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Analysis of patterns of bacteremia and 30-day mortality in patients 

with acute cholangitis over a 25-year period  

Introduction: Acute cholangitis (AC) is a condition of bacterial infection in the 

biliary tract with a high mortality rate of around 10%. Direct association between 

presence of bacteremia and 30-day mortality among AC patients is sparsely 

investigated and remains unclear. 

Aims and methods: Our aim was to investigate association between bacteremia and 

30-day mortality among patients with AC included over a period of 25 years. All AC 

patients that underwent endoscopic retrograde cholangiopancreatography (ERCP) at 

Odense University Hospital, between January 1 1990 and October 31 2015, were 

identified using a prospective ERCP database. Blood culture results from the patients 

along with antimicrobial resistance patterns were collected from a bacteremia research 

database. 

Results: During the study period, 775 consecutive AC patients underwent ERCP and 

blood cultures were collected from 528 patients. Among these patients 48% (n=260) 

had bacteremia. Overall, 30-day mortality in patients with blood cultures performed 

was 13% (n=69). In patients with bacteremia, 30-day mortality was 19% (n=49), 

compared to 7% (n=20) in patients without bacteremia (p<0.01). Presence of 

bacteremia was associated with increased 30-day mortality (OR [95% CI]: 3.43 [1.92-

6.13]; p<0.01) following adjustment for confounding factors. Among the species, 

bacteremia with Enterobacter cloacae was significantly associated with increased 30-

day mortality (OR [95% CI]: 2.97 [1.16-7.62]; p=0.02). 

Conclusion: Our results indicate that presence of bacteremia was associated with a 

nearly fourfold increase in 30-day mortality among AC patients.  

Keywords: acute cholangitis, endoscopic retrograde cholangiopancreatography, 

bacteremia, pathogens, antimicrobial resistance, mortality 
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Introduction 

Acute cholangitis (AC) is an emergent condition of bacterial infection in the biliary tract with 

mortality rates of around 10% (1). AC presents secondary to an obstruction in the bile duct and can 

ascend into the blood stream in the absence of timely decompression with endoscopic retrograde 

cholangiopancreatography (ERCP) and antimicrobial treatment. Consequently, this can result in 

sepsis along with increased morbidity, mortality and length of hospitalization (2-4).  

   As the biliary tract is a common focus for both community and hospital acquired bacteremia (5, 

6), it is important to consider both current and reported trends of antimicrobial resistance patterns in 

AC causing pathogens when choosing empirical antimicrobial therapy (7-9). This is supported by a 

Japanese study of 573 AC patients with bacteremia where inadequate antibiotic treatment at 

admission was independently associated with increased 30-day mortality (10). Meanwhile, delayed 

time to both biliary decompression and appropriate antimicrobial therapy were associated with 

increased 30-day mortality in a Canadian study among a subset of AC patients with septic shock 

(4). 

   Direct association between different types of bacteremia pathogens, including antimicrobial 

resistance patterns, and 30-day mortality among AC patients has been sparsely investigated. A 

Korean study of 346 AC patients found that antibiotic resistant pathogens in blood or bile cultures 

were associated with increased mortality (11). Conversely, another study from Korea reported no 

association between presence of antibiotic resistance and mortality among patients with biliary 

bacteremia, despite an increase in Extended Spectrum Beta-Lactamase (ESBL) producing 

pathogens during a 5-year period (12), and a comprehensive study of 937 episodes of bacteremia 

from Taiwan found no association between specific pathogens and mortality among AC patients 

(13).  
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   Descriptive data on the prevalence of pathogens and antimicrobial resistance patterns, along with 

an assessment of a potential association between bacteremia and 30-day mortality have not been 

previously described for a large cohort of AC patients in a Western population over a prolonged 

time period. Based on a large collection of clinical data on consecutive AC patients undergoing 

ERCP between 1990 and 2015 at a major tertiary referral center in Denmark, the aim of this study 

was to investigate the association between presence of bacteremia and 30-day mortality in AC 

patients. Further, we aimed to assess changes in incidence of bacterial species causing bacteremia 

and antimicrobial resistance patterns – and potential association with 30-day mortality during the 

study period of 25 years.   

 

Methods 

Study setting: 

This study was conducted at Odense University Hospital (OUH) – a 1,000 bed tertiary referral 

center in the Region of Southern Denmark. Data collection and storage were done with the approval 

of the Danish data protection agency (record no.: 19/26163) and the Danish patient safety agency 

(record no.: 3-3013-1223/1/). 

 

Study population: 

Consecutive AC patients that received ERCP at the Department of Medical Gastroenterology, OUH 

between January 1990 and October 2015 were identified using an internal ERCP database. The 

database contains 11,563 consecutive and prospectively registered ERCP procedures performed 

during the inclusion period. Each AC diagnosis was given prospectively by a highly experienced 

endoscopist during ERCP. In patients undergoing multiple ERCP procedures during the inclusion 

period, only the first procedure was included for analysis. All AC patients who had blood cultures 
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performed during the study period were identified and included using a regional microbiology 

database at the Department of Clinical Microbiology, OUH. 

