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Background: Endoscopic Retrograde Cholangiopancreatography (ERCP), used for choledocholithiasis treatment, carries a risk of
pyogenic liver abscess (PLA) due to communication between the biliary system and bowel contents. However, limited data exists on
this issue. This study aims to identify the risk factors pertaining to liver abscesses following ERCP lithotomy.

Methods: We conducted a retrospective case series across multiple centers to evaluate patients who developed PLA after ERCP for
choledocholithiasis. Data was obtained from the Chung Gung Research Database (January 2001 to December 2018). Out of 220
enrolled patients, 195 were categorized in the endoscopic sphincterotomy (ES) group, while 25 were in the non-ES group for further
analysis.

Results: The non-ES group had significantly higher total bilirubin levels compared to the ES group (4.3 £ 5.8 vs 1.9 + 2.0, p<0.001).
Abscess size, location, and distribution (single or multiple) were similar between the two groups. The most common pathogens were
Klebsiella pneumoniae and Escherichia coli. Pseudomonas infection was significantly less prevalent in the ES group compared to the
non-ES group (3.6% vs 16.7%, p=0.007). Patients with concurrent malignancies (HR: 9.529, 95% CI: 2.667-34.048, p=0.001),
elevated total bilirubin levels (HR: 1.246, 95% CI: 1.062-1.461, p=0.007), multiple abscess lesions (HR: 5.146, 95% CI: 1.777-
14.903, p=0.003), and growth of enterococcus pathogens (HR: 4.518, 95% CI: 1.290-15.823, p=0.001) faced a significantly higher risk
of in-hospital mortality.

Conclusion: PLA incidence was higher in the ES group compared to the non-ES group following ERCP for choledocholithiasis.
Attention should be given to significant risk factors, including concurrent malignancies, elevated total bilirubin levels, multiple abscess
lesions, and growth of enterococcus pathogens, to reduce in-hospital mortality.
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Introduction

The standard management for bile duct stones involves the use of ERCP with ES as the widely accepted procedure.'~
Despite its overall safety profile, ERCP with ES is not completely free from the risk of complications. Although
uncommon, the development of liver abscess is recognized as a late but potentially life-threatening complication of
ERCP, particularly in patients who have a compromised barrier between the hepatobiliary system and duodenum
following ES.** Given the low occurrence rate of liver abscess following ERCP for choledocholithiasis, our prior
research has primarily concentrated on investigating its prevalence and risk factors.” However, limited attention has been
directed towards exploring the clinical presentations of liver abscesses in these patients, which would aid in compre-
hending the symptoms and facilitating early diagnosis.

Infection and Drug Resistance 2023:16 6167-6174 6167
Received: 25 July 2023 © 2023 Liu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 7 September 2023
Published: 13 September 2023

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-8026-1408
http://orcid.org/0000-0002-6614-5937
http://orcid.org/0000-0002-5387-3046
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Liu et al Dove

In recent times, there has been a growing focus on investigating the correlation between the occurrence of liver
abscess and ERCP, specifically among patients diagnosed with choledocholithiasis. This research endeavor aims to
bridge existing knowledge gaps by examining the clinical manifestations associated with the development of liver
abscess in individuals who underwent ERCP for choledocholithiasis. Additionally, the study endeavors to identify the
risk factors, treatment modalities, and preventive strategies pertaining to liver abscesses following ERCP lithotomy.

Methods

Compliance with Ethical Requirements

This current study adhered to the principles outlined in the Declaration of Helsinki. The study protocol received approval
from both the Institutional Review Board and the Ethics Committee of Chang Gung Memorial Hospital in Taoyuan,
Taiwan (Approval number: 201900919B0). The Ethics Committee waived the need for informed consent in this study,
and data analysis was conducted anonymously to ensure privacy and confidentiality.

Data Sources

Patient data for this study were obtained from the Chang Gung Research Database (CGRD), which is the largest
healthcare system in Taiwan. The CGRD is a comprehensive repository of de-identified medical records encompassing
outpatient and inpatient treatment, laboratory results, interventional procedures, and medication prescriptions. The
diagnosis of diseases is coded according to the International Classification of Diseases, 9th Revision, Clinical
Modification (ICD-9-CM) for data before 2016 and ICD-10-CM for subsequent data. To ensure patient confidentiality,
the data in the CGRD are encrypted and de-identified upon entry, and can be decrypted if necessary to access medical
information.

