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Abstract

BACKGROUND

Bacteremia, which is a major cause of mortality in patients with acute cholangitis,
induces hyperactive immune response and mitochondrial dysfunction. Presepsin is
responsible for pathogen recognition by innate immunity. Acylcarnitines are

established mitochondrial biomarkers.

AIM
To clarify the early predictive value of presepsin and acylcarnitines as biomarkers of

severity of acute cholangitis and the need for biliary drainage.

METHODS

Of 280 patients with acute cholangitis were included and the severity was stratified
according to the Tokyo Guidelines 2018. Blood presepsin and plasma acylcarnitines
were tested at enrollment by chemiluminescent enzyme immunoassay and ultra-high-

performance liquid chromatography-mass spectrometry, respectively.

RESULTS

The concentrations of presepsin, procalcitonin, short- and medium-chain acylcarnitines
increased, while long-chain acylcarnitines decreased with the severity of acute
cholangitis. The areas under the receiver operating characteristic curves (AUC) of
presepsin for diagnosing moderate/severe and severe cholangitis (0.823 and 0.801,
respectively) were greater than those of conventional markers. The combination of
presepsin, direct bilirubin, alanine aminotransferase, temperature, and butyryl-L-
carnitine showed good predictive ability for biliary drainage (AUC: 0.723). Presepsin,
procalcitonin, acetyl-L-carnitine, hydroxydodecenoyl-L-carnitine, and temperature
were independent predictors of bloodstream infection. After adjusting for severity

classification, acetyl-L-carnitine was the only acylcarnitine independently associated
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with 28-d mortality (hazard ratio 14.396; P < 0.001) (AUC: 0.880). Presepsin

concentration showed positive correlation with direct bilirubin or acetyl-L-carnitine.

CONCLUSION

Presepsin could serve as a specific biomarker to predict the severity of acute cholangitis
and need for biliary drainage. Acetyl-L-carnitine is a potential prognostic factor for
patients with acute cholangitis. Innate immune response was associated with

mitochondrial metabolic dysfunction in acute cholangitis.
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Core Tip: Acute cholangitis leads to sepsis and organ dysfunction because of biliary
obstruction. Identification of predictive biomarkers for patients who require emergent
biliary drainage and patients who may progress to systemic bloodstream infection at an
early stage of the disease is a key imperative. Our study suggests that presepsin and
acetyl-L-carnitine may serve as biomarkers to predict the severity of acute cholangitis
and the need for biliary drainage. Innate immune response was associated with

mitochondrial metabolic dysfunction.

INTRODUCTION

Acute cholangitis refers to bacterial infection of the extra-hepatic biliary tract which
typically occurs in association with bile duct obstruction caused by choledocholithiasis,
malignant stricture, or primary sclerosing cholangitis. Approximately 20% to 71% of

patients with acute cholangitis progress to bacteremia or sepsis, which may lead to life-
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threatening organ failure and death('?l. Early biliary drainage to remove biliary
obstruction is one of the main emergency treatments for acute cholangitis. Therefore,
the identification of predictive biomarkers for patients who require emergent biliary
drainage and patients who maybe progress to systemic bloodstream infection at an
early stage of the disease is a key imperative.

Bacteremia induces hyperactive immune response and mitochondrial dysfunction
which alter metabolisml?l. Presepsin, a soluble leukocyte differentiation antigen 14
(CD14) subtype, is responsible for pathogen recognition by innate immunityl4.
Presepsin is a biomarker of systemic inflammation that can facilitate early diagnosis,
risk-stratification, and prognostic assessment of patients with sepsisi>7l. Carnitine is
responsible for mitochondrial transport and [ oxidation of fatty acids. L-carnitine and
acylcarnitines are established mitochondrial biomarkersl8l. Preclinical and recent clinical
studies have demonstrated the association of plasma carnitine or acylcarnitines with
organ dysfunction and poor survival in sepsisl®!ll. However, it is unknown whether
presepsin or specific acylcarnitine species can reflect severity of acute cholangitis and
the timing of biliary drainage. Therefore, this study aimed to evaluate the value of
presepsin as well as specific acylcarnitines as predictors of severity, bloodstream

infection, biliary drainage and prognosis in patients with acute cholangitis.

