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Abstract

The indicators for rapid assessment of the severity of acute cholangitis remain highly debated. Therefore, this study
aimed to evaluate the efficacy of various inflammatory and immune-nutritional markers in predicting the severity

of acute cholangitis. The prognostic roles of the following markers were investigated: Systemic Immune-Inflammatory
Index (SlI), Neutrophil-to-Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR), Albumin (Alb), and Prognostic
Nutritional Index (PNI). A total of 139 patients with acute cholangitis were included in the study. The inflammatory
and immune-nutritional markers with better predictive efficacy were selected to construct a combined predictive
score. According to the survival ROC curve analysis, the combined NLR and PNI score, termed PNS, demonstrated

the best prognostic performance with an AUC of 0.853. Multivariable survival analysis identified the following inde-
pendent prognostic factors: PNS (p=0.010) and Prothrombin Time (PT) (p=0.003). The results indicate that PNS=2

is associated with a higher incidence of severe cholangitis.
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Introduction

Acute cholangitis, a severe inflammatory condition of the
bile ducts, arises from biliary obstruction, leading to bile
stasis and subsequent infection [1]. This obstruction ele-
vates intraductal pressure, facilitating the translocation of
bacteria or endotoxins from the bile into the systemic cir-
culation [2]. The clinical presentation of acute cholangitis
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spans a broad spectrum, from mild cases amenable to
conservative management to severe instances culminat-
ing in septic shock [3].Clinicians generally recognize the
favorable prognosis associated with mild acute cholangi-
tis. However, the stakes are high with severe forms of the
disease; delayed recognition and differentiation can esca-
late mortality rates and precipitate serious complications.
This underscores the necessity for prompt and accurate
diagnosis, followed by appropriate therapeutic interven-
tions.While emergency intervention is a cornerstone in
the management of acute cholangitis, it is neither univer-
sally necessary nor always practical [4]. A robust predic-
tive scoring system becomes indispensable, empowering
clinicians to stratify patients based on prognosis and
ensuring vigilant monitoring for those at high risk in an
intensive care setting. The stratification also addresses
the variability in medical center capabilities. Not all

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12876-024-03560-w&domain=pdf

Li et al. BMC Gastroenterology (2024) 24:468

facilities have the technical prowess or resources to per-
form emergency Endoscopic Retrograde Cholangiopan-
creatography (ERCP) [5]. Early identification of patients
unlikely to benefit from pharmacological therapy allows
for their expedited referral to tertiary centers equipped
for advanced interventions. This proactive approach
minimizes the risk of mortality and morbidity associated
with clinical deterioration and transfer delays.

The evaluation of inflammatory disease severity holds
pivotal importance in medicine. It informs treatment
decisions, guides resource allocation, aids in progno-
sis evaluation, and is crucial for disease monitoring.
Accurate assessment is the linchpin that ensures opti-
mal patient care and management, reflecting a commit-
ment to precision in the medical field.In the quest to
refine patient care, major medical centers globally have
pioneered a variety of disease severity scoring systems.
These tools, designed to gauge the gravity of medical
conditions, have become integral to clinical decision-
making. Notably, systems like APACHE II and III, ARDS
score, MODS score, GCS (Glasgow Coma Scale),
and IP-10 have gained prominence [6—10]. Their imple-
mentation has been pivotal in curbing the morbidity and
mortality rates tied to the diseases they monitor, marking
a significant leap forward in medical practice.

In recent years, a multitude of inflammatory markers
such as NLR (Neutrophil-to-Lymphocyte Ratio), PLR,
SII, and IL-6 have emerged to predict the progression of
inflammatory diseases and cancer. Among these, NLR
has been extensively studied for its role in inflammation.
Research suggests that NLR offers better sensitivity than
total white blood cell count (WBC) for the diagnosis and
stratification of systemic infections, sepsis, and bacte-
remia [11-14]. NLR also holds predictive value for the
severity of acute pancreatitis and cholecystitis [14]. How-
ever, studies exploring the correlation between NLR and
the severity of acute cholangitis are scarce. In this arti-
cle, we will evaluate the utility of NLR in predicting the
severity of acute cholangitis.

