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A B S T R A C T

Introduction and objectives: Acute cholangitis, which is characterized by biliary infection and acute liver

injury, may impact cirrhosis prognosis. However, the prognosis itself remains unclear.

Materials and methods: This multicenter retrospective cohort study compared the mortality and liver function

change between patients with and without cirrhosis who underwent endoscopic treatment for acute cholan-

gitis caused by choledocholithiasis between January 2004 and December 2019.

Results: We analyzed 699 patients, 44 of whom had cirrhosis. The cirrhotic group had a significantly higher

30-day mortality rate than the noncirrhotic group (14% vs. 1%; P < 0.001). The cirrhotic group also had signif-

icantly lower total bilirubin and albumin recovery. However, all patients with cirrhosis who survived

achieved total-bilirubin recovery, and 91% achieved albumin recovery within 90 days. In multivariable Cox

regression analysis, the independent risk factors for total-bilirubin recovery included cirrhosis (hazard ratio,

0.37; 95%CI, 0.24‒0.58; P < 0.001) and high total-bilirubin level (0.46; 95%CI, 0.34‒0.60; P < 0.001), whereas

those for albumin recovery were cirrhosis (0.51; 95%CI, 0.33‒0.79; P = 0.002), high age (0.62; 95%CI, 0.47‒

0.82; P < 0.001), organ dysfunction (0.62; 95%CI, 0.39‒0.96; P = 0.03), low albumin level (0.57; 95%CI, 0.36‒

0.91; P = 0.02), and high C-reactive protein level (0.73; 95%CI, 0.56‒0.95; P = 0.02).

Conclusions: Patients with cirrhosis complicated with acute cholangitis had poor prognosis. Recovery of liver func-

tion after endoscopic treatment was slow; nevertheless, most patients who survived could recover within 90 days.

© 2022 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article under

the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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1. Introduction

Cirrhosis is the late stage of liver fibrosis caused by many forms of

liver diseases and conditions, resulting in decreased liver function

and portal hypertension; in fact, it is one of the leading causes of

death, with over 1 million deaths in 2010 [1]. From 1990 to 2013, cir-

rhosis-related mortality increased by 46% worldwide [1]. The most

common cause of death in cirrhosis is developing a syndrome called

acute-on-chronic liver failure (ACLF), which is characterized by acute

decompensation of chronic liver disease associated with multiple

organ failure and high short-term mortality [2−4]. Although approxi-

mately 50% of ACLF cases have no identifiable trigger, bacterial infec-

tion is the most commonly reported precipitating factor [2−5].

Bacterial infection-triggered ACLF has a higher mortality rate than

non-infection-triggered ACLF [5].

Abbreviations: T-BIL, total bilirubin; ALB, albumin; ACLF, acute-on-chronic liver fail-

ure; ERCP, endoscopic retrograde cholangiopancreatography; ALBI-grade, albumin

−bilirubin grade; EASL-CLIF, European Association for the Study of the Liver−Chronic

Liver Failure; CRP, C-reactive protein; ALT, alanine aminotransferase; ALP, alkaline

phosphatase
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Meanwhile, acute cholangitis is a clinical syndrome caused by sta-

sis and biliary tract infection, resulting in acute liver injury [6]. With

the increased biliary tract pressure in acute cholangitis, bacteria and

endotoxins may migrate from the bile to the blood and lymphatic

stream, causing severe and fatal infections, such as sepsis [6].

Cirrhosis complicated with acute cholangitis may likely have a

high mortality rate because of bacterial infection and permanent liver

dysfunction caused by acute liver injury and bile stasis. In a recent

study, 11% of patients with cirrhosis developed ACLF after endoscopic

retrograde cholangiopancreatography (ERCP) [7], but this study had a

few number of patients with cholangitis before ERCP. Therefore, the

impact of acute cholangitis on mortality and liver function in cirrho-

sis remain inadequately understood. Furthermore, the Tokyo Guide-

lines 2018 (TG18) [8−10], which are guidelines for acute cholangitis

treatment, do not specifically address cirrhosis cases. If cirrhosis com-

plicated with acute cholangitis has a high mortality rate or progresses

to liver failure, healthcare professionals should be attentive to supe-

rior care in clinical practice. However, data regarding this issue are

insufficient.

Hence, this study aimed to compare the changes in liver function

and prognosis after undergoing endoscopic treatment for acute chol-

angitis between cirrhotic and noncirrhotic groups. To strictly evalu-

ate liver function, we limited the study to acute cholangitis caused by

choledocholithiasis, which involves inflammation of the whole liver,

not regional cholangitis.

