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Background: Sepsis and acute-on-chronic liver failure (ACLF) constitute a severe clinical interaction, resulting in alarmingly high
short-term mortality rates. Current prognostic models, such as the Sequential Organ Failure Assessment (SOFA) score, lack specificity
for this distinct patient group. The pathophysiology of both conditions is critically influenced by immune dysfunction, systemic
inflammation, and nutritional deficits. This study sought to develop and validate a novel prognostic model that integrates immune-
inflammatory-nutritional indicators to enhance the prediction of 28-day mortality in sepsis patients with ACLF.

Methods: A retrospective cohort study was conducted involving 246 sepsis patients with ACLF admitted to Shaanxi Provincial
People’s Hospital. Participants were randomly divided into a training cohort (n=185) and a validation cohort (n=61). Least absolute
shrinkage and selection operator (LASSO) regression and multivariate logistic regression analyses were utilized to identify indepen-
dent predictors and construct a prognostic nomogram. The model’s efficacy was thoroughly evaluated based on its discriminative
capacity (area under the receiver operating characteristic curve, AUC), calibration (calibration curves), and clinical utility (decision
curve analysis, DCA).

Results: The 28-day mortality rate was observed to be 37.0%. Six independent predictors were identified and integrated into the
nomogram: hepatic encephalopathy, D-dimer levels, platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), ALBI
grade, and the systemic inflammation response index (SIRI). The nomogram exhibited exceptional discriminative ability, with AUC
values of 0.907 and 0.862 in the training and validation cohorts, respectively, significantly surpassing the performance of the SOFA
score (AUCs: 0.651 and 0.624). Calibration curves indicated excellent concordance between predicted and observed outcomes, while
DCA confirmed a substantial clinical net benefit across a broad range of threshold probabilities.

Conclusion: We have successfully developed and validated a robust nomogram that utilizes routinely available immune-inflammatory
-nutritional indicators to provide individualized risk estimation of 28-day mortality in sepsis patients with ACLF. This model
represents an advanced prognostic instrument when compared to traditional scoring systems, with the potential to enable early
detection of high-risk patients and inform individualized therapeutic interventions.
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Introduction

Sepsis, characterized as a life-threatening organ dysfunction resulting from a dysregulated host response to infection,
continues to be a predominant cause of mortality in intensive care units globally.! The clinical progression of sepsis is
significantly exacerbated in patients with pre-existing chronic liver disease, leading to the development of acute-on-
chronic liver failure (ACLF).> ACLF is defined by acute hepatic decompensation, severe systemic inflammation, and
elevated short-term mortality due to failures in extrahepatic organs.”> The intersection of sepsis and ACLF establishes

a detrimental cycle: sepsis frequently triggers ACLF, while the immunocompromised condition associated with ACLF
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increases susceptibility to severe and recurrent infections.*® Furthermore, research indicates a strong association
between sepsis and the onset of ACLF, particularly in patients with hepatitis B-related ACLF, where infections
substantially elevate disease severity and mortality rates.” This detrimental synergy contributes to 28-day mortality
rates that can surpass 42.9%, posing a significant challenge to clinicians.’

Precise risk stratification is essential for optimizing resource allocation, informing clinical decisions, and potentially
guiding novel interventions. The Sequential Organ Failure Assessment (SOFA) score is a widely utilized and validated
instrument for evaluating organ dysfunction and predicting mortality in critically ill patients, including those with sepsis."
Nevertheless, its application in the specific and complex cohort of sepsis patients with ACLF presents pronounced
limitations. As a general critical illness score, the SOFA system does not explicitly incorporate crucial liver-specific
prognostic determinants, such as the degree of portal hypertension, synthetic liver function, or nuanced indicators of
hepatic encephalopathy severity.®> More importantly, it fails to capture the essential dynamics of the immune-
inflammatory and nutritional axes—dimensions increasingly recognized as pivotal drivers of pathophysiology and
outcomes in this unique population.'® '? Other liver-specific scoring systems (eg, Child-Pugh, MELD) also have inherent
limitations in this context; they often rely on subjective clinical assessments, may not fully reflect acute-on-chronic
pathophysiology, and similarly lack integration of the systemic inflammatory and immunological dysregulation that is
central to the sepsis-ACLF synergy.

It is important to acknowledge the inherent methodological considerations and potential limitations of prognostic
model development based on routinely collected clinical data, such as electronic medical records. These include
challenges related to data completeness (missing values), heterogeneity in measurement timing and clinical documenta-
tion, and the potential for unmeasured confounding factors—all of which are common in observational, retrospective
cohort studies and must be considered when interpreting model development and performance. Despite these challenges,
leveraging such real-world data remains invaluable for developing pragmatic, clinically applicable tools. Immune-
inflammatory-nutritional indicators are particularly pertinent in this context. Metrics such as the neutrophil-to-
lymphocyte ratio (NLR) and the systemic immune-inflammation index (SII) provide insights into the balance between
pro-inflammatory and immunocompetent cells.'*'> Nutritional markers, including the prognostic nutritional index (PNI),
serve not only as indicators of nutritional reserves but also as significant predictors of immune competence and overall
physiological resilience.'®'® The albumin-bilirubin (ALBI) grade offers an objective and refined assessment of liver
functional reserve, which, in certain contexts, surpasses the Child-Pugh score.'”?? These immune-inflammatory-
nutritional indicators have demonstrated prognostic value across a range of diseases, including cancers and liver
failure.'”-'***?* Nonetheless, there is a current lack of a comprehensive model that integrates this multifaceted immune-
inflammatory-nutritional information specifically for predicting mortality in the high-risk cohort of sepsis patients with
ACLF.

