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The influence of dynamic trajectories of red blood cell distribution width on

prognosis in sepsis patients: a longitudinal study with external validation
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Background: Sepsis is a highly heterogeneous syndrome, and static clinical data do not provide a comprehensive characterization
of the full spectrum of patient conditions. This study investigated sepsis subtypes based on the dynamic trajectory of red cell 32

distribution width (RDW) aiming at better risk stratification of patients.

Methods: This retrospective study included a derived cohort of sepsis patients from the Medical Informatics Marketplace
Intensive Care Database (MIMIC IV) and an external validation cohort of sepsis patients from the First Affiliated Hospital of AnHui
Medical University department of Critical Care medicine Data Mart (AHCCDM) between January 2019 and June 2025. Latent Class
Trajectory Modeling (LCTM) was employed to identify distinct RDW trajectories over the first 5 days following ICU admission. We 39

compared the clinical characteristics and outcomes of patients in these subphenotypes to evaluate the prognostic significance of
RDW trajectory patterns in sepsis.

Results: A total of 20,485 sepsis patients from the MIMIC-IV database were included in the study as the derived cohort, and 627
sepsis patients from the AHCCDM dataset served as the external validation cohort. Based on the RDW trajectory analysis, three 44

different subtypes were identified, Class 1: stable, normal RDW; Class 2: rapidly increasing and severely abnormal RDW; Class 3:
stable, elevated RDW. Among them, the clinical characteristics of patients in category 2 included higher severity, more 47

severe inflammatory response, and more severe organ damage. Using Kaplan-Meier survival curve analysis to compare the

incidence of the primary outcome between groups, patients with class 2 sepsis had a significantly higher risk of death at 30, 60, 50

and 90 days than class 3 and 1. External validation revealed that the RDW trajectories were also classified into three distinct
groups, with patients in all three groups exhibiting similar mortality trends.

Conclusion: Dynamic RDW trajectories identify distinct sepsis subphenotypes associated with disease severity and mortality.
Serial RDW monitoring may serve as a simple tool for early risk stratification and individualized sepsis management.

Keywords: RDW, Sepsis, Mortality, Trajectories analysis
Background

Sepsis is a dysregulation of the inflammatory response to infection, leading to multiple organ dysfunction[1]. Mortality and
morbidity from sepsis affect millions of people worldwide, in both developing and developed countries[2]. In recent years, some
progress has been made in intensive treatment of sepsis and intensive care models, but the mortality rate of septic patients,
especially those with septic shock, is remain high[3]. However, sepsis is complex and dynamically changing, static indicators
do not represent the overall course of disease progression, and there is a lack of dynamic clinical biomarkers that can be widely
used in the early assessment of sepsis. Red cell distribution width (RDW) is a simple and easy-to-obtain counting value in routine
blood tests, which reflects the size and dispersion of red blood cells and is often used in the differential diagnosis of anemia, and
is calculated by dividing the standard deviation (SD) of red blood cell volume by the average red blood cell volume and expressing
the result as a percentage, The normal range is 11%~15%][4]. Recent studies have shown that RDW is also associated with the
prognosis of patients with heart failure, acute myocardial infarction, pulmonary embolism, critical illness, and cardiac arrest.
The pathophysiological mechanisms associated with RDW and the above mentioned diseases have not been very well explained,
and most of the studies have hypothesized that the above mentioned pathological processes are associated with inflammatory
responses and oxidative stress[5-7]. Sadaka et al [8]found in their study, there is a correlation between the incidence of sepsis
and RDW. Wang [9]et al found that RDW was an independent predictor of hospitalized mortality in elderly patients with sepsis.
Elevated RDW is associated with inflammatory biomarkers[10], and its levels increase in response to oxidative stress [11].
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Inflammation can impair iron metabolism, promote erythrocyte apoptosis, suppress erythropoietin production, and inhibit
bone marrow hematopoiesis[12, 13], all of which contribute to elevated RDW levels. A study reported that RDW has moderate
discriminatory power for mortality in critically ill patients[14], suggesting that RDW may be a potential biomarker for assessing
the severity of sepsis. However, the progression of sepsis is dynamic, while most existing clinical studies have focused on the
prognostic significance of static RDW measurements|8, 9, 14]. Therefore, the aim of this study was to investigate the association
between dynamic changes in the readily available biomarker RDW and long-term prognosis in patients with sepsis, and to provide
valuable insights for guiding clinical decision-making by evaluating the potential mediating role of RDW dynamics in survival

outcomes.
Materials and Methods
Data source

This study was a retrospective observational study based on two independent cohorts. The primary (derivation) cohort was
obtained from the Medical Information Mart for Intensive Care IV (MIMIC-IV, version 3.1) database, a large, freely accessible
critical care database developed by the Massachusetts Institute of Technology and the Beth Israel Deaconess Medical Center.
The database contains comprehensive electronic health records of 546,028 hospital admissions and 94,458 ICU stays between
2008 and 2019. Access to the MIMIC-IV database requires completion of the “Protecting Human Subjects Research” training
and signing of a data use agreement. The use of the MIMIC-IV database was approved by the Institutional Review Boards of the
Beth Israel Deaconess Medical Center (2001-P-001699/14) and the Massachusetts Institute of Technology (No. 0403000206), with a
waiver of informed consent because all patient data are fully de-identified. Therefore, no additional ethical approval was required
for this study. The external validation cohort was derived from the Data Mart of the Department of Critical Care Medicine at the
First Affiliated Hospital of Anhui Medical University (AHCCDM, Hefei, China), which includes clinical data from patients admitted
to the ICU between January 2019 and June 2025. The study protocol was reviewed and approved by the Ethics Committee of
the First Affiliated Hospital of Anhui Medical University (Approval No.Ethics Review: Fast Track PJ2024-02-24). Since this study
was retrospective and utilized de-identified patient data, the requirement for informed consent was waived. All methods were
conducted in accordance with relevant guidelines and regulations. The clinical trial number for this study is not applicable.

Study design and eligible criteria

All patients with a diagnosis of sepsis in the MIMIC database and AHCCDM dataset were eligible for inclusion in this study. Patients
with sepsis who met any of the following criteria were excluded: (1) absence of multiple RDW measurements within the first 5 days
of ICU admission; (2) age under 18 years; (3) ICU length of stay less than 24 hours; or (4) not the first ICU admission. To ensure the
accuracy of the analysis, patients with an ICU stay of less than 24 hours were excluded, as such a short stay may not adequately
capture the true trajectory of RDW changes over the 5-day period.

Variables Measurement and Outcomes

Longitudinal RDW trajectories for 5 days after ICU were included and summarized daily. If there were multiple measurements in a
single day, the worst value was used for analysis. Variables included age, gender, vital sign measurements [(heart rate, respiration,
temperature, MAP, oxygen saturation (Sp02)], comorbidities (hypertension, diabetes mellitus, cardiac, pulmonary, and renal
diseases, etc.), laboratory investigations (white blood cell count, lymphocyte count, erythrocyte count, erythrocyte distribution
width, platelet count, aspartate aminotransferase, alanine aminotransferase, total bilirubin, creatinine , urea nitrogen, lactate, PT
and APTT, etc.), SAPSII score, SOFA score, and length of hospitalization. The outcomes of this study were 30-day mortality, 60-day
mortality and 90-day mortality. With or without mechanical ventilation and with or without CRRT.

Statistical analysis
Latent Class Trajectory Model Development

In the cohort, a latent category trajectory model (LCTM) was used to identify subcategories of septic patients based on the
trajectory of RDW measurements 5 days after ICU admission. The selection of the optimal model was guided by several key
reference criteria[15, 16]: (1) Bayesian information criterion (BIC), which measures model complexity and goodness-of-fit, where
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lower values indicate better fit; (2) to confirm clinical significance and robust results of statistical analyses, it was ensured that
each trajectory group included at least 2% of the participants to maintain statistical significance; and (3) Akaike's information
criterion (AIC), which, similarly to BIC, assesses model fit, but emphasizes fit over complexity, making it more appropriate for
smaller sample sizes; (4) Entropy measures the degree of separation between trajectory groups within the model. Higher entropy
values indicate more pronounced group distinctions, usually ranging from 0 to 1. Values greater than 0.8 are considered optimal.
The final model will provide a posteriori categorized individual category membership probabilities for each patient trajectory,
which will result in division into subcategories and the next step in the analysis. The 5-day RDW levels in ICU septic patients have
a very complex fluctuation patterns, making it insufficient to differentiate these patients based solely on baseline RDW levels.
To address this limitation, the area under the receiver operating characteristic curve (AUROC) was calculated to evaluate the
performance of the model. Model interpretation was performed using the SHapley Additive exPlanations (SHAP) algorithm.

Clinical Characteristics and Outcomes Compared Between Trajectory Model
Subclasses

Continuous variables following a normal distribution are presented as mean = standard deviation (SD), and differences between
groups are assessed using the t-test. Non- normally distributed variables are expressed as interquartile range (IQR), with group
comparisons performed using the Wilcoxon rank-sum test. Categorical variables are reported as counts and percentages, and
compared using the chi-square test. Patients are classified according to dynamic trajectory models, and survival differences are
analyzed using Kaplan-Meier curves and the log-rank test. Multiple Cox proportional hazards models are applied to evaluate the
association between dynamic RDW trajectories and clinical outcomes. Mediation analysis is conducted to assess the potential
mediating role of dynamic RDW trajectories in survival outcomes among sepsis patients. Subgroup analyses are performed
to explore potential effect modifiers, including gender, age, and comorbidities. Multivariate imputation for missing data is
conducted using the "mice" package, and latent class trajectory modeling (LCTM) is performed using the "lcmm" package. The
SHAP algorithm is applied using the "SHAPforxgBoost" package. All statistical analyses are conducted using R (version 4.5.0), with
visualizations generated using the "ggplot2" package. A two-tailed p-value of <0.05 is considered statistically significant.

Results
Construction of a dynamic trajectory model for RDW

The study included 31,911 adult sepsis patients who were first admitted to the ICU in MIMIC-1V, excluded 202 who stayed in the
ICU for less than 24 hours, 11,224 who did not have five consecutive days of RDW tests, and finally 20,485 sepsis patients who
were included in the study (Supplementary FigurelA). In this study, trajectory analysis of RDW was performed using the lcmm
package for patients who met the inclusion criteria during the first 5 days of ICU admission. The package conducted trajectory
modeling using parametric criteria, including the Bayesian Information Criterion (BIC), Akaike Information Criterion (AIC), entropy,
and the proportion of patients assigned to each subgroup (Supplementary Table 1). The optimal number of trajectories
was determined by selecting the model with the lowest BIC, while ensuring adequate posterior class probabilities (>0.80) and
sufficient class size ( = 2% of the study population). Based on these criteria, the 3-class model (LCTM-3) was identified as the
final model. A total of 20,485 patients with sepsis who met the criteria were ultimately enrolled in this study, and the trajectories
were categorized into 3 categories based on changes in Red blood cell distribution width (RDW) trajectories (Figure 1). The first
trajectory, Class 1: Low Stabilization, represented patients whose RDW remained stable around 15%. The second trajectory,
labeled Class 2: Rapid Increase, included patients whose RDW fluctuated at abnormally elevated levels, ranging from 17%
to 20%. The third trajectory, labeled Class 3: Stable at High Levels, represented patients whose RDW remained persistently
elevated between 17% and 18%. The proportions of patients in Class 1, Class 2, and Class 3 were 76.13%, 20.92%, and 2.95%,

respectively.
Baseline characteristics of patients

The baseline characteristics of the three RDW trajectory groups are presented in Table 1.The mean age of the sepsis patients in
this study was 66.36 years and 11,826 (57.73%) were male. Category 1 included the largest number of patients, while patients in
Categories 2 and 3 had more severe underlying diseases, with higher prevalence rates of mild liver disease and renal disease at
baseline compared to Category 1. Patients in Category 2 exhibited more pronounced abnormalities in vital signs and laboratory
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parameters, including poorer oxygenation, higher lactate levels, lower hemoglobin and platelet counts, and worse liver function,
renal function, and coagulation indices. In terms of disease severity, Charlson Comorbidity Index, SOFA score, and SAPS Il score
were higher in Categories 2 and 3 compared to Category 1, with Category 2 representing the most severe condition. Detailed
baseline characteristics for all patients are presented in

Table 1.
Outcomes between subgroups of the RDW trajectory model

In terms of in-hospital 30-day, 60-day, and 90-day mortality, Category 2 patients had the highest mortality rates, followed by
Category 3 and then Category 1. The rate of mechanical ventilation use was highest in Category 3, followed by Category 2,
and lowest in Category 1. Regarding acute kidney injury (AKI), the incidence was highest in Category 3, followed by Category
2, and lowest in Category 1. However, the utilization rate of continuous renal replacement therapy (CRRT) was highest among
Category 2 patients, followed by Category 3, and was significantly lower in Category 1 compared to Categories 2 and 3( Table 1)
Relationship between RDW trajectory and prognosis Based on the trajectory model subgroups, Kaplan-Meier survival curve
analysis was performed to compare the incidence of the primary outcome among the different groups (Figure 2).The risk of 30-
day mortality faced among patients with sepsis in category 2 was significantly higher than in categories 3 and 1, with category 1
having the lowest risk of mortality (log-rank p < 0.001), as shown in Figure 2A. The cumulative risk curves, illustrated in Figure
2B, demonstrated a continuously increasing cumulative risk of death over time for patients in Category 2, which was substantially
higher than that observed in Category 3, while patients in Category 1 showed the slowest increase in cumulative mortality risk.
In addition, similar findings were observed when plotting the 60-day Kaplan-Meier survival curves and cumulative risk curves, as
shown in Supplementary Figures 2A and 2B, respectively. Consistent results were also obtained for the 90-day Kaplan-Meier
survival curves and cumulative risk curves, as shown in Supplementary Figures 3A and 3B, respectively.