MATERIALS AND METHODS

Study design

A prospective observational study was conducted to clarify the predictive value of
presepsin and acylcarnitines for severity and biliary drainage in patients with acute
cholangitis. The primary outcomes were the abilities of presepsin and acylcarnitines to
predict severe acute cholangitis compared with procalcitonin. The secondary outcomes
included the value of presepsin and acylcarnitines to predict emergency biliary
drainage, positive bloodstream infection, and prognosis of acute cholangitis. This study

complied with the principles of the Declaration of Helsinki. The Beijing Friendship
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Hospital Ethics Committee approved the study protocol (No. 2018-P2-063-01). Patients

were enrolled after providing written informed consent.

Study participants

This was a single-center study conducted at the emergency department and emergency
intensive care unit of Beijing Friendship Hospital, a National Clinical Research Center
of Digestive Diseases. Between May 2019 and July 2021, consecutive adult patients who
fulfilled the acute cholangitis criteria based on the Tokyo Guidelines 2018 (TG18) for
acute cholangitis were enrolled'?l. The severity was stratified as mild, moderate, and
severe according to TG18[12l. The exclusion criteria were as follows: (1) Patients with
chronic kidney or liver disease who may have increased presepsin or acylcarnitine
levels at baselinel’3]; (2) HIV infection; (3) pregnant and lactating women; (4) patients
with abdominal trauma or history of abdominal surgery in the past seven days; (5)
incomplete data about the main study indices (presepsin, acylcarnitines, or blood

culture results); and (6) patients who declined to participate.

Data collection

We recorded demographic data, comorbidities, clinical and laboratory data, severity
grading of acute cholangitis and biliary drainage data within 48 h after admission.
Disease severity was assessed using the sequential organ failure assessment (SOFA)
scores. The criteria for implementing biliary drainage were based on the American
Society for Gastrointestinal Endoscopy (ASGE) guidelines for the management of
cholangitis[4l. Blood samples of all patients and bile samples of patients who were
subjected to endoscopic or percutaneous biliary drainage were cultured for aerobic and
anaerobic bacteria. Pathogens in blood samples were identified by blood culture and
metagenomic next generation sequencing (mNGS). Data for 28-d mortality were

collected during follow-up.

Sample collection and processing
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Blood samples (5 mL) were collected immediately after admission and stored at 4 °C.
200 pL of these blood samples were extracted to detect presepsin concentration. The
remaining blood samples were centrifuged for 10 min at 4500 g and the plasma sample
was then stored at -80 °C within 24 h. For acylcarnitines detection, 50 pL plasma sample
was drawn into a 2 mL centrifuge tube and mixed with 140 pL methanol and 10 pL
internal standard (NSK-B-1) and further centrifuged for 5 minutes at 12000 g. 100 puL
supernatant was transferred into 200 pL inner liner before analyses. For mNGS
detection, 3 mL blood sample was drawn from patients and centrifuged at 4000 g for 10
min within 8 h after collection. DNA was extracted from plasma using a TIANamp
Micro DNA Kit (Tiangen Biotech, Beijing, China, No. DP316) according to the
manufacturer’s operating manual. The extracted DNA specimens were used for the

construction of DNA libraries.

Measurements of presepsin

A chemiluminescent enzyme immunoassay was used to test presepsin concentration by
a PATHFAST analyzer (Mitsubishi Chemical Medience Corporation, Tokyo, Japan). The
detection range was 20 pg/mL to 200000 pg/mL. Information regarding conventional
inflammatory biomarkers procalcitonin, C-reactive protein (CRP) and other indicators

were obtained from the clinical laboratory data.

Determination of acylcarnitines

Plasma acylcarnitines at enrollment were determined by an ultra-high-performance
liquid chromatography-mass system (UHPLC-MS, Supplementary file 1) using a
Waters XEVO TQ-S Micro triple quadrupole mass spectrometer (Waters Corp, United
States). The length of carbon chains was used to define short-chain (C < 5), medium-

chain (C6-10) and long-chain acylcarnitines (C = 12) (Supplementary Table 1).

Next-generation sequencing
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mNGS testing of the blood samples was performed and analyzed by BGI-Shenzhen, as
previously reported[!5l. Briefly, the extracted DNA was fragmented to 300 bp. DNA
libraries were constructed by end-repair, adapter ligation and PCR amplification using
the PMseqTM high throughput gene detection kit for infectious pathogens (combined
probe anchored polymerization sequencing method, BGI-Shenzhen, China, No.
RM0438), according to the manufacturer's instructions (Supplementary file 2). Using
bioinformatics analysis methods and pathogenic microorganism database, the types of
pathogenic microorganisms obtained by sequencing were analyzed, and the detection

results of each sample were obtained.

