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ABSTRACT

Background/Aims: Septic patients with chronic liver disease (CLD) experience high morbidity and mortality rates, particularly in the
intensive care unit (ICU) setting, due to immune dysfunction. Despite their vulnerability, data on prognostic markers remain scarce,
particularly when assessed in conjunction with disease severity scores. This study aimed to evaluate the prognostic value of various
inflammatory markers, including white blood cell count (WBC), neutrophil-to-lymphocyte ratio (NLR), lactate, and lactate-to-albumin
ratio (LAR), in septic critically ill CLD patients.

Materials and Methods: A retrospective cohort study was conducted on 126 septic CLD patients admitted to ICU. Data on demograph-
ics, clinical scores, inflammatory markers, and clinical outcomes were collected. Logistic regression and ROC analyses were used to
identify independent predictors of ICU mortality.

Results: Intensive care unit mortality was 66 %. In addition to higher Acute Physiology and Chronic Health Evaluation Il (APACHE II)
(39.3 £ 7.2 vs. 21 £ 5.1, P <.001), Sequential Organ Failure Assessment (12.4 + 3.5 vs. 8.5 + 3.1, P <.001), CLIF-C ACLF [63 (54-69)
vs. 50 (41-53)] scores, ICU non-survivors had higher WBC (median: 14 400/uL vs. 7300/uL, P < .001), lactate (median: 4.6mmol/L vs.
2.4mmol/L, P <.001), NLR (median: 12.5 vs. 9, P = .015), and LAR (median: 2.15 vs. 0.93, P <.001) compared to survivors. Multivariate
analysis identified APACHE Il (OR 1.183, 95% ClI: 1.003-1.396, P = .046), CLIF-C ACLF (OR 1.104, 95% CI: 1.002-1.216, P = .046), and
LAR (OR2.992,95% CI:1.277-7.009, P =.012) as independent predictors of ICU mortality. The LAR was the most significant inflamma-
tory marker (area under the curve: 0.783, cut-off: 1.17), even in the subgroup of patients with low acute decompensation scores based
on the CLIF-C ACLF score.

Conclusion: The LAR was a valuable prognostic marker for ICU mortality in septic CLD patients, even in the absence of advanced organ
failure. This marker potentially outperforms other traditional inflammatory markers and could aid in early risk stratification for critically
ill septic CLD patients.

Keywords: Chronic liver disease, CLIF-C ACLF score, inflammatory markers, lactate-to-albumin ratio, mortality, neutrophil-to-lympho-

cyte ratio, sepsis

INTRODUCTION

Sepsis, a life-threatening condition driven by an uncon-
trolled immune response to infection, leads to particu-
larly poor outcomes in patients with chronic liver disease
(CLD)." Individuals with CLD face an increased risk of
infection due to immune dysfunction, bacterial translo-
cation, and impaired hepatic clearance of endotoxins.?
Due to these factors, this patient group is at high risk of
sepsis, which results in significant morbidity and mortal-
ity, particularly in cases requiring intensive care unit (ICU)
admission.®* Despite modern critical care interventions,

the mortality rate for septic patients with CLD remains
alarmingly high, with ICU mortality reaching up to 67%.*®

Recently, there has been a growing focus on using inflam-
matory markers as predictive tools for outcomes in patients
with sepsis. In addition to traditional inflammatory markers
such as white blood cell count (WBC), polymorphonuclear
leukocytes (PMNL), C-reactive protein (CRP), and pro-
calcitonin (PCT), numerous novel biomarkers and derived
calculations are being developed to assess their potential
in predicting prognosis more simply and effectively in this
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patient population.t”# While commonly studied markers like
the CRP, PCT, neutrophil-to-lymphocyte ratio (NLR), and
lactate-to-albumin ratio (LAR) have demonstrated poten-
tial in reflecting sepsis severity and predicting outcomes,
research has predominantly focused on the general sep-
tic population.®’® Despite the fact that patients with CLD
exhibit a persistent inflammatory state and altered immune
responses, studies specifically investigating inflammatory
markers in this subgroup remain scarce, highlighting a gap
in the literature.>® Recently, the association between LAR
and both short- and long-term adverse outcomes has been
demonstrated in a large cohort of septic cirrhotic patients;
however, its relationship with routinely used inflammatory
markers in this population remains unclear.'"

This study seeks to fill this gap by assessing the prognostic
value of various inflammatory markers and their relationship
with clinical outcomes, such as ICU mortality rates, duration
of ICU stay, and disease severity in this vulnerable patient
population. Moreover, this study also aims to compare the
prognostic value of these markers with established disease
severity scores such as the Acute Physiology and Chronic
Health Evaluation Il (APACHE Il), Sequential Organ Failure
Assessment (SOFA), Model for End-Stage Liver Disease
(MELD), Child-Pugh and Chronic Liver Failure-Consortium
Acute-on-Chronic Liver Failure (CLIF-C ACLF) scores,
which may guide novel research regarding risk stratification
in septic critically ill patients with CLD.

MATERIALS AND METHODS

Study Design and Setting

This retrospective cohort study was conducted in the
tertiary, 9-bed medical ICU of Gazi University University

Main Points

The prognostic utility of inflammatory markers, including
the white blood cell count, neutrophil-to-lymphocyte ratio
(NLR), derived NLR, platelet-to-lymphocyte ratio, platelet-
to-creatinine ratio, lactate, lactate-to-albumin ratio (LAR),
C-reactive protein, and procalcitonin, in predicting out-
comes among critically ill septic patients with chronic liver
disease (CLD) was assessed.