Sensitivity analysis

The research team constructed four Cox regression models to validate the association between RDW trajectories and patient
outcomes (Table 3). In Model 1, which was unadjusted, patients in Category 2 had a significantly higher risk of 30-day mortality
compared to those in Category 1 (all p < 0.05), with RDW being the most significant predictor [hazard ratio (HR) = 2.103, 95%
confidence interval (Cl): 1.954-2.263, p < 0.001]. Patients in Category 3 also showed a significantly elevated mortality risk [HR
=1.683, 95% Cl: 1.406-2.013, p < 0.001]. In Model 2, after adjusting for age and gender, patients in Category 2 remained at
significantly increased risk of 30-day mortality relative to Category 1 [HR = 2.154, 95% Cl: 2.001-2.318, p < 0.001], while patients in
Category 3 continued to show elevated risk [HR = 1.762, 95% Cl: 1.473-2.108, p < 0.001]. Model 3 further adjusted for comorbidities,
including chronic pulmonary disease, congestive heart failure, mild liver disease, diabetes, and renal disease. After adjustment,
the association remained significant for both Category 2 [HR = 1.913, 95% CI: 1.772-2.064, p < 0.001] and Category 3 [HR = 1.567,
95% Cl: 1.308- 2.064, p < 0.001]. Finally, Model 4 included additional adjustments for disease severity using SOFA and SAPS II
scores. Even after full adjustment, RDW trajectories remained significantly associated with 30-day mortality for both Category 2 [HR
=1.756, 95% Cl: 1.626-1.896, p < 0.001] and Category 3 [HR = 1.370, 95% Cl: 1.143-1.643, p = 0.001] compared to Category 1. These
findings are consistent with the trends observed in the Kaplan-Meier survival analysis. Similarly, four multivariable Cox regression
models were constructed to assess the association between RDW trajectories and 60- day and 90-day survival, and the results
remained consistent, as presented in Table 2.

Model Performance and Explanation for Classifier to Identify Class 2 Patients

Based on the XGBoost algorithm, the classifier was trained by developing and validating a cohort combination dataset to recognize
data labeled as “Class 2: Fast Growth” .The final model showed strong discriminative performance with an AUROC of 0.7821 for
the training set and 0.7963 for the training set (Figure 3A). Feature importance evaluation using the SHAP algorithm indicated
that hemoglobin, total bilirubin, red blood cell count, prothrombin time (PT), and mild liver disease were the most influential
predictors for identifying Class 2 sepsis patients in the XGBoost classifier (Figure 3B).

External validation

To validate our grouping method, we applied the same procedure to 627 patients with sepsis from the First Affiliated Hospital of
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AnHui Medical University department of Critical Care medicine Data Mart (AHCCDM) . The patient selection flowchart is shown
in Supplementary Figure 1B. The optimal number of trajectories was determined through trajectory modeling based on
parametric criteria including the Bayesian Information Criterion (BIC), Akaike Information Criterion (AIC), entropy values, and
patient proportions across subgroups (Supplementary Table 2). The three- category model (LCTM-3) was ultimately selected
as the final model. In the validation cohort, Supplementary Table 3 summarizes baseline characteristics and outlines outcomes
for subgroups of the RDW trajectory. RDW trajectories consistent with the derived cohort were obtained in the validation cohort,
also categorized into three groups. Patients across the three groups exhibited similar trends in mortality rates. Category 1
( “Low Stability,” 55.98%), Category 2 ( “Rapid Increase,” 29.82%), and Category 3 ( “ High Stable,” 14.19%), as depicted in
Supplementary Figure 4. Category 2 demonstrated the poorest 30-day survival rate, followed by Category 3, while Category 1
exhibited the highest survival rate (log-rank P<0.001), as shown in Supplementary Figure 5. To further evaluate the prognostic
significance of RDW trajectories in patients with sepsis from the validation cohort, a Cox proportional hazards model was
constructed using a stepwise approach to adjust for potential confounders (Supplementary Table 4). In the unadjusted model
(Model 1), patients in Category 2 exhibited a significantly higher 30-day mortality risk compared to those in Category 1 (HR =
7.284,95% Cl: 5.086-10.431, p<0.001). This association remained significant after sequential adjustment for age and sex (Model 2),
comorbidities (hypertension, diabetes, coronary heart disease, kidney disease, malignancy, and cerebrovascular disease) (Model
3), and further adjustment for disease severity indicators (SOFA score and APACHE Il score) (Model 4) (HR=5.998, 95% Cl: 4.081-
8.816, p < 0.001).Conversely, patients in Category 3 showed no statistically significant difference in 30-day survival compared to
Category 1 across all models (p > 0.05).

RCS curve

Lastly, RCS was employed to further explore the average RDW values over the first five days associated with lower mortality risk
(Figure 4). RDW values exhibited a nonlinear relationship with mortality (P<0.001). In the MIMIC-IV database, the association
between RDW and mortality in patients with sepsis exhibited a J-shaped curve: 30-day, 60-day, and 90-day mortality trends are
shown in Figures 4A, 4B, and 4C, respectively, with higher mortality risk observed when RDW exceeded 13%. In the AHCCDM
database, the relationship between RDW values and 30-day mortality in sepsis patients showed a nonlinear pattern: mortality risk
increased when RDW exceeded 12%, but did not increase further when RDW exceeded 20%(Figure 4D). Discussion In this cohort
study, In this cohort study, latent class trajectory modeling (LCTM) was utilized to analyze the 5-day RDW trajectories among
patients with sepsis, resulting in the identification of three distinct trajectory classes. We identified and externally validated
three distinct RDW trends. Compared with patients exhibiting a stable, low- level RDW trajectory (Class 1: Low Stable), those
with rapidly increasing RDW (Class 2: Rapidly Increasing) and persistently elevated RDW (Class 3: Stable Elevated) trajectories
demonstrated significantly poorer prognoses. Notably, the Class 2 trajectory, characterized by rapidly rising RDW levels, was
most strongly associated with adverse clinical outcomes, including higher ICU and hospital mortality rates and prolonged ICU
stays. Furthermore, while the incidence of acute kidney injury (AKI) was highest in Class 3, patients in Class 2 had the highest
utilization rate of continuous renal replacement therapy (CRRT). These trajectories were also reproducible within the First
Affiliated Hospital of AnHui Medical University department of Critical Care medicine Data Mart (AHCCDM) used in this study. The
identification of these distinct RDW trajectories underscores the dynamic nature of this biomarker and suggests its potential
utility in guiding clinical decision-making and patient management in ICU settings. RDW, as a routine laboratory parameter, is
widely available and easily accessible in ICU settings, and existing evidence suggests that RDW serves as a reliable predictor
of in-hospital mortality[14,17-20]. The relationship between RDW and clinical outcomes can be attributed to the underlying
pathophysiological mechanisms of sepsis and critical illness. RDW measures the variability in red blood cell size [21], which may
reflect inflammation, oxidative stress, and microvascular dysfunction. Sepsis is characterized by systemic inflammation, which
affects red blood cell production and morphology, leading to changes in RDW[22, 23]. Consequently, RDW trajectories may
reflect both the severity of illness upon ICU admission and subsequent disease progression dynamics. Time-dependent ROC
analyses have also demonstrated good predictive accuracy of RDW levels for sepsis-related mortality[24, 25]. Although previous
studies have reported using serial RDW measurements [26, 27], longitudinal analyses examining RDW trajectories have not been
adequately explored. Since RDW is dynamic and fluctuates over time, measuring RDW at multiple time points can more accurately
reflect its prognostic significance compared to a single baseline measurement. In a previous study evaluating the prognosis of
203 patients with sepsis, RDW values were measured at admission and again at 24-hour, 48-hour, 72- hour, and 7-day intervals,
demonstrating a positive correlation between elevated RDW and ICU mortality[26]. However, simply using RDW values at several
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discrete time points to assess RDW levels overlooks the longitudinal trends of RDW during the follow-up period. This approach
does not account for temporal variations, lacks stratification of RDW trajectories, and fails to compare dynamic changes across
different patient subgroups. In a study conducted in China investigating the association between dynamic RDW changes and
the development of disseminated intravascular coagulation (DIC) in sepsis patients[28], all RDW measurements obtained during
hospitalization were used to calculate both the standard deviation of RDW (RDW-SD) and the rate of RDW increase. The results
demonstrated that when the RDW increase rate reached or exceeded 6%, there was a continuous rise in both DIC incidence and
mortality. However, this study only summarized RDW using descriptive statistics such as mean, maximum, and minimum values,
without modeling or visualizing the longitudinal trajectories of RDW. As a result, it could not fully capture the complex and
dynamic nature of RDW fluctuations in sepsis patients. Previous studies [28-31]have focused on static measurements of the RDW,
which may not accurately reflect the dynamic pathophysiologic changes that occur during the development of sepsis. Our present
study highlights the prognostic significance of RDW trajectory patterns in the management of sepsis, highlighting the need for 366

continuous monitoring and individualized therapeutic strategies based on dynamic changes in RDW rather than relying solely
on static baseline values. In this study, stratification of RDW by exploring the erythrocyte distribution width (RDW) trajectories
of sepsis patients with different clinical characteristics and prognosis under different RDW trajectories has provided new
insights into the heterogeneity of sepsis. The identification of different RDW trajectories represents a significant advance in
the characterization of sepsis subtypes and fills an important gap in our current understanding. Limitations: This retrospective
study has inherent limitations that make it difficult to establish a causal relationship between RDW trajectories and clinical
outcomes in patients with sepsis. Although the MIMIC-IV and AHCCDM databases provide comprehensive clinical information
sources, reliance on electronic health records may introduce potential biases related to data accuracy, completeness, and missing
information. Notably, the AHCCDM database cannot directly determine 30-day mortality, requiring estimation based on discharge
summaries. In this study, successful discharge was defined as survival, while discharge for other reasons and automatic discharge
due to treatment abandonment were classified as death. This approach may influence outcomes. Furthermore, unmeasured
or residual confounding variables not fully accounted for in the analysis may have affected the observed association between
RDW trajectories and mortality. Prospective studies are needed to validate these findings and further investigate the underlying
biological mechanisms driving the observed correlations in this study.

Conclusion

In critically ill patients with sepsis, longitudinal monitoring of RDW may serve as a simple and readily available biomarker to
facilitate early risk stratification and individualized management. Dynamic RDW trajectories offer more informative prognostic
value compared to baseline measurements. Prospective studies are warranted to validate these findings and further elucidate the
underlying mechanisms driving RDW alterations in sepsis.
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Model 1 was a non-adjusted model
Model 2 was adjusted for age, gender

Model 3 was adjusted for the same parameters as Model 2 with additional adjustments for comorbidities of chronic pulmonary
disease. congestive heart failure. mild liver disease. diabetes and renal disease Model 4 was adjusted for the same parameters
as Model 3 with additional adjustments for SOFA score and SAPSII

score
HR, hazard ratio; 95% Cl, 95% confidence interval. The bold values indicate statistically significant values (p < 0.05)
Figure Legends

Figure 1. Latent class trajectory analysis of red blood cell distribution width (RDW) in patients with sepsis.
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Figure 2. 30-day Kaplan-Meier survival curves(A) and cumulative risk curves (B)by RDW trajectory class in patients with sepsis.

Figure 3. Performance and key features of the XGBoost model for recognizing Type 2 RDW trajectories(A: AUROC performance of

the model in the training and validation sets; B: SHAP plot).