Therefore, the primary objective of this study was to develop and validate a novel, user-friendly prognostic
nomogram based on a panel of readily available immune-inflammatory-nutritional indicators. We hypothesize that
such an integrated model would provide a more accurate and individualized prediction of 28-day mortality than existing

scores, thereby offering a valuable tool for improving patient management and outcomes in this complex population.

Materials and Methods

Study Design

This retrospective, single-center cohort study was conducted at Shaanxi Provincial People’s Hospital. We systematically
screened all adult patients (aged 18 years and older) who were admitted to the intensive care unit (ICU) from
January 2020 to October 2025. The study protocol received approval from the Institutional Review Board of Shaanxi
Provincial People’s Hospital (Approval No: 2025R082). This study is reported in accordance with the REporting of
studies Conducted using Observational Routinely-collected Data (RECORD) statement.
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Population

The study population comprised adult patients (>18 years) admitted to the ICU with concurrent diagnoses of sepsis and
ACLF. The definition of sepsis adhered to the Sepsis-3 International Consensus, which requires a suspected or confirmed
infection in conjunction with an acute increase of 2 or more points in the SOFA score.' The diagnosis of ACLF was
based on criteria established by the Chinese Medical Association,”> characterized by an acute or subacute exacerbation of
pre-existing chronic liver disease. Key diagnostic criteria included significant jaundice, defined as a serum total bilirubin
(TBIL) level of > 171 umol/L or a daily increase of > 17.1 umol/L, and severe coagulopathy, indicated by a prothrombin
time activity (PTA) of <40% or an international normalized ratio (INR) of > 1.50. The exclusion criteria were: (1) < 18
years old (n=1); (2) The length of stay in ICU was less than 24 hours (n=6); (3) Presence of severe chronic kidney
disease, cardiopulmonary disease, or other significant comorbidities; (4) Hepatocellular carcinoma or other malignant
tumors; (5) Patients after liver transplantation.

Data Collection and Variable Definitions

Clinical and laboratory data were systematically extracted from the hospital’s electronic medical records within the first
24 hours of admission. Collected variables included: (1) Demographics and Comorbidities: Age, gender, and pre-existing
conditions (eg, hypertension, diabetes); (2) Vital Signs: Body temperature, heart rate, respiratory rate, and mean arterial
pressure. (3) Chronic Liver Disease Etiology and Complications: Presence of hepatitis B virus (HBV) infection,
decompensated cirrhosis, hepatic encephalopathy (HE), esophagogastric variceal bleeding (EVB), ascites, and acute
kidney injury (AKI). (4) Laboratory Parameters: Routine hematological, biochemical, and coagulation profiles; (5)
Clinical Scores: SOFA score was calculated for all patients; (6) Immune-Inflammatory-Nutritional Indicators: The
following composite scores were calculated from the baseline laboratory data: ALBI Grade: Calculated as (loglO
Bilirubin (umol/L) x 0.66) — (Albumin (g/L) x 0.085); NLR: Absolute neutrophil count/Absolute lymphocyte count;
Platelet-to-Lymphocyte Ratio (PLR): Platelet count/Absolute lymphocyte count; Lymphocyte-to-Monocyte Ratio (LMR):
Absolute lymphocyte count/Absolute monocyte count; PNI: Calculated as Albumin (g/L) + 5 X (Absolute lymphocyte
count (x10°/L)); SII: (Platelet count x Neutrophil count)/Lymphocyte count; Systemic Inflammation Response Index
(SIRI): (Neutrophil count X Monocyte count)/Lymphocyte count. Patients were classified into three ALBI grades: Grade
1 (£-2.60), Grade 2 (> —2.60 to < —1.39), and Grade 3 (> —1.39). All data were independently reviewed by two senior
critical care physicians. In case of any disagreement, a third expert would make the final decision.

Sepsis-Specific Data

To characterize the infectious and systemic aspects of sepsis, we collected the following additional information: (1)
Primary infection focus, categorized as pulmonary, intra-abdominal, urinary tract, bloodstream, soft tissue, or other; (2)
Initial antibiotic therapy, recorded as appropriate (defined as administration of antibiotics covering the identified or
suspected pathogen(s) within 24 hours of sepsis recognition) or inappropriate/delayed; (3) Incidence of new extrahepatic
organ failures developing, such as heart failure (HF), respiratory failure (RF) and acute renal failure (ARF).

Data Completeness

After applying the exclusion criteria—specifically, the removal of patients lacking complete key data—the final analysis
included a cohort of 635 patients, forming a complete-case dataset. A thorough review verified that within this group, all
demographic, clinical, laboratory, and immune-inflammatory-nutritional predictors outlined in the Data Extraction
section contained no missing values. As a result, no data imputation techniques were necessary or employed.