2. Material and methods

2.1. Patient selection

The research ethics committee approved this multicenter,

retrospective cohort study, which was conducted in two tertiary

care centers (Approval number: 3640 at Chiba University, 118 at

Eastern Chiba Medical Center), and waived informed consent

from the enrolled patients. Chiba University Hospital and East-

ern Chiba Medical center are high-volume centers with more

than 600 and 300 annual ERCPs, respectively. We reviewed the

medical and procedural records of consecutive patients who

underwent ERCP in the two centers between January 2004 and

December 2019. These records were acquired from each center’s

database. These patients should be over 20 years of age and

have undergone initial ERCP to treat acute cholangitis caused by

choledocholithiasis within the abovementioned period. Patients

were excluded if they had a negative or suspected diagnosis of

acute cholangitis according to TG18 [8−10] and were subjected

to percutaneous drainage before ERCP. All patients received

antibiotics before ERCP and sedated with midazolam plus pen-

tazocine and hydroxyzine.

2.2. Clinical parameters and outcomes

Using the medical records, we retrieved the entire clinical course

of the study population, collecting the following clinical parameters:

baseline demographic characteristics, etiology of cirrhosis, symptoms

and laboratory data at acute cholangitis diagnosis, ERCP procedural

details, procedure-related adverse events, ACLF development, and

mortality. Laboratory data and albumin−bilirubin grade (ALBI-grade

[11]) before the cholangitis onset were also collected, if available. In

addition, total bilirubin (T-BIL) and albumin (ALB) level trends within

3 months after ERCP were collected only in patients with laboratory

data before the cholangitis onset.

We examined and compared the post-ERCP adverse events,

30-day mortality, ACLF development, T-BIL and ALB level cumula-

tive recovery rate, and functional success rates between patients

with and without cirrhosis. Specifically, the cumulative recovery

rate of T-BIL and ALB levels and functional success rates were

analyzed in patients who had data on T-BIL and ALB levels within

6 months before the cholangitis onset, post-ERCP data, and suc-

cessful ERCP.

2.3. Definitions

2.3.1. Cirrhosis, acute cholangitis, post-ERCP adverse events, and ACLF

The diagnosis of cirrhosis was based on clinical history, laboratory

testing, liver biopsy (if available), and imaging studies [12]. In this

study, acute cholangitis was defined as a definite diagnosis case

according to TG18 [8−10]. The severity of acute cholangitis was also

defined according to TG18 [8−10]. Post-ERCP adverse events were

defined according to Cotton’s criteria [13, 14], while ACLF was

defined according to the European Association for the Study of the

Liver−Chronic Liver Failure (EASL-CLIF) definition [3, 4, 15].

2.3.2. Cumulative recovery rate of T-BIL and ALB levels

We defined T-BIL recovery as a T-BIL level < 2.0 mg/dL or less than

or equal to the level before the cholangitis onset, and ALB recovery as

an ALB level > 3.5 g/dL or greater than or equal to the level before the

cholangitis onset.

2.3.3. Functional success

According to Tokyo criteria 2014, functional success was

defined as a 50% decrease in or normalization of the bilirubin

level within 14 days of stent placement [16]. In this study, nor-

malization of the bilirubin level was defined as a T-BIL level <

2 mg/dL or less than or equal to the pre-cholangitis level, as well

as T-BIL recovery.

2.4. Statistical analysis

Continuous variables are expressed as median and interquartile

range, whereas categorical variables are expressed as numbers and

percentages. For the statistical analysis, Mann−Whitney U test was

employed for the continuous data, and Fisher’s exact test for the cate-

gorical data. The factors for 30-day mortality were assessed by logis-

tic regression analysis. The T-BIL and ALB recovery rates were

estimated using Kaplan−Meier survival methods and compared using

log�rank tests. The hazard ratio (HR) and 95% confidence interval (CI)

were estimated by Cox proportional regression analyses. All statisti-

cal data were analyzed using SPSS statistical software (version 25;

SPSS-IBM, Chicago, IL, USA). Furthermore, P < 0.05 was considered

statistically significant.

3. Results

3.1. Study population

Fig. 1 presents the flowchart of patient selection. We identified

4632 patients who underwent ERCP between January 2004 and

December 2019. Among them, 1654 patients, who were over 20 years

of age, had acute cholangitis caused by choledocholithiasis. However,

we excluded 955 patients because of the negative or suspected diag-

nosis of acute cholangitis according to TG18 or percutaneous drain-

age before ERCP. Overall, we included 699 patients for the analysis,

with 44 and 655 patients categorized as the cirrhotic and noncir-

rhotic groups, respectively.

3.2. Patient characteristics and ERCP procedures

The median age was 75 years, and 443 of the study population

(63%) were male (Table 1). The etiologies of cirrhosis were viral hepa-

titis (n = 22, 50%), alcohol abuse (n = 9, 21%), primary sclerosing chol-

angitis (n = 1, 2%), and others (n = 12, 27%). Median model for end-

stage liver disease score was 6.7; 16 cases were Child−Pugh class A
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(36%), 11 were class B (25%), 5 were class C (11%), and 12 were

unknown (27%).