Inflammation, inherently catabolic, is intricately linked
to the body’s nutritional status. Nutritional markers are
pivotal across various domains, including health manage-
ment, disease prevention, treatment, and clinical nutri-
tion. Notably, indices like the Prognostic Nutritional
Index (PNI), Nutritional Risk Index (NRI), NUTRIC
score, CONUT score, and ALB score have emerged as
vital tools for medical professionals to evaluate patients’
nutritional and immunological health. These markers
consider serum albumin levels, lymphocyte counts, and
weight fluctuations, aiding in crafting tailored nutri-
tional interventions that enhance patient care and dis-
ease management.The PNI, in particular, stands out as a
widely recognized and predictive measure of nutritional
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status, offering insights into a patient’s nourishment and
immune capabilities. It is instrumental in forecasting
postoperative outcomes and mortality risks. Calculated
from serum albumin and peripheral blood lymphocyte
count, the PNI serves as a barometer for the immune-
nutritional health of individuals with gastrointestinal
diseases. Retrospective studies endorse the PNT’s efficacy
in gauging the severity of acute pancreatitis, with lower
scores correlating with adverse prognoses and elevated
mortality rates.Current research on the PNI’s role in
cholangitis predominantly revolves around its therapeu-
tic and management implications. Investigations into the
effectiveness of Elafibranor in treating primary biliary
cholangitis and discussions on the latest strides in man-
aging primary sclerosing cholangitis are examples of such
studies. Yet, the correlation between PNI fluctuations
and the severity of acute cholangitis remains underre-
ported, signaling a gap ripe for exploration.

In our retrospective clinical study, we have innovated
a predictive scoring system that synergizes multiple
inflammatory markers with nutritional indices. This sys-
tem empowers clinicians to swiftly conduct personalized
risk assessments for individuals presenting with acute
cholangitis. By enhancing patient management and expe-
diting clinical interventions, it serves as a critical tool for
the immediate identification of severe cholangitis cases,
ensuring prompt triage and medical treatment. The
deployment of this scoring system is pivotal in halting
disease progression and elevating patient outcomes.

Clinical data and methods

Study population and data collection

Study site and setting

This study was conducted at Shanxi Bethune Hospital, a
tertiary grade-A hospital located in Taiyuan City, Shanxi
Province. The hospital serves as a major referral center,
with patients accessing treatment through two primary
routes: local residents seeking care via outpatient services
or hospitalization, and out-of-town patients typically
referred by other hospitals for specialized care. Acute
cholangitis patients are first assessed at the emergency
department, where they are screened and admitted if
they meet diagnostic criteria. Those requiring specialized
care are referred to the Hepatobiliary and Pancreatic Sur-
gery Department, where the treatment of cholangitis is
primarily managed. This department has extensive expe-
rience in diagnosing and treating acute cholangitis, pro-
viding a comprehensive range of treatment options.

Study population

This study retrospectively analyzed the clinical data of
acute cholangitis patients who visited Shanxi Bethune
Hospital and met the TG18 diagnostic criteria between
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January 2014 and January 2024.The inclusion criteria
were: 1) Adults aged > 18 years, admitted within 72 h of
symptom onset; 2) Diagnosis of acute cholangitis con-
firmed according to TG18 criteria; 3) Availability of com-
plete clinical data for analysis (including medical history,
laboratory results, etc.). Upon admission, all patients
underwent a comprehensive clinical evaluation to con-
firm the diagnosis and ensure the consistency of the col-
lected data. Exclusion criteria included: 1) Patients with
concurrent acute inflammatory diseases (such as liver
abscess, pneumonia, etc.) or malignant tumors, as these
conditions could confound the inflammatory markers; 2)
Patients who had received antibiotic treatment prior to
hospitalization, as such treatment could affect inflamma-
tory markers (e.g., NLR, SII), potentially influencing the
accuracy of the study’s results; 3) Patients with missing
clinical data, who were excluded to maintain the integ-
rity and reliability of the data. All included patients were
treated by a specialized team from the Hepatobiliary and
Pancreatic Surgery Department and were not referred
to other hospitals during the study period, ensuring the
homogeneity of the study population.