Sample Size Consideration

With 4-6 potential modeling predictors reported in previous studies and considering the 35% 28-day mortality from
preliminary investigation, we estimated that 114—171 patients (with 40-60 28-day mortality outcome) were needed for
sufficient precision of model construction to follow the principle of at least ten outcome events per variable in the
regression analysis.
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Statistical Analysis
The entire cohort was randomly divided into a training set, comprising 75% of the patients, for the purpose of model
development, and a validation set, consisting of 25% of the patients, for internal validation. Continuous variables were
reported as medians with interquartile ranges (IQR) and analyzed using the Mann—Whitney U-test. Categorical variables
were presented as frequencies (percentages) and analyzed using either the Chi-square test or Fisher’s exact test, as
appropriate. Survival analysis was performed using the Kaplan-Meier method to estimate the 28-day survival probability
over time. Within the training set, univariate logistic regression analysis was conducted to evaluate the association
between each variable and 28-day mortality. Variables demonstrating a P-value of less than 0.05 were identified as
potential predictors for further analysis. To address multicollinearity and identify the most pertinent features, the least
absolute shrinkage and selection operator (LASSO) method was employed on the significant variables from the
univariate analysis. Variables with non-zero coefficients from the LASSO regression were subsequently included in
a multivariate logistic regression model to construct the final prediction model. It is important to note that all variable
selection steps (univariate analysis, LASSO regression, and subsequent multivariable logistic regression) were performed
exclusively on the training cohort. A visual nomogram was developed based on the final multivariate logistic regression
model to serve as a user-friendly tool for individualized risk prediction. The predictive accuracy of the nomogram was
assessed by calculating the Area Under the Receiver Operating Characteristic Curve (AUC) for both the training and
validation datasets. Model calibration was evaluated through calibration curves, which depicted the relationship between
predicted probabilities and observed mortality frequencies. Decision Curve Analysis (DCA) was conducted to assess the
clinical net benefit of the nomogram across various threshold probabilities within both cohorts.

All statistical analyses were executed using SPSS Statistics (version 26.0) and R software (version 4.2.1), with a two-
sided P-value of less than 0.05 deemed statistically significant.

Result

Basic Characteristics

A total of 246 sepsis patients with ACLF were included in this study, with 91 (37.0%) experiencing 28-day mortality
(Figure 1). Furthermore, the cohort was randomly divided into a training set (n = 185, 75%) and a validation set (n = 61,
25%). As summarized in Table 1, the two groups were well-balanced in terms of demographic characteristics, vital signs,
comorbidities, laboratory parameters, immune-inflammatory-nutritional indicators, and clinical outcomes (all P > 0.05).
The median age of the overall population was 54 years (IQR: 46—64), with 132 females (53.7%) and 114 males (46.3%).
Similar distributions were observed in both the training and validation sets. The overall 28-day survival probability was
estimated using Kaplan-Meier analysis. As shown in Supplementary Figure S1, with a cumulative survival probability of
63.0% at 28 days (consistent with the overall mortality rate of 37.0%). The training set contained 65 events (35.1%
mortality) and the validation set contained 26 events (42.6% mortality). The event-per-predictor (EPV) ratio in the

training set was approximately 10.8, meeting the common threshold of >10 EPV recommended for stable multivariable
logistic regression model development.

Sepsis Characteristics and Organ Failures

The primary foci of infection among the 246 patients were: pulmonary (n=98, 39.8%), intra-abdominal (n=74, 30.1%),
urinary tract (n=28, 11.4%), bloodstream (n=25, 10.2%), soft tissue (n=10, 4.1%), and other (n=11, 4.5%). Appropriate
initial antibiotic therapy was administered to 72.4% (n=178) of patients. In addition to hepatic failure, the most prevalent
organ failures were RF in 17.5% (n=43), HF in 24.8% (n=61), and ARF in 9.3% (n=23). A detailed breakdown is
provided in Supplementary Table S1.

Univariate Analysis

Univariate logistic regression analysis was performed in the training cohort to identify potential predictors of 28-day mortality
(Table 2). Several variables were significantly associated with increased mortality, including HE (OR = 3.349, 95% CI:
1.773-6.329), EVB (OR = 7.250, 95% CI: 2.256-23.299), D-D (OR = 1.125, 95% CI: 1.053-1.202), APTT (OR = 1.039,
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Sepsis patients with acute-on-chronic liver failure
from Shaanxi Provincial People's Hospital
between January 2020 and October 2025 (n=274)

(1) <18 years old (n=1)

(2) The length of stay in ICU was less than 24 hours (n=6)

(3) Presence of severe chronic kidney disease, cardiopulmonary
disease, or other significant comorbidities(n=6)

(4) Hepatocellular carcinoma or other malignant tumors (n=10)

(5) Patients after liver transplantation (n= 5)

Final cohort (n=246)

|

Training cohort

(n=185)
[
J y
Death group Survival group
(n=65) (n=120)

l

Validation cohort
(n=l6 1)
J J
Death group Survival group
(n=26) (n=35)

Figure | The flowchart of patient selection from the Shaanxi Provincial People’s Hospital.