The Acute Physiology and Chronic Health Evaluation Il
score, Chronic Liver Failure-Consortium Acute-on-Chronic
Liver Failure score, and LAR were independent predictors
of intensive care unit (ICU) mortality in critically ill septic
patients with CLD.

Baseline LAR value was independently associated with
increased ICU mortality, even in the absence of advanced
organ failure, providing valuable prognostic insights into
the clinical course of sepsis in this vulnerable population.

Hospital, covering the period from January 2012 to
January 2024. The research protocol complied with the
Declaration of Helsinki and was approved by the Local
Ethics Committee of Gazi University University (Approval
Number: 2024-982 and Date: June 11, 2024). Since the
data were obtained retrospectively from existing records,
informed consent was not required.

Participants

The study included adult patients aged 18 and above
with a confirmed diagnosis of CLD who were admit-
ted to the ICU due to sepsis, as defined by the Sepsis-3
criteria.”?Exclusion criteria were: ICU stays shorter than
24 hours, sepsis diagnosed more than 24 hours prior to
admission for patients transferred from other hospitals,
liver failure due to neoplastic metastasis, terminally ill
patients, and ICU admissions solely for post-transplanta-
tion follow-up. Only the first septic hospitalization period
was analyzed for patients with multiple ICU admissions.

Data Collection

Data were extracted from electronic medical records and
hospital archives, including demographics, prior hospital-
izations, Glasgow Coma Scale score, and clinical scores:
APACHE Il, SOFA, MELD, Child-Pugh, and CLIF-C ACLF.
Information on comorbidities, the requirements for
mechanical ventilation, vasopressors, renal replacement
therapy, blood transfusion, and albumin replacement as
well as length of ICU stay and ICU mortality, were also
recorded. Laboratory data, including inflammatory mark-
ers CRP, PCT, WBC, PMNL, NLR (measured by dividing the
number of neutrophils by the number of lymphocytes),
derived NLR (dNLR, the ratio of neutrophils to the differ-
ence between total leukocytes and neutrophils in periph-
eral blood), platelet-to-lymphocyte ratio (PLR, the ratio of
platelet to the number of lymphocytes), LAR [measured
by dividing the lactate (mmol/L) by the concentration of
serum albumin (g/dL)] and platelet-to-creatinine ratio
[PCR; the ratio of platelet to the concentration of serum
creatinine (mg/dL)] were collected at ICU admission. The
primary outcome of the study was ICU mortality.

Statistical Analysis

Continuous variables are presented as means + SD or
medians with interquartile ranges, depending on the data
distribution. Categorical variables are expressed as fre-
quencies and percentages. Patients were divided into 2
groups, survivors and non-survivors, based on ICU mortal-
ity, and comparisons were made using the Mann-Whitney
U test or Independent- samples T-test for continuous
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variables and the chi-squared test for categorical vari-
ables. Logistic regression analysis was performed to iden-
tify independent predictors of ICU mortality. The AUCs
were calculated by plotting ROC curves to determine the
relationship between independent prognostic factors
and ICU mortality. A P-value <.05 was considered statis-
tically significant. All statistical analyses were conducted
using the SPSS software program version 22.0 (IBM SPSS
Corp.; Armonk, NY, USA).

RESULTS

Baseline characteristics and complications related to liver
disease on ICU admission of 126 septic ICU patients with
CLD are given in Table 1. Among these patients, overall
ICU mortality was 66% (83 patients). The APACHE I,
SOFA, and CLIF-C ACLF scores were significantly higher
among ICU non-survivors (APACHE II: 39.3 £ 7.2 vs.
21+5.1, SOFA: 12.4 + 3.5 vs. 85 £ 3.1, CLIF-C ACLF [63
(54-69) vs. 50 (41-53)] scores P < .001 for both), indi-
cating greater severity of iliness (Table 1). Moreover, the
MELD score was significantly higher in non-survivors
compared to survivors [28 (23-34) vs. 23 (19-29), P =
.002] (Table 1). Hepatic encephalopathy (HES) was the
most common complication related to liver disease on
ICU admission (42.8%), and respiratory infections were
the most common source of sepsis, particularly preva-
lent among non-survivors (44.5% vs. 23.2%, P = .02)
(Table 1).

Baseline laboratory findings according to ICU mortality are
given in Table 2. Non-survivors had higher WBC (median:
14 400/pL vs. 7300/pL, P < .001), higher PMNL (median:
11 200/pL vs. 6100/pL, P < .001), higher lactate levels
(median: 4.6 mmol/L vs. 2.4 mmol/L, P < .001), higher
NLR (median: 12.5 vs. 9, P = .015), higher CRP (median: 89
mg/L vs 54 mg/L, P = .03), and higher LAR (median: 2.15
vs. 0.93, P <.001).