During cholangitis diagnosis, the following symptoms were

observed: abdominal pain in 496 (75%) of 658 patients (28 [65%] of

43 in the cirrhotic group, 468 [76%] of 615 in the noncirrhotic group);

fever in 319 (48%) of 665 patients (22 [50%] of 44 in the cirrhotic

group, 297 [48%] of 621 in the noncirrhotic group); neurological dys-

function in 32 (5%) of 676 patients (4 [9%] of 44 in the cirrhotic group,

28 [4%] of 632 in the noncirrhotic group); respiratory dysfunction in

51 (7%) of 683 patients (3 [7%] of 44 in the cirrhotic group, 48 [8%] of

639 in the noncirrhotic group); and cardiovascular dysfunction in 13

(2%) of 692 patients (2 [5%] of 44 in the cirrhotic group, 11 [2%] of 648

in the noncirrhotic group). No significant differences were found in

patients with such symptoms of cholangitis.

Table 1 summarizes the laboratory results at the diagnosis of

acute cholangitis. White blood cell, platelet, C-reactive protein (CRP),

alanine aminotransferase, alkaline phosphatase, and ALB levels were

significantly higher in the noncirrhotic group, but T-BIL and pro-

thrombin time were significantly higher in the cirrhotic group. Creat-

inine results were no significantly different between the two groups.

On the basis of the TG18, cholangitis was mild in 323 patients

(46%), moderate in 220 patients (31%), severe in 136 patients (19%),

and unknown in 20 patients (3%). Severe condition was significantly

more common in the cirrhotic group than in the noncirrhotic group

(64% vs. 16%, P < 0.001) (Table 1).

Regarding the time from diagnosis of cholangitis to ERCP, 489

patients (70%) underwent ERCP within 48 hours of diagnosis. Accord-

ing to the TG18 [8−10], ERCP should be performed within 48 hours

for moderate disease and 24 hours for severe disease. These recom-

mendations were applied in 160 (73%) of 220 patients with moderate

disease and 90 (66%) of 136 patients with severe disease; no signifi-

cant difference was found between the cirrhotic and noncirrhotic

groups in either case (Table 1).

Moreover, 614 (88%) patients had native papilla, and endoscopic

biliary treatments were successful in 662 patients (95%). The rate of

native papilla and the success of endoscopic treatments were not sig-

nificantly different between the two groups. Meanwhile, endoscopic

sphincterotomy was performed in 534 patients (77%). No significant

differences were observed between the two groups (Table 1). There

was no difference in the success rate of endoscopic treatments

Excluded (n = 387)
・No data on T-BIL or ALB levels within 6 months 

before the onset of cholangitis
・No post-ERCP data

・Failed biliary drainage

38 patients with cirrhosis 274 patients without cirrhosis

4632 patients underwent ERCP between January 2004 and December 2019

Excluded (n = 2978)

• ERCP for other reasons
• aged <20 years

1654 patients underwent ERCP for choledocholithiasis

Excluded (n = 955)
・Negative or suspected diagnosisof acute cholangitis 

In Tokyo Guidelines 2018
・Percutaneous drainage was performed before ERCP

699 patients underwent ERCP for acute cholangitisdue to choledocholithiasis 

312 patients underwent ERCP for acute cholangitisof choledocholithiasis 

with data on T-BIL and ALB levels before the cholangitis onset

44 patients with cirrhosis 655 patients without cirrhosis

Fig. 1. Flowchart of patient selection. This study included 699 people who underwent ERCP for acute cholangitis caused by choledocholithiasis. The cumulative recovery rate of T-

BIL and ALB levels and functional success rates were analyzed in 312 patients with data on T-BIL and ALB levels before the cholangitis onset. ERCP, endoscopic retrograde cholangio-

pancreatography; T-BIL, Total bilirubin; ALB, Albumin.
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between the two centers (334 [93%] of 359 in Chiba University Hospi-

tal, 328 [96%] of 340 Eastern Chiba Medical Center).