 

Data collection: 

Clinical data of consecutive AC patients undergoing ERCP were collected from the internal ERCP 

database including: age, gender, body temperature, P-Amylase, P-Bilirubin, P-Alkaline phosphatase 

and biliary obstruction etiology. Data on comorbidities at the time of ERCP were retrieved from the 

Danish National Patient Registry (DNPR) and classified according to the Charlson Comorbidity 

Index (CCI) (14). Information on performed blood cultures including: bacterial species and 

antimicrobial resistance pattern of isolates were retrieved from the regional microbiology database. 

The measured outcome was 30-day mortality, defined as death occurring within 30 day from the 

date of ERCP. Data on mortality (live/dead status, and date of death if applicable) were retrieved 

from the Danish Civil Registration System (CRS).  

 

Definitions: 

The diagnostic criteria for AC was presence of purulent bile in the biliary tract – as observed by the 

endoscopist performing the ERCP procedure and/or fulfilment of the Tokyo Guidelines (TG) 

criteria for AC (15-17). Bacteremia was defined as a positive blood culture with presence of a 

pathogenic bacteria in at least 1 out of 2 blood culture bottles (or in ≥1 out of 12 blood culture 

glasses). Positive blood cultures with coagulase-negative staphylococcus, non-hemolytic 

streptococcus and Enterococcus casseliflavus were defined as contamination (i.e. no bacteremia) if 

only 1 out of 2 blood culture bottles were positive; if 2 out of 2 blood culture bottles were positive 

the episode was defined as bacteremia. Polymicrobial bacteremia was defined as positive blood 

cultures with presence of ≥2 pathogens fulfilling the bacteremia definition. All blood cultures ±30 
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days within the date of ERCP were included for analysis to determine presence of bacteremia. In 

patients with multiple blood cultures taken ±30 days within the date of ERCP, all blood culture 

results (i.e. bacteremia/non-bacteremia) were counted as “one pooled” result.  

   Depending on the time period and species, isolates from the positive blood cultures were tested 

for susceptibility to the following antimicrobial agents: Ampicillin, Cefuroxime, Ciprofloxacin, 

Gentamicin, Meropenem, Metronidazol, Piperacillin/Tazobactam. 

 

Statistical analysis: 

The Shapiro-Wilks test for normality was performed on all continuous variables. The median as 

well as 2.5 and 97.5 percentiles were calculated for each continuous variable for all samples. 

Samples were grouped by blood culture status (blood cultures taken vs. no blood cultures taken) and 

blood culture results: bacteremia or non-bacteremia. Differences in the distribution of clinical 

variables in patients grouped by time of blood culture status, and blood culture result were tested by 

Pearson's Chi-squared test with Yates' continuity correction for discrete variables and by Mann-

Whitney-Wilcoxon test for continuous variables. 

   Univariate regression: Association between each clinical variable with 30-day mortality was 

investigated by using logistic regression models. The Wald test was used to evaluate the statistical 

significance of corresponding coefficient in the model, with a null hypothesis being that there was 

no association between the clinical variable and 30-day mortality. The univariate logistic regression 

model was also applied to assess the time trend of antibiotic resistance in patients observed during 

the study period. 

   Multiple regression: Multiple logistic regression was used to investigate association between 

multiple clinical variables with 30-day mortality. We tested for the significance of each clinical 

variable and eliminated insignificant variables – using a stepwise regression approach with 
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backward elimination. The order of elimination was based on clinical importance and p-value, with 

a cut-off value of p=0.1. Significance of each variable was tested by the Wald test.  

   For the stepwise regression model the following candidate variables were included: age 

(continuous, years), gender (categorical, male/female), body temperature (continuous, degrees 

Celsius), P-Alanine aminotransferase (continuous, U/L), P-Alkaline phosphatase (continuous, U/L), 

P-Bilirubin (continuous, µmol/L), Charlson Comorbidity Index (CCI) (continuous), malignant AC 

etiology (categorical, yes/no) and antimicrobial resistance in bacteremia pathogens (categorical: 

yes/no). Blood culture result (categorical, bacteremia/non-bacteremia) was included as a mandatory 

variable in all models. 

   In a subgroup analysis of all AC patients with bacteremia, we tested for potential association 

between 30-day mortality and clinical variables (as mentioned above) as well as: presence of 

specific bacterial species (e.g. Escherichia coli; categorical, yes/no), presence of polymicrobial 

etiology (categorical, yes/no) and antimicrobial resistance (categorical, yes/no) using univariate 

regression. The Wald test was used to evaluate the statistical significance of each variable. In 

addition, we performed multiple logistic regression analysis to investigate association between all 

variables with 30-day mortality. The significance of each variable was assessed using a stepwise 

regression with backward elimination (cut-off p=0.1).  