Statistical analyses

Factoring a two-sided a = 0.05, § = 0.2, and assuming 50% of patients with mild acute
cholangitis[1®l, it was determined that 268 patients were required for enrollment, i.e., 134
with mild and moderate acute cholangitis and 134 with severe acute cholangitis. This
study enrolled 387 patients to account for patients lost to follow-up and patients with
incomplete data collection. Continuous variables with non-normal distribution were
presented as median (25t to 75% percentile) and compared by Mann-Whitney U test or
Kruskal-Wallis test. Comparisons between categorical variables were analyzed by
Pearson ¥? test. Significant biomarkers and clinical variables associated with severity,
biliary drainage, bloodstream infection, and 28-d mortality were identified by
multivariate logistic regression models. The area under the receiver operating
characteristic (ROC) curves were applied to examine the predictive accuracy of
presepsin, acylcarnitines, and procalcitonin for severity and biliary drainage. The
optimal cutoff levels determined by ROC curves and Youden index were used to
dichotomize presepsin, acylcarnitines, procalcitonin, and other independent predictors.
The area under the curve (AUC) comparisons were performed using MedCalc Version
13 software (Mariakerke, Belgium). Kaplan-Meier survival curves were established, and
between-group differences in 28-d survival were assessed using the log-rank test. The

Cox proportional hazard model was used to calculate the hazard ratio (HR) for 28-d
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mortality. Spearman rank correlation was performed for the correlation analysis. Two-
sided P values < 0.05 were considered indicative of statistical significance. SPSS 25.0

software (SPSS, Chicago, IL, United States) was used for statistical analyses.

RESULTS

Characteristics of the study population

From May 2019 through July 2021, 387 patients with acute cholangitis were admitted to
the emergency department or EICU. Data from 107 patients were not analyzed because
29 patients did not meet the inclusion criteria, 38 patients refused consent, 35 patients
had incomplete main records,_and 5 patients were lost to follow-up (Supplementary
Figure 1). The remaining 280 patients were enrolled in this study and assigned to the
mild group (1 = 65), moderate group (n = 84), and severe group (n = 131) based on the
TGI18 criteria. The age, proportion of patients with biliary drainage, levels of
temperature, white blood cell (WBC) count, total bilirubin, direct bilirubin and SO,
score, and 28-d mortality increased with the severity of acute cholangitis, and the

differences among the three groups were significant (P < 0.05 for all) (Table 1).

Performance of presepsin to predict the severity of acute cholangitis compared with
procalcitonin, CRP, or acylcarnitine

Compared with the mild group, presepsin, procalcitonin, and CRP levels were
significantly higher in patients with moderate and severe acute cholangitis (P < 0.001,
Table 2). Plasma short chain and medium chain acylcarnitines (C0, C2-C6, C8)
increased, while long chain agylcarnitines (C12-C14, C18, C20, C22) decreased with the
severity of acute cholangitis (P < 0.05, Table 2). Multivariate logistic regression showed
that increased levels of presepsin, WBC, total bilirubin, temperature, and age, and
decreased level of tetradecadienyl-L-carnitine (C14:2), but not procalcitonin and CRP
levels, were independent predictors of moderate and severe patients, compared with
mild patients (Table 3). The AUC of presepsin for predicting moderate/gevere
cholangitis was 0.823 (sensitivity 0.75; specificity 0.78; cutoff value 1519 pg/mL), which
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was higher than that of WBC (0.734; P = 0.0189), total bilirubin (0.677; P = 0.0004),
temperature (0.598; P < 0.0001), age (0.635; P = 0.0002), and C14:2 (0.678; P = 0.0012)
(Figure 1A). Compared with mild/moderate patients, presepsin, procalcitonin and
valeryl-L-carnitine (C5) were independently associated with severe cholangitis (Table
3). The AUC of presepsin (0.801; sensitivity (,82; specificity 0.66; cutoff value 1680

pg/mL) for severe cholangitis was significantly higher than that of procalcitonin (0.696,
P =0.0028) and C5 (0.664, P = 0.0008) (Figure 1B).