95% CI: 1.012-1.067), PT (OR = 1.102, 95% CI: 1.054-1.152), WBC (OR = 1.071, 95% CI: 1.018-1.128), and SOFA score (OR
= 1.245, 95% CI: 1.096-1.461). Conversely, globulin (OR = 0.950, 95% CI: 0.913-0.988), and PTA (OR = 0.986, 95% CI:
0.973—-1.000) were inversely associated with mortality. Among immune-inflammatory-nutritional indicators, NLR (OR = 1.063),

Table | Baseline Characteristics of Sepsis Patient with Acute-on-Chronic Liver Failure

Variable Total (n =246) | Training (n=185) | Validation (n=61) | P value
Morality, n (%) 0.369
No 155 (63.0) 120 (64.9) 35 (57.4)
Yes 91 (37.0) 65 (35.1) 26 (42.6)
Age 54 (46, 64) 53 (46, 66) 54 (44, 64) 0.930
Gender, n (%) 0.715
Female 132 (53.7) 101 (54.6) 31 (50.8)
Male 114 (46.3) 84 (45.4) 30 (49.2)
Vital signs
T (-C) 36.6 (36.3, 36.9) 36.6 (36.4, 36.9) 36.5 (36.3, 36.9) 0.552
RR (bpm) 20 (19, 21) 20 (19, 22) 20 (18, 21) 0.178
HR (bpm) 91 (81, 107) 91 (81, 106) 91 (79, 110) 0.856
MAP (mmHg) 86.7 (76.9, 97.4) 85.6 (75.0, 97.5) 90 (81, 98) 0.160
Comorbidities
Hypertension, n (%) 0.978
No 216 (87.8) 163 (88.1) 53 (86.9)
Yes 30 (12.2) 22 (11.9) 8 (13.1)
Diabetes, n (%) 0.965
No 205 (83.3) 153 (82.7) 52 (85.2)
Yes 41 (16.7) 32 (17.3) 9 (14.8)

(Continued)
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Table | (Continued).

Variable Total (n =246) | Training (n=185) | Validation (n=61) | P value

Decompensated cirrhosis, n (%) 0.662

No 101 (41.1) 74 (40) 27 (44.3)

Yes 145 (58.9) 111 (60) 34 (55.7)

HE, n (%) 0.554

No 155 (63) 119 (64.3) 36 (59)

Yes 91 (37.0) 66 (35.7) 25 (41)

EVB, n (%) 0.185

No 219 (89.0) 168 (90.8) 51 (83.6)

Yes 27 (11.0) 17 (9.2) 10 (16.4)

HBY, n (%) 0.259

No 140 (56.9) 101 (54.6) 39 (63.9)

Yes 106 (43.1) 84 (45.4) 22 (36.1)

Ascites, n (%) 0.883

No 221 (89.8) 167 (90.3) 54 (88.5)

Yes 25 (10.2) 18 (9.7) 7 (11.5)

AKI, n (%) 0.896

No 201 (81.7) 152 (82.2) 49 (80.3)

Yes 45 (18.3) 33 (17.8) 12 (19.7)