Multivariate analysis identified several independent
predictors of ICU mortality, including a higher APACHE
Il score (OR 95%ClI: 1.183 [1.003-1.396], P = .046), a
higher CLIF-C ACLF score (OR 95%CI: 1.104 [1.002-
1.216], P = .046), and elevated LAR (OR 95%CI: 2.992
[1.277-7.009], P = .012) (Table 3). The APACHE Il and
CLIF-C-ACLF score showed similar significance (cut-
off value: 24.5, sensitivity: 82%, specificity: 73%, AUC:
0.864, cut-off value: 53.5, sensitivity: 82%, specificity:
81%, AUC: 0.843, respectively), while LAR was the most
significant biomarker in predicting ICU mortality (cut-
off value: 1.17, sensitivity: 81%, specificity: 61%, AUC:
0.783) (Figure 1).

Subgroup analysis was performed to evaluate whether
LAR and other inflammatory markers could be use-
ful in identifying high-risk septic CLD patients without
advanced organ failure. Only patients with low acute
decompensation scores based on the CLIF-C ACLF score
were included in the analysis. Patients with a CLIF-C
ACLF score greater than 53, derived from the significant
mortality threshold based on the ROC curve in the main
cohort, were excluded. In the subgroup analysis of 55
patients, the mortality rate was 38.2%. Univariate analy-
sis revealed that, except for LAR, other inflammatory
markers were not significantly associated with mortal-
ity (Supplementary Tables 1 and 2 in the supplemental
file). Multivariate analysis identified respiratory infec-
tion as the source of sepsis (OR 95%CI: 8.689 (1.036-
72.839), P = .032) and elevated LAR (OR 95%CI: 3.768
(2.120-12.682), P = .032) as independent predictors of
ICU mortality (Supplementary Table 3 in the supplemen-
tal file). Even in this subgroup, LAR demonstrated similar
sensitivity and specificity at the same cut-off value cut-
off value: 1.17, Sensitivity: 79% Specificity: 63%, AUC:
0.777, P = .001) (Supplementary Figure 1 in the supple-
mental file).

DISCUSSION

In this study, the prognostic utility of inflammatory mark-
ers was investigated, including the WBC, PMNL, NLR,
dNLR, PLR, PCR, lactate, LAR, CRP, and PCT in predict-
ing outcomes among septic patients with CLD admitted
to a medical ICU in a university hospital. These findings
suggest that in addition to APACHE Il, SOFA, and CLIF-
C-ACLF scores, WBC, PMNL, CRP, lactate, NLR, and LAR
were higher in ICU non-survivors than survivors. The
incorporation of the CLIF-C ACLF score provided addi-
tional insights into the prognosis of septic patients with
CLD, underlining its value in assessing organ dysfunc-
tion severity specific to this population. Furthermore, the
baseline LAR value was independently associated with
increased ICU mortality, even in the subgroup of patients
with acute decompensation without advanced organ
failure, highlighting its critical role in identifying high-risk
patients and guiding clinical decision-making in this vul-
nerable group.

The unique immunopathology of CLD, characterized by
immune dysfunction, bacterial translocation, and impaired
endotoxin clearance, increases the susceptibility of these
patients to severe sepsis and multi-organ failure.2'3'4 |t
is well defined that inflammatory response is a signifi-
cant factor in the mechanisms related to the progression,
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Table 1. Comparison of Baseline Characteristics According to Intensive Care Unit Outcome in Septic Patients with chronic Liver Disease

All Patients (n=126)  Survivors (n = 43) Non-Survivors (n = 83) p**
Age (mean £ SD) 61.1+14.7 61.2+13.2 61+15.5 468
Gender, n (%)

Female 50 (39.6) 21(48.8) 29 (34.9) .09
APACHE Il Score (mean + SD) 27179 21+£51 39.3+72 <.001
SOFA Score (mean + SD) 11+£3.8 8.5+ 3.1 124+ 35 <.001
Glasgow Coma Scale* 12 (8-14) 14 (12-15) 10 (7-13) <.001
Length of ICU stay (day)* 4 (2-12) 4 (3-8) 5 (2-14) .81
MELD Score* 26 (22-31) 23 (19-29) 28 (23-34) .002
ACLF Grade n (%) <.001

I 39 (31) 25 (58.1) 14 (16.9)

I 39 (31) 8(18.6) 31(37.3)

I 37 (29.4) 0 37 (44.6)

CLIF-C ACLF Score* 57 (49-66) 50 (41-53) 63 (54-69) <.001
Child-Pugh Score* 10 (9-13) 10 (8-11) 11 (9-12) .003
Child-Pugh, n (%) 127

A 3(2.4) 2(4.7) 1(1.2)

B 39 (31) 17 (39.6) 22 (26.5)

C 84 (66.7) 24 (55.9) 60 (72.3)

Shock on ICU admission, n (%) 72 (67.1) 13 (30.2) 59 (70.1) <.001
Respiratory failure on admission, n (%) 31(24.6) 7(16.2) 24 (28.9) .09
Complication Related to Liver Disease on Admission, n (%)

HRS 35 (27.7) 13 (30.2) 22 (26.5) .40

HES 54 (42.8) 21(48.8) 33(39.7) 22

Varicose bleeding 7 (5.5) 2 (4.6) 5(6) .55

Acute decompensation 4 (3.1) 0 4 (4.8) 18
Etiology of Chronic Liver Disease, n (%)

Viral 43 (34.1) 13 (30.2) 30 (36.1) .32
HBV 34 (26.9) 11 (25.5) 23 (27.7) .07
HCV 9(7.1) 2 (4.6) 7 (8.4) .86

