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Abstract
BACKGROUND 
Acute cholangitis (AC) constitutes an infection with increased mortality rates in 
the past. Due to new diagnostic tools and therapeutic methods, the mortality of 
AC has been significantly reduced nowadays. The initial antibiotic treatment of 
AC has been oriented to the most common pathogens connected to this infection. 
However, the optimal duration of the antibiotic treatment of AC is still debatable.

AIM 
To investigate if shorter-course antibiotic treatments could be similarly effective to 
long-course treatments in adults with AC.

METHODS 
This study constitutes a systematic review and meta-analysis of the existing 
literature concerning the duration of antibiotic therapy of AC and an assessment 
of the quality of the evidence. The study was conducted in accordance with the 
recommendations of the Preferred Reporting Items for Systematic Review and 
Meta-Analyses. Fifteen studies were included in the systematic review, and eight 
were eligible for meta-analysis. Due to heterogeneous duration cutoffs, three 
study-analysis groups were formed, with a cutoff of 2-3, 6-7, and 14 d.

RESULTS 
A total of 2763 patients were included in the systematic review, and 1313 were 
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accounted for the meta-analysis. The mean age was 73.66 ± 14.67 years, and the male and female 
ratio was 1:08. No significant differences were observed in the mortality rates of antibiotic 
treatment of 2-3 d, compared to longer treatments (odds ratio = 0.78, 95% confidence interval: 0.23-
2.67, I2 = 9%) and the recurrence rates and hospitalization length were also not different in all 
study groups.

CONCLUSION 
Short- and long-course antibiotic treatments may be similarly effective concerning the mortality 
and recurrence rates of AC. Safe conclusions cannot be extracted concerning the hospitalization 
duration.

Key Words: Acute cholangitis; Antibiotic; Short-course; Long-course; Antimicrobial; Treatment duration
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Core Tip: The exact duration of antibiotic therapy for acute cholangitis in adult patients remains a contro-
versial subject in the field of gastroenterology. A total antibiotic treatment of 4-7 d is recommended by the 
Tokyo Guidelines of 2018. However, recent studies present that schemata of shorter-course therapies 
could promise similar efficacy and safety. In our study, we systematically reviewed the existing literature 
in order to compare the death and recurrence rates and the length of hospitalization between patients with 
antibiotic treatments of shorter and longer durations. Our findings showed no significant differences 
between the study groups in all outcomes.
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INTRODUCTION
The mortality rates of acute cholangitis (AC) have significantly decreased by comparing patients’ data 
before 1980 and after 2000, from 10%-30% to 2.7%-10%[1]. Multiple factors, such as the development of 
modern diagnostic techniques, therapeutic methods for bile duct decompression, and new antibiotics 
adapted to microbiological studies, have significantly contributed to this improvement in the prognosis 
of AC[2].

The bacterial species commonly detected in AC differ in relationship with the severity of AC[1,3]. 
Because of this fact, the empirical antibiotic therapy provided should be oriented to the severity grade as 
defined in the Tokyo Guidelines (TG)[4]. Previous operations, the origin of the infection, possible 
allergies, pharmacodynamics, pharmacokinetics, local antibiogram and liver or renal dysfunction 
should also determine the choice of antimicrobial therapy in patients with AC[5].

A major issue concerning the therapy of AC is the exact duration of the definite antibiotic treatment. 
The TG 2018 (TG18) suggest that the antimicrobial therapy should last 4-7 d, and if gram-positive cocci 
are present, a minimum therapy of two weeks should be administrated[5]. This interval between the 
recommended treatment days is relatively wide, and the recommendation provided is not based on a 
high level of evidence (level C). Recent studies suggest that even a therapy of two or three days could be 
equally effective and safe, and it could reduce the length of in-hospital stay of patients, with a 
consequent reduction in the economic burden on the health systems[6-8]. A randomized controlled trial 
also showed similar clinical outcomes for patients with intraabdominal infections who received 
antibiotic therapy for two days after the resolution of fever, compared to those who received therapy for 
a maximum of 10 d[9].