   We tested the appropriateness of underlying assumptions (collinearity, linearity of independent 

variables and log odds) both graphically and statistically. The goodness of fit for each model was 

evaluated using the Hosmer-Lemeshow test. For each variable, cases with missing values were 

omitted from regression analysis when testing for the specific variable. 

 

Results 

Patient characteristics: 
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During the inclusion period, 775 AC patients underwent ERCP and blood cultures were collected 

from 68% (n=528) of the patients. Patients with blood cultures collected had a higher body 

temperature (mean: 37.4 ºC [1st quantile: 36.8; 3rd quantile: 38.0] vs. 37.2 ºC [1st quantile: 36.6; 3rd 

quantile: 37.6]; p<0.01) and a higher CCI (mean: 1.5 vs. 1.1; p<0.01) vs. patients without blood 

cultures collected (Supplementary table S1). There was no difference in 30-day mortality between 

the two groups (p>0.1).   

   A total of 49% (260/528) of patients who had blood cultures collected had bacteremia. Patients 

with bacteremia were significantly older (median: 74 vs. 71 years; p<0.01) had a higher body 

temperature (mean: 37.6 ºC [1st quantile: 36.8; 3rd quantile: 38.3] vs. 37.3 ºC [1st quantile: 36.8; 3rd 

quantile: 37.8]; p=0.01), and a higher 30-day mortality (19% vs. 7%; p<0.01) compared to patients 

without bacteremia (Table 1). 

    

Patterns of bacteremia and antimicrobial resistance over time: 

The most common species were Escherichia coli 52% (134/260), Klebsiella pneumonia 18% 

(45/260), Klebsiella oxytoca 12% (32/260), Enterococcus faecalis 12% (32/260), Enterobacter 

cloacae 8% (21/260) and Proteus vulgaris 5% (13/260) (Table 2). Polymicrobial bacteremia was 

present in 31% (81/260) of the patients.  

   During the 25-year period the overall incidence of bacteremia among AC patients remained 

unchanged among all patients who had blood cultures performed (regression coefficient [95% CI]: 

0.02 [-0.00 to 0.04] per year; p=0.08). Likewise the fractional incidence of the most frequent 

species (i.e. Escherichia coli, Klebsiella pneumonia, Klebsiella oxytoca, Enterococcus faecalis and 

Enterobacter cloacae) remained unchanged over time (p>0.05), except for Proteus vulgaris that 

displayed a slightly increasing incidence rate (p=0.04) (Supplementary table S2).   



Page 9 of 26 

 

   The proportion of antimicrobial resistance to at least one of the tested antimicrobials among the 

isolates was 72% (188/260). Overall prevalence of isolates with antimicrobial resistance to at least 

one of the tested antimicrobials was unchanged over time (regression coefficient [95% CI]: 0.01 [-

0.01 to 0.03] per year; p=0.23). An increase in antimicrobial resistance was observed for Ampicillin 

(regression coefficient [95% CI]: 0.06 [0.02 to 0.09] per year; p<0.01), while resistance for 

Cefuroxim, Ciprofloxacin, Gentamicin, Meropenem, Metronidazole and Piperacillin/Tazobactam 

remained unchanged (p>0.1) during the 25-year period (Supplementary table S3; Supplementary 

figure S1).  

  

Thirty-day mortality over time: 

During the 25-year period, the overall 30-day mortality remained unchanged for AC patients with 

blood cultures performed (regression coefficient [95% CI]: 0.02 [-0.01 to 0.05] per year; p=0.25). 

Likewise, no changes were observed for 30-day mortality among AC patients with bacteremia 

(regression coefficient [95% CI]: 0.02 [-0.02 to 0.06] per year; p=0.43) and for 30-day mortality in 

AC patients without bacteremia (regression coefficient [95% CI]: 0.01 [-0.05 to 0.07] per year; 

p=0.70) during the study period (Supplementary table S4; Supplementary figure S2).  

 

Bacteremia and 30-day mortality: 

Presence of bacteremia was significantly associated with increased 30-day mortality in univariate 

analysis (OR [95% CI]: 3.43 [1.92-6.13]; p<0.01) when groups of AC patients with and without 

bacteremia were compared. Likewise, increases in CCI and P-Bilirubin, as well as malignant 

obstruction etiology were all independently associated with increased 30-day mortality (p<0.05 for 

all) (Table 3).  
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   Multivariate analysis: Presence of bacteremia was associated with a nearly fourfold increase in 

30-day mortality (OR [95% CI]: 3.82 [2.04-7.15]; p<0.01) after adjustment for age (OR [95% CI]: 

1.02 [1-1.05]; p=0.06), CCI (OR [95% CI]: 1.4 [1.16-1.67]; p<0.01) and levels of P-Bilirubin (OR 

[95% CI]: 1.00 [1.00-1.01]; p<0.01). Male gender, body temperature, malignant obstruction 

etiology and levels of alkaline phosphatase and amylase were not associated with increased 30-day 

mortality in multivariate analysis (p>0.1 for all) (Table 3). 