Alcoholic 18 (14.2) 4(9.3) 14 (16.8) 19

Cryptogenic 33(26.1) 15 (34.8) 18 (21.6) .08

NASH 6 (4.7) 3(6.9) 3(3.6) .33

Autoimmune 3(2.3) 2 (4.6) 1(1.2) 27

PBC 4 (3.1) 1(2.3) 3(3.6) .58

Budd-Chiari 8(6.3) 2 (4.6) 6(7.2) 44

Others 9(0.7) 1(0.2) 8 (10) .83
Co-existence of HCC, n (%) 25 (19.8) 0 25 (30.1) <.001
Comorbidities, n (%)

Hypertension 44 (34.9) 15 (34.8) 29 (34.9) .58

(Continued)
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Table 1. Comparison of Baseline Characteristics According to Intensive Care Unit Outcome in Septic Patients with chronic Liver Disease

(Continued)
All Patients (n =126)  Survivors (n = 43) Non-Survivors (n = 83) p**
COPD, Asthma 17 (13.4) 6 (13.9) 11 (13.2) .56
DM 49 (38.8) 22 (51.1) 27 (32.5) .04
Cardiac disorders 31 (24.6) 11 (25.5) 20 (24) .51
CVD 10 (7.9) 4 (9.3) 6(7.2) 46
Chronic renal disease 24 (19) 11 (25.5) 13 (15.6) 14
Rheumatological 10(7.9) 3(6.9) 7 (8.4) .54
Source of Infection, n (%)
Respiratory System 47 (37.3) 10 (23.2) 37 (44.5) .02
Urinary Tract 32(25.3) 13 (30.2) 19 (22.8) .25
SBP 29 (23) 10 (23.2) 19 (22.8) .57
CRBSI 24 (19) 10 (23.2) 14 (16.8) .26
Abdominal 12 (9.5) 5(11.6) 7 (8.4) .39
Soft tissue 7 (5.5) 2 (4.6) 5 (6) .55
Microorganisms, n (%)
Gram negative 52 (41.2) 13 (30.2) 39 (46.9) .06
Gram positive 41(32.5) 16 (37.2) 25 (30.1) .27
Fungal 11 (8.7) 2 (4.6) 9(10.8) .21
Viral 11 (8.7) 3(6.9) 8(9.6) 44
RIFLE stage, n (%)
Risk 18 (14.2) 8(18.6) 10 (12.4) .56
Injury 26 (20.6) 8(18.6) 18 (21.6) 45
Failure 39(30.9) 8(18.6) 31(37.3) .04
Loss 4 (3.1) 1(2.3) 3 (3 6) .21
Requirement of MV, n (%) 78 (61.9) 10 (23.2) 8(81.9) <.001
Requirement of RRT, n (%) 69 (54.7) 16 (37.2) 53 (63.8) <.001
Blood transfusion, n (%) 66 (52.4) 19 (44.2) 47 (56.6) 195
Albumin replacement, n (%) 71(56.3) 23 (53.5) 48 (57.8) .641

APACHE, Acute Physiology and Chronic Health Evaluation; CLIF-C ACLF, Chronic Liver Failure-Consortium Acute-on-Chronic Liver Failure; COPD, Chronic
Obstructive Pulmonary Disease; CRBSI, Catheter-related bloodstream infections; CVD, cerebrovascular disease; DM, diabetes mellitus; HBV, hepatitis B virus;
HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HES, hepatic encephalopathy; HRS, hepatorenal syndrome; ICU, intensive care unit; MELD score, model
for end-stage liver disease score; MV, mechanical ventilation; NASH, non-alcoholic steatohepatitis; PBS, primary biliary cirrhosis; PSC, primary sclerosing chol-
angitis; RRT, renal replacement therapy; SBP, spontaneous bacterial peritonitis; SOFA, Sequential Organ Failure Assessment; RIFLE, risk, injury, failure, loss,

end-stage.

*Median (25th percentile-75th percentile). **p-value <0.05 was considered statistically significant.

decompensation, and complications of CLD.3'® This altered
immune landscape is reflected in elevated NLR levels, a
marker of systemic inflammation, which represents the
balance between neutrophil-mediated innate immunity
and lymphocyte-driven adaptive regulation.’® The ratio has
shown prognostic value due to its ease of calculation from
routine blood tests and because it reflects the balance
between neutrophilic immune response and lymphocyte-
mediated regulation even in cirrhotic patients." Magalhaes

et al'® have recently demonstrated that higher NLR values
at admission were associated with infection risk in cirrhotic
patients. Although NLR was not independently associated
with ICU mortality in patients with CLD in this study, it was
significantly higher in ICU non-survivors compared to sur-
vivors. When considered alongside the current literature,
these findings suggest that in septic CLD patients, NLR
is more closely related to the presence of infection rather
than the severity of the disease.""'®
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Table 2. Baseline Laboratory Findings According to Intensive Care Unit Outcome in Septic Patients with Chronic Liver Disease