Figure 4. RCS curves showing the association between the mean RDW value in the first 5 days and the risk of 30-day (Figure
4A), 60-day (Figure 4B), and 90-day (Figure 4C) mortality in sepsis patients from the MIMIC IV database. RCS curve showing the
association between the mean RDW value in the first 5 days and the risk of 30-day mortality (Figure 4D) in sepsis patients from the

AHCCDM database.
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K5l ./ BHFAR: B REEAXAFENEMAR
FiER 4L 3K ECRIIAT ERIRRY v- TEAFEREY & SRR B R E I X P e R HIER

R KA, TR, KM, fRER, RERIS, XUEM
B EERBAFEFRHMEREER

RAMBHERRAERSFYERSREBEMXTPNERREIREER, RAEH “HEE -5 - BERE" NEBHFER, H
ETNGIRRER IRKECMMERNEEETHE R

KARERE “IRRRIIPE— R IIE— VR — R ARE WE#HZE. OREFERLRE VAP BETITRES B, BT 16S
rRNA U, PICRUSE2 THEEFN A& GC-MS RIMIEE, fMEHIIES BEFEHEXNXREHNLEY, OFNBANRERER. B
GLA & BRI R BB E B A5 1B 145 5258 , BRIARHM v- ILARER (GLA) AR OESRIFEER. 2 FUERAPTRERRIRAKRRK,
EEINEBIMFTE (P. distasonis) HHL GLA RIXIEES; @EAMRINARA. SEBERIEEREER. RRAEANFNRESEFERLRSER
A, BAHE GLA fERBVEEARNEH N FEER; Of&E DPPC-GLA BERAZE KRS, REUMASORAANNYES, OESEEHE
IKEFHA ST R AR AR A INIE GLA BI IS HURRR B,

OIRKRAI, FEHEBETWEIRE P. distasonis 0 HE, EE¥ GLA SR EBREKL/EE GLARENEES TIRTH, GLA KFS5 SOFA/
APACHE I {9 2%, QA GLA TERRFMBHEEENRMUEHK, MIAFAEEL, @EFEH P. distasonis F fabF ERE R
FabF ZEEE A6- RIEMESEM, ZMHEL GLA SHIIXHEE. @ GLA ENRARGEZESHECEMEERMMAL PPARY, —AH
12 B ApIETE LU AR E, S—AEERE MMM ERMBNAREINEE, © DPPC-GLA-Liposome EHRFEIRALIAITE 24
INEFPOSRINAHER GLA R ETR, BMEEMERENEZMNTHIES 7 XMAENORLA SR, © GLANSHEBHEREMMATEAE
ik EER EENFRIPEER, RAZEEATREEE SRELEE,

i EB £ P. distasonis @id H FabF ZEAEREB RS GLA, GLA BT HIEIEERAM PPARY 554, WhFEIE5EERMMAY
HEMINEE, MMERRBREBEMAKING. ZVGIIREHR Sz HREN SHITRERRESDEY, EFRFLNELRAN DPPC-
GLA-Liposome, HHEREEMMILEEEME, AMWARMANIRKETRET —HEERFEREUIRIIER.
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K5l /| BREAR: B REEAXFENEMAR
AARS1/HDAC2 5117t IDH2 ZLERLIR TN AT - TERR S REM XA ZE 4 F EY (E R H

MR wiEe
B BEREFMEE_ER

(1) EAMRSESLRBMIMRERDIERRENBNRR, BIRECESEIRREZRANESERT A,

(2) BAH IDH2 K413 ARRMUEMEN SEARKINEEOXRER; BFIZEImETINF IDH2 BEEHRFAKLIERIZE (NADPH/
GSH) , EENERIET-RERISD FHIH,

(3) HERRSAERILERIFIE T, AARS] ZHIARERR (Writer 158) 5 HDAC2 FiAtRk (Eraser i55) thEIIREN IDH2 JEEIREY “W
ERRKE NH

(4) I3FEEE “AARS1-IDH2” 3Ry AAV B R TFIxI RSN Z4ERATT AT, ¥ IDH2 HERKKF1ER SAMA RHRIZHT R Ffa HI B 4
YR SRR R N (B

Hik:

(1) %Y 8-10 A4 C57BL/6J i/, FENLS /9 Sham 4BF0 CLP 4B, REAEMEILEFAR (CLP) MERSEMEREE, RAESHK
MNRIAET L, FIRRRMANENXNAANEE, FHIZRASG 0-96 NEER, BEHERSESENNEDBARES. RER
FHifl (TA) , KA H&E LB WCA RAREBIMBHFLRS, FIA MyHC-F/S RERAD B ARG FRLRALFLLLEG, ST
I EREI2TEEERRESSE (Type ) 155M. FIA Western blot #MANAALR + E3 5ZXEEE (Atrogin-1, MURF1) B9FRiA, EET
EARIG 24 /BT R 96 NBY S BIIRIE R AANRIZLERREE, DiTEIlBHIF RS N84 £ a0HE X1,

() BEVNE2AER, FMAZIBRKTE (Pan-Kla) #1T Western blot 1, SEDMMKSERS TIAEBRANZEERALBRLE
IRKEE, BIYEAAALREE S, FIFESEBE (TEM) MRENRRZEEMN, EMNEIMNMERNERFTE, SENBHENEERH
RPFETTR, RAENRFISMAALLEFE MDA, THEF (Fe®') . GSH & GSH/GSSG thi&, FIA Western blot #:1 GPX4.
SLC7ALl. FTH1. ACSL4. TFRC EiZUMFEYI K Caspase-3/p-MLKL, SHESSHIIRSENTENESTET AR

(3) £ C2C12 BNEEEL R, FIMA LPS BXA LDH iPHIF (BERERW) SINRILERM (Na-Lac) 42, STEMERAEAELRKENARERE,
F A Western blot #2 IR R BAMMMAFLELK TS Pan-Kla FEK GPX4 RiIEMNXFR, SEDMABRRRESIBUKTERAENER
ERHMEXR M. FIBRAERXEMETHATT C11-BODIPY (5B ROS) # FerroOrange (EHAEF) JEAEAMEG K ATP UE, MHETFHA
Eas (FEETSCINE) XTAAMBIE T SURERMEEIRSHEERM. 45 MyHC RERARENRELER (Atrogin-1, MURF1) 12,
SOIEFRBTFLERE AR LPS E S A EE AV,

g8
(1) PR SENZE AN S AR FBIMNE SR RT AR IR

AT RMBRSENZERENACHSE, RNEET/NEEREILFI (CLP) RBEEE, £EFEDHET CLP H/NEAR/G 96 /NIFETERY
750% (B 1A) » FENERMETENDBAPRE, FIRMAOEZTE, BEFA (TA) 25/ FELEE (B 1B-C) . HAE F
BR WCA RARBEENNER, CLP ANFEEBETR (CSA) BER/), BENHWNERFEHNES (B 1D-F) o b5, Western
blot ARIE%, CLPANRANPEHERFER (Atrogin-1 # MuRF1) MIREKFEEE EE (B 1G6) . #H—FFIA MyHC-I/Il &R
REDTRI, CLP ANEEEERE (Type ll) MEFENLLAIEZRLD (B 1H) » REHNERET, CLP A/NRMERAAERANBITLER
REEANG 24/ \NEEAS (B 1) .

(2) KL BIRSIEMA LN ESHRET AR

NTHRRAMFET-MWEGTER, ROFEBHESE (TEM) MBLIM, CLP AZNASMMBMSRTE T ATN%E. BEREILM.
IBErEESL (B 2A) » EWRNETR, RALTEERSELY MDA RIHETF (Fe2+) KFEREAS, MRANLT GSH 5 GSH/
GSSH Lh{EFEME (Bl 2B) - Western blot ZFRIESE, HIXTiZ0IPE GPX4 . FTHL & SLCTALL EAKFEZE T, MEHIFETEH
ACSL4 & TFRC i (B 20)
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(3) AP ILER RN EEREZ I BRI E IR S 5 LR AL T

ATHIESIBRMIMENYNARNEZESEER, BRITBIHEFFRIERMEIFRE C2C12 JIERIIERKT. TE LPS RINRSERES
2T, 954 F LDH IMEFIESEM (Sodium Oxamate) LAPEBTPIRMFLERERL, SHESMNRIMINRMEILERT (Na-Lac) LANEIZL
Eafafi. Western blot ARk, ZHEKEBM (Pan-Kla) FESAMAIKRAFKTZERNRXR, MRAKER GPX4 RIRAN
Mz EEZM (B 3AB) , BRARRRSH T ZNELBNERMANENNERRER, FHRRRAHEGERE—FSET, JNRRM
ABRMEZMET LPS FSHMA L ROS (CM-H2DCFDA #57R) KRIF#kEF (FeRhNOX-1157T) MREERR; Bk, LTFERERN
FRETPRMEFLEREMSE, ERBIETESFIERERE (B 30) o i, WBHIMIES, SIBRAETSERSHERERD (MuRFL) X
XEVE (B3D) o UEERWIE, ARALRRRBWRDHRIECSINEZENIRDER.

(4) EEBEIRAFBIE IDH2 NEFLEIF IR TR XEILERLIER

AT /TEARBBNS FIIE, BN T/ NERESFNHTERIRMEMAF DN, HFEREDS FerrDb SRILTHUIEERX LYY
F, BAVBEL 7 MEEEARH 12 MEIMIR, RARETEUREZNLRAFXRAGES IDH2 (B 4A-B) « SOYEIE (LC-MS/
MS) HHIETY IDH2 MILERLIBIRRARER, BEXEEMSFIINTETR, RBIMEHRETEYMSERTH K413 Ix (B 4CE) . AR
IP-WB SRIOESEIESE, BREAE (CLP4H) 2ELFET/NRAAF IDH2 Bz EK (Pan-Kla) KT (E 4F) . BEEBWMRZ, BTG
RMEFLER (Na-lac ) BIEIIRIOESZEMIAL; MERSESMILBRAT (CLP+Na-lac 28) BY IDH2 BOFLER (LK Pt — gk (B
4G) o

SGit : RSENZESBNSIRHMFRBLIESI ZNEARNERE, FRMRENAEHIET; IDH2 K413 LRI FLER LB M
DFENREINFIEEENE, S NADPH/GSH Uik, #m5I k&t EmaEwhEiRgEER:; ERSERERMNGT, AARSLI IRE
2 (Writer #838) 5 HDAC2 BFATRE (Eraser JH55) , FZRRIDEIRANL, HEFTH IDH2 BUEMIBASH IR AIERNE LS H.
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ACSL1 #B[a PDK1-cGAS-STING &@R& 3 &/ B B 4ARa 77 F iRk S iEHE X 1% i s HA IA K1 Th s
FEESEIHHITA SR

R BRE
B rREARER

1, iEXIRE
IEZRAE : ACSL1 #E8 PDK1-cGAS-STING @R EE/ N BRI N SR S AR X M XS
TERIA R THBEFERS RO FIRA 55

B RSEEXIERE (SAE) BRSEZ[EBNNTEHLE, REXSIE70%, HSBEURIANIREESTEXMBELEFRE,
BRZBRET FR. NREARN SHEERES KR FEIHRIANZE SAE INANDRERNZORZERNM, ERERERRE/NR
BRI BRI A R4S 89 53 F L 15 BR

BiY: AIE SEER/NRRZEA ACSLL B3 #Em4EE PDKL BUE cGAS-STING (518, FSRMEEFRK p-Tau EHRERR,
MM SAE IERRIARITHEERERS B9 D FHLGI, J9 SAE BUIRERRA AR AEHTEE ~o

Bk RASHEILFIAAMBENR SAE B2, S5/ \REMAMKSME Acsll FAEMRERNER. PLX5622 $EEIERL. AAV /T SHKMRIL
BB, RBHITUE. RARERANF. BHER. STERCR2AMEF HFSMRAFER, REITHE/)REAM ACSL1-PDKI-
CGAS-STING {5 S¥7E SAE AR A R IAF LI BEE IS AR,

ER54E0: FIARAN, SAE/NRESMREHEGRNHIMBAEIARINEERERS, HRAAMISLEEE RMTERR. RAibBH
LEMBRERED CA3 X p-Tau SEEI, oISHFANFETR ACSLL H/NRAEARTESSEESERE, HERrEERBERMRGR
p-Tau RIRFLZFINANTIEE, #HI L, ACSLL 5 PDK1 FHEEZMEEER, FBISBUE T cGAS-STING BN S/ K B4 BUR AL,
BB R StER ACSL1-PDK1-cGAS-STING 155 41IR 5 SAE mERIAFITHEERERS I3 FHLEI, FERENRBRARIATT SAE IR HIBICHKIE
MBETFNE S,