3.3. Post-ERCP adverse events

Adverse events occurred in 18 (3%) of 691 patients (1 [2%] of 44

in the cirrhotic group, 17 [3%] of 647 in the noncirrhotic group)

(Fig. 2). These post-ERCP adverse events were as follows: pancrea-

titis in 9 (1%) patients (1 [2%] in the cirrhotic group, 8 [1%] in the

noncirrhotic group); bleeding in 7 (1%) patients (0 [0%] in the cir-

rhotic group, 7 [1%] in the noncirrhotic group) (Fig. 2); perforation

in 1 (0.1%) patient (0 [0%] in the cirrhotic group, 1 [0.2%] in the

noncirrhotic group); aspiration pneumonia in 1 (0.1%) patient (0

[0%] in the cirrhotic group, 1 [0.2%] in the noncirrhotic group). No

significant differences were found between the two groups

(Table 1). And no significant differences were found between the

two centers (12 [3%] of 351 in Chiba University Hospital, 6 [2%] of

340 Eastern Chiba Medical Center).

3.4. 30-day mortality and ACLF development

A total of 14 patients (2%) died within 30 days, 6 (14%) of whom

were from the cirrhotic group and 8 (1%) from the noncirrhotic group

(Fig. 2). The 30-day mortality rate was significantly higher in the cir-

rhotic group than in the noncirrhotic group (P < 0.001) (Table 1). No

significant differences were found between the two centers (8 [2%] of

359 in Chiba University Hospital, 6 [2%] of 340 in Eastern Chiba Medi-

cal Center) Table 2. summarizes the details of the 14 deceased

patients within 30 days. The severity of cholangitis at diagnosis was

mostly moderate and above, and roughly half of the patients did not

comply with the TG18 for ERCP timing. Four patients died because of

liver failure, and another four patients died because of infection. Half

of the cirrhotic group died of liver failure. Nonetheless, no one died

because of post-ERCP adverse events. In multivariate logistic regres-

sion analysis, cirrhosis was an independent risk factor for 30-day

mortality (OR, 8.67; 95% CI, 2.41‒31.20; P < 0.001) (Table 3).

According to EASL-CLIF definition, we included 32 patients but

excluded 12 patients (7 with hepatocellular carcinoma outside the

Table 1

Characteristics and outcome of 699 patients who underwent ERCP for acute cholangitis caused by choledocholithiasis.

Cirrhotic (n = 44) Noncirrhotic (n = 655) P value

Age, median (IQR), year 75 (70−79) 75 (68−83) 0.39

Male sex, no. (%) 28 (64) 415 (63) 1.00

Child-Pugh classification before the cholangitis onset (A / B /C / unknown), no. 16 / 11 / 5 /12

MELD score before the cholangitis onset, median(IQR) 6.7 (4.9−11.5)

Laboratory data at acute cholangitis diagnosis, median (IQR)

WBC (£103/mL) 6.2 (3.8−8.8) 10.3 (7.2−14.2) <0.001

Platelet (£103/mL) 82 (54−130) 192 (141−251) <0.001

CRP (mg/L) 2.5 (1.1−6.2) 5.3 (1.6−10.5) 0.02

ALT (IU/L) 70 (38−134) 156 (88−293) <0.001

ALP (IU/L) 501 (392−764) 727 (494−1104) <0.001

T-BIL (mg/dL) 4.7 (2.2−7.3) 2.9 (1.8−4.5) 0.001

ALB (g/dL) 3.1 (2.7−3.6) 3.6 (3.1−4.0) <0.001

Creatinine (mg/dL) 0.81 (0.72−1.08) 0.87 (0.68−1.12) 0.96

Prothrombin time (INR) 1.18 (1.10−1.28) 1.06 (1.00−1.17) <0.001

Severity of acute cholangitis, no. (%)

Moderate 10 (23) 210 (32) 0.24

Severe 28 (64) 108 (16) <0.001

≤48 hours from diagnosis to ERCP, no. (%) 34 (77) 455 (69) 0.31

Timely treatmenty, no. (%)

Moderate 7 (70) 153 (73) 1.00

Severe 17 (61) 73 (68) 0.51

Sphincterotomy 30 (68) 504 (77) 0.20

Overall adverse events, no./total no. (%) 1/44 (2) 17/647 (3) 1.00

ACLF development within 30 days, no./total no. (%) 4/32 (13)

30-day mortality, no. (%) 6 (14) 8 (1) <0.001

IQR, interquartile range; MELD, model for end-stage liver disease; WBC, White blood cell; CRP, C-reactive protein; ALT, alanine aminotrans-

ferase; ALP, alkaline phosphatase; T-BIL, Total bilirubin; ALB, Albumin; INR, International normalized ratio; ERCP, endoscopic retrograde

cholangiopancreatography; ACLF, acute-on-chronic liver failure.

y Timely treatment is the treatment performed within 48 hours in moderate patients and within 24 hours in severe patients.