Study Cohort, Inclusion and Exclusion Criteria

The identification of liver abscess and choledocholithiasis cases relied on the International Classification of Diseases, 9th
Revision Clinical Modification (ICD-9-CM) for data prior to 2016 and ICD-10-CM for subsequent data shown. A cohort
of patients with choledocholithiasis who underwent endoscopic retrograde cholangiopancreatography (ERCP) examina-
tion with either endoscopic sphincterotomy (ES) or non-ES procedure (endoscopic papillary balloon dilation) was
selected from January 1, 2001, to December 31, 2018. Exclusion criteria included individuals under 18 years old,
previous history of ERCP procedure, pyogenic liver abscess, amebic liver abscess, alcoholism, history of hepatopan-
creaticobiliary system surgery, and malignancies such as hepatocellular carcinoma (HCC), gallbladder and extrahepatic
bile duct malignancies, small intestine (including duodenum) malignancies, and pancreatic malignancies. After enroll-
ment, the data underwent additional validation analysis to ensure the accuracy of the initial diagnosis of liver abscess.
Furthermore, comprehensive details including age, comorbidities (diabetes mellitus (DM), pancreas, liver disease and
other malignancy), medication history, laboratory data (white blood counts, platelet, creatinine, hepatobiliary functions
and CRP level), characteristics of the liver abscess, treatment modalities, presence of extra-hepatic complications,
mortality rates, and culture results were obtained to facilitate in-depth analysis. A total of 220 individuals were confirmed
to have liver abscess. Of these, 195 patients were classified into the ES group, while an additional 25 patients were
assigned to the non-ES group for subsequent analysis.

Statistical Analysis

Continuous data were presented as means =+ standard deviation (SD) and categorical data are presented as frequencies and
percentages. Pearson’s chi-square or Fisher’s exact 2-tailed tests were used for the analysis of categorical data, while
continuous variables were analyzed using the ¢-test, where appropriate. Factors associated with in-hospital mortality were
determined using the Cox proportional hazards model. Two-tailed p-values < 0.05 were considered statistically sig-
nificant. All analyses were performed using the Statistical Package for Social Sciences (IBM SPSS®™, version 22.0 for
Windows).
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Results

Patient Characteristics

The patient cohort is visually represented in Figure 1. Among the 17,829 patients with choledocholithiasis who under-
went ERCP and were enrolled from the Chung Gung Research Database between January 1, 2001, and December 31,
2018, a total of 11,697 patients were included after applying strict exclusion criteria. Over the course of 17 years, 220
cases (1.88%) developed pyogenic liver abscess (PLA). For analysis purposes, the liver abscess cases were further
categorized into two groups: the endoscopic sphincterotomy (ES) group (n=195, 88.6% of the cohort) and the non-ES
group (n=25, 11.4%), consisting of other ERCP procedures.

The demographic data of the two groups are presented in Table 1. There was a trend towards older age in the
endoscopic sphincterotomy (ES) group compared to the non-ES group (70.1 £ 12.7 versus 65.4 = 11.8, p=0.077). The
non-ES group exhibited significantly higher total bilirubin levels compared to the ES group (4.3 £ 5.8 versus 1.9 + 2.0,
p<0.001). No significant differences were observed in terms of underlying comorbidities (pancreatic disease, liver
disease, other malignancy, diabetes mellitus), medications (aspirin, statin, or proton pump inhibitor), and laboratory
data (glycated hemoglobin, white blood count, liver function, creatinine, and C-reactive protein) between the two groups
at the time of PLA admission.

Clinical Presentations and Outcomes

As shown in Table 2, there was no significant difference observed between the two groups in terms of complications such as
lung infection, retinitis, or meningitis (22 (11.3%) versus 2 (8.0%), p=0.743). There was no significant difference in the size
of the abscess (5.2 £ 2.7 versus 5.3 + 1.8, p=0.793). The majority of patients had unilocular abscess lesions, and there was no
significant difference between the two groups (158 (84.9%) versus 20 (83.3%), p=0.836). The ES group had a significantly
higher proportion of patients with a history of previous endoscopic retrograde biliary drainage (ERBD) before index PLA
hospitalization compared to the non-ES group (147 (75.4%) versus 9 (36.0%), p<0.001). It is worth mentioning that patients
in the non-ES group exhibited a significantly higher level of total bilirubin compared to the ES group. There were no
significant differences between the two groups in terms of antibiotic regimen, aspiration or pigtail drainage method, or repeat
ERCP during hospitalization for treatment modalities. Additionally, no significant differences were observed in terms of
hospital stay (18.5 £ 13.2 days vs 22.2 + 10.4, p =0.182) or in-hospital mortality (12.8% vs.12.0%, p =0.908).