All Patients (n = 126) Survivors (n = 43) Non-Survivors (n = 83) p**
Hb (g/dL) 9(8-11.2) 8.7 (7.7-10.5) 9.4 (8.1-12) 16
WBC (/uL) 11900 (5800-18200) 7300 (4400-14000) 14400 (8500-21000) <.001
PMNL (/pL) 9800 (4300-16 000) 6100 (2950-11200) 11200 (5900-17100) <.001
Lymphocyte (/uL) 700 (450-1100) 700 (520-1100) 700 (385-1315) .84
Lactate dehydrogenase (U/L) 394 (257-611) 298 (223-565) 419 (295-628) .003
Platelet (/uL) 88000 (50000-139000) 93000 (50000-136000) 86500 (49800-148000) .21
INR 1.72 (1.46-2.2) 1.63 (1.21-1.88) 1.76 (1.5-2.44) .002
aPTT 40 (32-54) 39 (29-53) 42 (34-56) .04
C-reactive protein (mg/L) 77 (32-139) 54 (23-97) 89 (46-167) .03
Procalcitonin (ng/mL) 2.2(0.7-11) 1.9 (0.43-6.9) 2.9 (0.9-15.8) A7
Blood urea nitrogen (mg/dL) 57 (36-71) 46 (24-71) 58 (42-71) 15
Creatinine (mg/dL) 1.9 (1.36-3.0) 1.9 (0.8-3.8) 2.2 (1.5-2.9) .83
Albumin (g/dL) 2.4 (2-2.7) 2.6 (2.1-3) 2.3 (2-2.6) .29
Aspartate transaminase (U/L) 81 (45-149) 52 (36-110) 89 (60-187) <.001
Alanine transaminase (U/L) 33 (21-71) 26 (18-38) 51(21-99) .003
Total bilirubin (mg/dL) 3.3 (2.2-8.5) 2.7 (1.8-8.3) 3.6 (2.2-9.1) .29
Direct bilirubin (mg/dL) 2.0 (1.0-5.2) 1.7 (0.6-3.2) 2.0(1.1-5.4) A1
Lactate (mmol/L) 3.8 (2.4-6.7) 2.4 (1.7-3.8) 4.6 (3.3-8.1) <.001
NLR 11 (6.5-23.7) 9 (5-21) 12.5(7.4-25.5) .015
dNLR 4.7 (3.1-9.4) 4.1 (3-7.5) 4.9 (3.6-11.5) .07
PLR 93 (59-247) 99 (76-220) 92 (50-287) .63
PCR 39 (19.4-93.7) 34 (21-120) 39.5 (19-771) 72
LAR 1.6 (1-2.9) 0.93 (0.7-1.6) 2.15(1.5-3.5) <.001

dNLR, derived neutrophil-lymphocyte ratio; Hb, hemoglobin; LAR, lactate albumin ratio; NLR, neutrophil-lymphocyte ratio; PCR, platelet-creatinine ratio; PLR,
platelet-lymphocyte ratio; PMNL, polymorphonuclear leukocytes; WBC, white blood cell.
*Median (25th percentile-75th percentile). **p-value <0.05 was considered statistically significant.

CRP and PCT are known to be traditional inflammatory
markers commonly used in clinical practice to assess
infections and predict prognosis.’® However, in advanced
liver disease, the clinical utility of these 2 markers is
associated with contradictory results in the existing
literature.’®?2The baseline CRP and PCT levels can be
elevated even in the absence of infection.?22-2°Recently,
in a study conducted by Liu et al'® aiming to estab-
lish a scoring model for the early diagnosis of infection,
they demonstrated significantly higher levels of PCT,
CRP, neutrophil percentage, and lactate in the infec-
tion group, which predominantly included patients with
acute-on-chronic liver failure. In the multiple regression
analysis, PCT, CRP, and lactate retained their significance
for the diagnosis of infection.’ The difference between
the study and the aforementioned one lies in evaluat-
ing the relationship between traditional inflammatory

markers and clinical outcomes in septic CLD patients.
In this patient group, in which CRP and PCT synthesis is
expected to be impaired, it was evaluated whether there
is a threshold value that could alert clinicians regarding
adverse clinical outcomes. In this context, WBC, PMNL,
NLR, CRP, and lactate levels were higher in ICU non-
survivors than in survivors; however, none of these were
found to be independent risk factors for ICU mortality.
Furthermore, no significant difference in those parame-
ters was found in the subgroup analysis of patients with-
out advanced organ failure. This suggests that although
these inflammatory markers, commonly used to assess
impaired immune response in CLD, are frequently uti-
lized in the early detection of adverse prognoses lead-
ing to organ failures, they are not clinically significant in
identifying poor outcomes in the early phase of sepsis.
Given the complexity of previous literature data, the
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Table 3. Multivariate Analysis of Independent Risk Factors for
Intensive Care Unit Mortality in Septic Patients with Chronic Liver
Disease

Adjusted OR (95% Cl) p**
APACHE Il Score 1.183 (1.003-1.396) .046
SOFA Score 1.101 (0.820-1.480) 521
MELD Score 0.891 (0.762-1.041) 145
CLIF-C ACLF Score 1.104 (1.002-1.216) .046
Child-Pugh Score 1.182 (0.780-1.789) 430
Respiratory infection as a 0.248 (0.054-1.135) .072
source of sepsis
Co-existence of HCC 0 (0-0) .998
WBC 1.00 (1.00-1.00) .168
NLR 0.998 (0.976-1,020) .872
LAR 2.992 (1.277-7.009) .012

APACHE, Acute Physiology and Chronic Health Evaluation; CLIF-C ACLF,
Chronic Liver Failure-Consortium Acute-on-Chronic Liver Failure; HCC,
hepatocellular carcinoma; LAR, lactate albumin ratio; MELD Score, Model for
End-Stage Liver Disease Score; MV, mechanical ventilation; NLR, neutrophil-
lymphocyte ratio; RRT, renal replacement therapy; SOFA, Sequential Organ
Failure Assessment; WBC, white blood cell. **p-value <0.05 was considered
statistically significant.

single-center experience should be interpreted with
caution and validated in larger populations.