Ov erall adv erse events after ERCP

the dev elopment of ACLF

30-day  mortality

post-ERCP bleeding 0%

2%

14%

13%

(%)

1%

3%

1%

(%)

Cirrhotic Non-cirrhotic

010 10

Fig. 2. Difference in prognosis between the cirrhotic and noncirrhotic groups. The figure shows the proportion of adverse events, 30-day mortality, and the development of ACLF in

the cirrhotic and noncirrhotic groups. The shaded area in the development of ACLF shows the proportion of death cases. ERCP, endoscopic retrograde cholangiopancreatography;

ACLF, acute-on-chronic liver failure.

M. Sensui, S. Yasui, S. Ogasawara et al. Annals of Hepatology 27 (2022) 100696

4



Milan criteria, 2 with cholangitis immediately after radiofrequency

ablation or transcatheter arterial chemoembolization treatment, 2

with renal failure, and 1 who already had multiple organ failure

before the cholangitis onset). Of the 32 included patients, 4 (13%)

developed ACLF within 30 days (Fig. 2), and 2 (50%) of them soon

died. Of the 28 patients who did not develop ACLF, 1 (4%) died. Over-

all, 3 (9%) of the 32 patients died within 30 days.

3.5. Cumulative recovery rate of T-BIL and ALB levels

Of the total of 699 patients, 312 had data on T-BIL and ALB levels

within 6 months before the cholangitis onset, post-ERCP data, and

successful ERCP (Fig. 1) Table 4. describes the cohort, consisting of 38

and 274 patients with and without cirrhosis, respectively. Further-

more, Table 4 presents the laboratory results before the cholangitis

onset. Regarding ALBI grades before the cholangitis onset, 9 (24%)

had grade 1, 21 (55%) had grade 2, and 8 (9%) had grade 3. The results

of the patient characteristics, ERCP procedure, and outcomes were

similar to the analysis results of 699 patients (Table 4).

Fig. 3 shows the cumulative recovery rate of T-BIL and ALB

levels. We could collect data for the day after ERCP, but subse-

quent data were sparse depending on the case, such as days or

weeks later. The cirrhotic group had a significantly lower T-BIL

recovery rate than the noncirrhotic group (HR = 0.33, 95%

CI = 0.22‒0.50, P < 0.001) (Table 5). In the noncirrhotic group,

half of the patients achieved T-BIL recovery within only 2 days

compared with 12 days in the cirrhotic group. However, even in

the cirrhotic group, approximately 80% of the patients achieved

T-BIL recovery within 90 days. Multivariable Cox regression anal-

ysis identified that cirrhosis (HR, 0.37; 95% CI, 0.24‒0.58; P <

0.001) and high T-BIL level at the diagnosis of cholangitis (>

3 £ upper limit of normal) (HR, 0.46; 95% CI, 0.34‒0.60; P <

0.001) are independent risk factors for T-BIL recovery (Table 5).

Likewise, ALB recovery rate was significantly lower in the cirrhotic

group than in the noncirrhotic group (HR = 0.51, 95% CI = 0.34‒0.77,

P = 0.001; Table 6). Half of those in the noncirrhotic group achieved

ALB recovery within 14 days compared with 40 days in the cirrhotic

group. However, as with T-BIL recovery, approximately 80% of the

patients achieved ALB recovery within 90 days. In multivariable Cox

regression analysis, the independent risk factors for ALB recovery were

age ≥ 75 years (HR, 0.62; 95% CI, 0.47‒0.82; P < 0.001), cirrhosis (HR,

0.51; 95% CI, 0.33‒0.79; P = 0.002), cardiovascular / neurological / respi-

ratory / renal dysfunction at the diagnosis of cholangitis (HR, 0.62; 95%

CI, 0.39‒0.96; P = 0.03), low ALB level at cholangitis diagnosis (<2.8 g/dL)

(HR, 0.57; 95% CI, 0.36‒0.91; P = 0.02), and high CRP level at cholangitis

diagnosis (≥5mg/dL) (HR, 0.73; 95% CI, 0.56‒0.95; P = 0.02) (Table 6).

Table 2

Details of patients who died within 30 days after endoscopic biliary drainage.

No. Age (year) /

Sex

Cirrhosis Pre-ALBy (g/dL) /

Pre-T-BILz

(mg/dL)

Pre-Child-

Pugh

classification

Severity

of acute

cholangitis

Time from

diagnosis to

ERCP (hours)

Timely

treatmentx

Time from

endoscopic biliary

drainage to death (days)