   Among AC patients with bacteremia, neither polymicrobial bacteremia nor overall antimicrobial 

resistance were associated with increased 30-day mortality (p>0.1 for both) (Table 4). Among the 

seven most frequent bacteremia species (with overall fractional incidence rates of ≥5%), only 

bacteremia with Enterobacter cloacae was significantly associated with increased 30-day mortality 

(OR [95% CI]: 2.97 [1.16-7.62]; p<0.01).  

 

Discussion 

The present study is the first to analyze temporal trends in the incidence of bacteremia, etiology, 

antimicrobial resistance and association between bacteremia and 30-day mortality in patients with 

AC undergoing ERCP in a European population.   

   Currently, the majority of studies on bacteremia pathogens, resistance patterns and association 

with adverse outcomes in AC patients are based on reports from Asian populations. Previous 

studies have reported gram negative rods as the most common bacteremia pathogens (75-88%) in 

AC and biliary tract infections (BTI), with Escherichia coli (27-52%) and Klebsiella spp. (19-33%) 

being the most common pathogens (10, 12, 13, 18).  

   In a prospective Taiwanese study of 937 consecutive patients with community-acquired 

bloodstream infections, 145 patients with BTI were identified with Escherichia coli (52.4%; n=76) 

and Klebsiella pneumonia (28.3%; n=41) being the most frequent bacteremia pathogens (13). This 
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is comparable with the proportion of 52% (n=134/260) for Escherichia coli and 30% (n=77/260) for 

Klebsiella spp. in AC patients with bacteremia in the present study. The observed 30-day mortality 

in the Taiwanese study was 13.4% (n=15/135) for bacteremic AC patients, compared to 19% 

(n=49) in our observations. Presence of bacteremia was not independently associated with 

mortality, although septic shock (representing bacteremia), malignant obstruction etiology, 

hyperbilirubinemia and CCI score ≥6 were all independently associated with 30-day mortality – 

consistent with the findings in the present study. 

   A study from South Korea investigated 556 bacteremia episodes in 411 patients with BTI between 

January 2000 and April 2010 (12). The study reported a vast increase in the incidence of ESBL 

producing Escherichia coli and Klebsiella strains from 2% during 2000-2004 to 44% during 2005-

2009. Neither antibiotic resistance nor polymicrobial bacteremia were found to be associated with 

increased 30-day mortality – reflective of the findings in the present study. Rather, severity of 

bacteremia (i.e. increasing Pitt bacteremia score) and underlying comorbidities were found to be 

associated with increased 30-day mortality also corresponding to our present findings of CCI and 

presence of bacteremia (vs. AC patients without bacteremia) being predictors of 30-day mortality. 

While previous studies found no association between specific bacteremia pathogen types and 30-

day mortality in AC (10, 13), the present study found an association between bacteremia caused by 

Enterobacter cloacae and an increased 30-day mortality.  

   The increasing incidence of ESBL producing pathogens as described in reports from the 

international Study for Monitoring Antimicrobial Resistance Trends (SMART studies) (19-21) is 

only partly reflected in the present study, as antimicrobial resistance was only increased for 

Ampicillin (p<0.01) in the beta-lactam antibiotics group, while resistance for Cefuroxime, 

Meropenem and Piperacillin/Tazobactam remained unchanged over time (p>0.1). A plausible 

explanation for this observation could be that Scandinavian countries, since the early 2000s, have 
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opted for an increasing usage of beta-lactamase resistant narrow spectrum penicillin in an effort to 

combat the rising incidence of ESBL producing microbes (22, 23).  

   The international Tokyo Guidelines 2018 (TG18) equally recommend initial antimicrobial 

treatment with: penicillin-based, cephalosporin-based or carbapenem-based therapy for the 

management of AC or acute cholecystitis – suggesting the optimal choice of antimicrobial therapy 

to be determined by local antimicrobial susceptibility patterns (9). In a German study on empiric 

first-line therapy in AC, it was shown that Piperacillin/Tazobactam is a more appropriate choice for 

initial antimicrobial therapy compared to cephalosporins (i.e. Cefuroxime) (24). Our findings of 

increased mortality for patients with Enterobacter cloacae, who are naturally resistant to 

cephalosporins supports this recommendation. Treatment with Meropenem should be reserved for 

infections with ESBL-producing pathogens, as indicated by a recent multicenter randomized 

clinical trial (n=391), showing that treatment with Piperacillin/Tazobactam was inferior in regards 

to 30-day mortality compared to treatment with Meropenem (observed mortality rates: 10.6%-