Performance of presepsin and acylcarnitines to predict biliary drainage

One hundred and seventy-six of 280 patients underwent biliary drainage. Compared
with patients without biliary drainage, patienEwith biliary drainage had significantly
increased temperature, levels of presepsin, total bilirubin, direct bilirubin, alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) (P < 0.05 for all), rather
than procalcitonin (P = 0.199) and CRP (P = 0.410) levels. On multivariate logistic
regression, high presepsin (OR 2.312, P = 0.004), direct bilirubin (OR 1.902, P = 0.027),
ALT (OR 1.878, P = 0.022) and temperature (OR 2.108, P = 0.006), and low plasma
butyryl-L-carnitine (C4) (OR 3.326, P = 0.001) were identified as independent predictors
of biliary drainage (Table 4). The AUC of a combination of these five predictors was
0.723, which was significantly greater compared with presepsin (0.604, P = 0.0001),
direct bilirubin (0.600, P < 0.0001), ALT (0.579, P < 0.0001), temperature (0.599, P =
0.0001), and C4 (0.574, P < 0.0001) alone (Figure 1C). In the model composed of these
five factors (Table 4), a cutoff score of 3 was associated with 79.6% sensitivity, 54.8%
specificity, 63.8% PPV, and 72.9% NPV for predicting biliary drainage (LR + 1.76 and
LR- 0.37) (Figure 1D).

The concentrations of presepsin, acylcarnitines, and procalcitonin in patients with
positive and negative blood infection
As a substitute for the severity of acute cholangitis, blood infection was identified by

blood culture and blood mNGS. Compared to patients with no blood infection (1 = 188),
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patients with blood infection (n = 92) were more likely to require biliary drainage, and
had significantly higher temperature, WBC, and SOFA scores (P < 0.05 for all,
Supplementary Table 2). The proportion of male patients in the blood infection group
was significantly lower than that in the group without blood infection. The positive
rates of blood culture, blood mNGS, and bile culture were 29.3% (82/280), 66.7%
(14/21), and 76.7% (135/176), respectively. The most common bacteria identified were
Escherichia coli, Klebsiella pneumoniaeleisure and Enterococcus faecium. Blood infection
positivity was associated with significantly higher level of presepsin (P = 0.001),
procalcitonin (P < 0.001), acetyl-L-carnitine (C2, P = 0.009), propionyl-L-carnitine (C3, P
= 0.035), hexanoyl-L-carnitine (C6, P = 0.036), and hydroxydodecenoyl-L-carnitine
(C12:1 OH, P = 0.018).

Ability of presepsin, acylcarnitines, and procalcitonin to identify bloodstream infection
in acute cholangitis

We dichotomized presepsin, procalcitonin, C2, C3, C6, and C12:1 OH using the optimal
cutoff value. After adjusting for sex, severity grading, and SOFA score, presepsin (OR
3.466, P = 0.018), procalcitonin (OR 4.054, P < 0.001), C2 (OR 3.716, P = 0.005), C12:1 OH
(OR 3.611, P = 0.002), and temperature (OR 1.671, P = 0.003) were found to be
independent predictors for bloodstream infection (Table 5). The AUC of presepsin for
diagnosing blood infection was 0.610 (sensitivity 0.91; specificity 0.32; cut-off 1147.5
pg/mL), but there was no significant difference between presepsin and procalcitonin
(AUC: 0.679), C2 (AUC: 0.599), C12:1 OH (AUC: 0.603), and temperature (AUC: 0.639)
in this respect (Supplementary Table 3).

Prognostic value of presepsin, acylcarnitines, and procalcitonin for 28-d mortality

The 28-d mortality rate in this study was 3.2%. The characteristics of survivors and non-
survivors are illustrated in Supplementary Table 4. Compared with patients who
survived, those who died within 28 d had significantly increased presepsin (P = 0.004),
C2 (P =0.001), and C12:1 OH (P = 0.004) (Figure 2A-C), but not increased procalcitonin
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(P =0.591) and CRP (P = 0.141). The AUC of presepsin (0.839), C2 (0.880), and C12:1 OH
(0.822) for 28-d mortality was similar to that of SOFA score (0.848, P > 0.05 for all)
(Figure 2D and Supplementary Table 5). After adjusting for severity of acute cholangitis
by multivariate Cox proportional hazard models, high C2 (P = 0.004) was the only
independent predictor of 28-d mortality, rather than the levels of presepsin (P=0.732),
C12: 1 OH (P = 0.899), and SOFA score (P = 0.133) (Supplementary Table 6). Based on
ROC curves for 28-d mortality and Youden index, a cutoff value of 17.07 pmol/L was
used to dichotomize C2. Patients with high C2 Level had significantly higher 28-d
mortality compared to those with low C2 Level (HR 14.396; 95%CI: 3.599-57.576; P <
0.001; Figure 2E).