2, HERHNE
HRERMMRK

REEEXERERSERERELNTEHREZ —, BRRERSA 70%, MIEZEMSERRLER, BESHEFELAKEIA
M E5EmThaEERS, mEXMBELEFREBHERAENLSZFNE, Bl SAE ZHIANERRZEBRAT FR, RERRETFHELR
FHE AR TT2EE, WAMRKRA, SAE SEUZEANIIEEESHREZEENGAESEERN, PREEE. MRFMERIF. &
RIAINRERSRS. MEBERKBNRMIRHBFSRARRRER. Hd, NREAEN SHHERES RIS EESRINRZ SAE IARIThEE
FEISHIZORIEE M. £ 514 RERELEI IR MM REEIRINERR T BHNPIR, BB NREAREH T RRERENSEN SHER G,
XERSEF RSB ARNEENS. AT, [UMEEHRENMNREAMESHESAUE. UNREINAKEHTRIANIDEERIRE 2 FHH,
BRIETER. EER, NREAMINEEMRTTA SAE MBI RE TR, B/ REAARLAN & TRPVL BB SLNF R
SRABERENSHEZMERE, cGAS-STING BEBIESEANREAMRNS SAE HERENXBRETR. A, LAMRTERE
FRESESMERN NRRARKERN, W/ RERAREEIERFSEAEND FHXRERIZRIARER I R Z RS R

(2 =)

B EEARFKIE AN B ACSL1-PDK1-cGAS-STING 155 3#7E SAE ImEIIAFILIRERZRS P ER S 0 FEl, EXfEmRaEE: Q1)
BRH/ R AL EERRAMIES p-Tau BRATE SAE TEIINFThAERER FRZOMER;  (2) 1B/ ACSLL fEA/NRR4EREN S SAE =R
AR p-Tau IRIBMIX RS F;  (3) @A ACSLL 5 PDK1 EMFRAMAEN THESBRNIAIRXR; (4) KIE PDK1-cGAS-STING
WBERTE/VIR RN S SAE ARG RAITHREH L,

TaEigit

KB UEBELFAAMENR SAE BEAZOHYIER, S5/ \REAMFTEEFGEEEDM. HEFPERER. AAV TSR
AIHREE OB TS LT F . MRIZE Sham 4. CLP A, CLP+ EERRER / IHIFIE. CLP+ BRA / MehFASEZRAE, 5
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ATE CLP Rjg 60 R#AITITAZFE. ALRE. SEBMEN. BEERD FRTHNSHEEIT,
FEIEHE

(1) =R SIAAITAITE: KA CLP AR SAE /NRIRE, R/F 60 Xi@:d Morris KEKE M HSLRITE=EF S22 R E
FIETHAETo

(2) /NRBARRREEEERS: FIF CSFIR HIEIF PLX5622 72 CLP A/ 14-28 X (RMAIEHRHER) IRFV/NR, SEIVMRBAM eI ERD,
R4 R E B E RXHTER AR T RERTIRZMA,

(3) H#MHMERREIRIEX: RA CRISPR/Casd HAME/ NEBAMEFM Acsll FHUERINR, RE 14 RERFHUEETIE
SEPR. B MILAENLEST AAV-CD68-PdK1 3T RiA 25 SR/ B TR SR M ThBER 3o

(4) RAREERANFSHEERADIT. RRDEBD/NREAEIHTT RNA-seq RBAMNEF, HEERTEER, SEMNFIN
BRI B IE MBS MBS RIS,

(5) FFEMERIE: £ HEK293T 4R AR H#5RIA ACSLL 5 PDK1, B RiH Uit EREEIER, WEBERTHBHXBESE,

(6) RLEMSIHEEITE: RETNRERN Ibal SRARFIRED Synaptophysin HE U LT/ NREIZEAESARE NS, B FEHRME
SRANERNLEN; BRERBDOMNBSESRE, 2AMKRAHERBE CAL K AMRETIKIIZILR K E R B R

(7) BREFFASELE: R cGAS-STING IMHIFISSEhFIRME GDEST, JIE PDK1-cGAS-STING 15 SRy LTk R R INBERL,
SRRLE
AT EE R

1) NEREABESMIEEHREFEHEHNSTIINAER, CLP AESIRERFFAG 7 REE, 14 REFRERL, B
Ibal NI BEARE 60 XINEESTXRA, NELMEARTEF IZIZMER. NG 60 RIQNER, NREAAEIRAFIRE
BMEREEEM, REFEELEMURRD, ENERNRMEREN. REERENTE, SRERETHRRBEREAEER
KINRBREE BUBEAE, P8BS CA3X p-Tau EEREERM, PLX5622 BEIEMEEET, SIUREHRBET R NRRAMREEN
EARG 60 RINKITOEE, JES/MRBAMTE BRSNS IR RIEHTZ,
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Fig. 1 ItSEER RN EHINTAMSITAFEER. (A) CLPEEMNERXE, (B-D) RT-qPCR&MEZH Il1b. 116 F1 Tnf 9 mRNA
FIEKFE (n=6) . (FE) RAPEKRNED CAL XFNKEAR (Ibalt) MHETRESITE (scale bar =50 um, n=6) . (F)
KEEEARINEHTRRE, HKERFINEE 1-4 d FLEBRBURFETEESITE (n=6) . (G) /NIRFRAM (bal, M) K=ft

BIFEZEH (Syn, 3@) £EMIZE, H Imaris =45 (scale bar =10 um, n=6) , (H) AETEER (Syn) MRMEEEH (Homerl)
MHEEMRE, A Imaris Z4EE (scalebar=5um, n=6) . () BEIBHERNEDALAPHRMARE, RIS, RQEIR.
S ERERKE U R R EENEESITE (scale bar=200nm, n=12) ., (J) BEIE/RERE, MHIBRNARE, AHHERERRHRE
TREVERE LU DK SRRREIEL B (scale bar =10nm, n=12) . (K) /&5 CA3 XH p-Tau EAMNRKAREEK p-Tau EHRIERESIT
B (scale bar=100 um, n=6) .

(NS 8% p>0.05, *p<0.05, **p<0.01)

(Fig. 2 (M RAARRER R HRL AR S EERUBE AR EERRES.  (A) TERSAERHPEERERY D VRRABMERE. (B-C) RtRet
MBS CAL KAVNMRRAARE (Ibal+) 7£14d. 28d 7160 d BEET L (scalebar=50 um, n=6) . (C) FEFRRMIHKESHINTE
RRE. JIZE 1-4d RSB RIRESFET S RENS%IT (n=6) . (NS L% p>0.05, *p<0.05, **p<0.01)

(2) ACSL1 BN EEMERRE D Fo DISHRANF (RE 7. 14 30, 60 K) E£EH 69 MIERHREAER, EETEN
BRENKRERHEERR, HP Acsll ZURAEE. RT-qPCR RRBRATITIIERTT DR EARPRSEFEERE NREARES
P Acsll BEFRPI R BRI SAEE., AERMBHEN. B p-Tau BIRHNEINNINEE, MAEMRERFELKT,.
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Fig. 3 DEXBAMBTERRSER ACSLL RIEEH, (A) NREARBXNSENERE, (B) FRERTCLP R/ 1. 14, 3060
d ERAEABRERKEASHER, (C) GO AHETR (B) 69 MEEMNESERESE, (D) EFAERER (C) 5 Fatty acid
biosynthetic process 15 5@ RiAKFHI 6 EREKTF, (E) RT-gPCR #&M/NEFRAARE Acsll B9FRE (n=6) o (F) B FNEERA
B2 (Ibal+) #ACSL1 B9 EARAREREMRTZALITE (scale bar=50 um, n=6) . (NS{t%& p>0.05, *p<0.05, **p<0.01)

Fig. 4 'MERFBAEHAE Acsll BEFHFIERIRATRLE SAE SRR G RIARTHEERERR, (A) /NRRAMIERSIER K HMERPR Acsll HEE,
(B) g-PCR #&il/\B B4R Acsll BIFRIZKTF (n=6) o (C) g-PCR#&M CLP ARJF 60 d i85 Tnf # Il1b BIFEKTF (n=6) . (D)
REREERMNREAR (Ibalt) ERRMFIEES (Synt) MARBERESKITIRE (scale bar=10 um, n=6) . (E) &&
RAREBHKNIALFIR Synaptophysin F1RAREE Homerl BIRARERESIHEIKE (scale bar=5pum, n=6) . (F) BB MAR
BB MRIRE (scale bar=200 um, n=12) ., (G) BESRERE, WREMHARE, FitEHIBANIBRIVHRE UL RN
RIRAILL (scale bar =10 nm, n=12) . (K) B3 CA3 X p-Tau EEMRKNRER p-Tau EHRHNBELSITE (scale bar =100
um, n=6) o (I) FEARMIXKERSHNBTERRE. LR 1-4d BIREE AR EFHT QX EN%IT (n=6) . (NS X% p>0.05,

*p<0.05, **p<0.01)

(3) ACSL1:&@:id PDK1-cGAS-STING @RS i, SRAMNFET Acsll BFRERES/NRBAMILGI R ZRHK, Pdkl X5
ERERE, SBHITUEIEE ACSLL 5 PDK1 FEEEMEEER. Acsll BxBRINEI cGAS-STING #BE&EM, M PDK1 T RARNFEIHZZIMNEIRL
RIHIMNERAIRT. KEGG BEDHTET cGAS-STING /1 PDK1 IREEERREERBK.
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(Fig. 5 ACSL1 A 6B 30 M4 & PDKL IHEENRBAR, (A) 2EED/NRRARFEITRARNFNRIE, (B) BH/KRE
B = E, HO MRS NRERAR, BSR4 (Homeostatic microglia) MK BGES/ N B4HAE (Activated microglia) » (C)
Sham 48, CLP 4A#1 CLP+TAM /NS EEIE R, (D) BUESIREABRBREREN=NMEREHRSAENRE. (E)
Pdkl. Lcn2 7 Saa3 EFERE/N\RAAMRNBESHAITE,. (F-G) IMNEINFERES/NKEMARNXEER, (H) £BV24A
farp, B RBHIURIRM ACSLL &R PDKL EEMMEEEAXER. (1) g-PCRIGM/NRBAMA Pdkl 89 mRNA RiEKFE (n=6) o
(NS 45 p>0.05, *p<0.05, **p<0.01)

Fig. 6 /MRFLAAEIZ RIE Pdk1 MNE SAE St ARG R IAKTHEEREES. (A) N\IRFAAMTEIRSE LML RE Pdkl HEE, (B) g-PCR
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(D) GBI NRFILHRE PDKL BIRIAKTE (n=6) » (E) EBERIMIZRMAEHLEIINARE (scale bar=200 pm,n=12) . (F)
BEERERE, WRBWARE, FiTEEBEANRBROBEUR D EIRTRERAIELF (scale bar =10 nm, n=12) . (G) /85 CA3
X p-Tau BAMKHRER p-Tau BAKHIBESITE (scale bar=100 um, n=6) ., (H) FERRMHKESHMDTERRE. Ik
HA 1-4d BOMBERREAR H T SRSt (n=6) o (NS %K p>0.05, *p<0.05, **p<0.01)

I 024 cccc2026



Fig. 7 MR B4ARRTT 5583 PDK1 ;& cGAS-STING f£5:88K, (A) /NREMEETRIX Pdkl EARRDEMNERE., (B) KEGG %
Hrid 254 Pdkl S5 S@REGHE. (C) WB HNEDZH cGAS-STING {5S:@R*BER STING. cGAS # p-TBK1 HIZFRAKTE (n=6)
(NS X% p>0.05, *p<0.05, **p<0.01)

(Z) FHRLEL
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PDK1-cGAS-STING” {=SHipI2MAIBR SAE mERAKIPESHI D FAE, AEE/NRBAMIETT SAE REEISMKIENEET LS.
KBEMIT AR SCIiEX 2-3 7 (HFIF>10 —F) , FRIEEXEH 105

ccecc2026 025 |



KA /) BT SR EEE XI5

Agreement between the confusion assessment method for the intensive care unit
and the intensive care delirium screening checklist in neurosurgical intensive care
unit patients: A prospective observational study

wE: B, M, ®RFH¥, BN, ]l RE
B SMETE-ARER, tRXIZER

Background: The Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) and the Intensive Care Delirium Screening
Checklist (ICDSC) are the two most widely used bedside instruments for delirium screening in critically ill patients. However, the
extent to which these tools agree under different intensive care unit (ICU) conditions remains unclear, particularly in the presence

of sedation, invasive mechanical ventilation, and altered arousal.

Method: This prospective single-center observational study included 202 adult patients admitted to a neurosurgical intensive
care unit who underwent paired delirium assessments using CAM-ICU and ICDSC within 24 h of admission. Agreement between
the two instruments was evaluated using observed agreement, positive agreement, negative agreement, Cohen’ s kappa, and the
McNemar test. Prespecified subgroup analyses were performed according to sedation status, invasive mechanical ventilation, and
Richmond Agitation-Sedation Scale (RASS) category. A restricted sensitivity analysis was additionally conducted in non-sedated,
non-ventilated patients with RASS = 0. Factors associated with disagreement between CAM-ICU and ICDSC were examined using

multivariable logistic regression.