Our purpose in conducting this systematic review and meta-analysis is to collect all available data 
existing in the current bibliography in order to ascertain if short-course antibiotic therapies could 
promise lower mortality, lower rates of recurrent AC, and shorter hospitalizations in adults with AC, 
compared to long-course antibiotic therapies and, if possible, to attempt to clarify the optimal duration 
of the antimicrobial treatment of the AC.

https://www.wjgnet.com/1007-9327/full/v29/i19/3027.htm
https://dx.doi.org/10.3748/wjg.v29.i19.3027
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MATERIALS AND METHODS
Review protocol
Our systematic review was conducted according to the guidelines of the Preferred Reporting Items for 
Systematic reviews and Meta-Analyses (PRISMA)[10]. Two independent reviewers (Kasparian K and 
Christou CD) performed research in Medline-PubMed and Cochrane databases by applying a 
predefined research algorithm. The last search date was the 5th of October, 2022. The studies were 
initially controlled according to their title and abstract and followingly according to their full texts and 
the extractability of their content. We included studies concerning adults who received antibiotic 
therapy against AC, and whose therapy duration or mean/median duration was documented. We 
included only original studies in our systematic review (observational studies and randomized 
controlled trials). The exclusion criteria for the articles in our review, were studies concerning infantile 
population, animal studies, non-English studies, case reports or case series, comments or editorials, 
book chapters, studies with non-extractable data, abstract publications, protocols of incomplete clinical 
trials, irrelevant articles, surveys, and articles whose full-texts could not be retrieved. Conflicts during 
the eligibility process were resolved after a discussion between the two reviewers.

From the 1380 articles retrieved from the research, 50 were removed as duplicates and 1150 were 
excluded according to their titles and abstracts. From the 177 remaining studies, 15 were included in our 
systematic review[6,8,11-23], and the quantitative analysis of our research question was based on eight 
studies[8,11,12,16,17,21-23]. Forty-five papers contained data that was not extractable for our review, 
one study concerned a population of non-adult patients, 49 studies were irrelevant to our research 
questions, and the remaining excluded papers concerned non-original studies. One of the final papers 
constitutes a randomized-controlled trial, while the other fourteen concern retrospective observational 
studies. The details of the reasons for the exclusion of the papers are summarized in the PRISMA 
flowchart in Figure 1.

Data extraction
The two reviewers (Kasparian K and Christou CD) collected and tabulated independently the data of 
the final papers chosen for this review. Each reviewer gathered data concerning the study protocol, the 
baseline characteristics of the participants, and data concerning the outcomes and their definitions. The 
baseline characteristics to be collected for our review were predefined: Mean age and standard 
deviations (SD), gender, comorbidities, severity grade of AC, antibiotic therapy, and biliary drainage 
method. Heterogenous numerical data were transformed into the same predefined measurement units 
for statistical analysis. The two reviewers compared the data that each one collected, and conflicts were 
resolved between them.

Outcomes
The primary outcome of our study was the mortality of the patients. Secondary outcomes were the 
recurrence rate and the length of hospitalization of AC, measured with days. All outcomes were 
predefined. As mortality, we define the total, all-cause mortality of the participants until the end of the 
follow-up period of each study. In-hospital mortality due to AC was not examined.

Due to the heterogeneity in the time cutoff points between the intervention groups in each study, our 
quantitative analysis was divided into three subgroups. More specifically, an analysis was conducted 
among the studies which compared a therapy of 2-3 d to longer antibiotic treatments[6,8,11,21], studies 
with a cutoff of 6-7 d were separately analyzed[22,23], and the two papers which assessed clinical 
outcomes in AC-patients who received antibiotic treatment of for 14 d or less were summarized together
[12,16].