Management of cholangitis by surgeons and specialists
In this study, all patients with acute cholangitis were
managed by a specialized team in the Hepatobiliary and
Pancreatic Surgery Department. The surgeons involved
in this study are highly experienced, with many years of
clinical practice specifically in managing cholangitis and
other biliary diseases. They hold advanced qualifica-
tions, including board certifications in Hepatobiliary and
Pancreatic Surgery. The team’s experience spans across
diagnosis, treatment planning, surgical intervention, and
postoperative management. This specialized expertise
ensures that all patients receive consistent, high-quality
care in line with current best practices for managing
acute cholangitis.

This study received approval from the hospital institu-
tional review board, and informed consent was waived.

Statistical methods

This study performed statistical analyses using R 4.3.3
software and Microsoft Excel 2019. Descriptive statis-
tics for continuous variables are expressed as means,
and categorical variables as percentages (%). Chi-square
and Fisher’s exact tests were used to analyze differences
between categorical variables, while that follow a normal
distribution.. The normality of quantitative data distribu-
tions was assessed using the Kolmogorov—Smirnov test.
For variables with skewed distributions, the median with
interquartile range (IQR) was used to describe the data,
and the Mann—Whitney U test was employed for com-
parisons. Continuous variables included NLR, PLR, SII,
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Alb, PNI, BMI, PLT, WBC, ALT, AST, TBIL, DBIL, Hb,
Scr, PT, height, weight, and age. Gender, DM, smoking,
and TG18 (severity of cholangitis) were considered cat-
egorical variables.

To estimate the required sample size, we used a sample
size calculation method based on an expected area under
the curve (AUC) of 0.75. According to the sample size
formula recommended in the literature, and considering
80% statistical power and a significance level of 0.05, we
estimated that at least 100—150 patients were necessary
to achieve reliable conclusions. Receiver operating char-
acteristic (ROC) curves were plotted, and the area under
the curve (AUC) was calculated to determine the optimal
cutoff values. Additionally, 95% confidence intervals (CIs)
were calculated.

Results

Patient characteristics

From the initial pool of 165 patients screened for acute
cholangitis, exclusions were made for incomplete clini-
cal data (10 patients), concurrent inflammatory diseases
(6 patients), and prior antibiotic treatment (10 patients),
which could skew inflammatory biomarker accuracy.
This resulted in a study cohort of 139 patients (Fig. 1). As
depicted in Fig. 1, Table 1 delineates the baseline demo-
graphics and cholangitis severity across the study popula-
tion. The cohort was balanced in gender, with 63 males
and 76 females, and a median age of 64 years, spanning
from 18 to 93 years. Notably, a history of smoking was
more prevalent among the patients, suggesting a poten-
tial risk factor. The cases of acute cholangitis were pre-
dominantly mild/moderate (87 cases, 62.5%) as opposed
to severe (52 cases, 37.5%). The univariate regression
analysis showed that males have a higher risk of severe
acute cholangitis, but this difference did not reach statis-
tical significance. Importantly, the analysis revealed no
significant disparities in baseline characteristics when
stratified by disease severity(Table 1a).

Laboratory indicators and their association

with the severity of acute cholangitis

Our study reinforces the growing body of evidence that
biomarkers such as NLR (Neutrophil-to-Lymphocyte
Ratio), PLR (Platelet-to-Lymphocyte Ratio), and SII (Sys-
temic Immune-Inflammation Index) possess significant
predictive value for the severity of acute cholangitis. The
baseline data analysis revealed significant differences
in the levels of five inflammatory biomarkers among
patients with varying severities of acute cholangitis.
These biomarkers include the Systemic Immune-Inflam-
mation Index (SII) (p<0.001), Prognostic Nutritional
Index (PNI) (p<0.001), Neutrophil-to-Lymphocyte
Ratio (NLR) (p<0.001), Albumin (Alb) (p<0.001), and
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Fig. 1 Flow diagram of cases enrolled in this study

Platelet-to-Lymphocyte Ratio (PLR) (p=0.042). Nota-
bly, the values of NLR and SII in the severe group were
significantly higher than those in the mild group, more
than twice as high, indicating that the systemic inflam-
matory response and immune dysregulation in severe
patients are more pronounced. This may signal the sever-
ity of the disease and poor clinical prognosis. The data
variability among patients with severe acute cholangitis
was considerable, suggesting significant inter-individual
differences in immune responses, nutritional status, and
inflammatory control, which may reflect the instability
of the body under severe infection conditions. Table 1b
Univariate regression analysis corroborated these find-
ings, underscoring the close association between these
biomarkers and the severity of acute cholangitis, with all
five biomarkers demonstrating a significant correlation
(p<0.001).(Table 2)Notably, all inflammatory biomarkers
(SII, NLR, PLR) exhibited an upward trend correlating
with the increasing severity of acute cholangitis. Con-
versely, nutritional indicators (PNI, Alb) trended down-
ward as the severity escalated.