Result:Overall agreement between CAM-ICU and ICDSC was 77.2%, corresponding to moderate agreement beyond chance (kappa
=0.55, 95% Cl: 0.44-0.66). Agreement was substantially higher in non-sedated than in sedated patients (kappa = 0.632, 95% Cl:
0.475-0.789 vs. 0.053, 95% Cl: -0.191to 0.297) and in non-ventilated than in invasively ventilated patients (kappa = 0.696, 95% CI:
0.549-0.844 vs. -0.225, 95% Cl: -0.467to 0.018). According to arousal level, agreement was highest in patients with RASS = 0 (kappa
=0.715, 95% Cl: 0.540-0.889), intermediate in those with RASS +1 to +2 (kappa = 0.403, 95% CI: 0.145-0.662), and absent in those
with RASS -2 to -1 (kappa = -0.002, 95% Cl: -0.280to 0.276). In the restricted sensitivity analysis of non-sedated, non-ventilated
patients with RASS = 0, concordance was 84/95 (88.4%), with substantial agreement (kappa = 0.691, 95% ClI: 0.494-0.888). Among
46 discordant paired assessments, disagreement was more often characterized by CAM-ICU positivity with concurrent ICDSC
negativity than by the reverse pattern (36/46 [78.3%] vs. 10/46 [21.7%]; exact McNemar p = 0.0002). In multivariable analyses,
invasive mechanical ventilation was the most consistent independent predictor of disagreement.

Conclusion: CAM-ICU and ICDSC should not be assumed to be interchangeable across all ICU conditions. Their agreement is
strongly state-dependent and is substantially reduced in patients receiving sedation, undergoing invasive mechanical ventilation,
or exhibiting depressed arousal. These findings suggest that delirium screening results should be interpreted in light of the
patient’ s clinical state and that the same instrument should be used consistently when delirium is analyzed as an outcome.
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Assessing the Immediate Benefit of Lung Recruitment in ARDS Patients Using CT
Imaging Features: A Single-Center Prospective Observational Study

& Liu Youwei, WangYan, HuDan
E{if: Qingdao Municipal Hospital, University of Health, and Rehabilitation Sciences

Abstract
Objective

To investigate the relationship between quantitative analysis findings of different CT patterns and the immediate benefits of lung
recruitment in patients with ARDS.

Design

Prospective observational clinical study.

Setting

Intensive Care Unit from a tertiary-level hospital.
Patients

ARDS patients requiring invasive mechanical ventilation.
Main variables of interest

Demographic characteristics, respiratory mechanics parameters, and chest CT features. Based on the rate of improvement in

Pa0,/FiO, following lung recruitment, patients were divided into an improvement group and a non-improvement group.
Results

Compared with the non-improvement group, patients in the improvement group demonstrated significantly lower proportions
of poorly-aerated (Z = -2.658, P = 0.008) and non-aerated (Z = -2.360, P = 0.018). Multivariate logistic regression analysis revealed
that the proportion of poorly-aerated served as an independent inhibitory factor forimmediate benefit following lung recruitment
(3 =-0.374, P = 0.035), whereas the proportion of non-aerated was not an independent predictor (P > 0.05), with no significant
interaction detected between these two factors. ROC curve analysis further showed that the proportion of poorly-aerated, the
proportion of non-aerated, and their combined indicator each yielded an AUC exceeding 0.7 in predicting immediate post-
recruitment benefit.

Conclusion

The proportion of poorly-aerated serves as a valuable imaging biomarker for predicting immediate oxygenation improvement

following lung recruitment.
Introduction

Acute Respiratory Distress Syndrome (ARDS) is a severe critical illness, characterized definitively by refractory hypoxemia and
diffuse pulmonary inflammation.1 It constitutes a major complication within the Intensive Care Unit (ICU), presenting with an
estimated incidence of 10.4% and a notably high in-hospital mortality ranging from 40% to 46%.2, 3

The management of ARDS is grounded in lung-protective ventilation.4 Lung recruitment, a critical element, is defined as the
application of controlled pressures to reopen collapsed alveoli. The primary objective is to improve oxygenation and minimize
ventilator-induced lung injury by optimizing transpulmonary pressure.5 Although a majority of ARDS patients derive benefit,
an estimated 10 — 13% are at risk for complications like pneumothorax following unsuitable recruitment maneuvers.6
Nevertheless, findings from a pivotal multicenter randomized controlled trial in the Journal of the American Medical Association
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associated these maneuvers with higher mortality, sparking renewed debate and reflection on their therapeutic profile.7 This
is likely attributed to the variable responsiveness of individual patients to lung recruitment. This variability in patient response
necessitates a meticulous assessment of recruitability, which has become a vital step in guiding individualized clinical decisions.

Currently, a range of modalities, including imaging, respiratory mechanics, and bedside monitoring, are employed to assess lung
recruitment.8-10 Computed Tomography (CT) is the gold standard for assessing lung recruitment.8 The quantitative analysis of
CT images capitalizes on strengths such as robust objectivity, excellent reproducibility, and high result comparability.11 Although
it has demonstrated established value in the diagnosis and prognosis of diverse pathologies including COVID-19 and pulmonary
fibrosis,12-14 the body of literature specifically exploring its utility for lung recruitment assessment in ARDS is still developing,
indicating a need for more targeted investigation.

Guided by this imperative, our study is designed to investigate which CT-derived features predict favorable recruitment outcomes
and to explore how distinct radiographic phenotypes correlate with lung recruitability. By conducting an in-depth investigation
into the characteristics of quantitative CT during the progression of ARDS, this research may offer new perspectives and
approaches for ARDS treatment, thereby improving patient prognosis and quality of life.

Methods
Patients

The study population comprised adult ARDS patients who required invasive mechanical ventilation and were admitted to the ICU
of Qingdao Municipal Hospital between December 2024 and December 2025. According to the New Global Definition for ventilator-
managed ARDS: PEEP = 5 cmH,0, Pa0,/FiO, < 300 mmHg, or SpO,/Fi0, < 315 (when Sp0, < 97%).15 The following exclusion
criteria applied: intracranial hypertension, hemodynamic instability, decompensated heart failure, severe or very severe chronic
obstructive pulmonary disease, lung cancer, bronchopleural fistula, pneumothorax, pulmonary bullae, chronic respiratory
diseases requiring long-term oxygen therapy or assisted ventilation, and pregnancy. This study was reviewed and approved by the
Hospital Ethics Committee (Approval No. KTLL2024-081). Prior to any study procedures, detailed information was provided to the
families of potential participants, from whom written informed consent was subsequently obtained.

CT Imaging Analysis

Prior to recruitment maneuvers, each patient underwent a chest CT scan within a 24-hour window. Chest CT image analysis was
carried out utilizing the 3D Slicer platform (version 5.6.1).16 Upon import of the DICOM data, the lung parenchyma was isolated
through application of a semi-automatic segmentation algorithm. Consensus-based Regions of Interest (ROIs) were subsequently
delineated. Within these ROls, Hounsfield Unit (HU) value measurement and classification was performed based on standard
thresholds: over-aerated ( — 1000 to — 900 HU), normally-aerated ( — 900 to — 500 HU), poorly-aerated ( — 500 to — 100 HU),
and non-aerated ( — 100 to +100 HU).17 To obtain volumetric data, three-dimensional reconstruction techniques were applied to
compute total lung volume and the volume of pathological areas.

PEEP Titration

Following the administration of adequate sedation, analgesia, and neuromuscular blockade to eliminate spontaneous breathing,
patients are positioned semi-recumbent (prone positioning permitted if required). Suctioning is permitted prior to, but strictly
prohibited during, the trial unless clinically indicated. A standardized ventilation period of at least 30 minutes is then instituted
under volume control mode with a tidal volume of 6-8 mL/kg. The respiratory rate and I:E ratio are adjusted based on PaCO2,
while PEEP is titrated to maintain SpO, at 93-100%. A singlebreath measurement method is then applied.18 The protocol
comprises three consecutive 30-minute phases: Baseline, High PEEP, and Low PEEP, with constant FiO2. Arterial blood gas analysis
is conducted at the end of each phase, after which ventilator settings are reverted to baseline. Continuous hemodynamic and
respiratory monitoring is maintained. If the patient exhibits refractory hypoxemia (SpO, < 88%) or persistent hypotension (MAP <
55 mmHg) despite vasopressor therapy, the patient must be withdrawn from the study.

During the implementation of lung recruitment maneuvers, hemodynamic stability is always prioritized. Considering that
increased intrathoracic pressure induced by recruitment may reduce venous return, decrease cardiac output, and cause blood
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pressure fluctuations, invasive arterial blood pressure, central venous pressure (if available), and heart rate are continuously
monitored before, during, and after the procedure, with close attention to their dynamic trends. Peripheral perfusion indicators
such as urine output, skin temperature of the extremities, and capillary refill time are also observed. Throughout the maneuver,
rapid fluid resuscitation access and vasoactive medications are readily available to ensure that the mean arterial pressure is
consistently maintained above 55 mmHg, thereby preserving adequate perfusion of vital organs. Every step of the procedure
is carried out without compromising circulatory stability, ensuring that the potential benefits of lung recruitment and changes
in oxygenation indices are not significantly offset by hemodynamic disturbances. This approach achieves a balance between
improving oxygenation and maintaining overall circulatory stability.

Record the following parameters at baseline, high PEEP, and low PEEP levels, respiratory rate (RR), peak pressure (Ppeak),
plateau pressure (Pplat), tidal volume (VT), PEEP, endexpiratory lung volume (EELV), and PaO,/FiO,. Subsequently calculate
static lung compliance (Cst), mechanical power (MP), the change in mechanical power before and after recruitment (AMP), the
recruitmenttoinflation ratio (R/I ratio), and the improvement rate in Pa0,/FiO.,.

Statistics

CT data were analyzed using 3D Slicer software to estimate the volume of each region and calculate the ratio of the corresponding
pattern to the total lung volume. Statistical analysis and graphing were performed with SPSS 25 and GraphPad Prism 10.1.2
software. The Shapiro-Wilk test was used to assess the normality of data distribution. Continuous variables not conforming to
a normal distribution were analyzed using the Mann-Whitney U test and expressed as median (interquartile range). Categorical
variables were expressed as frequency and percentage, with intergroup comparisons performed using the chi-square test or
Fisher's exact test. For variables that do not conform to a normal distribution or are ordinal, the Spearman rank correlation
coefficient is used for correlation analysis. Multivariate logistic regression analysis was employed to explore imaging factors
influencing the immediate improvement in oxygenation following lung recruitment. A multiplicative interaction model was also
used to evaluate the interaction effects of CT imaging features on the immediate improvement in oxygenation after recruitment.
Receiver operating characteristic (ROC) curves were constructed to evaluate the predictive value of CT imaging features for
immediate post-recruitment benefit in ARDS patients. The predictive performance was quantified using the area under the curve
(AUC). A P-value < 0.05 was considered statistically significant.

Results
Population

38 patients were ultimately included (Fig 1). Patients with a PaO,/FiO, improvement rate = 20% were defined as the improvement
group, with the remainder classified as the non-improvement group.19 A total of 15 patients were included in the improvement
group, and 23 in the non-improvement group. In contrast to the non-improvement group, patients in the improvement group
exhibited a significantly lower proportion of pre-existing underlying diseases (Z = -2.143, P = 0.032). However, no statistically
significant differences were observed between the two groups in terms of other demographic characteristics or respiratory
mechanics parameters (all P> 0.05; Table 1).
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Figure 1 Inclusion and exclusion flowchart

Table 1 Comparison of clinical data between the improved group and the non-improved group

Correlation analysis

Correlation analysis revealed that the rate of improvement in PaO,/FiO, demonstrated a significant positive correlation with the
proportion of over-aerated (r = -0.333, P = 0.041; Fig 2A), and significant negative correlations with the proportions of poorly-
aerated (r =-0.540, P <0.001; Fig 2C) and non-aerated (r = -0.412, P = 0.010; Fig 2D). No significant correlation was found with the
proportion of normally-aerated (P > 0.05; Fig 2B).
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Figure 2 Correlation analysis between CT imaging characteristics and Pa02/FiO2 improvement rate

A: Correlation between the proportion of over-aerated and Pa0,/FiO, improvement rate; B: Correlation between the proportion
of normally-aerated and PaO2/FiO2 improvement rate; C: Correlation between the proportion of poorly-aerated and Pa02/Fi0O2
improvement rate; D: Correlation between the proportion of non-aerated and PaO2/FiO2 improvement rate.

Differential analysis

Compared with the non-improvement group, patients in the improvement group exhibited significantly lower proportions of
poorly-aerated (Z = -2.658, P = 0.008; Fig 3C) and non-aerated (Z =-2.360, P = 0.018; Fig 3D). In contrast, no statistically significant
differences were observed between the two groups in the proportions of over-aerated or normally-aerated (both P > 0.05; Fig 3B, D).
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Figure 3 Analysis of the differences in CT imaging characteristics between the improvement group and the non-improvement

group

A: Comparison of the proportion of over-aerated between the improvement group and the non-improvement group; B:
Comparison of the proportion of normally-aerated between the improvement group and the non-improvement group; C:
Comparison of the proportion of poorly-aerated between the improvement group and the non-improvement group; D:
Comparison of the proportion of non-aerated between the improvement group and the non-improvement group. Red represents
the improvement group, and blue represents the non-improvement group. ns indicates P > 0.05, * indicates P < 0.05, and **
indicates P <0.01.