Moreover, the findings underscore the potential of LAR
as a novel prognostic marker in septic patients with CLD.

ROC Curve
10 Source of the
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Figure 1. ROC curve of APACHE II, CLIF-C ACLF Score and LAR
(CLIF-C ACLF, Chronic Liver Failure-Consortium Acute-on-Chronic
Liver Failure; APACHE, Acute Physiology and Chronic Health
Evaluation; AUC, area under the curve, LAR, lactate albumin ratio).

In recent years, LAR has gained popularity as a biomarker
for predicting prognosis in critically ill patients. It has been
shown to be an independent risk factor for mortality both
in general ICU populations and in specific disease groups,
with a reported cut-off range of 0.71 to 1.15 across dif-
ferent patient cohorts.#26-2° This study also found LAR to
be an independent risk factor and the most significant
marker in predicting ICU mortality, with an AUC of 0.783
and a cut-off value of 1.17.In 2 large retrospective cohort
studies published very recently, LAR was identified as an
independent risk factor for both short-term and long-
term mortality in septic cirrhotic patients.®" Notably,
both studies were conducted using the same retrospec-
tive cohort derived from the MIMIC-IV database, result-
ing in remarkably similar findings."®"" Their reported
cut-off values (1.0 and 1.05, respectively) are consistent
with the findings of this study. In the first study, Wang
et al’® reported a slightly lower AUC (63.34%) in pre-
dicting the risk of 28-day all-cause mortality compared
to this study. This discrepancy may be attributed to the
significantly higher SOFA scores in the study popula-
tion, which are associated with a higher ICU mortality
rate.In the second study conducted by Ma et al,"" similar
to the study, both LAR and the SOFA and CLIF-C ACLF
scores were assessed together. It was found that LAR is
an independent risk factor for adverse clinical outcomes
in septic cirrhotic patients, regardless of the presence of
acute decompensation. An important aspect of the study
is that it demonstrates the applicability of the results of
these 2 large-scale studies to septic CLD patients in a dif-
ferent geographical region.'*

This study also aligns with prior findings that underscore
the prognostic value of scoring systems like APACHE I,
SOFA, and CLIF-C ACLF scores in septic patients with
CLD.%-%* The integration of ACLF scores into the analysis
added an extra layer of understanding. Higher scores were
significantly associated with increased mortality, con-
sistent with organ failures.3°-%2 The high mortality rates
observed in the cohort, despite advances in ICU care,
reflect the higher severity of illness in the cohort and per-
sistent challenges in managing septic patients with CLD,
highlighting the need for early identification of those at
the highest risk. In this study, the subgroup analysis of
patients with low CLIF-OF ACLF scores revealed that
similar sensitivity and specificity were achieved with the
same cut-off value. This finding is particularly meaning-
ful as it highlights the potential of LAR in predicting poor
outcomes, even in septic CLD patients before advanced
organ failure occurs. This is a valuable example of the
clinical translation of the findings from the previous study
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conducted by Ma et al."" Ma et al'' have recently demon-
strated that the LAR combined with the CLIF-OF ACLF
score (CLIF-OF ACLF_ ;) in predicting the mortality
exhibited marginal increases to the CLIF-OF ACLF score.
Compared to the CLIF-OF ACLF ,; score, which involves a
logarithmic calculation, recognizing that LAR, as a simple
bedside calculation is typically above 1.1, will provide cli-
nicians with significant ease in the early identification of
high-risk patients.’®"

Although the primary strength of this study lies in its
comprehensive evaluation of the impact of various
inflammatory markers and disease severity scores—
many of which have been frequently highlighted and
emphasized in the current literature—on ICU mortality
in septic patients with CLD, it has several limitations,
including its retrospective nature and single-center
design, which may limit the generalizability of the find-
ings. Additionally, certain confounding variables were
not explored, such as blood product and albumin trans-
fusions prior to ICU admission, type and amount of fluid
therapy, and fluid balance, which can impact lactate and
albumin levels. Due to the retrospective nature of the
study, the lack of details regarding whether appropri-
ate antibiotic therapy was initiated in a timely manner,
vasopressor titration, and the administration of hydro-
cortisone, all of which could directly impact prognosis in
septic patients, is also among the major limitations of
the study.

