance for lower mortality and 
improved prognosis in patients with acute cholangitis.
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