Construction of a simplified predictive scoring system

Addressing the challenges of using Alb, PNI, NLR,
SII, and PLR to accurately classify acute cholangitis
severity, and the lack of standardized laboratory ref-
erences, our study embraced ROC analysis for both
inflammatory and nutritional markers. The ROC

curves, illustrated in Figs. 2, reveal that the AUCs for
NLR, PLR, and SII are 0.759, 0.620, and 0.680 respec-
tively. Figures 2 and 3 presents AUCs for PNI and
Alb at 0.798 and 0.750 respectively. These factors,
despite their varied accuracy, aid in identifying severe
acute cholangitis at specific cutoffs (Fig. 3). Notably,
NLR emerged as the superior inflammatory marker
with a cutoff of 5.595, aligning with other research
and affirming the validity of our optimal threshold
[15-17]. For nutritional assessment, PNI stood out
with a cutoff of 41.175.Building on these insights, we
devised a straightforward scoring system, termed PNS.
The scoring criteria for PNI and NLR are as follows:
PNI>41.175 is assigned O points, and PNI<41.175 is
assigned 1 point; NLR>5.595 is assigned 1 point, and
NLR <5.595 is assigned 0 points. Based on these crite-
ria, all patients were classified into three groups based
on their total score: 0 points (n=69) representing mild
cholangitis, 1 point (n=34) representing moderate
cholangitis, and 2 points (n=36) representing severe
cholangitis. A comprehensive ROC analysis juxtapos-
ing PNS, NLR, and PNI—as depicted in Fig. 4—yielded
AUCs of 0.853, 0.759, and 0.798 respectively. (Fig. 4)
The PNS score, when applied as a predictive measure
for severe cholangitis, achieved a specificity of 72.4%
and a sensitivity of 88.5%. Multivariate regression
analysis underscored its statistical significance with a
p-value of 0.010 (Table 2).
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Table 1 Correlation and clinicopathological characteristics

a

mild/moderate  severe p.overall
N=87 N=52
Age(years) 64.3(14.1) 629(172) 0615
gender: 0.743

Female 49 (56.3%) 27 (51.9%)

Male 38 (43.7%) 25 (48.1%)

DM: 0.879

YES 36 (41.4%) 23 (44.2%)

NO 51 (58.6%) 29 (55.8%)
smoking: 0.569

YES 59 (67.8%) 32 (61.5%)

NO 28 (32.2%) 20 (38.5%)
Height(cm) 1.68 (0.05) 1.69 (O 05) 0426
Weight(kg) 744 (7.62) (8.39) 0.641
BMI(kg/m?) 263 (1.28) 263 (1 51) 0991
PLT(x 10A9/L) 208 (60.6) 176 (90.6) 0.023
WBC(x 1019/L) 6.18 (2.36) 9.33(5.18) <0.001
ALT(U/L) 153 (246) 41(187) 0.756
AST(IU/L) 132 (273) 119 (150) 0.703
TBIL(umol/L) 0.65 (1.07) 1.02(0.80)  0.022
DBIL(umol/L) 0.30(0.62) 0.56 (0.53) 0.012
Hb(g/L) 131 (16.2) 128(23.8) 0.384
Scr(umol/L) 0.81(0.17) 1.21(1.10) 0014
PT(s) .2 (0.60) .1(2.04) <0.001
Alb(g/L) 38.3(6.90) 324(8.25) <0.001
NLR 4.82(7.93) 12.8(13.7) <0.001
PLR 181 (122) 229 (137) 0.042
SI 912 (1254) 2013 (2088)  0.001
PNI 454 (7.40) 37.1(845) <0.001
b

[ALL] mild/moderate  severe p.overall
=139 N=87 N=52

SH 1324 (1696) 912 (1254) 2013 (2088)  0.001
PNI 42.3(8.77) 454 (7.40) 37.1(845) <0.001
NLR 782 (11.1) 4.82(7.93) 12.8(13.7) <0.001
Alb 36.1(7.93) 38.3(6.90) 32.4(8.25) <0.001
PLR 199 (129) 181 (122) 229 (137) 0.042
Discussion