Laboratory test

PTA (%) 36.4 (23.0, 61.0) 37.0 (24.5, 62.5) 334 (21.0, 45.2) 0.086

TT (S) 19.4 (17.6, 22.8) 19.4 (17.6, 22.7) 20.1 (17.5, 22.9) 0.583

INR 1.67 (1.26, 2.39) 1.67 (1.26, 2.37) 1.73 (1.29, 2.66) 0.558

FDP (mg/L) 8.55 (4.43, 19.32) | 8.46 (4.37, 19.10) 9.33 (4.90, 21.83) 0.607

D-D (mg/L) 3.06 (1.50, 5.80) 3.00 (1.42, 5.50) 3.80 (2.05, 7.75) 0.098

FIB (g/L) 1.90 (1.31, 3.28) 1.94 (1.32, 3.28) 1.75 (1.25, 3.28) 0.398

APTT (S) 48.7 (43.8, 54.8) 48.5 (42.7, 54.8) 49.5 (45.1, 55.1) 0.350

PT (S) 19.7 (16.4, 25.8) 19.5 (15.6, 25.7) 21.0 (17.9, 26.8) 0.371

Globulin (g/L) 28.2 (23.3, 33.2) 28.1 (23.1, 33.1) 28.2 (24.8, 33.4) 0.512

AST (U/L) 93.5 (44.5,214.3) | 97.0 (46.5, 216.0) 88.0 (38.5, 152.5) 0.484

ALT (U/L) 60.0 (30.8, 156.3) | 64.0 (34.5, 156.5) 50.0 (24.5, 157.0) 0.373

Glucose (mmol/L) 6.18 (4.66, 8.93) 6.15 (4.58, 8.60) 6.52 (4.86, 10.43) 0.087

WBC (x 10°/L) 7.79 (5.09, 13.37) | 7.32(5.09, 12.79) 9.01 (5.29, 13.65) 0.423

RDW-SD (fL) 56.2 (47.3, 67.1) 55.9 (47.3, 66.7) 57.4 (484, 67.8) 0.582

RDW-CV (%) 16.3 (14.2, 19.4) 16.1 (14.1, 19.4) 16.8 (14.6, 19.6) 0.213

Hemoglobin (g/L) 11.2 (10.1, 12.3) 1.1 (10.1, 12.2) 11.3 (104, 12.5) 0.294

RBC (x 10'%/L) 107 (86, 127) 107 (86, 126) 109 (82, 130) 0.734

MPV (fL) 3.27 (2.63, 4.05) 3.25 (2.63, 4.05) 3.30 (2.64, 4.09) 0.748

PCT (ng/mL) 1.26 (0.64, 6.01) 1.35 (0.70, 6.89) 1.02 (0.42, 2.92) 0.090

CRP (mg/L) 29.8 (10.0, 74.8) 35.8 (102, 75.2) 25.4 (10.0, 75.4) 0.163

UA (umol/L) 253 (149, 397) 265 (153, 398) 244 (146, 385) 0.443

TC (mmol/L) 2.10 (1.40, 2.89) 2.14 (1.50, 2.94) 1.86 (1.29, 2.62) 0.218

Cystatin-C (mg/L) 1.52 (1.07, 2.37) 1.61 (1.07, 2.42) 1.36 (1.06, 2.29) 0.342

BUN (mmol/L) 8.96 (5.53, 17.07) | 9.74 (5.75, 18.10) 7.47 (5.18, 15.90) 0.145

Cr (umol/L) 78.6 (54.0, 168.8) | 82.0 (53.5, 170.5) 72.0 (55.5, 150.5) 0.457

CRRT, n (%) 0.769

No 179 (72.8) 136 (73.5) 43 (70.5)

Yes 67 (27.2) 49 (26.5) 18 (29.5)

SOFA 8 (6, 10) 8 (6, 10) 7(6,9) 0.127
(Continued)
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Table | (Continued).

Variable Total (n =246) | Training (n=185) | Validation (n=61) | P value
Mechanical ventilation n (%) 0.972
No 200 (81.3) 151 (81.6) 49 (80.3)

Yes 46 (18.7) 34 (184) 12 (19.7)

Hospital LOS (days) 13 (7, 26) 13 (8,27) 14 (6, 27) 0.619
Immune-inflammatory-nutritional indicators

ALBI grade 0919
Grade | 30 (3.7) 7 (3.8) 2 (3.3)

Grade 2 61 (24.8) 47 (25.4) 14 (23.0)

Grade 3 176 (71.5) 131 (70.8) 45 (73.8)

NLR 1.1 (5.6, 23.9) 10.5 (5.9, 22.8) 12.9 (5.1, 24.1) 0.885
PLR 130 (76, 251) 130 (81, 227) 130 (63, 291) 0.727
LMR 1.57 (0.81, 2.88) 1.57 (0.83, 2.88) 1.62 (0.79, 2.80) 0.741
SIRI 4.53 (1.98, 11.66) | 4.46 (2.04, 10.50) 5.57 (1.57, 16.41) 0.710
PNI 323 (27.7, 36.9) 323 (27.7, 36.7) 33.0 (288, 37.8) 0.246
Sil 984 (464, 2223) 1026 (456, 2230) 913 (476, 2338) 0.820
LAR 0.17 (0.10, 0.05) 0.09 (0.05, 0.16) 0.11 (0.06, 0.20) 0.091

Abbreviations: T, body temperature; HR, heart rate; RR, respiratory rate; MAP, mean arterial pressure; AKI, acute kidney injury;
HE, hepatic encephalopathy; EVB, esophagogastric variceal bleeding; HBV, hepatitis B virus; PTA, prothrombin activity; INR,
international normalized ratio; PT, prothrombin time; APTT, activated partial thromboplastin time; D-D, D-dimer; FDP, fibrinogen
degradation products; FIB, fibrinogen; AST, aspartate transaminase; ALT, alanine aminotransferase; WBC, white blood cell; RDW-
CV, red cell distribution width-coefficient of variation; RDW-SD, red cell distribution width-standard deviation; MPV, mean platelet
volume; PCT, procalcitonin; CRP, C-reactive protein; UA, uric acid; TC, total cholesterol; CRRT, continuous renal replacement
therapy; BUN, blood urea nitrogen; Cr: creatinine; SOFA, sequential organ failure assessment; ICU, intensive care unit; LOS,
Length of stay; ALBI: albumin-bilirubin; NLR, neutrophil-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR: lymphocyte-to-
monocyte ratio; SIRI, systemic inflammation response index; PNI, prognostic nutritional index; Sll, systemic immune-inflammation

index; LAR, lactate-albumin ratio.