17829 patients with choledocholithiasis receiving ERCP

between January 1, 2001 and December 31, 2018

| Exclusion (n=6123)|

Sample cohort

n=11697

ES group, n= 7163 Other ERCP, n= 4534

PLA with ES, n= 195 PLA without ES, n=25

Figure | Schematic Flowchart of Enrolled Patients with the Development of Pyogenic Liver Abscess (PLA) with or without Endoscopic Sphincterotomy (ES).
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Table | Demographic Characteristics of Two Liver Abscess Groups Following

ERCP
Characteristics ES (n = 195) Non-ES (n = 25) p value
Age (year) (mean * SD) 70.1%£12.7 654+ 118 0.077
Gender (M/F) 116/79 (59.5/40.5) 15/10 (60.0/40.0) 0.961
Pancreatic diseases 5(2.6) 0 (0) 0.427
Liver disease 15 (7.7) | (4.0) 0.673
Other malignancy 10 (5.1) | (4.0) 0.162
Diabetes mellitus 63 (34.1) 7(29.2) 0.633
Aspirin 228DDD 9 (4.6) 0 (0) 0.463
Statin 228DDD 9 (4.6) 0(0) 0.463
PPl 228DDD 35 (17.9) 5 (20.0) 0.403
HbAIc (%) 78+ 18 7329 0.644
WBC (x1000/pL) 139 + 129 19.8 + 36.5 0.118
Platelet (% 1000/uL) 199.3 = 107.5 208.1 + 140.9 0.721
Creatinine (mL/min) 1.5+ 14 1.3+£09 0.624
AST (U/L) 622 +71.0 62.1 +56.0 0.994
ALT (U/L) 55.5 + 62.5 69.7 £ 749 0.339
Bilirubin (total) (mg/dL) 1.9 £20 43 +58 <0.001
ALK-P (U/L) 198.6 + 166.4 2724 £ 1919 0.073
CRP (U/L) 170.2 + 99.4 151.7 + 843 0.489

Abbreviations: ERCP, Endoscopic Retrograde Cholangiopancreatography; ES, endoscopic sphincter-
otomy; PP, proton pump inhibitor; WBC, white blood count; ALT, alanine aminotransferase; AST,
aspartate transaminase; CRP, C-Reactive protein.

Table 2 Clinical Presentations and Outcome Summary

Characteristics ES (n = 195) | Non-ES (n = 25) p value
Extra-hepatic complications 22 (11.3) 2 (8.0) 0.743
-Lung infection, retinitis, meningitis
Abscess size (cm) 52+27 53+ 18 0.793
Abscess lesions 0.836
-Single, n (%) 158 (84.9) 20 (83.3)
-Multiple, n (%) 28 (I5.1) 4 (16.7)
Location 0.400
-Right, n (%) 112 (60.2) 13 (54.2)
-Left, n (%) 40 (21.5) 8(33.3)
-Bilateral, n (%) 34 (18.3) 3 (12.5)
ERBD before PLA admission, n (%) 147 (75.4%) 9 (36.0%) <0.001
Interval time between ERCP and liver abscess, days | 835.6 + 121.9 948.3 + 968.6 0.674
Repeat ERCP during hospitalization, n (%) 44 (22.8) 2 (8.3) 0.102
Treatment modality 0.529
-Antibiotic, n (%) 72 (36.9) 10 (40)
-Aspiration, n (%) 54 (27.7) 10 (40)
-Pigtail insertion, n (%) 47 (24.1) 3(12)
-Operation, n (%) 18 (9.2) 2 (8)
Hospital stay (days) 185+ 13.2 222 + 104 0.182
In-hospital mortality, n (%) 25(12.8) 3(12.0) 0.908

Abbreviations: ERBD, endoscopic retrograde biliary drainage; PLA, pyogenic liver abscess; ERCP, Endoscopic Retrograde
CholangioPancreatography.

Culture Results Between the Two Groups
The most common pathogens identified in both groups were Klebsiella pneumoniae and Escherichia coli (Table 3). There

was a trend towards a higher incidence of enterococcus growth in the non-ES group (5 (20.0%) versus 18 (9.2%),
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Table 3 Differences in Cultures Between Two Groups (Culture Rate: 67.1%)

Characteristics ES (n = 195) | Non-ES (n = 25) p value
Klebsiella pneumoniae 65(33.3) 10(40.0) 0.674
Escherichia coli 50(25.6) 5(20.0) 0.508
Enterococcus 18(9.2) 5(20.0) 0.098
Pseudomonas 7(3.6) 4(16.0) 0.007
Morganella species 8(4.1) 0(0) 0.302
Proteus mirabilis 10(5.1) 0(0) 0.246
Citrobacter species 3(1.5) 1(4.0) 0.386
Aeromonas 5(2.6) 0(0) 0418
Streptococcus species. 17(8.7) 4(4.0) 0.243
Bacteroides fragilis 3(1.5) 0(0) 0.532
Others 10(5.1) 1(4.0) 0.908

p=0.098), although this difference did not reach statistical significance. Furthermore, the prevalence of Pseudomonas

infection was significantly lower in the ES group compared to the non-ES group (3.6% versus 16.7%, p=0.007). Other

pathogens showed similar distribution between the two groups.