Correlation of presepsin with geylcarnitines

Increased level of presepsin (r = 0.424, P < 0.001), procalcitonin (r = 0.357, P < 0.001),
and C2 (r = 0.208, P < 0.001) showed a significant association with SOFA score. We
confirmed that presepsin, but_not procalcitonin, showed a significant positive
correlation with total bilirubin (r = 0.290, P < 0.001), direct bilirubin (r = 0.304, P <
0.001), and C2 (r =0.270, P < 0.001) (Supplementary Table 7).

DISCUSSION

The immunologic profile and mitochondrial function of patients with acute cholangitis
are similar to those of septic patients. Thus, in this prospective study, we explored the
value of presepsin and carnitine metabolites as biomarkers to predict severity,
emergency biliary drainage, and prognosis of patients with acute cholangitis. Our
results indicated that the ability of presepsin level to predict moderate/severe and
severe cholangitis was superior to that of procalcitonin level. High presepsin, direct
bilirubin, ALT, temperature, and low C4 were independent predictors of urgent biliary
drainage, and the combination of these five predictors significantly improved the
predictive accuracy. As a substitute for severity of acute cholangitis, blood infection was

found to be independently associated with the biomarkers of presepsin, procalcitonin,
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C2, and C12:1 OH. High C2 was identified as the only independent predictor of 28-day
mortality. Additionally, the positive correlation between presepsin and C2 reflected the
association between innate immune response and mitochondrial fatty acid p-oxidation
(FAO) impairment during tﬁprogression of acute cholangitis.

CD14 are expressed on the surface of innate immune cells and play a role in the
activation of innate immune response after recognition of bacterial*#'7l. Presepsin
(soluble CD14) has been confirmed as a marker of host response in sepsis patients.
Increased presepsin was demonstrated to be associated with organ dysfunction,
positive blood culture and mortality in sepsisl4l. This result was consistent with our
finding wherein presepsin level was found to identify severe acute cholangitis and
bloodstream E{ection. Animal model of acute obstructive cholangitis demonstrated
infiltration of macrophages and neutrophils into the liver sinusoids and around the bile
duct leading to coagulopathy!™l. The study of Guicciardi et all'® revealed that
macrophages contributed to the pathogenesis of sclerosing cholangitis. These findings
suggested the activation of innate immune response in acute cholangitis. In addition, a
recent study showed that the conventional septic biomarker procalcitonin which was
produced by C cells of the thyroid gland predicted severe but not moderate/severe
acute cholangitis with better accuracy than WBC and CRP!"®l. Furthermore, our finding
demonstrated the superior ability of presepsin to predict severe or moderate/severe
cholangitis compared to procalcitonin and other markers. The AUC of presepsin was
higher than that of other markers in predicting any severity of acute cholangitis. As a
surrogate of severe acute cholangitis, predictors for positive bloodstream infection were
explored. The most commonly identified bacteria in our study were Escherichia coli,
Klebsiella pneumoniaeleisure, and Enterococcus faecium, which is consistent with the
findings reported by An et all20l. Similar to the study by Umefune et all’el on the
association between procalcitonin and positive blood culture in acute cholangitis, the
current study found that presepsin, procalcitonin, C2, and C12:1 OH were independent

predictors of positive blood infection.
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Additionally, to facilitate early identification of patients who require emergency
biliary drainage, we established a predictive model consisting of five factors including
presepsin, direct bilirubin, ALT, temperature, and butyryl-L-carnitine (C4). Previous
studies suggested that procalcitonin might be a decision-supporting biomarker for
urgent biliary decompression even in cases that are not categorized as severe based on
TG13121221 However, there was no evidence in this study that procalcitonin, rather than
presepsin, could independently predict biliary drainage. The results indicated superior
ability of presepsin to reflect the degree of biliary obstruction compared to
procalcitonin.