Table 2 Univariate Analysis of Predictive Variables of the 28-
Day Mortality in the Training Cohort

Variables OR 95% CI P value
Age (years) 0.982 0.962-1.002 0.083
Gender 1.153 0.629-2.112 0.646
Vital signs
T (°C) 0.963 0.628-1.475 0.861
RR (bpm) 1.010 0.938-1.088 0.783
HR (bpm) 1.005 0.989-1.022 0.534
MAP (mmHg) 1.006 0.986-1.027 0.552
Comorbidities
Hypertension 1.323 0.533-3.284 0.547
Diabetes 0.960 0.431-2.140 0.921
Respiratory failure 1.030 0.445-2.386 0.944
HBV 0.865 0.471-1.589 0.640
AKI 1.700 0.792-3.650 0.174
Ascites 1.196 0.440-3.250 0.726
HE 3.349 1.773-6.329 < 0.001
EVB 7.250 2.256-23.299 < 0.001
Decompensated cirrhosis 0.906 0.490-1.675 0.753
(Continued)
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Table 2 (Continued).

Variables OR 95% ClI P value
Laboratory test

PTA (%) 0.986 0.973-1.000 0.046
TT (S) 0.991 0.961-1.021 0.544
INR 1.011 0.746—1.370 0.943
FDP (mg/L) 1.000 0.998-1.003 0.719
D-D (mg/L) 1.125 1.053-1.202 < 0.001
FIB (g/L) 0.991 0.827-1.188 0.926
APTT (S) 1.039 1.012—-1.067 0.005
PT (S) 1.102 1.054-1.152 < 0.001
PTA (%) 0.950 0.913-0.988 0.011
AST (U/L) 1.000 1.000-1.000 0.809
ALT (U/L) 1.000 1.000—1.000 0.564
Glucose (mmol/L) 0.960 0.893-1.032 0.269
WBC (x 10°/L) 1.071 1.018-1.128 0.009
RDW-SD (fL) 0.991 0.968-1.014 1.014
RDW-CV (%) 0.966 0.855-1.054 0.440
Hemoglobin (g/L) 1.004 0.993-1.015 0.510
RBC (x 10'%/L) 1.122 0.806—1.561 0.495
MPV (fL) 0.980 0.805-1.194 0.884
PCT (ng/mL) 1.009 0.996-1.023 0.180
CRP (mg/L) 1.000 0.995-1.005 0.931
UA (umol/L) 1.000 0.998-1.001 0.882
TC (mmol/L) 1.077 0.839-1.381 0.561
Cystatin-C (mg/L) 1.070 0.833-1.374 0.599
BUN (mmol/L) 0.982 0.951-1.015 0.283
Cr (umol/L) 1.000 0.998-1.002 0.796
CRRT, n (%) 1.395 0.712-2.732 0.332
Mechanical ventilation 0.727 0.324-1.633 0.440
SOFA 1.245 1.096—1.461 < 0.001
Hospital LOS (days) 0.782 0.720-0.849 < 0.001
ALBI 5.984 2.461-14.552 < 0.001
NLR 1.063 1.037-1.090 < 0.001
PLR 1.002 1.000-1.003 0.018
LMR 0.374 0.255-0.550 < 0.001
PNI 0.883 0.831-0.938 < 0.001
N 1.000 1.000-1.000 < 0.001
SIRI 1.133 1.073-1.196 < 0.001
LAR 140.856 | 8.602-2306.381 | < 0.00I

Abbreviations: T, body temperature; HR, heart rate; RR, respiratory rate; MAP,
mean arterial pressure; AKI, acute kidney injury; HE, hepatic encephalopathy;
EVB, esophagogastric variceal bleeding; HBV, hepatitis B virus; PTA, prothrombin
activity; INR, international normalized ratio; PT, prothrombin time; APTT, acti-
vated partial thromboplastin time; D-D, D-dimer; FDP, fibrinogen degradation
products; FIB, fibrinogen; AST, aspartate transaminase; ALT, alanine aminotrans-
ferase; WBC, white blood cell; RDW-CYV, red cell distribution width-coefficient of
variation; RDW-SD, red cell distribution width-standard deviation; MPV, mean
platelet volume; PCT, procalcitonin; CRP, C-reactive protein; UA, uric acid; TC,
total cholesterol; CRRT, continuous renal replacement therapy; BUN, blood urea
nitrogen; Cr, creatinine; SOFA, sequential organ failure assessment; ICU, inten-
sive care unit; LOS, Length of stay; ALBI, albumin-bilirubin; NLR, neutrophil-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-
monocyte ratio; SIRI, systemic inflammation response index; PNI, prognostic
nutritional index; SllI, systemic immune-inflammation index; LAR, lactate-
albumin ratio.
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Figure 2 Clinical Predictor Selection by LASSO Regression. (A) The regularization paths show how feature coefficients shrink as the penalty parameter (lambda) increases.
(B) Ten-fold cross-validation curve. The optimal lambda (lambda.lse) was selected using the one-standard-error rule, which favors a simpler model while maintaining
predictive accuracy, resulting in the final set of predictors.

PLR (OR = 1.002), SIRI (OR = 1.133), SII (OR = 1.000), and LAR (OR = 140.856) were significant positive predictors, while
LMR (OR = 0.374) and PNI (OR = 0.883) were protective factors.