12.3% vs. 3.7%-3.8%, respectively) in patients with bloodstream infections caused by ESBL-

producing E. coli or K. pneumonia (25). Despite an increasing incidence of ESBL producing 

pathogens across Europe, the overall prevalence of ESBL still remains low in Denmark – with 

reported incidence rates <80 per 100,000 person years in Denmark for ESBL producing E. coli and 

K. pneumonia in blood and urine isolates (26-28). Given the high proportion of polymicrobial 

bacteremia in AC (present in 31% of all our bacteremia cases), a broad spectrum betalactam 

antibiotic covering the most frequently encountered gram-negative rods, including Enterobacter 

cloacae and Enterococcus faecalis, should be preferred. Thus, empiric treatment with 

Piperacillin/Tazobactam should be recommended as first choice and “carbapenem sparring” option 

for initial antimicrobial therapy in AC. As relatively few strict anaerobic bacterial isolates were 

encountered in the present study – and given the relatively good coverage of strict anaerobic 
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bacteriae of Piperacillin/Tazobactam, empiric monotherapy (without addition of Metronidazole or 

Clindamycin) may be considered. 

   A previous study found overall 30-day mortality among all consecutive AC cases that underwent 

ERCP at our institution between 1990-2015 to be 12% – very close to the 13% among all AC 

patients that were tested for blood cultures during that period, as reported in the present study (29). 

However, 30-day mortality rates were significantly higher among patients with bacteremia 

compared to patients without (19% vs. 7%, respectively) underlining the importance of initiating 

adequate antimicrobial therapy in bacteremic AC patients. Initial empirical broad-spectrum 

antibiotics in combination with urgent biliary drainage, preferably within 24 hours from the time of 

admission, remain the cornerstone treatment in the management of AC (3, 9, 30, 31). 

   A major limitation of our study is the lack of data on antimicrobial agents administered on each 

AC patient. Common practice for management of AC at our institution included initial empiric 

antimicrobial therapy at admission and urgent ERCP drainage of biliary obstruction. Blood cultures 

are routinely, albeit not consecutively, collected prior to empirical antimicrobial therapy and 

endoscopic drainage – based on initial assessment by the receiving physician and/or the clinical 

history during admission, followed by shift to narrow spectrum antibiotics in concordance to 

positive blood culture results. Common practice at our institution included blood culture collection 

from any patients with suspicion of systemic infection – based on clinical presentation (e.g. elevated 

body temperature) and guided by the Systemic Inflammatory Response Syndrome (SIRS) criteria 

(until the replacement of SIRS by Sequential Organ Failure Assessment (SOFA) score in 2016). 

Concordantly, sensitivity analysis revealed that AC patients selected for blood cultures had a higher 

body temperature, as well as a higher grade of comorbidity (i.e. increased CCI) compared with 

patients not chosen for blood cultures. In contrast to other studies with consecutive blood cultures 

collection (10, 12, 13), bacteremia patients in the present study represented a more morbid subgroup 
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of AC patients. Despite this limitation, the unchanged pattern of overall antimicrobial resistance and 

30-day mortality over time (p>0.1 per year for both variables) suggests a stable impact of AC 

management strategy at our institution over time. Another limitation is that antimicrobial resistance 

was not consecutively tested for all types of antimicrobials during the whole study period – 

meaning that resistance patterns for some antimicrobial types are not described or only partly 

described for some periods. Likewise, the lack of data on timing of ERCP drainage following 

admission is another weakness of the present study, given the importance of timely biliary drainage 

for mortality and other adverse outcomes in AC patients (2-4, 32).  

   Strengths of our study included the use of our internal ERCP database containing prospectively 

collected clinical and demographical data on all consecutive ERCP procedures performed at our 

institution during the whole study period. The accuracy of our database, prospectively maintained 

by experienced endoscopists at our institution, has previously been described and verified (3). 

Likewise, the regional bacteremia research database contains consecutive blood culture results for 

all blood culture tests performed at Odense University Hospital during 1990-2015. Data quality for 

the DNPR database used for collection of comorbidity data (ICD-8/10 codes) has previously been 

validated (33). 