Factors Associated with in-Hospital Mortality

Table 4 demonstrated the factors associated with In-Hospital mortality. In the univariate analysis, several factors were

found to be significantly associated with an increased risk of in-hospital mortality. These factors include pancreatic

Table 4 Factors Associated with in-Hospital Mortality

Variable Comparison Univariate Multivariate
HR (95% CI) p value HR (95% CI) p value
Age (years) 260 vs <60 0.891 (0.305-2.608) 0.834
Gender Male vs Female 1.920 (0.801-4.600) 0.078
Comorbidity
DM Yes vs No 1.276 (0.563-2.890) 0.560
Pancreas Yes vs No 9.871 (3.313-29.407) <0.001
Liver Yes vs No 1.046 (0.310-3.534) 0.942
Biliary Yes vs No 1.227 (0.289-5.209) 0.781
Other malignancy Yes vs No 4.060 (1.372-12.015) 0.011 9.529 (2.667-34.048) 0.001
ES Yes vs No 1.386 (0.326-5.896) 0.659
Repeat ERCP during hospitalization Yes vs No 1.824 (0.426-7.814) 0418
CRP Per unit increase 1.011 (0.996—1.006) 0.582
Bilirubin Per unit increase 1.126 (1.015-1.248) 0.025 1.246 (1.062—1.461) 0.007
Character of abscess
Number Multiple vs single 3.298 (1.419-7.665) 0.006 5.146 (1.777-14.903) 0.003
Size 25cm vs <5cm 1.272 (0.573-2.822) 0.554
Cultures
Escherichia coli Yes vs No 4.161 (1.881-9.207) <0.001
K.P Yes vs No 1.272 (0.577-2.804) 0.550
Enterococcus Yes vs No 4.866 (2.092-11.320) <0.001 4.518 (1.290-15.823) 0.001
Pseudomonas. Yes vs No 0.712 (0.261-1.944) 0.507
Proteus mirabilis Yes vs No 2.104 (0.491-9.022) 0316
Bacteroides fragilis Yes vs No 0.217 (0.001-63.647) 0.598
Extra-hepatic complications Yes vs No 4.599 (1.979-10.687) <0.001

Abbreviations: DM, diabetes mellitus; ES, endoscopic sphincterotomy; ERCP, Endoscopic Retrograde CholangioPancreatography; CRP, C-Reactive protein; K.P,

Klebsiella pneumoniae.
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disease (hazard ratio [HR]: 9.871, 95% confidence interval [CI]: 3.313-29.407, p<0.001), other malignancy (HR: 4.060,
95% CI: 1.372-12.015, p=0.011), elevated total bilirubin (HR: 1.126, 95% CI: 1.015-1.248, p=0.025), presence of
multiple abscess lesions (HR: 3.298, 95% CI: 1.419-7.665, p=0.006), growth of E. coli (HR: 4.161, 95% CI: 1.881—
9.207, p<0.001), growth of enterococcus pathogen (HR: 4.866, 95% CI: 2.092—-11.320, p<0.001) based on blood or pus
cultures, and the presence of extrahepatic manifestations of complications (HR: 4.599, 95% CI: 1.979-10.687, p<0.001).

After conducting further multivariate analysis, adjusting for other variables, the following factors remained significant
risk factors associated with increased in-hospital mortality: other malignancy (HR: 9.529, 95% CI: 2.667-34.048,
p=0.001), elevated total bilirubin (HR: 1.246, 95% CI: 1.062—-1.461, p=0.007), presence of multiple abscess lesions
(HR: 5.146, 95% CI: 1.777-14.903, p=0.003), and growth of enterococcus pathogen (HR: 4.518, 95% CI: 1.290-15.823,
p=0.001).