Variable Selection and Model Development

Based on the results from the training cohort, a LASSO regression analysis was performed to address multicollinearity among the
predictors identified as significant (P < 0.05) in the univariate analysis, among which the optimal lambda was selected through
10-fold cross-validation (Figure 2). The following variables were retained for further analysis: HE, EVB, PTA, D-D, PT,
globulin, ALBI, PLR, LMR, SIRI, and LAR. Multivariate logistic regression in the training cohort (Table 3) identified HE (OR =
6.100), D-D (OR =1.160), PLR (OR = 1.001), LMR (OR =0.690), ALBI (OR = 5.901), and SIRI (OR = 1.078) as independent
predictors of 28-day mortality. These variables were incorporated into a prognostic nomogram for individualized risk prediction
(Figure 3).

Model Validation and Performance

The predictive accuracy of the nomogram was evaluated using ROC curve analysis. In the training cohort, the area under
the curve (AUC) was 0.907, while in the validation cohort, the AUC was 0.862 (Figure 4). The model demonstrated
superior discriminative ability compared to the SOFA score (training AUC = 0.651, validation AUC = 0.624). Calibration

Table 3 Multivariate Logistic Regression Analysis in the Training

Cohort

Variables B SE Wald | P-value OR (95% CI)
HE 1.808 | 0.492 | 13.498 | <0.001 | 6.100 (2.325-16.006)
D-D 0.149 | 0.051 | 8.640 0.003 1.160 (1.051-1.281)
PLR 0.001 | 0.001 | 3.177 0.075 1.001 (1.000-1.003)
LMR —0.371 | 0.193 | 3.686 0.055 0.690 (0.472-1.008)
ALBI 1.775 | 0.565 | 9.870 0.002 | 5.901 (1.950-17.862)
SIRI 0.075 | 0.028 | 7.342 | <0.007 1.078 (1.021-1.138)
Constant | —7.237 | 1.735 | 17.404 | < 0.001 -

Abbreviations: HE, hepatic encephalopathy; D-D, D-dimer; ALBI, albumin-bilirubin; SIRI,
systemic inflammation response index; PLR, platelet-to-lymphocyte ratio; LMR, lympho-
cyte-to-monocyte ratio.
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Figure 3 Prognostic nomogram for 28-day mortality in sepsis patients with ACLF.
Abbreviations: HE, hepatic encephalopathy; D-D, D-dimer; ALBI, albumin-bilirubin; SIRI, systemic inflammation response index; PLR, platelet-to-lymphocyte ratio; LMR,
lymphocyte-to-monocyte ratio.

curves showed good agreement between predicted and observed outcomes in both cohorts (Figure 5). Decision curve
analysis (DCA) further confirmed the clinical utility of the nomogram, indicating a net benefit across a wide range of
threshold probabilities.

Discussion

In this study, we developed and rigorously validated an innovative prognostic nomogram that integrates hepatic
encephalopathy, D-dimer, and four immune-inflammatory-nutritional indicators (PLR, LMR, ALBI and SIRI) to predict
28-day mortality in sepsis patients with ACLF. The model exhibited exceptional discriminative ability, with AUC values
exceeding 0.86 in both cohorts, significantly surpassing the performance of the SOFA score. Its robust performance was
further substantiated by excellent calibration and a clear net clinical benefit across a wide range of risk thresholds,
highlighting its potential for immediate clinical application.

The prognostic efficacy of our model is partially attributed to its integration of pivotal clinical complications,
specifically HE. This condition is direct manifestations of advanced liver dysfunction, fundamental pathophysiological
characteristics of ACLF. The occurrence of HE indicates not only impaired ammonia clearance due to liver failure but
also significant systemic neuroinflammation and altered cerebral perfusion, often intensified by the systemic inflamma-
tory response associated with sepsis.”**’ Consequently, the inclusion of HE in our model encapsulates a crucial aspect of
illness severity, rooted in the fundamental hemodynamic and metabolic disturbances of ACLF, which are exacerbated in
the context of sepsis.>***° Moreover, our model highlights the critical importance of coagulopathy by incorporating
D-dimer as a key indicator. In patients with sepsis and ACLF, coagulopathy embodies a complex duality. APTT
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Figure 4 Predictive Performance of the Nomogram and SOFA Score. ROC curves evaluating the prediction of 28-day mortality in sepsis patients with ACLF. The nomogram
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Abbreviations: ROC, receiver operating characteristic; AUC, area under the receiver operating characteristics curve; SOFA, sequential organ failure assessment.

prolongation signifies impaired hepatic synthesis of essential clotting factors, directly resulting from synthetic liver
failure.*® Conversely, elevated D-dimer levels suggest heightened fibrinolytic activity and microthrombus formation,
arising from widespread endothelial injury, disseminated intravascular coagulation (DIC), and systemic inflammation
induced by sepsis.>'*> This concurrent state of bleeding predisposition and pro-thrombotic tendency establishes
a precarious haemostatic balance. Our findings corroborate that these readily accessible coagulation markers are sensitive
indicators of this pathological condition, consistent with existing literature that identifies hyperfibrinolysis and prolonged

coagulation times as significant independent predictors of mortality in both liver failure and sepsis.>* ¢
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Abbreviation: DCA, Decision curve analysis.