In conclusion, this study demonstrates that LAR is
potentially a valuable prognostic marker for ICU mortal-
ity in septic patients with CLD, even in the absence of
advanced organ failure. Compared to various complex
disease severity scores, recognizing that the LAR value,
obtained through a simple bedside ratio calculation, is
typically above 1.1, will provide clinicians with signifi-
cant ease in the early identification of high-risk patients.
Further studies integrating these markers with conven-
tional prognostic scores may enhance early risk assess-
ment, offering a more tailored approach to managing this
vulnerable population.
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Supplementary Table 1. Comparison of baseline characteristics according to ICU outcome in subgroup patients with low CLIF-C ACLF

Score

All Patients (n=55) Survivors (n=34) Non-survivors (n=21) P value**
Age (mean+SD) 55.4+16.3 59+13.2 49+19 0.042
Gender, n (%) 0.054

Female 22 (40) 17 (50.0) 5(23.8)

APACHE Il Score (mean+SD) 22.2+6.3 21.0+5.1 25.0£7.2 0.012
SOFA Score (mean+SD) 9.2+3.3 8.0+3.1 11.0+£3.0 0.007
Glasgow Coma Scale* 14 (11-15) 14 (12-15) 10 (7-13) 0.155
Length of ICU stay (day)* 6 (3-11) 5 (3-8) 10 (4-13) 0.05
MELD Score* 23 (17-27) 23 (17-27) 23 (17-26) 0.910
ACLF Grade n (%) 0.011

| 28 (50.9) 19 (565.9) 9 (42.9)

Il 15 (27.3) 5(14.7) 10 (47.6)

N 1(1.8) 0 (0) 1(4.8)

CLIF-C ACLF Score* 47 (39-52) 46 (39-52) 49 (40-53) 0.376
Child-Pugh Score* 10 (8-11) 10 (8-11) 10 (8-12)
Child-Pugh, n (%) 0.872

A 2(3.6) 1(2.9) 1(4.8)

B 23 (41.8) 15 (44.1) 8(38.1)

C 30 (54.5) 18 (52.9) 12 (52.9)

Shock on ICU admission, n (%) 20 (36.4) 9(26.5) 11 (52.4) 0.05
Respiratory failure on admission, n (%) 13 (23.6) 5(14.7) 8 (38.1) 0.047
Complication related to liver disease on admission n (%)

HRS 14 (25.5) 9(26.5) 5(23.8) 0.826

HES 23 (41.8) 16 (47.1) 7 (33.3) 0.316

Varicose bleeding 4 (7.3) 2(5.9) 2(9.5) 0.632

Acute decompensation 1(1.8) 0 (0) 1(4.8) 0.382

Etiology of chronic liver disease, n (%)

Viral 18 (32.7) 10 (29.1) 8(38.1) 0.505
HBV 16 (88.9) 9 (90.0) 7 (87.5) 0.867
HCV 2(11.1) 1(10.0) 1(12.5) 1.00

Alcoholic 6(10.9) 3(8.8) 3(14.3) 0.664

Cryptogenic 17 (30.9) 12 (35.3) 5(23.8) 0.371

NASH 4(7.3) 3(8.8) 1(4.8) 1.00

Autoimmune 2(3.6) 2(5.9) 0 (0) 0.519

PBS 2(3.6) 1(2.9) 1(4.8) 1.00

Budd-Chiari 2(3.6) 1(2.9) 1(4.8) 0.551

Others 4(7.3) 3(8.8) 1(4.8) 0.519

Co-existence of HCC, n (%) 5(9.1) 0(0) 5(23.8) 0.006

Comorbidities, n (%)

Hypertension 15 (27.3) 12 (35.3) 3(14.3) 0.089



COPD, Asthma 8 (14.5) 6 (17.6) 2(9.5) 0.696

DM 22 (40.0) 18 (52.9) 4 (19.0) 0.013

Cardiac disorders 10 (18.2) 10 (29.4) 0 (0) 0.009

CVD 6 (10.9) 4 (11.8) 2(9.5) 1.00

Chronic renal disease 11 (20.0) 9 (26.5) 2(9.5) 0.174

Rheumatological 4 (7.3) 2(5.9) 2(9.5) 0.632
Source of infection, n (%)

Respiratory System 17 (30.9) 7 (20.6) 10 (47.6) 0.035

Urinary Tract 16 (29.1) 11 (32.4) 5(23.8) 0.498

SBP 13 (23.6) 8(23.5) 5(23.8) 1.00

CRBSI 9 (16.4) 7 (20.6) 2(9.5) 0.457

Abdominal 7(12.7) 5(14.7) 2(9.5) 0.696

Soft tissue 3(5.5) 1(2.9) 2(9.5) 0.551
Microorganisms, n (%)

Gram negative 20 (37.0) 10 (29.4) 10 (50.0) 0.549

Gram positive 17 (30.9) 12 (35.3) 5(23.8) 0.13

Fungal 4(7.3) 2 (5.9) 2(9.5) 0.632

Viral 5(9.3) 3(8.8) 2(9.5) 1.00
RIFLE stage, n (%)

Risk 14 (25.5) 7 (20.6) 7 (33.3) 0.464

Injury 8 (14.5) 5(14.7) 3(14.3)

Failure 12 (21.8) 7 (20.6) 5(23.8)

Loss 1(1.8) 0 (0) 1(2.9)
Requirement of MV, n (%) 24 (43.6) 8(23.5) 16 (76.2) <0.001
Requirement of RRT, n (%) 22 (40.0) 12 (35.3) 10 (47.6) 0.365
Blood Transfusion, n (%) 29 (52.7) 14 (41.2) 15 (71.4) 0.029
Albumin Replacement, n (%) 30 (54.5) 16 (47.1) 14 (66.7) 0.156