Statistical analysis
All continuous variables are presented with the means and SD. For numerical variables which were not 
normally distributed and for which their medians and interquartile ranges or ranges were provided, we 
used the Hozo equation to calculate their means and SD[24]. For the data synthesis of the numerical 
variables, standardized mean differences (SMD) and 95% confidence intervals (95%CI) were calculated, 
with the use of Hedge´s method, for bias to be minimized[25]. For the categorical variables, we collected 
the absolute values and calculated the odds ratios (OR) and their 95%CIs. The data synthesis of the 
qualitative variables was based on the random effects model. In cases where no events were presented 
concerning a qualitative variable in a study group, the proper changes were conducted, in order for the 
statistical analysis to be feasible[26]. For the evaluation of the study heterogeneity, the I2 value was 
calculated for each outcome. We presume I2 > 70% as an indicator of heterogeneity among the studies. 
For all other measurements, we selected a P value of 0.05 as the cutoff point for the presence of 
statistical significance. All calculations and Forest plots were conducted through the program R Studio, 
version 1.4.1103.

Quality assessment
To assess the quality of the observational studies included in our systematic review and meta-analysis, 
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Figure 1  The Preferred Reporting Items for Systematic Review and Meta-Analyses flow chart of the systematic review and meta-analysis.

the Newcastle-Ottawa Scale was used[27]. The randomized clinical trials were evaluated for quality 
according to the Risk-of-Bias tool version 2 (RoB 2) provided by Cochrane[28]. Two reviewers 
(Kasparian K and Christou CD) independently assessed the final studies using the methods mentioned 
above, and possible conflicts were resolved afterward.

RESULTS
Baseline characteristics
As mentioned, 15 studies were included in our systematic review, and eight were considered eligible for 
the meta-analysis. The included studies were primarily conducted in Japan (8/15), two in the 
Netherlands, and the remaining studies originated from medical centers in France, Germany, Pakistan, 
South Korea, and Thailand. In 11/15 studies, the diagnosis of AC was based on the TG18/TG13 
guidelines[6,8,12-14,16-18,20,21,23], two studies defined AC, depending on the TG07[15,19], Doi et al[22] 
controlled the presence the proper code of the 10th Edition of the International Classification of Diseases 
in hospital registries and positive bile or blood cultures for the selection of the patients, while van Lent 
et al[11] based the diagnosis of cholangitis on clinical, laboratory and imaging criteria.

The overall number of patients included in the systematic review was n = 2763, which corresponded 
to 2812 cases of AC. In the eight studies selected for the quantitative analysis, a total of 1219 patients and 
1313 cases received antibiotic treatment against AC. The pooled mean age of the participants in the 
meta-analysis was 73.66 ± 14.67 years, and 721 (54.9%) of them were males, with a male to female ratio 
of 1:0.8. According to the TG18 severity grading system, 400/972 (41.1%) patients were classified as 
grade I, 525/972 (54.1%) as grade II while 45/972 (4.6%) of the patients suffered from grade III AC. 
Positive blood culture was detected in 383/742 (51.6%) participants. Escherichia coli (188/383, 49.1%) and 
Klebsiella spp. (75/383, 19.6%) were the most frequently identified pathogens, while 26/278 (9.3%) 
patients presented infection with gram-positive bacteria. A total of 244/1155 (21.1%) patients suffered 
from diabetes mellitus, 126/779 (16.2%) had a history of chronic kidney disease, and 107/779 (13.7%) 
participants presented a cardiac comorbidity, either chronic heart failure or coronary artery disease. 
Most patients received Cephalosporines (229/540, 42.4%) as antibiotic treatment and based on the 
available data, 275/326 (84.3%) patients underwent papillotomy during endoscopic retrograde cholan-
giopancreatography. For the last characteristic, only two studies included available data. Details for the 
baseline characteristics of the studies are summarized in Table 1.
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Table 1 Baseline characteristics of the studies