Cause of death

1 65 / Female Present No data No data Severe 41 No 4 Bleeding||

2 53 / Male Present 2.9 / 6.2 B Moderate 2 Yes 10 Malignancy

3 83 / Male Present 3.0 / 1.6 A Severe 7 Yes 18 Infection

4 57 / Female Present 1.9 / 5.5 C Severe 38 No 21 Liver failure

5 76 / Male Present 2.1 / 17.6 C Moderate 49 No 23 Liver failure

6 51 / Male Present 2.2 / 3.8 C Severe 26 No 28 Liver failure

7 84 / Male Absent No data Severe 3 Yes 2 Infection

8 84 / Female Absent 3.1 / 0.7 Moderate 125 No 3 Liver failure

9 78 / Female Absent No data Moderate 6 Yes 9 Cardiovascular

disease

10 82 / Male Absent No data Unknown No data Unknown 11 Unknown

11 60 / Male Absent No data Moderate 158 No 12 Malignancy

12 58 / Male Absent No data Severe 2 Yes 18 Infection

13 94 / Female Absent No data Severe 7 Yes 18 Infection

14 78 / Male Absent No data Mild 144 Yes 27 Postoperative

complication{

y Pre-ALB means albumin level before the onset of cholangitis.

z Pre-T-BIL means total bilirubin level before the onset of cholangitis.

x Timely treatment is the treatment performed within 48 hours in moderate patients and within 24 hours in severe patients.

|| Upper gastrointestinal bleeding

{ Death from post-operative intra-abdominal hemorrhage of intrahepatic bile duct cancer

Table 3

Logistic regression analysis on 30-day mortality.

Variables Univariate analysis P value Multivariate analysis (n = 696) P value

Odds ratio 95% CI ratio 95% CI

Cirrhosis

Absent Reference Reference

Present 12.8 4.22−38.7 <0.001 8.67 2.41−31.20 <0.001

Severity of acute cholangitis

Mild / Moderate Reference Reference

Severe 5.15 1.70−15.6 0.004 1.94 0.52−7.16 0.32

Timely treatmenty

Yes Reference Reference

No 4.28 1.41−13.0 0.01 2.97 0.89−9.95 0.08

ERCP, endoscopic retrograde cholangiopancreatography; CI, confidence interval

y Timely treatment is the treatment performed within 48 hours in moderate patients and within 24 hours in severe

patients.
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Table 4

Characteristics and outcome of 312 patients who underwent ERCP for acute cholangitis caused by choledocholithiasis, with data on T-BIL and

ALB levels before the cholangitis onset.

Cirrhotic (n = 38) Noncirrhotic (n = 274) P value

Age, median (IQR), year 75 (69−78) 73 (66−79) 0.62

Male sex, no. (%) 26 (68) 193 (70) 0.85

Child-Pugh classification before the cholangitis onset (A / B /C / unknown), no. 16 / 11 / 5 /6

MELD score before the cholangitis onset, median(IQR) 6.7 (4.9−11.5)

Laboratory data before the cholangitis onset, median (IQR)

Platelet (£103/mL) 98 (63−131) 210 (167−254) <0.001

T-BIL (mg/dL) 1.4 (0.9−1.7) 0.7 (0.5−1.0) <0.001

ALB (g/dL) 3.4 (2.9−3.9) 4.0 (3.6−4.3) <0.001

Prothrombin time (INR) 1.14 (1.02−1.24) 1.02 (0.96−1.09) 0.001

Laboratory data at the diagnosis of acute cholangitis, median (IQR)

WBC (£103/mL) 6.3 (4.0−8.6) 9.7 (6.5−12.6) <0.001

Platelet (£103/mL) 82 (55−126) 193 (143−248) <0.001

CRP (mg/L) 2.7 (1.2−6.3) 5.0 (1.6−10.0) 0.13

ALT (IU/L) 63 (36−135) 153 (85−285) <0.001

ALP (IU/L) 491 (361−688) 708 (499−1116) <0.001

T-BIL (mg/dL) 5.4 (2.4−7.9) 2.8 (1.5−4.4) <0.001

ALB (g/dL) 3.1 (2.7−3.6) 3.7 (3.2−4.0) <0.001

Creatinine (mg/dL) 0.85 (0.72−1.09) 0.88 (0.69−1.13) 0.86

Prothrombin time (INR) 1.18 (1.08−1.29) 1.06 (0.99−1.16) <0.001

Severity of acute cholangitis, no. (%)

Moderate 7 (18) 74 (27) 0.33

Severe 25 (66) 45 (16) <0.001

≤48 hours from diagnosis to ERCP, no. (%) 28 (74) 195 (71) 0.85

Timely treatmenty (%)

Moderate 4 (57) 52 (70) 0.67

Severe 15 (60) 32 (71) 0.43

Sphincterotomy, no. (%) 26 (69) 198 (72) 0.70

Overall adverse events, no. (%) 1 (3) 6 (2) 0.60

ACLF development within 30 days, no./total no. (%) 4 / 27 (15)

30-day mortality, no. (%) 5 (13) 1 (0) <0.001

IQR, interquartile range; MELD, model for end-stage liver disease; T-BIL, Total bilirubin; ALB, Albumin; WBC, White blood cell; INR, Interna-

tional normalized ratio; CRP, C-reactive protein; ALT, alanine aminotransferase; ALP, alkaline phosphatase; ERCP, endoscopic retrograde

cholangiopancreatography; ACLF, acute-on-chronic liver failure. y Timely treatment is the treatment performed within 48 hours in moderate

patients and within 24 hours in severe patients.