*median (25th percentile-75th percentile) **p-value <0.05 was considered statistically significant. CLIF-C ACLF: Chronic Liver Failure-Consortium Acute-on-
Chronic Liver Failure APACHE: Acute Physiology and Chronic Health Evaluation, SOFA: Sequential Organ Failure Assessment, MELD Score: Model for End-
Stage Liver Disease Score, ICU: Intensive Care Unit, HRS: Hepatorenal Syndrome, HES: Hepatic encephalopathy, HBV: Hepatitis B virus, HCV: Hepatitis C virus,
NASH: Non-alcoholic steatohepatitis, PBS: Primary biliary cirrhosis, PSC: Primary sclerosing cholangitis, HCC: Hepatocellular carcinoma, COPD: Chronic
Obstructive Pulmonary Disease, DM: Diabetes mellitus, CVD: Cerebrovascular disease SBP: Spontaneous bacterial peritonitis, CRBSI: Catheter-related blood-
stream infections MV: Mechanical ventilation, RRT: Renal replacement therapy




Supplementary Table 2. Baseline laboratory findings according to ICU outcome in subgroup patients with low CLIF-C ACLF Score

All Patients (n=55) Survivors (n=34) Non-survivors (n=21) P value**

Hb (g/dL) 8.7 (7.9-10.7) 8.8(7.9-10.7) 8.7 (8.1-10.2) 0.556
WBC (/L) 6101 (3910-11790) 5981 (3910-11300) 6650 (4100-13700) 0.678
PMNL (/pL) 4582 (3200-9800) 4320 (2950-9100) 5035 (3245-10650) 0.597
Lymphocyte (/pL) 600 (292-930) 616 (460-1076) 575 (155-768) 0.111

Lactate dehydrogenase (U/L) 379 (235-653) 345 (223-565) 511 (354-1071) 0.060
Platelet (/pL) 74000 (50000-110000) 75300 (51200-108000) 67000 (40700-124300) 0.665
INR 1.57 (1.4-1.88) 1.54 (1.34-1.75) 1.68 (1.34-1.75) 0.060
aPTT 34 (29-43) 34 (29-39) 37 (32-55) 0.110
C-reactive protein (mg/L) 79 (28-126) 67 (27-126) 92 (28-127) 0.563
Procalcitonin (ng/mL) 1.42 (0.46-8.06) 1.16 (0.41-10.03) 2.03 (0.65-7.5) 0.636
Blood Urea Nitrogen (mg/dL) 51(28-74) 47 (25-71) 54 (34-77) 0.488
Creatinine (mg/dL) 1.7 (0.76-2.5) 1.81(0.9-3.84) 1.48 (0.74-1.85) 0.111

Albumin (g/dL) 2.5(2.15-2.8) 2.5(2.15-2.8) 2.3 (2.18-2.6) 0.349
Aspartate transaminase (U/L) 70 (45-136) 53 (36-110) 110 (70-183) 0.002
Alanine transaminase (U/L) 37 (23-78) 26 (21-38) 58 (47-116) <0.001
Total Bilirubin (mg/dL) 2.7 (1.87-4.9) 2.7 (1.8-4.8) 2.9 (2.2-5.24) 0.735
Direct Bilirubin (mg/dL) 1.3 (0.7-2.6) 1.2(0.7-2.6) 1.5 (1.1-2.53) 0.415
Lactate (mmol/L) 2.9 (2.1-4.4) 2.47 (1.8-3.8) 4.5 (2.9-7.0) 0.001
NLR 7.71 (5.2-21.93) 7.1 (5-20) 8.55 (5.95-31) 0.157
dNLR 4.4 (2.95-8.67) 4.14 (2.9-6.55) 4.9 (3.35-12) 0.226
PLR 128 (79.4-259) 98 (76-247) 160 (90-343) 0.311

PCR 40 (18.9-117.2) 32 (20-89) 58.9 (19-131.2) 0.729
LAR 1.3 (0.78-2.05) 0.90 (0.74-1.57) 2.05 (1.3-2.94) <0.001

*median (25th percentile-75th percentile) **p-value <0.05 was considered statistically significant.
dNLR: derived neutrophil-lymphocyte ratio, Hb: hemoglobin, LAR: Lactate albumin ratio, NLR: neutrophil-lymphocyte ratio, PCR: platelet creatinine ratio, PLR:
platelet lymphocyte ratio, PMNL: Polymorphonuclear leukocytes, WBC: White Blood Cell

Supplementary Table 3. Multivariate Analysis of Independent Risk
Factors for ICU mortality in subgroup patients with low CLIF-C

ACLF Score
Adjusted OR (95% ClI) P Value**

APACHE Il Score 1.105 (0.899-1.357) 0.343
SOFA Score 0.931(0.630-1.376) 0.719
LAR 3.768 (2.120-12.682) 0.032
Alanine transaminase 1.003 (0.990-1.016) 0.657
Gender 3.034 (0.378-24.379) 0.296
Respiratory infectionas  8.689 (1.036-72.839) 0.046
a source of sepsis

Co-existence of HCC 0 (0-0) 0.999
Blood transfusion 4.659 (0.564-38.511) 0.153

**p-value <0.05 was considered statistically significant. APACHE: Acute
Physiology and Chronic Health Evaluation, SOFA: Sequential Organ Failure
Assessment, HCC: Hepatocellular carcinoma, LAR: Lactate albumin ratio,
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Supplementary Figure 1. ROC Curve of LAR (AUC; Area under the curve,
LAR: Lactate albumin ratio, ROC: Receiver Operating Characteristic).