Ref. Country Study 
period

Study 
design

Definition 
of AC Population Intervention Outcomes

Ferstl et al
[23], 2022

Germany 2008-2019 Retrospective 
observational 
study

TG18/TG13 Grade I and grade II AC 
after ERCP

Antibiotic therapy of 6 d Recurrent 
cholangitis 
within 28 d

Kihara and 
Yokomizo
[20], 2022

Japan January 
2009 to 
August 
2018

Retrospective 
observational 
study

TG18/TG13 Postoperative cholangitis 
after pancreaticoduoden-
ectomy

Antibiotic therapy and 
pancreaticoduoedenectomy

Clinical charac-
teristics and 
outcomes in 
patients with 
acute cholangitis

Masuda et al
[6], 2022

Japan January 
2018 to 
July 2020

Retrospective 
observational 
study

TG18/TG13 Grade I and grade II AC 
after successful ERCP

Antibiotic therapy of 3 d 30-d-mortality, 
recurrent 
cholangitis 
within 3 mo, 
length of hospit-
alization, in-
hospital 
mortality

Sokal et al[14], 
2022

France 2016-2018 Retrospective 
observational 
study

TG18/TG13 Patients with AC with and 
without malignant etiology

Cancer-associated AC Duration of 
antibiotic 
therapy, 28-d-
mortality, liver 
abscess

Masuda et al
[17], 2021

Japan April 2018 
to March 
2020

Retrospective 
observational 
study

TG18/TG13 AC patients with positive 
blood or bile culture and 
early ERCP

AC due to antibiotic 
resistant bacteria

Duration of 
antibiotic 
therapy, 
duration of 
hospitalization, 
in-hospital 
mortality, 
increased disease 
severity

Akhtar et al
[18], 2020

Pakistan June 2012 
to June 
2017

Cross-
sectional 
observational 
study

TG18/TG13 AC patients without liver 
metastases or other reason 
for deranged liver function 
test. 70% of patients received 
ERCP

3-mo-mortality Duration of 
antibiotic 
therapy, clinical 
severity, 
bacteremia

Haal et al[21], 
2020

Netherlands January 
2012 to 
January 
2017

Retrospective 
observational 
study

TG18/TG13 AC only due to stone in the 
common bile duct, without 
prior antibiotic therapy after 
ERCP

Antibiotic therapy of ≤ 3 d 3-mo-mortality, 
length of hospit-
alization, 
recurrent 
cholangitis, other 
complications

Satake et al[8], 
2020

Japan April 2014 
to March 
2019

Retrospective 
observational 
study

TG18/TG13 Grade I and grade II AC only 
due to choledocholithiasis 
who underwent ERCP

Antibiotic therapy of ≤ 3 d 30-d-mortality, 
length of hospit-
alization, 
recurrent 
cholangitis 
within 3 mo

Netinatsunton 
et al[16], 2019

Thailand August 
2017 to 
August 
2018

Randomized 
controlled 
trial

TG18/TG13 AC only due to choledocho-
lithiasis without presence of 
the Reynold´s pentad. Time 
to ERCP same between the 
study groups

Antibiotic therapy of ≤ 14 d Recurrent 
cholangitis, 
length of hospit-
alization

Doi et al[22], 
2018

Japan January 
2012 to 
February 
2017

Retrospective 
observational 
study

ICD-10 and 
positive 
blood culture

AC and positive blood 
culture

Antibiotic therapy of ≤ 7 d 30-d-mortality, 
recurrent 
cholangitis 
within 3 mo 
(recurrence of 
symptoms)

Tagashira et al
[13], 2017

Japan January 
2009 to 
December 
2015

Retrospective 
observational 
study

TG18/TG13 Bacteriemic AC and ERCP 
where indicated

Adequate initial antibiotic 
therapy

Duration of 
antibiotic 
treatment, 30-d 
mortality

30-d mortality, 
recurrent 
cholangitis 
within 3 mo, 

Uno et al[12], 
2017

Japan July 2012 
to March 
2014

Retrospective 
observational 
study

TG18/TG13 AC patients with gram-
negative bacteriemia and 
after ERCP

Antibiotic therapy of ≤ 14 d
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antimicrobial 
treatment 
duration

Park et al[15], 
2014

South Korea September 
2010 to 
November 
2012

Randomized 
controlled 
trial

TG07 AC with bacteremia and 
ERCP within 24 h after 
admission

Intravenous antibiotic 
therapy of 6 d plus 8 d oral 
antibiotic therapy

30-d mortality, 
length of hospit-
alization, 
eradication of 
bacteria after 30 
d