Charcot’s triad, comprising fever, biliary pain, and jaun-
dice, has long been upheld as a pivotal diagnostic tool
for acute cholangitis. However, the sensitivity of these
criteria is notably low, limiting their utility in predicting
disease severity. The traditional TG18 diagnostic cri-
teria, encompassing a series of complex standards and
indicators, necessitate a comprehensive evaluation of
the patient’s clinical presentation, laboratory findings,
and radiological results [18]. While TG18 is esteemed
as a benchmark for assessing acute cholangitis severity,
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Table 2 Risk Factor Analysis (Cox Regression) for Predicting
Severe Cholangitis

Variates HR (AU L) 95% Cl p-Value

Univariate
Age(years) 1.002 0.99-1.01 0.706
Height(cm) 0.355 0.05-2.43 0.544
Weight(kg) 0.996 0.97-1.01 0.72
PLT(x 1079/L) 1.002 0.99-1.00 0.093
WBC(x 101 9/L) 0.942 0.90-0.98 <0.001
ALT(IU/L) 1.000 0.99-1.00 0.806
AST(IU/L) 1.000 0.99-1.00 0.754
TBIL(umol/L) 0.810 0.65-0.99 0.067
DBIL(pmol/L) 1419 0.51-3.89 0.999
Hb(g/L) 1.002 0.99-1.01 0.521
Scr(umol/L) 0.777 0.56-1.06 0.085
PT(s) 0.739 0.62-0.87 <0.001
Alb(g/L) 1.033 1.01-1.05 <0.001
gender 0.937 0.64-1.35 0.704
DM 1.043 0.74-1.46 0.804
smoking 0.905 0.62-1.30 0.575
PNI 1.040 1.02-1.05 <0.001
NLR 0975 0.95-0.99 <0.001
SH 0.999 0.99-1.00 <0.001
PLR 0.999 0.99-1.00 <0.001
PNS 0514 0.39-0.67 0.124

Multivariate
WBC(x 1019/L) 0.968 0.90-1.05 0.409
PNS 0.604 041-0.89 0.010
PNI 1.002 0.92-1.10 0.967
NLR 1.007 0.98-1.03 0.621
N 1.000 1.00-1.00 0.749
PT(s) 0.826 0.73-0.94 0.003
Alb(g/L) 1.008 0.93-1.09 0.843

it mandates an assessment across six organ systems and
incorporates intricate items such as vital signs and lab-
oratory data. Consequently, these guidelines may not
be expedient for rapid diagnosis in emergent clinical
scenarios.

A plethora of studies have introduced diverse predic-
tive models for severe acute cholangitis, incorporat-
ing risk factors such as non-alcoholic fatty liver disease
(NAFLD), procalcitonin, adiponectin-2, IL-7, and NLR
(Neutrophil-to-Lymphocyte Ratio). Mahmud et al
undertook an extensive analysis of 298 cases, highlight-
ing the paramount risk posed by NAFLD in severe acute
cholangitis [19]. In another study, Umefune et al. exam-
ined data from 213 patients, 29 classified as severe, and
deduced that procalcitonin was notably effective in
predicting severe acute cholangitis, evidenced by an
impressive AUC of 0.9 and an optimal cutoff of 2.2 ng/
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Fig. 2 Comparison of the areas under the ROC curve for predicting
severe acute cholangitis using different inflammatory markers
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Fig. 3 Comparison of the areas under the ROC curve for predicting
severe acute cholangitis using different nutritional indicators

0.0

mL(sensitivity of 0.97 and specificity of 0.73). Addition-
ally, retrospective studies have underscored serum adi-
ponectin-2’s superior performance as a biomarker over
traditional inflammatory indices for risk stratification
in acute cholangitis patients. Suwa et al’s research also
pointed to a significant association between diminished
IL-7 levels and the gravity of acute cholangitis. However,
the diagnostic process for NAFLD and the quantifica-
tion of procalcitonin and adiponectin-2 are frequently
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hampered by the limitations of hospital equipment, bar-
ring many healthcare facilities from conducting such
evaluations. This limitation underscores the pressing
need for an economically feasible and universally appli-
cable standard, seamlessly integrated into routine clinical
practice, to precisely gauge the severity of acute cholan-
gitis. Scarlat et al. utilized easily accessible non-invasive
biomarkers and scoring systems to predict liver cirrho-
sis complications in a simple and accurate manner [20],
thereby improving the accuracy and efficiency of clinical
decision-making in complex cases and high-risk patients.