Log-rank test, P<0.001 Log-rank test, P<0.001
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Fig. 3. Cumulative recovery rates of T-BIL (A) and ALB (B) levels. The cumulative recovery rate of the T-BIL level was significantly lower in the cirrhotic group than in the noncir-

rhotic group (A). In the noncirrhotic group, half of the patients achieved T-BIL recovery within only 2 days compared with 12 days in the cirrhotic group. The cumulative recovery

rate of the ALB level was also significantly lower in the cirrhotic group (B). In the noncirrhotic group, half of the patients achieved ALB recovery within 14 days compared with

40 days in the cirrhotic group. Censored data represent patients whose follow-up was lost before recovery. T-BIL, Total bilirubin; ALB, Albumin.
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Fig. 4 depicts the rate of T-BIL and ALB recoveries among patients

who survived. Both T-BIL and ALB recovery rates were significantly

prolonged in the cirrhotic group. Nevertheless, all patients achieved

T-BIL recovery, and 91% of the patients achieved ALB recovery in

90 days.

3.6. Functional success rate

Functional success rates defined by Tokyo criteria were signifi-

cantly lower in the cirrhotic group than in the noncirrhotic group

(63% vs. 95%, P < 0.001) (Fig. 5).

4. DISCUSSION

This retrospective study shows two critical findings. First, patients

with cirrhosis complicated with acute cholangitis could develop ACLF

and had a higher 30-day mortality than those without cirrhosis;

some patients died of liver failure even after the infection had cured.

Second, liver function recovery after endoscopic treatment was

slower in patients with cirrhosis than in those without cirrhosis;

however, most cirrhosis survivors recovered within 90 days. Based

on these findings, cirrhosis complicated with acute cholangitis should

be considered as a severe disease with high mortality, and we should

Table 5

Multivariable Cox regression analysis on the independent predictors of T-BIL recovery.

Variables Univariate analysis P value Multivariate analysis (n = 306) P value

Hazard ratio 95% CI Hazard ratio 95% CI

Age

<75 years Reference Reference

≥75 years 1.12 0.89−1.41 0.32 1.14 0.89−1.46 0.29

Cirrhosis

Absent Reference Reference

Present 0.33 0.22−0.50 <0.001 0.37 0.24−0.58 <0.001

Cardiovascular / Neurological / Respiratory / Renal

dysfunction at the diagnosis of cholangitis

None Reference Reference

Any 0.94 0.66−1.36 0.76 1.05 0.72−1.54 0.79

T-BIL levely

<3 £ ULN (mg/dL) Reference Reference

≥3 £ ULN (mg/dL) 0.41 0.31−0.54 <0.001 0.46 0.34−0.60 <0.001

CRP levely

<5 mg/dL Reference Reference

≥5 mg/dL 1.11 0.88−1.40 0.38 1.15 0.91−1.46 0.25

Timely treatmentz

Yes Reference Reference

No 0.95 0.69−1.31 0.77 0.91 0.65−1.28 0.59

Adverse events

Absent Reference Reference

Present 1.32 0.62−2.81 0.46 1.36 0.64−2.89 0.43

T-BIL, total bilirubin; ALT, alanine aminotransferase; ALP, alkaline phosphatase; CRP, C-reactive protein; CI, confidence interval; ERCP,

endoscopic retrograde cholangiopancreatography.

yEach level was at the diagnosis of acute cholangitis.

z Timely treatment is the treatment performed within 48 hours in moderate patients and within 24 hours in severe patients.

Table 6

Multivariable Cox regression analysis on the independent predictors of ALB recovery.

Variables Univariate analysis P value Multivariate analysis (n = 300) P value

Hazard ratio 95% CI Hazard ratio 95% CI

Age
<75 years Reference Reference
≥75 years 0.55 0.42−0.72 <0.001 0.62 0.47−0.82 <0.001

Cirrhosis

Absent Reference Reference
Present 0.51 0.34−0.77 0.001 0.51 0.33−0.79 0.002

Cardiovascular / Neurological / Respiratory / Renal
dysfunction at the diagnosis of cholangitis
None Reference Reference
Any 0.65 0.43−1.00 0.05 0.62 0.39−0.96 0.03

ALB levely
≥2.8 g/dL Reference Reference
<2.8 g/dL 0.44 0.28−0.70 <0.001 0.57 0.36−0.91 0.02