Kogure et al
[19], 2011

Japan September 
2007 to 
August 
2009

Retrospective 
observational 
study

TG07 Moderate and severe AC 
with ERCP

Antibiotic therapy of 3 d Recurrent 
cholangitis

Van Lent et al
[11], 2002

Netherlands February 
1999 to 
September 
1999

Retrospective 
observational 
study

Fever > 38 °C 
and elevated 
bilirubin 
levels or bile 
duct 
dilatation in 
ultrasound

AC after successful ERCP. 
Exclusion of patients with 
primary sclerosing 
cholangitis, liver transplant 
recipients, bile duct atresia, 
inflammatory bowel disease

Antibiotic therapy of ≤ 3 d 6-mo mortality 
and recurrent 
cholangitis

AC: Acute cholangitis; TG18: Tokyo Guidelines 2018; TG13: Tokyo Guidelines 2013; TG07: Tokyo Guidelines 2007; ICD-10: The 10th Edition of the 
International Classification of Diseases; ERCP: Endoscopic retrograde cholangiopancreatography.

Mortality
Among the eight studies which were included in the quantitative analysis, six of them included 
mortality as an outcome[6,8,11,12,21,22], while five of the studies that were not suitable for the meta-
analysis provided information for the participants’ death[13-15,17,18]. Six studies calculated a 30-d 
mortality rate[6,8,12,13,15,22], Sokal et al[14] presented data concerning 28-d mortality, and Haal et al
[21] conducted a follow-up of 3 mo concerning the death rates of the participants. Van Lent et al[11] 
observed the mortality of the patients for the following six months after the intervention.

After summarizing the data of the four studies with a duration of 2-3 of antibiotic treatment as cutoff 
point[6,8,11,21], no significant difference in the mortality between the two patient groups is present (OR 
= 0.78, 95%CI: 0.23-2.67, I2 = 9%) (Figure 2A). No heterogeneity among these studies concerning our 
primary outcome is noted (I2 = 9%).

In the study of Doi et al[22], patients who received an antibiotic treatment of fewer than seven days 
presented similar death rates compared to those with longer therapeutic schemata (OR = 0.82, 95%CI: 
0.18-2.95, I2 = 9%). The 30-d mortality rates of AC patients did not seem to differ between antibiotic 
therapies, of 14 d or shorter, according to Uno et al[12] (2 vs 0, P = 0.79, Fisher´s exact test).

Similar findings are also observable in the rest of the studies, which were not included in the meta-
analysis. Sokal et al[14] presented that although patients with cancer-related-AC took an antibiotic 
treatment of mean duration with no significant difference compared to those that suffered from non-
cancer-related-AC (10.6 ± 9.7 vs 7.8 ± 7.5 d, P = 0.13), the patients who belonged in the first group had 
significantly higher mortality rates (17 vs 0 deaths, P = 0.0002). In the rest of the studies, no differences 
concerning mortality were to be noted[13,15,17,18].

Recurrent cholangitis
Five of the included papers calculated a recurrence rate up to a follow-up period of 3 mo[6,8,12,21,22], 
van Lent et al[11] estimated a 28-d recurrence rate, Ferstl et al[23] recorded the shortest follow-up period 
among the studies (28 d) and two studies did not clarify the exact duration of follow-up for this 
outcome[16,19].

According to the studies retrieved from our review, a two to three-day antibiotic therapy was not 
associated with a significantly more frequent appearance of recurrent cholangitis (OR = 0.89, 95%CI: 
0.49-1.60) (Figure 2B)[6,8,11,21]. No differences were also noted in the rates of recurrent AC neither in 
the 6-7-d-cutoff (OR = 1.11, 95%CI: 0.45-2.75) nor the 14-d-cutoff study groups (OR = 0.15, 95%CI: 0.02-
1.35) (Figures 3 and 4A respectively). In all these comparisons, no significant study heterogeneity was 
observed (I2 = 38%, 0%, and 0%, respectively). In the study of Kogure et al[19], no recurrent cholangitis 
was observed in both study groups, with and without withdrawal of the antibiotic therapy on the third 
day of treatment.