Confronted with the aforementioned diagnostic chal-
lenges, our team has formulated the PNS predictive scor-
ing system. This novel approach was evaluated through a
retrospective analysis of 139 hospitalized cases of acute
cholangitis. We found that the PNS score, derived from
the integration of NLR (Neutrophil-to-Lymphocyte
Ratio) and PNI (Prognostic Nutritional Index), exhibits
a robust predictive capacity for severe acute cholangitis.
As the disease severity escalates, inflammatory biomark-
ers such as NLR, SII (Systemic Immune-Inflammation
Index), and PLR (Platelet-to-Lymphocyte Ratio) signifi-
cantly rise, whereas nutritional indicators like PNI and
Alb (Albumin) markedly decline.

Upon patient admission, a simple assessment of neu-
trophil count, lymphocyte count, and albumin levels,
followed by the computation of NLR and PNI, culmi-
nates in the PNS score. This score serves as a prognos-
tic tool to ascertain the severity of acute cholangitis. It
enables clinicians to swiftly differentiate the severity
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levels of cholangitis using basic test data, thus facili-
tating the interpretation of risk assessments for both
physicians and patients. This straightforward and expe-
dient method enhances doctor-patient communication,
ensures the prompt recognition of cholangitis progres-
sion, and informs tailored medical decisions for patients
with diverse clinical presentations. Notably, for those
with severe cholangitis, the expedited transfer to ICU
wards has been instrumental in saving critical time,
thereby diminishing the mortality rates associated with
the condition.

In the realm of intensive care, procalcitonin
(PCT) and C-reactive protein (CRP) have gained promi-
nence as biomarkers. A Japanese study involving 213
patients showcased PCT’s superior predictive ability for
severe acute cholangitis with an AUC of 0.9, outperform-
ing both WBC (0.62) and CRP (0.7) [21]. Similarly, Lee
et al’s analysis of 204 acute cholangitis patients—26 with
severe conditions—underscored procalcitonin’s signifi-
cant predictive value for severe acute cholangitis, blood
culture positivity, and clinical deterioration, with optimal
cutoff values of 1.76, 0.68, and 3.77 respectively.Despite
its predictive prowess, routine testing for serum procalci-
tonin is not commonplace across all medical institutions,
primarily due to its high cost which limits its continu-
ous use during hospitalization [22]. CRP, initially a tool
for assessing disease severity and monitoring conditions
like rheumatoid arthritis and secondary amyloidosis, has
seen its role in clinical practice wane in favor of more
cost-effective and easily applied markers such as CRP and
ESR [23, 24].At Shanxi Bethune Hospital, CRP has not
been established as the primary test for patients admitted
with acute cholangitis, leaving its potential for predicting
the severity of the condition an open question for future
research.

The Neutrophil-to-Lymphocyte Ratio (NLR) serves as
an indicator of the balance between neutrophils, mark-
ers of inflammation, and lymphocytes, key players in
the immune response. An elevated NLR signifies a pro-
nounced immune-inflammatory imbalance. Neutro-
phils, pivotal in orchestrating inflammatory responses,
exacerbate systemic inflammation through the secretion
of pro-inflammatory cytokines, potentially precipitat-
ing Systemic Inflammatory Response Syndrome (SIRS)
and septic shock in severe acute cholangitis cases [25].
Concurrently, lymphocytes modulate this systemic
inflammation, with persistent inflammatory states induc-
ing lymphocyte redistribution and apoptosis, thereby
diminishing lymphocyte counts [26]. Consequently,
NLR mirrors the immune system’s dynamic shifts in
acute cholangitis patients.Emerging research has linked
a heightened NLR with adverse prognoses across vari-
ous cancers [27]. A particular study underscored NLR’s
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association with the early detection of Severe Acute
Pancreatitis (SAP). Within a cohort of 216 patients, the
Area Under the Curve (AUC) for NLR and Platelet-
to-Lymphocyte Ratio (PLR) stood at 0.894 and 0.728,
respectively. An NLR threshold of 6.105 yielded a sen-
sitivity of 92.9% and specificity of 76.1%, suggesting the
combined NLR-PLR assessment’s potential in SAP’s
early prediction.In a retrospective Korean study, Lee SH
et al. evaluated 206 acute cholangitis patients, deducing
NLR’s predictive capacity for severe illness, the neces-
sity for vasopressors/inotropes in shock scenarios, and
positive blood cultures. Continuous NLR monitoring
facilitated temporal severity assessment, with an AUC of
0.81, surpassing both WBC and CRP. Presently [28], NLR
is gaining traction in diverse research domains, particu-
larly infectious diseases. In biliary infections, elevated
NLR levels are indicative of severe over mild to moderate
acute cholangitis [29]. Our findings corroborate this, with
NLR predicting cholangitis severity exhibiting an AUC of
0.759, specificity of 83.9%, and sensitivity of 69.2%. This
positions NLR as a viable, alternative laboratory marker
for forecasting severe acute cholangitis.