   Our results indicate that presence of bacteremia in AC patients is associated with an almost 

fourfold increase in 30-day mortality. Bacteremia with Enterobacter cloacae was associated with 

increased 30-day mortality. Due to the high mortality rate among AC patients with bacteremia, 

blood cultures should be performed routinely for all patients with suspicion of AC, prior to 

initiating adequate antimicrobial treatment and biliary decompression. 
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Tables and figures 
 

Table 1: 

Baseline characteristics – AC patients with bacteremia vs. AC patients without bacteremia: 

  All patients with 

blood culture 

performed 

(n=528) 

With bacteremia  

 (n=260) 

Without 

bacteremia 

(n=268) 

p-value 

Patient 

characteristics: 

    

   Age, years,  

   Median 

73 (mean: 70) 74 (mean: 73) 71 (mean: 68) <0.01 

   Male gender 256 (48%) 122 (47%) 134 (50%) 0.54 

   CCI, 

   Median 

1 (mean: 1.5) 2 (mean: 1.5) 1 (mean: 1.4) 0.33 

Clinical 

presentation: 

    

   Body   

   temperature, 

ºC, 

   Median 

37.1 

 

(425 / 528) 

37.2 

 

(204 / 260) 

37.1  

 

(221 / 268) 

0.01 

   Alkaline  

   phosphatase,  

   U/L, 

   Median 

360 

 

(514 / 528) 

337 

 

(252 / 260) 

388 

 

(262 / 268) 

0.32 

   Amylase, 

   U/L, 

   Median 

20 

 

(475 / 528) 

19 

 

(229 / 260) 

22 

 

(246 / 268) 

0.31 

   Bilirubin,    

   µmol/L, 

   Median 

92 

 

(522 / 528) 

96 

 

(257 / 260) 

972 

 

(265 / 268) 

0.8 

   Malignant  

   obstruction  

   etiology1 

218 (41%) 105 (40%) 113 (42%) 0.74 

30-day mortality 69 (13%) 49 (19%) 20 (7%) <0.01 
Data are presented as n (%) unless otherwise stated.  

CCI: Charlson Comorbidity Index 



Page 16 of 26 

 

In the case of missing observations, the total number of available observations (out of N total) for each 

variable is shown in parenthesis. 
1Malignant obstruction etiology was defined as biliary obstruction caused by either: pancreatic cancer, 

cholangiocarcinoma or liver metastasis. 

 

Table 2:  

Distribution of species among patients with bacteremia (including isolates from polymicrobial 

episodes): 

 Number of patients (total, n=260): 

Polymicrobial (≥2 species) 81 (31%) 

Escherichia coli 134 (52%) 

Klebsiella spp. 77 (30%) 

   Klebsiella pneumoniae 45 (18%) 

   Klebsiella oxytoca 32 (13%) 

Enterococcus spp. 52 (20%) 

   Enterococcus faecalis 32 (12%) 

   Enterococcus faecium 15 (6%) 

   Enterococcus raffinosus 2 (1%) 

   Enterococcus avium 1 (<1%) 

   Enterococcus casseliflavus 1 (<1%) 

   Enterococcus (unspecified) 1 (<1%) 

Streptococcus spp. 28 (11%) 

   Non hemolytic streptococcus 16 (6%) 

   Steptococcus pneumoniae 6 (2%) 

   Hemolytic streptococcus 3 (1%) 

   Streptococcus anginosus 3 (1%) 

Enterobacter spp. 22 (8%) 

   Enterobacter cloacae 21 (8%) 

   Enterobacter aerogenes 1 (<1%) 

Proteus spp. 15 (6%) 

   Proteus vulgaris 13 (5%) 

   Proteus mirabilis 2 (1%) 

Staphyloccocous spp. 11 (4%) 

   Coagulase negative staphylococcus 7 (3%) 

   Staphylococcus aureus  4 (2%) 

Citrobacter spp. 9 (3%) 

Bacteroides spp. 6 (2%) 

Aeromonas spp. 5 (2%) 

Candida spp. 5 (2%) 

Clostridium perfringens 3 (1%) 

Serratia marcescens 3 (1%) 

Pseudomonas aeruginosa 2 (1%) 

Raoultella spp. 2 (1%) 

Achromobacter spp. 1 (<1%) 

Haemophilus influenzae 1 (<1%) 

Stenotrophomonas maltophilia 1 (<1%) 
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Data are presented as n (%) unless otherwise stated.  

 

Table 3: 

Risk factors associated with 30-day mortality in AC patients with blood cultures performed: 

 Univariate 

regression, OR 

(95% CI) 

Univariate,  

p-value 

Multivariate 

regression, OR 

(95% CI) 

Multivariate,  

p-value 

Patient 

characteristics: 

    

Age 1.02 (1-1.04) 0.06 1.02 (1-1.05) 0.06 

Male gender 0.93 (0.56-1.56) 0.79 - - 

CCI 1.37 (1.16-1.62) <0.01 1.4 (1.16-1.67) <0.01 

Clinical 

presentation: 

    

Body temperature 0.96 (0.73-1.27) 0.79 - - 

Alkaline 

phosphatase 

1.00 (1-1.00) 0.21 - - 

Amylase 1 (1-1.00) 0.20 - - 

Bilirubin 1.00 (1.00-1.00) <0.01 1.00 (1.00-1.01) <0.01 

Malignant 

obstruction 

etiology1 

1.98 (1.18-3.33) 0.01 - - 

Presence of 

bacteremia 

3.43 (1.92-6.13) <0.01 3.82 (2.04-7.15) <0.01 

Data are presented as n (%) unless otherwise stated.  