Length of hospitalization
Although in the studies of Masuda et al[6] and Haal et al[21], the patients who belong to the two-day 
and three-day antibiotic therapy have a significantly shorter hospitalization duration, the SMD of all 
three studies with a cutoff of 2-3 d is not significantly lower in the short-term antibiotic group (SMD = 
-0.53, 95%CI: -1.88 to 0.82, I2 = 91%) (Figure 2C). Similarly, no difference was found between the short- 
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Figure 2 Forest plot between patients with acute cholangitis who received an antibiotic therapy of 2-3 d and acute cholangitis-patients 
with longer antibiotic treatment. A: Mortality; B: Recurrent cholangitis; C: Duration of hospitalization. OR: Odds ratio; CI: Confidence interval; SMD: 
Standardized mean difference.

Figure 3 Forest plot of recurrent cholangitis between patients with acute cholangitis who received an antibiotic therapy of 6-7 d and 
acute cholangitis-patients with longer antibiotic treatment. OR: Odds ratio; CI: Confidence interval.

and long-term treatment groups concerning the length of in-hospital stay (SMD = -1.30, 95%CI: -14.43 to 
11.84, I2 = 95%) (Figure 4B). However, the considerable study heterogeneity (I2 = 91% and 95%, 
respectively) does not allow us to extract strong conclusions. On the contrary, Park et al[15] estimated 
that a switch from intravenous to oral antibiotic therapy after six days from the treatment initiation led 
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Figure 4 Forest plot between patients with acute cholangitis who received an antibiotic therapy of 14 d and acute cholangitis-patients 
with shorter antibiotic treatment. A: Recurrent cholangitis; B: Duration of hospitalization. OR: Odds ratio; CI: Confidence interval; SMD: Standardized mean 
difference.

to a significantly lower length of hospitalization in comparison with a switch at ten days of treatment.

Quality assessment
Based on the Newcastlte-Ottawa Scale, six of the observational studies included in the systematic review 
were considered of good quality[6,8,13,17,21,23], while the remaining seven were graded as low-quality 
studies, concerning our outcomes of interest, mostly due to lack of comparability between the cohort 
participants[11,13,14,18-20,22] (Table 2). In the study of Netinatsunton et al[16], as far as the random-
ization process is concerned, although the patients were randomized with the use of a computer-
generated process and the baseline characteristics of the patients did not significantly differ, the results 
of the randomization were stated to be concealed in envelopes. However, the status and the accessibility 
of the envelopes are not provided, which raises concerns regarding the absolute transparency of the 
randomization. Additionally, no information is provided to manage the patients who did not adhere to 
the trial. Furthermore, the fact that no more information is provided concerning the construction of the 
study, as the trial protocol is provided neither in the clinicaltrials.gov website nor in the text in its 
complete form, leads us to the conclusion that the risk of bias in this study is high.

The trial of Park et al[15] has been based on a computer-generated block randomization model. 
However, no allocation concealment was possible due to the different application ways of the different 
interventions (oral vs intravenous). The authors followed an intention-to-treat model, but the lack of 
blinding may have led to a bias in measuring the outcome. Due to these facts, we conclude that the trial 
of Park et al[15] may also be connected to a high risk of bias.

DISCUSSION
To our knowledge, this is the first complete meta-analysis examining the duration of antibiotic therapy 
against the AC. In previously conducted systematic reviews with similar thematology, the limited data 
and the heterogenous outcomes and populations did not allow the authors to perform a meta-analysis
[7,29]. Our data synthesis showed that antibiotic treatment of less than 2 or 3 d is not associated with 
significantly higher mortality rates, according to the random effects model (OR = 0.82, 95%CI: 0.18-2.95, 
I2 = 9%). Our findings agree with the conclusions of the systematic review of Haal et al[7]. The fact that 
van Lent et al[11] did not base their diagnosis on the TG07 or TG18/13, possibly because the study was 
conducted before the establishment of the diagnostic criteria, may weaken the weight of this outcome. 
Although the combination of the diagnostic criteria of van Lent (fever > 38°C + elevated bilirubin levels 
or dilated bile duct by ultrasound) theoretically covers the criteria needed for the diagnosis of AC[30], 
the authors did not provide the exact cutoff, above which the bilirubin levels are considered elevated 
and the sensitivity of ultrasound on the diagnosis of AC is limited[31,32]. This could lead to a false 
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Table 2 Quality assessment of the observational studies