Regression analysis

Multivariate logistic regression analysis revealed that, after adjusting for the proportion of over-aerated, the proportion of poorly-
aerated emerged as an independent inhibitory factor for immediate benefit following lung recruitment (3 = -0.374, P = 0.035). In
contrast, the proportion of non-aerated was not identified as an independent predictor of immediate post-recruitment benefit (3
=-0.319, P=0.101). Moreover, no interaction was found between these two factors (P > 0.05).

Table 2 Multivariate logistic regression analysis of the proportion of poorly-aerated and non-aerated

ROC

ROC curves were constructed to evaluate the predictive value of the proportion of poorly-aerated, the proportion of non-aerated,
and their combination for immediate benefit following lung recruitment in mechanically ventilated patients with ARDS (Fig 4). The
analysis demonstrated that the proportion of poorly-aerated predicted immediate recruitment benefit with an AUC of 0.758 (P =
0.008), an optimal cutoff value of 9.7%, a sensitivity of 66.7%, and a specificity of 87.0%. The proportion of non-aerated yielded an
AUC of 0.729 (P = 0.018) for predicting immediate benefit, with an optimal cutoff of 4.7%, a sensitivity of 86.7%, and a specificity
of 60.9%. When combined, the two parameters achieved an AUC of 0.780 (P = 0.004), with a sensitivity of 60.0% and a specificity of
91.3%. All three indicators exhibited comparable AUC values exceeding 0.7, indicating favorable predictive performance.

Figure 4 ROC curve for predicting immediate benefit after lung recruitment based on the proportion of poorly-aerated and non-

aerated
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ROC, the Receiver Operating Characteristic curve; AUC, the area under the ROC curve. Red represents the proportion of poorly-
aerated, blue represents the proportion of non-aerated, and yellow represents the combined proportion of poorly-aerated and

non-aerated.
Conclusion

The proportion of poorly-aerated serves as a valuable imaging biomarker for predicting immediate oxygenation improvement
following lung recruitment. Monitoring this parameter facilitates a pre-recruitment assessment of the risk-benefit balance,
enabling clinicians to identify patients most likely to benefit from the maneuver while avoiding ineffective or potentially harmful
procedures in those unlikely to respond.
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Association between early urea-to-creatinine ratio trajectories and accelerated
skeletal muscle loss in critically ill patients: a retrospective cohort study
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Background Critically ill patients often experience rapid muscle loss. The urea-to-creatinine ratio (UCR) reflects the muscle
breakdown and catabolism. While UCR has been proposed as a surrogate marker for muscle mass, the predictive value of its
dynamic early trajectory for acute muscle depletion remains unexplored. This study aimed to investigate whether dynamic
trajectories of early UCR can predict the development of rapid muscle loss in critically ill patients.

Methods

This retrospective observational study involved adult patients admitted to the ICU. The primary outcome was the incidence
of rapid muscle loss during ICU hospitalization. Group-based trajectory modeling (GBTM) was used to identify distinct UCR
trajectories over the first 5 days of ICU admission. Changes in the cross-sectional muscle area at the third lumbar vertebra were
measured using CT images to evaluate muscle loss. Rapid muscle loss was defined as a muscle loss rate greater than 2% per
day. Multivariable logistic regression was used to examine the association between early UCR trajectories and rapid muscle loss.
Kaplan-Meier analysis was performed to evaluate ICU survival.

Results

Of the 642 patients, 184 (28.7%) experienced rapid muscle loss during the early phase of their ICU stay. Three distinct early
UCR trajectories were identified: a Stable-Low trajectory (80.5%), a High-Declining trajectory (8.3%), and a Steadily-Increasing
trajectory (11.2%). Multivariable logistic regression analysis revealed that the High-Declining trajectory was significantly
associated with an increased risk of rapid muscle loss compared to the Stable-Low trajectory, with an odds ratio (OR) of 2.76 [95%
Cl: 1.45~5.24]. Furthermore, the High-Declining trajectory was significantly associated with a higher risk of early ICU mortality (P =
0.011), despite no significant difference in overall ICU length of stay (P =0.18).

Conclusion

The results demonstrate that an early high-declining UCR trajectory is independently associated with rapid muscle loss and poor
survival in critically ill patients. Though additional prospective data are needed, our results suggest that monitoring early UCR

trajectories may be useful in the early identification of critically ill patients at risk of rapid muscle loss and adverse outcomes.
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Association between Respiratory Phenotypes and Successful Ventilator Liberation
in Early-Onset and Late-Onset ARDS: A Multicenter Cohort Study

#%: Hongyan Wang®,Lina Zhao', Zhe Chen”, Keliang Xie®
E{if: 1 Department of Critical Care Medicine, 2 Department of Geriatrics, Tianjin Geriatrics Institute,

Tianjin Medical University General Hospital

Abstract

Background: Early-onset and late-onset acute respiratory distress syndrome (ARDS) differ in clinical course and outcomes, but
their longitudinal respiratory trajectories remain unclear. We aimed to characterize respiratory trajectories in early- and late-onset
ARDS and identify trajectory-based phenotypes associated with ventilator liberation and mortality.

Methods: In this multicenter retrospective cohort study, 907 patients with ARDS (519 early-onset, 388 late-onset) were analyzed.
Partitioning around medoids clustering was applied to longitudinal trajectories of the PaO2/FiO2 ratio, tidal volume, and driving
pressure in the overall cohort and onset-specific subgroups. Associations with outcomes were evaluated using multivariable
regression, propensity score matching, and inverse probability weighting.

Results: Early-onset and late-onset ARDS showed distinct respiratory trajectories and clinical outcomes. Three reproducible
respiratory trajectory phenotypes were identified across the overall cohort and onset-specific subgroups. The high-risk phenotype
was characterized by persistent oxygenation impairment, elevated driving pressure, and higher tidal volume. Compared with the
reference phenotype, the high-risk phenotype was associated with lower odds of successful ventilator liberation within 7 days
(OR 0.15, 95% CI 0.06-0.34) and higher 28-day mortality (OR 7.50, 95% CI 4.74-12.05). Mediation analysis suggested that APACHE
Il score, SOFA score, and work of breathing partly mediated the association with ventilator liberation failure, whereas APACHE Il

score was the main mediator of 28-day mortality.

Conclusion: Early-onset and late-onset ARDS exhibit distinct longitudinal respiratory trajectories. Trajectory-based respiratory
phenotyping identifies a high-risk subgroup associated with ventilator liberation failure and mortality, supporting the use of

dynamic respiratory phenotyping for risk stratification in ARDS.
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Association of Adjunctive Nonsteroidal Anti-inflammatory Drug Therapy with
Reduced Sepsis Risk in Patients with Severe Post-traumatic Pulmonary Infection:
A Multicenter Retrospective Cohort Study
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To evaluate the clinical efficacy of nonsteroidal anti-inflammatory drugs (NSAIDs) combined with antibiotics in patients with
severe post-traumatic pulmonary infection, and to assess their impact on the risk of developing downstream sepsis.

This multicenter retrospective cohort study enrolled 181 patients with severe post-traumatic pulmonary infection admitted to
the Intensive Care Unit (ICU) of the Jiulongpo District People's Hospital of Chongging, Qianjiang Hospital affiliated to Chongging
University, and Army Medical Center of PLA (Daping Hospital) between June 2017 and June 2024. Patients were stratified into an
antibiotic monotherapy group (control group, n=45) and an NSAIDs-supplemented antibiotic group (observation group, n=136)
according to NSAIDs administration. Baseline demographics, laboratory parameters, and microbiological data were collected.
Temporal trajectories of vital signs, hematologic indices, inflammatory markers, coagulation profiles, metabolic parameters,
arterial blood gases, electrolytes, and organ function markers were compared between groups. The incidence of sepsis and in-
hospital mortality were also evaluated.

The mean age of the cohort was 47.07%15.29 years, and 79.6% were male. The cohort presented a high injury burden, with a mean
Injury Severity Score (ISS) of 30.24+10.25, Traffic accident trauma (57.5%) were the predominant mechanisms. Microbiological
analysis identified Acinetobacter baumannii as the most frequent pathogen (18.0%). Post-treatment, the observation group
exhibited a robust reinvigoration of lymphocyte percentage (LYM%) (Z = -2.337, P = 0.019), coordinated by synchronized systemic
declines in white blood cell count (WBC) (Z =-2.582, P =0.010), neutrophil-to-lymphocyte ratio (NLR) (Z =-2.334, P = 0.020), D-dimer
(2=-2.970,P =0.003), blood glucose (Glu) (Z=-2.231, P =0.026), total bilirubin (TBIL) (Z =-2.384, P = 0.017), indirect bilirubin (IBIL) (Z
=-2.557, P =0.011), blood urea nitrogen (BUN) (Z = -2.245, P = 0.025), and serum creatinine (SCr) (Z = -2.245, P = 0.025) compared
to the control group. These findings indicate that the combinatorial paradigm effectively blunts systemic phlogistic cascades,
ameliorates hypercoagulable disturbances, dampens metabolic stress, and promotes parenchymal organ recovery. Crucially,
the incidence of sepsis was profoundly attenuated in the observation group compared to controls (8.1% vs. 22.2%, x* = 6.586, P =
0.012). Although in-hospital mortality demonstrated a favorable downward trend in the trial group, the discrepancy did not reach
statistical significance.

In patients wrestling with severe post-traumatic pulmonary infections, the synergy of NSAIDs and antibiotics holds promise to
mitigate secondary sepsis accrual and optimize clinical trajectories by concurrently uncoupling hyperinflammation, restoring
immunological homeostasis, and reversing multiorgan vulnerability. This framework supports the clinical rationale of adjunctive
anti-inflammatory modulation, although its definitive long-term benefits warrant further validation in prospective randomized
controlled trials.
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Association of HDL-C and ApoA-l with persistent organ failure in
hypertriglyceridemia-associated acute pancreatitis: insights from a multicenter
registry
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Background: Circulating triglycerides have been believed to play a key role in aggravating hypertriglyceridemia-associated
acute pancreatitis (HTG-AP), and therefore, existing therapies primarily focus on managing serum triglyceride levels. However,
current early triglyceride-lowering therapies have failed to demonstrate significant clinical benefits, prompting efforts to identify
novel treatment targets. Mechanistic studies have shown that lipoproteins, such as high-density lipoprotein cholesterol (HDL-C)
and apolipoprotein A-l (ApoA-1), may also be involved in the pathophysiology of HTG-AP. This study aimed to investigate whether
admission levels of HDL-C and ApoA-I were associated with adverse outcomes in HTG-AP.

Methods: Participants enrolled in the national PERFORM registry between November 2020 and November 2023, with available
HDL-C and ApoA-I levels at enrollment, were retrospectively analyzed. The PERFORM is a large-scale, long-running, multicenter,
prospective cohort study recruiting HTG-AP patients across China. The primary outcome was persistent organ failure (POF) within
14 days. A Cochran-Armitage test for trend was used to evaluate trends in proportions across tertiles of baseline HDL-C and ApoA-I
levels. We employed the multivariable logistic regression models to investigate the association between serum levels of HDL-C
and ApoA-I on admission and POF. Additionally, subgroup analyses were performed according to triglyceride level at enrollment
(= 22.6 mmol/L or not). Restricted cubic splines with knots set at the 10th, 50th, and 90th percentiles of the baseline HDL-C and
ApoA-I levels examined the dose-response association with the primary outcome.

Results: Among the 325 HTG-AP patients eventually included, 52 (16.0%) developed POF. Within each low-to-high tertile
of ApoA-I, the rate of POF decreased proportionally (p<0.001 by Cochran-Armitage trend test). After controlling for selected
confounders (age, Sequential Organ Failure Assessment score, organ failure at enrollment, total cholesterol, and triglyceride),
compared to the lowest tertile of ApoA-I, the highest tertile was significantly associated with reduced risk of POF (adjusted
OR=0.16, 95% CI 0.05 to 0.56, p=0.004). In subgroup analysis, a similar finding was observed regardless of whether patients had a
triglyceride level above 22.6 mmol/L. Spline analyses demonstrated a decrease in the risk of POF with increasing ApoA-I levels (p
for overall=0.021). However, no significant association between HDL-C levels and POF was identified, regardless of regression and

trend analyses.