The correlation between nutritional indicators and
disease severity, as well as prognosis, is increasingly sub-
stantiated by recent studies. The Nutritional Risk Index
(NRI), which amalgamates weight change and serum
albumin levels, is lauded for its capacity to evaluate
malnutrition risk across diverse patient demographics.
Nonetheless, it may lack comprehensive applicability
and sensitivity for certain patient subsets.The NUTRIC
score, tailored for Intensive Care Unit (ICU) patients,
features objective and readily accessible indicators [30].
However, its association with definitive nutritional status
markers remains tenuous. The CONUT score (Control
of Nutritional Status score), assessing nutritional status
via serum albumin, cholesterol, and lymphocyte count, is
instrumental in the prompt identification of malnutrition
[31]. Yet, its broader application across various diseases
is somewhat constrained. The ALB score (serum albumin
score), a straightforward blood test, mirrors patients’
nutritional status and hepatic function. Its prognostic
accuracy, however, is susceptible to confounding factors
such as edema or hepatic pathology. Illustratively, one
study examined the C-reactive protein to serum albu-
min ratio (CRP/ALB) [32], establishing its correlation
with acute pancreatitis severity, organ failure, pancre-
atic necrosis, and mortality risk. ALB’s utility extends to
other conditions; for instance, it was deemed a pivotal
biomarker in a model predicting disease severity through
serum biomarkers among patients with mild to moderate
atopic dermatitis.

The Prognostic Nutritional Index (PNI), widely rec-
ognized for its predictive accuracy, reflects patients’
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nutritional status and serves as a dual indicator of both
nutrition and immune function. Commonly, PNI is
employed to forecast postoperative complications and
mortality, with lower scores correlating with adverse
outcomes. Systemic inflammatory responses, charac-
terized by increased vascular permeability, facilitate
albumin translocation from the intravascular compart-
ment. Inflammation suppresses hepatic albumin mRNA
expression, curtailing albumin synthesis and accelerat-
ing its catabolism. Inflammatory cytokines, notably IL-6,
inhibit albumin synthesis in hepatocytes while stimu-
lating acute-phase proteins such as C-reactive protein
production [33]. Lymphocyte dynamics are governed by
inflammatory signaling pathways, with the NF-kB path-
way being central to these processes. Activation by path-
ogens or tumor necrosis factors leads to the upregulation
of pro-inflammatory cytokines like IL-1 and IL-6, which
can induce lymphocytopenia [34]. In addition, the stress
response induced by inflammation releases immunosup-
pressive substances such as corticosteroids, which inhibit
the production of lymphocytes, further exacerbating the
immunosuppressive state.The study by T. Kalayc: et al.
further validated this point it out that PNI can serve as
an important prognostic indicator for acute appendici-
tis in the super-elderly population [35].Empirical studies
have demonstrated PNI’s and the Control of Nutritional
Status (CONUT) score’s influence on the survival of
multiple myeloma patients, with low PNI indicative of
poor prognosis [36]. A multicenter retrospective study
established a notable link between PNI and mortality
risk in COVID-19 patients, pinpointing a PNI threshold
of 33.405 below which the death risk escalates [37]. PNI
has been validated as an independent predictor of all-
cause and cardiovascular mortality in individuals with
metabolic syndrome and heart failure.In the context of
cholangitis, research has predominantly concentrated
on therapeutic and management aspects. Investigations
into Elafibranor’s efficacy in primary biliary cholangi-
tis and advancements in primary sclerosing cholangi-
tis management exemplify this focus [38]. However, the
association between PNI alterations and acute cholangi-
tis severity remains underexplored. Our study delves into
this relationship, utilizing PNI as a prognostic tool for
severe acute cholangitis. We ascertain that a diminished
PNI is intricately linked with the manifestation of severe
cholangitis.