Ferstl et al
[23], n = 115

Kihara and 
Yokomizo
[20], n = 112

Masuda et al
[6], n = 11

Sokal et al
[14], n = 107

Masuda et al
[17], n = 110

Akhtar et al
[18], n = 55

Haal et al
[21], n = 113

Satake et al
[8], n = 101

Doi et al
[22], n = 
114

Tagashira et 
al[13], n = 106

Uno et al
[12], n = 105

Kogure et al
[19], n = 111

Van Lent et 
al[11], n = 
104

Selection

Representativeness 
of exposed cohort

* - * - * * * * * * * * *

Selection of non-
exposed cohort

* * * * * * * * * * * * *

Ascertainment of 
exposure

* * * * * * * * * * * * *

Demonstration 
that outcome of 
interest was not 
present at start of 
study

* * * * * * * * * * * * *

Comparability

Comparability of 
the cohorts

** - ** - ** - ** ** - - ** - -

Outcome

Assessment of 
outcome

* * * * * * * * * * * * *

Was follow-up 
long enough for 
outcomes to occur?

* * * * * * * * * * * * *

Adequacy of 
follow-up cohorts

* * * * * * * * * * * * *

Overall Good Low Good Low Good Low Good Good Low Low Good Low Low

*Represents study meets a criterion in each section of the Newcastle-Ottawa scale; -Represents study meets no criterion in each section of the Newcastle-Ottawa scale.

estimation of the actual patients suffering from AC. In the studies of Doi et al[22] and Uno et al[12], who 
set higher cutoffs for the definition of short- and long-term treatments, significance in the OR of the 
mortality rates was also not reached[12,22]. The findings of Sokal et al[33] that cancer-related AC 
patients presented a higher 28-d mortality compared to patients with AC not related to malignancies, in 
combination with the fact that the patients in the two groups received an antibiotic therapy of no 
different duration, may imply that the antibiotic therapy in cancer-related AC-patients should be longer. 
This study alone can provide no evidence for this assumption.
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Concerning the rates of recurrent cholangitis, no significant differences were found between the 
study groups in all three duration cutoffs we set for our analysis. Although Uno et al[12] estimated a 
slightly higher recurrence rate in the group with > 14 d of antibiotic treatment, our synthesis with the 
study of Netinatsunton et al[16] resulted in no significantly different rates compared with the longer-
course group. Haal et al[7] and Tinusz et al[29] enforce our results that the duration of antibiotic 
treatment of AC does not seem to affect the possibility of the appearance of cholangitis recurrence. The 
increasing resistance of the usual bacteria causing AC, such as Escherichia coli, the higher rates of gram-
positive pathogens in recurrent cholangitis, and the possible lack of coverage against those bacteria in 
the initial empiric scheme provided against AC may constitute the major factors for the appearance of 
episodes of cholangitis recurrence[3,34,35]. As Tagashira et al[13] stated, inadequate initial antibiotic 
treatment could increase mortality and adverse events in bacteremic patients with AC.