CRP levely

<5 mg/dL Reference Reference
≥5 mg/dL 0.69 0.53−0.89 0.004 0.73 0.56−0.95 0.02

Timely treatmentz
Yes Reference Reference
No 0.84 0.59−1.18 0.30 1.18 0.82−1.69 0.37

Adverse events
Absent Reference Reference
Present 1.15 0.47−2.80 0.76 0.87 0.35−2.15 0.76

ALB, albumin; T-BIL, total bilirubin; CRP, C-reactive protein; CI: confidence interval; ERCP, endoscopic retrograde cholangiopancreatography.

yEach level was at the diagnosis of acute cholangitis

z Timely treatment is the treatment performed within 48 hours in moderate patients and within 24 hours in severe patients.
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monitor decompensated symptoms for several weeks until liver func-

tion recovery. We should also formulate strategies to avoid develop-

ing cholangitis as much as possible in patients with cirrhosis. These

patients should undergo endoscopic lithotomy for asymptomatic

choledocholithiasis to avoid developing cholangitis, and prophylactic

cholecystectomy should also be considered, taking into account the

mortality rate of cholangitis versus that of surgery if gallstones exist.

Patients with cirrhosis complicated with acute cholangitis have a

higher incidence of ACLF and 30-day mortality than those without

cirrhosis. Acute cholangitis is often life-saving after successful biliary

drainage, with a mortality rate of only 2.7% [17, 18]. In the present

study, the cirrhotic group had a higher mortality rate (14%) than the

noncirrhotic group within 30 days of successful drainage, and half of

the patients with cirrhosis died of liver failure. Notably, the 30-day

mortality rate was still as high as 10% in patients with cirrhosis with-

out imminent fatal disease, such as hepatocellular carcinoma outside

the Milan criteria, according to the ACLF criteria of EASL-CLIF defini-

tion. Therefore, acute cholangitis strongly impacts the mortality of

patients with cirrhosis. High mortality rate in cirrhosis may be owing

to the immunocompromised state in which bacterial infections can

be fatal, or liver damage caused by bile stasis, which leads to progres-

sive liver failure even if the infection is controlled.

The liver function recovery after endoscopic treatment in patients

with cirrhosis was slower than in patients without cirrhosis;

however, most of those who survived could recover within 90 days.

One reason for the slower T-BIL recovery in the cirrhotic group was

the higher T-BIL level than that in the noncirrhotic group before the

treatment. However, the lower rate of functional success, which rep-

resents the rapidity of jaundice improvement, in the cirrhosis group

suggests another mechanism of prolonged T-BIL recovery indepen-

dent of the T-BIL level before the treatment. Acute cholangitis causes

jaundice, which results from extrahepatic obstruction and intrahe-

patic cholestasis. Intrahepatic cholestasis is caused by hepatocellular

disorders, leading to bilirubin excretion into the bile ducts [19−21].

In both cirrhotic and noncirrhotic groups, extrahepatic bile duct

obstruction can be relieved by successful endoscopic treatment.

Thus, the difference in intrahepatic cholestasis may lead to prolonged

jaundice in the cirrhotic group, in which bilirubin-clearance capacity

is reduced. Meanwhile, ALB recovered more slowly than T-BIL in

both groups. Recovery of decreased ALB consumed by acute cholangi-

tis depends on the capacity of the liver to produce ALB. A lower ALB

level before the treatment and reduced albumin production capacity

caused by hepatocellular damage may explain the slower recovery in

the cirrhotic group.

Our study’s strength is that we designed this study to evaluate

liver function changes in patients with cirrhosis after endoscopic

drainage by selecting consecutive patients with acute cholangitis

caused by choledocholithiasis.

Log-rank test, P<0.001 Log-rank test, P<0.001
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However, our study also has some limitations. First, this study is a

retrospective analysis of two tertiary centers, with a small sample

size. The prothrombin time or ascites before the cholangitis onset in

our patients with cirrhosis was too small to analyze the prognosis by

Child−Pugh classification. On the other hand, it was not investigated

whether the liver function of non-cirrhotic patients was normal,

which may have compromised the results of the trial because there

was no significant difference in the distribution of liver function

between the two groups. Second, in some cases, blood and bile cul-

tures were not collected, and antimicrobial administration was not

standardized, so we cannot confirm whether effective antimicrobials

were administered. Thirdly, the timing of the post-ERCP T-BIL and

ALB values varied from case to case, which may have influenced the

results. Finally, some patients with cirrhosis who developed cholan-

gitis did not undergo endoscopic treatment because they were con-

sidered too risky to do so.

5. Conclusions

The prognosis of patients with cirrhosis complicated with acute

cholangitis was poor. Furthermore, the recovery of liver function

after endoscopic treatment was slow, but most patients who survived

could recover within 90 days.
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