Conclusions: Using large-sample real-world data, we found that low ApoA-I levels, continuous or tertile grouped, were associated
with increased risk of developing POF in HTG-AP patients, independently of the serum triglyceride level. However, we did not
detect a significant relationship between the levels of HDL-C and POF. These observations may inform the development of novel
treatment strategies for HTG-AP.
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Beyond Norepinephrine Dose: A Two-Stage Analytical Framework for Adjunctive
Vasopressin Decision-Making in Septic Shock
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Title

Beyond Norepinephrine Dose: A Two-Stage Analytical Framework for Adjunctive Vasopressin Decision-Making in Septic Shock
Abstract

Background

Vasopressin is widely used as an adjunctive vasopressor in septic shock, but the optimal strategy for patient selection and
initiation timing remains uncertain. Norepinephrine dose alone may not capture the heterogeneous hemodynamic states
underlying septic shock.

Objective

To develop and evaluate a two-stage analytical framework separating vasopressin treatment selection from initiation timing after

treatment selection.
Methods

This multicenter observational study used target trial emulation principles. MIMIC-IV was used as the primary cohort and elCU-
CRD for external validation. Vasoactive exposure was reconstructed from actual infusion events. Norepinephrine landmark cohorts
were analyzed using overlap weighting.

Results

In the MIMIC-IV NE = 0.25 pg/kg/min landmark cohort (n=1,987), early vasopressin initiation was associated with higher 28-
day mortality odds (OR 1.434, 95% Cl 1.160-1.773). Threshold analyses across NE = 0.10, = 0.25,and = 0.50 pg/kg/min did
not identify a clear beneficial initiation window. Among eventual vasopressin users, earlier initiation was associated with lower
mortality (OR 0.747, 95% ClI 0.574-0.972), although this analysis was exploratory due to eventual-user conditioning.

Conclusion

Vasopressin decision-making requires separating treatment selection from treatment timing. Norepinephrine dose alone may be
insufficient for individualized vasopressin strategies.

Research Content
Background and Current Status

Septic shock management frequently requires escalating vasopressor support. Although vasopressin is recommended as
adjunctive therapy, uncertainty remains regarding which patients should receive therapy and when therapy should be initiated.

Study Design

The study applied a two-stage target trial emulation framework. Stage 1 evaluated early vasopressin strategy among
norepinephrine-escalated septic shock patients. Stage 2 explored initiation timing among patients who eventually received
vasopressin.

Methods

Actual ICU infusion events were used to reconstruct vasopressor exposure. Landmark cohorts were constructed at norepinephrine
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thresholds. Pre-treatment covariates were adjusted using propensity score overlap weighting. Outcomes included mortality,
vasopressor-free days, shock reversal, renal outcomes, and external validation.

Results

Early vasopressin initiation among all eligible norepinephrine escalation patients was associated with higher mortality odds.
Among eventual users, earlier initiation showed an exploratory association with improved outcomes. Hemodynamic phenotype
analysis identified persistent hypotension as an exploratory effect-modification signal.

Conclusion

These findings suggest that vasopressin decisions involve distinct treatment selection and timing processes and support future
phenotype-guided prospective evaluation.

Important Figures

cccc2026 039 |



I 040 cCCCC2026



cccc2026 041 |



Beyond Pressure: Development and External Validation of a Hemodynamic-
Metabolic Framework for Interpreting Norepinephrine Response in Critically Ill
Patients

#%: Zhu xiaowei*, Zhong Ming”
#{if: 1Zhongshan Hospital, Fudan University, 2 Zhongshan Hospital, Fudan University

Background

Despite substantial heterogeneity in metabolic status, norepinephrine (NE) treatment duration, and vasopressor burden among
critically ill patients, the clinical interpretation of NE escalation is frequently limited to arterial pressure alone. This over-reliance
on a single hemodynamic parameter may obscure the complex physiological response to NE. Thus, we aimed to develop and
externally validate a comprehensive hemodynamic-metabolic framework to contextualize NE response beyond isolated arterial

pressure monitoring.
Methods

A retrospective observational cohort study was conducted in a primary ICU cohort, with external validation in MIMIC-IV. We
included patients admitted to ICU, who had hypotension (MAP < 65 mmHg) and initiated NE infusion after ICU admission. The
framework included three domains: heterogeneous early NE responses, state-dependent NE intensification interpretation (by
concurrent MAP and lactate), and modification by treatment duration/vasopressor burden. Favorable downstream response was
defined as simultaneous MAP improvement of at least 10% and lactate reduction of at least 20% within 6 hours after NE initiation.
Hourly state-space analyses were performed in NE-exposed patients with paired MAP/lactate. External validation in MIMIC-IV
included two levels: derived-cohort exposure-outcome analysis and hourly raw-table replication. Sensitivity analyses involved
missing-data imputation and multivariable modeling for 28-day mortality.

Results

Among the patients who were started on NE alone at a dose between 0.01 (first percentile) and 0.5 (99th percentile) mg/kg/min
were analyzed. Early response after NE initiation was heterogeneous, with distinct good responder, pressure-only responder, and
poor responder phenotypes. In the primary state-space analysis, the apparent value of higher contemporaneous NE intensity
varied across current MAP-lactate states rather than following pressure alone. The final decision map was derived through
sequential refinement from a raw 4 X4 grid to an intermediate 3 X3 representation and then to a clinically optimized publication-
ready map. Treatment duration modified the meaning of a given norepinephrine dose, and reaching MAP targets under high
vasopressor burden was associated with less favorable downstream profiles than achieving those goals with lower vasopressor
requirements. In MIMIC-1V, higher NE exposure remained associated with worse 28-day mortality, and the hourly MAP-lactate
state-space pattern was directionally replicated. In sensitivity analyses addressing missing data, the low-MAP, high-lactate region
continued to exhibit the most unfavorable prognosis, although the strength of the adverse signal was attenuated relative to the
complete-case analysis. In additional supplementary analyses using clustered bootstrap inference for external hourly validation,
the most robust and consistent adverse signal remained localized to the low-MAP, high-lactate phenotype.

Conclusions

Arterial pressure alone incompletely captures NE response in critical illness. A framework integrating MAP-lactate state, NE
treatment duration, and vasopressor burden enables more clinically meaningful NE interpretation. These findings support the
framework and generate hypotheses but not definitive causal treatment effects.

Keywords: Norepinephrine, Lactate, Hemodynamic metabolic framework, Septic shock
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Figure 1. Early hemodynamic-metabolic heterogeneity after norepinephrine initiation.

Panel A shows the MAP response trajectory over the first 6 hours after NE initiation across early responder phenotypes. Panel B
shows the corresponding lactate-response pattern. Good responders were defined as patients achieving both a = 10% increase in
MAP and a = 20% decrease in lactate within 6 hours after NE initiation; pressure-only responders met the MAP criterion only, and
poor responders met neither criterion. This figure illustrates that early NE-associated response is heterogeneous even during the

initial treatment window.

Figure 2. State-dependent interpretation of norepinephrine intensification across current MAP and lactate conditions.

Heatmap showing the observed difference in favorable downstream response across current MAP-lactate states. Cell values
represent descriptive risk differences between higher-intensity and lower-intensity NE strata within each state cell. Blue indicates
relatively greater favorable response with higher-intensity support, whereas red indicates lower favorable response. Cells were
classified as low-information when either comparison stratum contained fewer than 50 observations; these cells were retained

descriptively but not formally interpreted.
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Bioelectrical Impedance Analysis for Early Sepsis Identification, Severity
Assessment, and Post-Stabilization Risk Stratification in Critically Ill Patients With
Cancer

& LyuYang, EFRHE
g RETWEER (REERAFWEER)

Objective: Early sepsis identification and risk stratification remain particularly challenging in critically ill patients with cancer.
Conventional inflammatory biomarkers do not fully capture host physiological vulnerability. We evaluated whether bioelectrical
impedance analysis (BIA), particularly phase angle (PhA), provides incremental value for early sepsis identification, severity
assessment, exploratory post-stabilization risk stratification, and longitudinal recovery monitoring in cancer patients with sepsis.

Methods: This single-center prospective observational study comprised two prespecified analytic components: a cross-
sectional diagnostic component at sepsis onset (T0) and a longitudinal cohort component within the sepsis group. A total of 417
participants were included, including 296 patients with sepsis and 121 non-septic cancer controls. BIA and clinical data were
collected at TO, after initial clinical stabilization (T1), and after 3-5 days of nutritional support (T2). For diagnostic analysis, elastic
net logistic regression was used to develop traditional, BIA-only, and combined models. Internal validation was performed using
500 bootstrap resamples and repeated 10-fold cross-validation. Severity associations were examined using Spearman correlation
and adjusted linear regression. Exploratory prognostic analyses were performed as T1 landmark analyses. Longitudinal changes
were evaluated using mixed-effects models, with inverse probability weighting as a sensitivity analysis for incomplete T2 follow-

up.

Results: The combined diagnostic model showed the best discrimination (AUC 0.970, 95% Cl 0.949-0.991), followed by the
traditional model (AUC 0.951) and the BIA-only model (AUC 0.915). Bootstrap optimism-corrected AUCs were 0.955, 0.944, and
0.897, respectively. PhA remained independently associated with sepsis in the combined model (OR 0.460, 95% Cl 0.275-0.801;
P =0.003). In adjusted severity analyses, higher PhA was associated with lower SOFA and APACHE Il scores, whereas higher ECW/
TBW was associated with higher SOFA. In the T1 landmark analysis, each 1-degree increase in PhA was associated with lower odds
of adverse outcome (OR 0.207, 95% CI 0.121-0.332; AUC 0.825, 95% Cl 0.766-0.885). PhA increased significantly during recovery,

including in inverse probability-weighted sensitivity analysis.

Conclusion: BIA-derived parameters, especially PhA, provide clinically relevant host-centered information beyond conventional
biomarkers for early sepsis identification in critically ill cancer patients. PhA was also associated with disease severity and
recovery-phase improvement, while its post-stabilization prognostic value should be interpreted as exploratory and hypothesis-
generating.
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Chronic Critical Illness and Persistent Inflammation Immunosuppression
Catabolism Syndrome: A Comparative Clinical Outcomes Study

wa: AEs, NE
B ERERAFHREFMER

Chronic critical illness (CCl) and persistent inflammation immunosuppression and catabolism syndrome (PICS) represent
significant challenges in intensive care medicine, contributing to prolonged hospitalizations, poor functional outcomes, and
increased mortality. However, the relationship between these conditions remains incompletely understood. This study aimed to
investigate the clinical features, laboratory parameters, and prognostic outcomes in patients with CCl, PICS, or both conditions,
while exploring whether PICS serves as an independent factor or a consequence of prolonged CCI.

This prospective observational study enrolled patients from the intensive care units (ICUs) of Suzhou Municipal Hospital and
Suzhou Ninth People's Hospital between July 2021 and March 2022. Inclusion criteria comprised ICU stay = 14 days and age > 18
years. Exclusion criteria included immunosuppressant/corticosteroid use, congenital/acquired immunodeficiency, pregnancy,
and refusal of informed consent. Patients were classified into four distinct groups based on established diagnostic criteria: PICS
only, CCl only, combined CCI+PICS, and neither CCI nor PICS (NCCI+NPICS). CCl was defined by ICU stay = 14 days plus at least
one of the following: continuous mechanical ventilation, tracheotomy, serious infection, severe trauma, or multiple organ failure.
PICS was defined by persistent ICU stay > 14 days, CRP >150 pg/dL, lymphocyte count <0.8 X 10°/L, and albumin <30 g/L or other
catabolic markers. We collected comprehensive clinical data including demographics, hospital diagnoses, severity scores (APACHE
Il, SOFA), inflammatory markers (CRP), immunological parameters (lymphocyte counts), nutritional indices (serum albumin), and
outcomes (length of stay, secondary infections, 28-day mortality). Statistical analyses included ANOVA, Kruskal-Wallis tests, chi-
square tests, and univariate and multivariate logistic regression.

Among 687 ICU admissions during the study period, 168 patients met the inclusion criteria after applying exclusion parameters:
17 with PICS only (10.1%), 71 with CCI only (42.3%), 50 with CCI+PICS (29.8%), and 30 with NCCI+NPICS (17.8%). Baseline
characteristics revealed significant differences in SOFA scores (median: PICS=9, CCI=8, CCI+PICS=8.5, NCCI+NPICS=4.5; p=0.008),
hospital length of stay (median days: PICS=27, CCI=24, CCI+PICS=36.5, NCCI+NPICS=20; p=0.001), and 28-day mortality rates
(P1CS=35.3%, CCI=21.1%, CCI+PICS=48.0%, NCCI+NPICS=26.7%; p=0.016). Multiple comparisons demonstrated that the CCI+PICS
group had significantly longer hospitalizations compared to both CCl and NCCI+NPICS groups (p<0.05), as well as higher mortality
than the CCI group (p<0.05). Laboratory parameters showed distinctive patterns across groups, with absolute lymphocyte
counts significantly lower in PICS and CCI+PICS groups compared to CCl and NCCI+NPICS groups on days 14 and 21 (p<0.001).
Similarly, albumin levels were lower in the CCI+PICS group versus CCl group on day 14 (30.15 vs. 33.90 g/L; p<0.05) and versus
NCCI+NPICS on day 21 (31.00 vs. 34.60 g/L; p<0.05). CRP values were higher in the CCI+PICS group compared to both PICS and
NCCI+NPICS groups on day 21 (67.70 vs. 33.58 and 21.36 mg/L, respectively; p<0.05). Respiratory and cardiovascular causes were
the predominant reasons for ICU admission across all groups. In multivariate analysis, age (OR=0.94, 95%CI 0.91-0.98; p=0.001),
CRP on days 14 (OR=0.99, 95%Cl 0.98-1.00; p=0.001) and 21 (OR=6.15, 95%CI 1.03-36.60; p=0.046), and albumin on days 1 (OR=1.09,
95%Cl 1.01-1.17; p=0.035) and 21 (OR=0.98, 95%CI 0.97-0.99; p<0.001) emerged as independent prognostic factors, while
lymphocyte counts did not maintain significance in the multivariate model.