Among the studies with a cutoff of 2-3 d of antibiotic treatment, Masuda et al[6] and Haal et al[21] 
presented a significantly shorter in-hospital stay for patients receiving short-term treatment compared 
to the control group of the study. However, when summarizing those two studies with the observa-
tional study of Satake et al[8], the SMD in the length of hospitalization was not significant (SMD = -0.6, 
95%CI: -2.27 to 1.07, I2 = 0%). Antibiotic treatment of less than 14 did also not seem to lead to a shorter 
hospitalization of patients compared to the control group, according to our study (SMD = -1.3, 95%CI: -
14.49 to 11.89, I2 = 96%), even though the short-course antibiotic treatment in Uno et al[12], presented a 
significantly lower hospitalization duration. However, the high heterogeneity of the studies included in 
these tests concerning this outcome (I2 = 91% and 96%, respectively) may have affected our results. Park 
et al[15] reinforced the claim that shorter antibiotic treatment may benefit the patients concerning their 
length of stay in the hospital, as no mortality cases were recorded. In every case, more studies 
examining the hospitalization length should be conducted, as the extraction of evidence that proves that 
a short-course antibiotic treatment leads to shorter hospitalizations would protect patients from 
exposure to several dangers, such as thromboembolic episodes and unwanted infections[36,37].

Our study presents several limitations which should be accounted for. First of all, as many studies 
were conducted before 2013, the choice of the participants as patients suffering from AC was not based 
on the updated TG18/13, especially in the study of van Lent et al[11]. This may alter the actual 
population we wish to study. The difference in patients’ inclusion and exclusion criteria and the 
variable severity grades of the patients included in the studies also constitute an important limitation. 
Additionally, small discrepancies are also noticed in the follow-up periods concerning the mortality and 
recurrent cholangitis in each study. These inequalities in the follow-up of the patients may lead to lost 
data which may have altered our results. Finally, significant statistical heterogeneity was detected 
among the studies selected for the quantitative analysis of the length of hospitalizations, which may 
lead to invalid conclusions.

CONCLUSION
Depending on our findings, the duration of antibiotic therapy may not significantly affect the mortality 
rate, the rate of recurrent cholangitis, and the length of hospitalization of patients suffering from AC. 
More specifically, a 2 to 3-d antibiotic treatment could be similarly effective in preventing mortality and 
recurrent cholangitis, as the 4 to 7-d therapy proposed by the TG18. However, these results are based on 
a small number of heterogeneous studies. It is vital that more primary and secondary studies are 
conducted for new recommendations with high-level evidence to be established.

ARTICLE HIGHLIGHTS
Research background
The mortality rates of acute cholangitis (AC) have significantly decreased in the last decades. The 
development of new diagnostic and therapeutic tools has contributed to this result.

Research motivation
The Tokyo Guidelines of 2018 suggest an antibiotic treatment of four to seven days in AC cases without 
gram-positive cocci. This interval between the recommended treatment days is relatively wide, and the 
recommendation provided is not based on a high level of evidence (level C).

Research objectives
The aim of this study is to investigate if shorter-course antibiotic treatments could be similarly effective 
to long-course treatments in adults with AC.
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Research methods
We conducted a systematic review and meta-analysis of the existing literature based on the recommend-
ations of the Preferred Reporting Items for Systematic Review and Meta-Analyses. Two reviewers 
(Kasparian K and Christou CD) conducted the literature research, study selection, and data collection. 
The inclusion and exclusion criteria were predefined. The data synthesis, statistical analysis, and Forest 
plot creation were conducted through the program R Studio version 1.4.1103.

Research results
Fifteen studies were included in the systematic review and eight in the final meta-analysis. Most of the 
patients were classified as Grade I (41,1%) or Grade II (54,1%), while only 4,6% of the participants 
suffered from Grade III AC. No significant differences were observed between patients receiving a 2-3 d 
antibiotic therapy and those who were treated with longer antibiotic schemata concerning the mortality 
(odds ratio = 0.78, 95% confidence interval: 0.23-2.67, I2 = 9%). In all calculations conducted, no 
differences could be detected among patients receiving shorter and longer antibiotic treatments 
concerning the rates of recurrent AC and the length of hospitalization.

Research conclusions
Short- and long-course antibiotic treatments may be similarly effective concerning the mortality and 
recurrence rates of AC.

Research perspectives
This study could constitute the occasion for the conduction of more primary and secondary studies for 
new robust recommendations with a high level of evidence to be established.
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