Acylcarnitines are recognized for facilitating FAO for energy production in
mitochondrial®l. The blood concentrations of acylcarnitines, which represent a group of
mitochondrial-derived metabolites, reflect disorders of long-chain FAOI24I. The
production of acetylcarnitine (C2) represents metabolic flexibility in buffering the
metabolic status between glucose oxidation and fat oxidation statesl?l. Elevation in
plasma concentration C2 is a signal of metabolic inflexibilityl8l. Mitochondrial
metabolic dysfunction has been implicated as one of the potential causes of organ
dysfunction in sepsisi?l. Metabolic flexibility was shown to be an important
characteristic of patients with sepsis for survivall?l. Plasma C2 Level was shown to be
associated with multiple organ dysfunction, extubation, and freedom from
vasopressors, or mortality in patients with sepsis[1011l In several studies, plasma short
chain and medium chain acylcarnitines (C2, C3, C4, , C6, C8, C10) were significantly
increased in the non-survivorsl!1.25-30] and only C2 was associated with all of these
indices and 28-d mortality in sepsisl'2l. Similar to previous studies, our findings showed
that concentrations of short- and medium-chain acylcarnitines increased with the
severity and C2 was the only acylcarnitine implicated in 28-d mortality. Increased
plasma C2 Level may indicate metabolic inflexibility of nonsurvivors with acute
cholangitis. Inconsistent with the absence of long chain acetylcarnitine in sepsis studies,

we found that concentrations of long chain acylcarnitines decreased with the severity of
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acute cholangitis, which might be due to impairment of long-chain FAO with disease
progression.

Interestingly, in the current study, reduced butyryl-L-carnitine (C4) was found to be
an independent predictor of biliary drainage. Butyrate, a short chain fatty acid, is
produced in the bowel by bacterial fermentation of dietary fiber. C4, a butyrate ester of
carnitine, is known to help maintain intestinal health and prevent intestinal
inflammationl3l. C4 combined with presepsin, direct bilirubin, ALT, and temperature
showed better predictive accuracy for emergency biliary drainage. The total score of
this model was 5, and 83.2% of patients with score > 4 required biliary drainage (Figure
1D). Moreover, the association between C4 and SOFA score, presepsin, and
procalcitonin (Supplementary Table 7) may be explained by the compensatory
mechanism of intestinal health on intestinal inflammation in acute cholangitis.
Furthermore, the association between C2 and inflammation, as well as the hepatic host
response to bacteria leading to the accumulation of long-chain acylcarnitines and
defective FAOI?2], may explain why C2 and hydroxydodecenoyl-L-carnitine (C12:1 OH)
were identified as independent predictors of bloodstream infection in acute cholangitis.

The association between innate immunity and FAO may explain the positive
correlation between presepsin and acetylcarnitine. Recent evidence suggested that
metabolic reprogramming including FAO was a prerequisite for the activation of
macrophages and monocytesl®334. A study by Zhu et al®3l found that the rewiring of
metabolic and mitochondrial bioenergetics by monocytes activated, deactivated and
resolved acute inflammation in turn. During deactivation, the characteristics of lipid
metabolic rewiring included increased acylcarnitines levels. The function of
immunocytes depends on specific metabolic programs in mitochondria, including post-
translational modifications (e.g., acetylation). In Eeir in vitro and in vivo studies, Chi et
alll found that histone deacetylase 3 couples mitochondria to deacetylate the FAO
enzyme HADHA for NLRP3 inflammasome activation in macrophages.

Some limitations of this study should be considered. First, we did not analyze the

dynamic changes in presepsin and acylcarnitines levels over time throughout the
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disease course. Second, the association of presepsin or acylcarnitines with chronic liver
or kidney dysfunction was not assessed in this study. Third, due to the low mortality, a
larger sample size was required to verify biomarkers that were associated with death.
Fourth, blood mNGS was required for larger population size to improve the detection

rate of positive bloodstream infection.

CONCLUSION

Our study identified presepsin as a specific biomarker to predict the severity and
emergency biliary drainage of acute cholangitis compared to procalcitonin and other
clinical parameters. Acetyl-L-carnitine might be a promising biomarker for predicting
mortality in patients with acute cholangitis. Our findings clarify the association between

innate immune responses and mitochondrial FAO impairment in acute cholangitis.
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