CCI: Charlson Comorbidity Index 

OR: odds ratio 
1Malignant obstruction etiology was defined as biliary obstruction caused by either: pancreatic cancer, 

cholangiocarcinoma or liver metastasis. 

 

Table 4: 

Risk factors associated with 30-day mortality in AC patients with bacteremia: 

 Univariate 

regression, OR 

(95% CI) 

Univariate, 

p-value 

Multivariate 

regression, OR 

(95% CI) 

Multivariate,  

p-value 

Patient 

characteristics: 

    

Age 1.01 (0.98-1.03) 0.58 - - 

Male gender 1.22 (0.66-2.28) 0.52 - - 

CCI 1.29 (1.05-1.58) 0.02 1.27 (1.03-1.57) 0.03 

Clinical presentation:     

Body temperature 0.98 (0.95-1.01) 0.23 - - 

Alkaline phosphatase 1.00 (1-1.00) 0.48 - - 
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Amylase 1.00 (1-1.00) 0.4 - - 

Bilirubin 1.00 (1-1.01) 0.37 -  

Malignant obstruction 

etiology 

1.54 (0.82-2.88) 0.18 - - 

Bacterial species:     

Polymicrobial 

bacteremia 

1.58 (0.79-3.15) 0.19 - - 

Escherichia coli 0.79 (0.43-1.49) 0.48 - - 

Klebsiella pneumoniae 1.09 (0.49-2.45) 0.83 - - 

Klebsiella oxytoca 0.99 (0.38-2.56) 0.99 - - 

Enterococcus faecalis 1.24 (0.50-3.06) 0.64 - - 

Enterobacter cloacae 2.97 (1.16-7.62) 0.02 2.74 (1.05-7.10) 0.04 

Proteus vulgaris 1.31 (0.35-4.95) 0.69 - - 

Non hemolytic 

streptococcus 

1.88 (0.67-5.29) 0.23 - - 

Presence of resistance 

to at least one 

antimicrobial agent1 

1.47 (0.71-3.06) 0.30 - - 

Data are presented as n (%) unless otherwise stated.  

CCI: Charlson Comorbidity Index 

OR: odds ratio 

1Antimicrobial resistance in the isolate to at least one of the following: Ampicillin, Cefuroxime, 

Ciprofloxacin, Gentamicin, Meropenem, Metronidazol, Piperacillin/Tazobactam. 
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Supplementary tables and figures 

 
Supplementary table S1: 

Baseline characteristics – AC patients with blood cultures collected vs. AC without blood cultures 

collected: 

  All patients 

(n=775) 

With blood 

cultures collected 

(n=528) 

Without blood 

cultures collected 

(n=247) 

p-value 

Patient 

characteristics: 

    

   Age, years,  

   Median 

72 (mean: 70) 

 

73 (mean: 70) 70 (mean: 68) 0.13 

   Male gender 361 (47%) 259 (49%) 102 (41%) 0.06 

   CCI, 

   Median 

1 (mean: 1.4) 

 

(762 / 775) 

1 (mean: 1.5) 1 (mean: 1.1) 

 

(234 / 247) 

<0.01 

Clinical 

presentation: 

    

   Body   

   temperature, 

ºC, 

   Median 

37.1 

 

(616 / 775) 

37.1 

 

(431 / 528) 

37.0 

 

(185 / 247) 

<0.01 

   Alkaline  

   phosphatase,  

   U/L, 

   Median 

359 

 

(753 / 775) 

352 

 

(516 / 528) 

374 

 

(237 / 247) 

0.59 

   Amylase, 

   U/L, 

   Median 

21 

 

(704 / 643) 

20 

 

(475 / 528) 

22 

 

(229 / 247) 

0.26 

   Bilirubin,    

   µmol/L, 

   Median 

92 

 

(766 / 775) 

96 

 

(522 / 528) 

85 

 

(244 / 247) 

0.15 

   Malignant  

   obstruction  

   etiology1 

326 (42%) 

 

 

218 (41%) 108 (44%) 0.57 

30-day mortality 91 (12%) 69 (13%) 22 (9%) 0.12 
Data are presented as n (%) unless otherwise stated.  