Discussion
Pyogenic liver abscess (PLA) is a potentially life-threatening infectious disease. Risk factors for PLA include diabetes
mellitus (DM), underlying hepatobiliary or pancreatic diseases, and gastrointestinal cancers involving the biliary tract.®®
In recent years, biliary tract diseases, such as choledocholithiasis, hepatobiliary malignancy, strictures, and congenital
biliary anomalies, have emerged as the predominant causes of PLA.’ Regarding long-term complications associated with
ERCP, our previous study showed a significantly increased risk of pyogenic liver abscess (PLA) in patients who
underwent ES compared to those without ES.> The underlying mechanism involves the disruption of the barrier between
the hepatobiliary system and the duodenum following ES, which promotes duodenal-biliary reflux.'®!'" This reflux leads
to the backflow of enteric fluid into the bile duct, facilitating bacterial colonization, cholangitis, and potentially resulting
in the development of liver abscess. Additionally, an increased incidence of gastrointestinal (GI) cancers has been
reported in patients with liver abscesses, including those who have undergone ERCP with choledocholithiasis.'*'* In
a population-based study, the incidence of GI cancer was found to be more than four times higher in patients with
pyogenic liver abscess (PLA) compared to controls.'? It was reported that patients with PLA were also found to have
a higher incidence of colorectal cancer, followed by cancers of the biliary tract, pancreas, and small intestine.'? It is
crucial to monitor patients with liver abscesses, including those who have undergone ERCP with choledocholithiasis.

In light of the infrequent incidence of liver abscess after ERCP for choledocholithiasis, previous studies have
predominantly emphasized the investigation of its prevalence and identification of risk factors.>'> This study represents
a pioneering effort, encompassing a substantial patient cohort, to investigate the long-term follow-up of patients who
developed PLA following ERCP, with or without ES, for the management of choledocholithiasis. Diabetes mellitus was
a well-known risk factor of development of PLA with specific growth of Klebsiella pneumoniae.®'® On the contrary,
patients with PLA after ERCP treatment tend to be caused by a broader range of microorganisms, including Escherichia
coli, extended-spectrum beta-lactamase-producing Enterobacteriaceae, and other Gram-negative bacteria.'” The present
study yielded consistent findings, as multiple microorganisms were identified in the study population. Moreover, notable
findings include a significantly higher total bilirubin level and an increased prevalence of pseudomonas pathogen growth
in the non-endoscopic sphincterotomy (non-ES) group. Our findings provide compelling evidence that patients with
concurrent malignancies, elevated levels of total bilirubin, multiple abscess lesions, and positive cultures indicating the
growth of enterococcus pathogens face a markedly elevated risk of in-hospital mortality. These results suggest that
patients with compromised immune function and more severe clinical presentations necessitate urgent interventions,
including targeted antibiotic therapy against enterococcus species. Understanding the clinical presentation of PLA is
essential for aiding clinical physicians in the early diagnosis of PLA and facilitating the design of appropriate treatment
modalities. Preventive measures for the development of liver abscess after ERCP encompass several key strategies.
These include scrupulous adherence to aseptic techniques during the procedure, cautious administration of antibiotics,
and the identification and effective management of risk factors such as diabetes mellitus and immunosuppression.
Additionally, meticulous patient selection, comprehensive pre-procedure evaluation, and prompt identification of post-
procedure complications are pivotal in minimizing the likelihood of liver abscess formation.

This study had certain limitations that should be acknowledged. Firstly, its retrospective design may introduce
inherent biases. The smaller number of cases with PLA in the non-ES group may introduce a potential bias leading to
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false negatives. In this manuscript, it’s important to note that all patients were hospitalized and diagnosed with liver
abscess. Additionally, considering the relatively low incidence of pyogenic liver abscess (PLA) following ERCP for
choledocholithiasis treatment, this study still holds substantial clinical significance and maintains adequate statistical
power. We have incorporated these points into the limitation section of the manuscript. Secondly, the data were obtained
from the Chang Gung Research Database, which may include patients with more severe clinical conditions and thus may
not be representative of the entire cohort.

Conclusions

Liver abscesses associated with ES procedures demonstrated a higher incidence of PLA following ERCP for choledo-
cholithiasis removal compared to the non-ES group, reflecting biliary defense system damage. Moreover, the non-ES
group exhibited a higher rate of Pseudomonas infection and more elevated levels of jaundice. Attention should be given
to significant risk factors for in-hospital mortality, including concurrent malignancies, elevated total bilirubin levels,
multiple abscess lesions, and positive cultures indicating the growth of enterococcus pathogens. Future research
endeavors should focus on developing enhanced diagnostic and therapeutic strategies aimed at mitigating the risk of
liver abscess formation and optimizing patient outcomes.
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