The revelation that an elongated Prothrombin Time
(PT) is positively associated with acute cholangitis sever-
ity is a compelling finding that resonates with prior
research. This correlation may be attributed to several
factors [39]:1.Inflammatory Response: An active inflam-
matory response can compromise liver functionality,
disrupting the synthesis of essential clotting factors and
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consequently prolonging PT.2.Biliary Stasis: Cholangitis-
induced biliary stasis can impede the intestinal absorp-
tion of vitamin K, a vital component for the production
of clotting factors II, VII, IX, and X.3.Bacterial Infections:
The presence of bacterial infections and their endotox-
ins can trigger the coagulation cascade, heightening the
utilization of clotting factors and, in severe cases, pre-
cipitating Disseminated Intravascular Coagulation (DIC),
further extending PT.These interconnected biological
mechanisms collectively influence the coagulation profile
of patients with acute cholangitis, serving as significant
diagnostic and prognostic markers in clinical practice
[40]. The insights gleaned from this study shed new light
on the pathophysiological intricacies of acute cholangitis
and hold the potential to refine patient management and
therapeutic approaches.

This study represents the first exploration of the com-
bined use of NLR (Neutrophil-to-Lymphocyte Ratio) and
PLR (Platelet-to-Lymphocyte Ratio) as prognostic tools
for acute cholangitis at the time of admission, which car-
ries a degree of novelty. A notable strength of our meth-
odology is the rigorous inclusion criteria, which excluded
patients who had received antibiotic therapy prior to
admission and those with concurrent acute inflammatory
conditions. This approach minimized the potential inter-
ference of these factors on the inflammatory biomarkers,
ensuring the reliability of the results. Furthermore, the
strict control of data quality and the handling of missing
data further enhanced the credibility of our findings.

However, this study has several limitations. First, differ-
ences in treatment protocols may lead to inconsistencies
in patient outcomes, thereby affecting the generalizabil-
ity of the results. The variation in treatment protocols,
which depend on the clinical practices and experience of
different centers, limits the external applicability of the
findings. Second, the study covers a time span of approxi-
mately 10 years, during which clinical practices, diagnos-
tic criteria, and treatment options may have changed,
potentially influencing patient prognosis. Additionally,
the retrospective design may introduce biases, such as
data loss, temporal relationship bias, and inconsistencies
in documentation, which could affect the accuracy of the
data and the reliability of the analytical results. Further-
more, the sample size of this study is relatively small and
conducted at a single institution, which may lead to selec-
tion bias. To improve the reliability and broader applica-
bility of the findings, future studies should aim to expand
the sample size and validate the results using multicenter
datasets. Lastly, there is currently no consensus on the
optimal cutoff values for NLR and PNI in acute cholangi-
tis. Future research should focus on establishing specific
thresholds for these biomarkers to enhance the accuracy
of severity predictions.
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Conclusion

Our investigation reveals that upon hospital admission,
the Neutrophil-to-Lymphocyte Ratio (NLR) and Prog-
nostic Nutritional Index (PNI) can be swiftly and cost-
effectively determined. The synthesized PNS score,
derived from NLR and PNI metrics, enhances the pre-
dictive accuracy for the severity of acute cholangitis. An
elevated PNS score is indicative of an escalated risk for
severe cholangitis, necessitating prompt and appropriate
interventions, including optimal biliary drainage, surgi-
cal procedures, or expedited transfer to an Intensive Care
Unit (ICU).

Looking ahead, the efficacy of the PNS as a prognos-
tic indicator warrants further corroboration through
prospective, multicenter studies with expansive patient
cohorts. Such research endeavors will be instrumental in
substantiating the PNS score’s role as a reliable marker
for assessing the severity of acute cholangitis.
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