CCI: Charlson Comorbidity Index 

In the case of missing observations, the total number of available observations (out of N total) for each 

variable is shown in parenthesis. 
1Malignant obstruction etiology was defined as biliary obstruction caused by either: pancreatic cancer, 

cholangiocarcinoma or liver metastasis. 
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Supplementary table S2: 
Incidence patterns of the most frequent bacteremia pathogens (bacterial species) during the study period of 25 years (showing incidence per 

5-year period): 

 

Bacterial 

species 

1990-1994  

(all bacteremia 

cases, n=62) 

1995-1999 

(all bacteremia 

cases, n=44) 

2000-2004 

(all bacteremia 

cases, n=51) 

2005-2009 

(all bacteremia 

cases, n=36) 

2010-20151 

(all bacteremia 

cases, n=67) 

Regression 

coefficient [95% 

CI], Time (per year) 

p-value 

Escherichia coli 30 (48%) 30 (68%) 27 (53%) 17 (47%) 30 (45%) -0.02 [-0.05 to 0.01] 0.20 

Klebsiella 

pneumoniae 13 (21%) 2 (5%) 11 (22%) 6 (17%) 13 (19%) 0.04 [-0.01 to 0.08] 0.1 

Klebsiella 

oxytoca 10 (16%) 4 (9%) 6 (12%) 4 (11%) 8 (12%) -0.04 [-0.09 to 0.01] 0.09 

Enterococcus 

faecalis  2 (3%) 3 (7%) 14 (27%) 6 (17%) 7 (10%) -0.01 [-0.06 to 0.04] 0.63 

Enterobacter 

cloacae 2 (3%) 3 (7%) 5 (10%) 4 (11%) 7 (10%) 0.04 [-0.02 to 0.1] 0.17 

Proteus vulgaris 5 (8%) 2 (5%) 1 (2%) 2 (6%) 3 (5%) 0.08 [0.00 to 0.16] 0.04 

Data are presented as n (%) unless otherwise stated.  
1The period from 2010-2015 represents a period of 5 years and 10 months (from January 1 2010 to October 31 2015). 
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Supplementary table S3: 
Antimicrobial resistance patterns of bacteremia pathogens during the study period of 25 years (showing proportion of resistant isolate per 

5-year period): 

Antimicrobial 

type 

1990-1994  

(all bacteremia 

cases, n=62) 

1995-1999 

(all bacteremia 

cases, n=44) 

2000-2004 

(all bacteremia 

cases, n=51) 

2005-2009 

(all bacteremia 

cases, n=36) 

2010-20151 

(all bacteremia 

cases, n=67) 

Regression 

coefficient [95% 

CI], Time (per 

year) 

p-value 

Ampicillin 43 (69%) 22 (50%) 35 (69%) 25/34 (74%) 38/63 (60%) 0.06 [0.02 to 0.09] <0.01 

Cefuroxime 14 (23%) 12/43 (28%) 23 (45%) 18/34 (53%) 28/63 (44%) 0.02 [-0.01 to 0.06] 0.16 

Ciprofloxacin 3 (5%) 6/43 (14%) 18 (35%) 15/34 (44%) 12/57 (21%) 0.01 [-0.03 to 0.04] 0.80 

Gentamicin 5 (8%) 8/43 (19%) 13 (25%) 15/34 (44%) 11/58 (19%) 0.01 [-0.03 to 0.05] 0.59 

Meropenem NA 0/7 (0%) 8 (16%) 11/34 (32%) 7/58 (12%) -0.00 [-0.06 to 0.05] 0.87 

Metronidazole NA 0/2 (0%) 0/2 (0%) NA 0/4 (0%) NA NA 

Piperacillin/Taz

obactam NA NA NA 9/20 (45%) 11/60 (18%) 0.02 [-0.04 to 0.08] 0.57 

Resistance to at 

least one 

antimicrobial 45 (73%) 28 (64%) 40 (78%) 29 (81%) 46 (69%) 0.01 [-0.01 to 0.03] 0.23 

Data are presented as n (%) unless otherwise stated.  
1The period from 2010-2015 represents a period of 5 years and 10 months (from January 1 2010 to October 31 2015). 
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Supplementary table S4: 
30-day mortality of blood-cultured AC-patients during the study period: 

 1990-1994 1995-1999 2000-2004 2005-2009 2010-20151 Regression 

coefficient [95% 

CI], Time (per year) 

p-value 

All AC patients 

with blood 

cultures  

(n=528) 17 (13%) 10 (10%) 12 (12%) 11 (15%) 19 (16%) 0.02 [-0.01 to 0.05] 0.25 

AC patients 

with bacteremia 

(n=260) 10 (16%) 7 (16%) 11 (22%) 8 (22%) 13 (19%) 0.02 [-0.02 to 0.06] 0.43 

AC patients 

without 

bacteremia 

(n=268) 7 (10%) 3 (5%) 1 (2%) 3 (8%) 6 (12%) 0.01 [-0.05 to 0.07] 0.70 

Data are presented as n (%) unless otherwise stated.  
1The period from 2010-2015 represents a period of 5 years and 10 months (from January 1 2010 to October 31 2015). 
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Supplementary figure S1: 

Resistance rates among bacteremia isolates during the 25-year period (from 1990-2015): 
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Supplementary figure S2: 

Thirty-day mortality rates for all AC patients, AC patients with bacteremia and without bacteremia during the 25-year period (from 1990-

2015): 

 

 
 

 

 

 

 

 

  