The primary innovation of our model lies in the effective integration of immune-inflammatory-nutritional indicators.
The ALBI grade offers a more objective and nuanced evaluation of liver synthetic function compared to traditional
scores, as it is not influenced by the subjective grading of ascites and encephalopathy.®’ Its robust predictive capability
underscores the importance of baseline liver reserve as a critical determinant of survival in the event of new insults such
as sepsis.”® The SIRI, a comprehensive index that includes neutrophils, monocytes, and lymphocytes, provides an
overview of the systemic inflammatory environment. An elevated SIRI indicates a predominant pro-inflammatory
condition characterized by increased levels of neutrophils and monocytes, alongside immune exhaustion marked by
reduced lymphocyte counts. This phenotype is closely associated with tissue damage and adverse outcomes in both sepsis
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and cancer.’”*° Within the context of sepsis-associated ACLF, a high SIRI likely represents the unchecked cytokine
storm that precipitates multiorgan failure.

Additionally, PLR and LMR further refine our assessment of the immune-inflammatory and thrombotic milieu. PLR
serves as a composite marker reflecting both the degree of inflammatory stress and the compensatory capacity of the host.
Thrombocytopenia, a key component of PLR, is common in ACLF due to portal hypertension-induced splenic
sequestration and reduced thrombopoietin production from the failing liver. Concurrent lymphopenia, often observed
in sepsis, indicates immune paralysis and adrenal stress response. Thus, an elevated PLR encapsulates a state of
heightened inflammation coupled with impaired immune competence, which has been consistently linked to poor
outcomes in critical illnesses including sepsis and liver failure.*' Conversely, a decreased LMR, typically driven by
lymphocytopenia and monocytosis, offers distinct prognostic information. Lymphocytopenia indicates impaired adaptive
immunity, whereas an elevated monocyte count reflects persistent activation of the innate immune system and ongoing
tissue inflammation. In patients with sepsis-associated ACLF, a low LMR has been specifically linked to an increased
risk of secondary infections and organ failure, encapsulating the double hit of immune paralysis and sustained
inflammatory burden.** The integration of PLR and LMR thus allows for a more granular assessment of the immune-
inflammatory axis, complementing the information provided by SIRI and offering a holistic view of the patient’s
immunologic status.

Compared to the SOFA score, our nomogram provides distinct advantages for this particular patient cohort. Although
the SOFA score is a well-established and effective prognostic tool for general sepsis, its primary limitation in sepsis-
induced ACLF is its lack of specificity. It inadequately incorporates critical liver-specific parameters and fails to capture
the essential dynamics of the immune-inflammatory-nutritional axis, which are pivotal to the pathophysiology of ACLF.
Conversely, our model explicitly integrates these dimensions, thereby enhancing its predictive accuracy. Moreover, the
nomogram format offers a user-friendly interface that enables clinicians to calculate individualized mortality risk at the
bedside, which can be invaluable for communicating prognosis with families, triaging patients to higher levels of care, or
identifying candidates for salvage therapies.

Limitations

Despite its promising results, our study has several limitations that require acknowledgment. Firstly, the retrospective and
single-center design inherently introduces the potential for selection bias and limits the generalizability of our findings.
External validation in multi-center, prospective cohorts is essential to confirm the model’s robustness and transportability.
Secondly, although we included a comprehensive set of variables, data on certain potential confounders, such as the
specific microbiological etiology of sepsis, the use of specific vasopressors, or detailed pharmacological interventions,
were not available for analysis. Thirdly, although our sample size and event rate met commonly recommended thresholds
for prognostic model development, the number of predictors retained in the final model warrants caution regarding
potential overfitting. Internal validation via bootstrap resampling or a larger independent cohort would provide more
robust estimates of model performance. Fourthly, this was a single-center study, and the model has not yet been
externally validated in other populations or healthcare settings. Therefore, its generalizability remains to be established,
and we recommend external validation before widespread clinical implementation. Finally, the application of region-
specific diagnostic criteria for ACLF (Chinese Medical Association criteria) represents an important consideration. As
there is currently no universally accepted definition of ACLF—with notable differences existing between European
(EASL-CLIF), North American (NACSLD), and Asian (APASL/CMA) guidelines—the generalizability of our findings
to populations diagnosed under other criteria may be limited. Future validation studies in cohorts defined by different
diagnostic standards are needed to assess the model’s broader applicability.

Conclusion

We have successfully developed and validated an innovative prognostic nomogram that integrates clinical complications,
coagulation parameters, and immune-inflammatory-nutritional indicators to predict 28-day mortality in sepsis patients
with ACLF. This model exhibits superior performance compared to the SOFA score and provides a practical, indivi-
dualized risk assessment tool. Our model has been internally validated and demonstrates promising performance;
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however, it is important to note that external validation in independent, multicenter cohorts is necessary to confirm its
generalizability and clinical utility before it can be recommended for broader application. The nomogram holds promise
for enhancing clinical decision-making, enabling early intervention for high-risk patients, and serving as a valuable
instrument for risk stratification in both clinical practice and future research endeavors.
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