This study demonstrates a progressive worsening of clinical outcomes across the four patient groups, with the combined CCI+PICS
group exhibiting the poorest prognosis. The identification of clinically isolated PICS suggests it may function as an inducement
or independent factor that exacerbates CCl, rather than merely representing a consequence of prolonged critical illness. The
synergistic negative impact when both conditions coexist supports a potential vicious cycle model where persistent organ
dysfunction in CCl leads to PICS, which in turn further worsens organ function. Age emerged as a non-modifiable prognostic
factor, potentially reflecting age-related immunosenescence and diminished compensatory mechanisms. The persistent elevation
of inflammatory markers (CRP) and decline in nutritional indices (albumin) throughout the ICU stay highlight the central role of

ongoing inflammation and catabolism in determining outcomes.

Our findings suggest two potential pathophysiological pathways. In the first, external threats trigger inflammation,
immunosuppression, and/or catabolism leading to organ dysfunction (SOFA = 2), which if persistent, results in CCl and eventually
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PICS through a vicious inflammatory-immunosuppressive-catabolic cycle. Alternatively, particularly strong external threats or
poor baseline patient condition may directly trigger the complete PICS phenotype from the outset. The lymphocyte findings raise
questions about current PICS diagnostic criteria, as lymphopenia did not emerge as an independent prognostic factor despite
being central to the immunosuppression component of PICS.

These results have important clinical implications. Early identification of high-risk patients—particularly elderly individuals with
persistent inflammatory and catabolic markers—could facilitate targeted interventions to prevent progression to the combined
CCI+PICS state. Such interventions might include enhanced nutritional support, early mobilization, personalized immune
modulation, and aggressive infection prevention strategies. Furthermore, the study underscores the need for multidisciplinary
approaches addressing the complex interplay between persistent inflammation, immunosuppression, and catabolism in critically
ill patients with prolonged ICU stays. Future research should focus on validating more precise diagnostic markers, developing
predictive models for early identification, and exploring targeted therapeutic interventions that could interrupt the CCI-PICS
vicious cycle and improve long-term outcomes in this challenging patient population.
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Clinical and Prognostic Insights into Pneumocystis Pneumonia in Non-HIV-
Infected Patients: A single-center Retrospective Analysis
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This study aims to characterize the clinical features, prognostic factors, and treatment outcomes of Pneumocystis pneumonia (PCP)
in non-HIV-infected patients, as its incidence continues to rise in this population.

Clinical data from 375 non-HIV-infected PCP patients treated at a tertiary medical center in Anhui, China, between January 2018
and December 2022 were retrospectively analyzed.

Among the 375 patients with PCP included in the study, 271 (72.3%) were male and 104 (27.7%) were female, showing a significant
gender difference (P < 0.001). There were 243 patients in the survival group and 132 in the non-survival group, resulting in an
overall mortality rate of 32.5%. Of the 159 patients admitted to the ICU, 31 survived while 128 did not, leading to an ICU mortality
rate of 80.5%.

A total of 274 (73.1%) patients (124 in the survival group and 132 in the non-survival group) had co-infections, which were
identified as a significant risk factor for poor prognosis (P <0.001).

A total of 146 (38.9%) patients (14 in the survival group and 132 in the non-survival group) required mechanical ventilation (both
invasive and non-invasive). Patients requiring ICU admission and/or mechanical ventilation demonstrated significantly worse
outcomes (P <0.001), while the length of ICU stay did not significantly affect prognosis.

Regarding laboratory indicators, decreased albumin levels and increased blood urea nitrogen and/or blood glucose were
identified as risk factors associated with non-survival (P =0.001, P = 0.001, and P = 0.03, respectively). Other laboratory indicators

were not significantly associated with prognosis.

Logistic multivariate regression analysis identified the following as independent risk factors for poor prognosis in the non-survival
group: male gender (OR = 1.238, 95% Cl: 1.094-1.402, P = 0.001), elevated serum urea nitrogen (OR = 1.167, 95% ClI: 1.056-1.290, P
=0.002), co-infection with multiple viruses (OR = 4.605, 95% Cl: 1.418-14.953, P = 0.011), and co-infection with cytomegalovirus (OR
=4.423,95% Cl: 1.172-16.695, P = 0.028).

Pneumocystis pneumonia in non-HIV-infected patients is marked by acute onset, rapid progression, severe symptoms, and a
poor prognosis. Key risk factors associated with poor outcomes in this population include male gender, elevated urea nitrogen
levels, co-infection with multiple viruses, and co-infection with cytomegalovirus (CMV). A thorough understanding of the disease's
characteristics and prognostic factors is crucial for identifying high-risk patients, implementing preventive strategies, and making
timely and informed medical decisions after disease onset.
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Demographic and socioeconomic disparities in invasive mechanical ventilation
use across China: a national cross-sectional study

& Cao, Wengli, DuBin
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To describe the utilization, incidence, and in-hospital mortality rates of IMV and examine the association between provincial
human development level (HDI) and IMV epidemiological profiles.

In this national cross-sectional study, we used data from the National Data Center for Medical Service and public databases
covering 4111 hospitals in 30 provinces of mainland China, including all patients receiving IMV between Jan 1 and Dec 31, 2022.
We estimated age-standardized utilization, incidence, and in-hospital mortality, stratified by age, sex, and provincial HDI stratum.
Regional inequality was quantified with the Gini coefficient and HDI associations with Spearman's rank correlation.

A total of 1,334,939 IMV patients were included (mean age 60.2 years [SD 22.4]; 64.1% male). Pneumonia and influenza were the
leading primary diagnoses in non-surgical patients (19.3%), while cerebrovascular diseases predominated among surgical patients
(20.3%). The national age-standardized IMV incidence was 146 (95% Cl: 145-147) per 100,000 population, higher in upper-middle
HDI regions (155, 95% Cl: 154-155) than lower-middle region (134, 95% Cl: 133-135). Males had a 1.9-fold higher incidence than
females (195 vs 104 per 100,000 population). IMV incidence increased progressively with age. A significant positive correlation was
observed between HDI and IMV utilization (Spearman R = 0.464, P = 0.010). Gini coefficients were 0.34 and 0.33 in upper-middle
and lower-middle regions, respectively. Age-standardized in-hospital mortality varied widely across provinces (range: 7%-33%)

and was higher in lower-middle regions.

IMV utilization in China is shaped by pronounced demographic and socioeconomic disparities. The divergence between HDI-
driven capacity and clinical need underscores the urgency of need-based critical care resource allocation, equitable infrastructure
investment, and long-term capacity planning amid China's rapidly ageing population.
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Development and evaluation of a machine learning-based risk prediction model
for enteral feeding intolerance in sepsis patients
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Early detection and prediction of enteral nutrition intolerance (EFI) are essential for effective management of septic patients. This
study seeks to develop an interpretable machine learning (ML) model for predicting EFl in septic patients.

Data were collected from septic patients admitted to the ICU and receiving enteral nutrition at a tertiary hospital in Shandong
Province between January 2023 and July 2025. A retrospective cohort was randomly divided into training and validation sets in
a 7:3 ratio. Feature selection was performed using univariate analysis and binary logistic regression. Five independent machine
learning models—Random Forest (RF), Support Vector Machine (SVM), Neural Networks, and XGBoost—were developed and
evaluated based on the area under the receiver operating characteristic curve (AUROC), accuracy, sensitivity, specificity, and F1

score. The Shapley Additive Explanation (SHAP) method was applied to interpret the predictive model.

The study included 549 septic patients, with an EFI incidence of 34.6%. Six key features were selected for model development:
age, APACHE Il score, albumin levels, receipt of continuous renal replacement therapy, enteral nutrition start time, and intra-
abdominal pressure. Among the models, the RF model demonstrated the best performance, with an AUC of 0.891, accuracy of
0.830, F1 score of 0.771, specificity of 0.869, and sensitivity of 0.763. SHAP analysis identified albumin levels as a protective factor
for EFlin septic patients.

The RF model showed strong predictive performance for EFI in septic patients; however, further validation in large multicenter
cohorts is needed before clinical application. Future research should focus on early identification of high-risk patients through
clinical data analysis, enabling timely intervention and more efficient use of limited healthcare resources.
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Development and Internal Validation of an Interpretable Machine Learning Model
for Predicting 28-Day Mortality in Critically Ill Patients Undergoing Invasive Prone
Position Ventilation

#42: Yilin Wei”, Yongsheng Guo®, Xin Zheng®, Yuxian Wang®, Ming Zhong"*
E{ij: 1 Shanghai Institute of Infectious Disease and Biosecurity, Fudan University, Shanghai, China
2 Shanghai Geriatric Medical Center, Shanghai, China
3 Department of Critical Care Medicine, Zhongshan Hospital, Fudan University, Shanghai, China.

Abstract

Background: Acute respiratory distress syndrome (ARDS) is a life-threatening form of acute hypoxemic respiratory failure with
substantial mortality. Prone position ventilation (PPV) is a key supportive therapy for moderate-to-severe ARDS, yet patient
outcomes remain highly heterogeneous. An interpretable prognostic model may help identify high-risk patients before PPV and

support clinical decision-making.

Methods: We retrospectively enrolled ARDS patients who received PPV in the ICU of Zhongshan Hospital, Fudan University,
between October 2019 and August 2025. The primary outcome was 28-day mortality. Candidate predictors measured within 24
hours before the first PPV session were collected. The dataset was split into a stratified training set (70%) and test set (30%) (seed
=123). Feature selection and model training were performed in the training set, and four models—logistic regression (LR), random
forest (RF), support vector machine (SVM), and XGBoost—were developed with 5-fold cross-validation. Model discrimination
and classification performance were assessed using ROC-AUC, PR-AUC, accuracy, sensitivity, specificity, precision, F1-score, and
Brier score. The best-performing model was further compared with the APACHE Il score to assess relative predictive performance.

SHapley Additive exPlanations (SHAP) were applied to interpret the contribution of individual predictors in the optimal model.

Results: A total of 358 patients were included, with a 28-day mortality of 69.3%. XGBoost showed the best discrimination on the
test set (ROC-AUC = 0.790, PR-AUC = 0.927). SHAP analysis demonstrated that age, pH, potassium, ionized calcium, platelet count
(PLT), monocyte percentage (MO%), systolic blood pressure (SBP), dynamic compliance (Cdyn), and continuous renal replacement
therapy (CRRT) contributed substantially to mortality prediction in the XGBoost model.

Conclusions: An XGBoost model incorporating variables collected within 24 hours before first PPV initiation showed favorable
discrimination for predicting 28-day mortality in ARDS patients undergoing prone position ventilation. The model may facilitate
early risk stratification and support individualized clinical decision-making by identifying patients at high risk of poor outcomes
despite PPV. Further multicenter validation is required to confirm generalizability.

Keywords:

Acute respiratory distress syndrome; Prone position ventilation; Mortality; Machine learning; Prediction model; XGBoost; Intensive

care unit.
Introduction

ARDS is an acute hypoxemic respiratory failure caused by pulmonary inflammation, characterized by rapid onset, severe clinical
manifestations, and high mortality". Global data show that ARDS accounts for approximately 10.4% of all ICU admissions, with
about 40% of patients dying duringhospitalization™. Currently, etiological treatment, respiratory support, and anti-infective
therapy constitute the main treatment strategies for ARDS™. As a form of respiratory support, PPV hasbeen shown to improve
oxygenation and confer substantial survival benefits since it was first applied in patients with ARDS in 1976". Compared with the
supine position, PPV improves ventilation-perfusion (V/Q) matching, reduces intrapulmonary shunt, enhances oxygenation, and
decreases overdistension in nondependent lung regions as well as cyclic collapse of alveoli independent regions®. Some studies
have suggested that PPV may also exert beneficial effects on cardiac function. For example, in conditions of increased right
ventricular load or cardiac output-dependent states, PPV may help improve venous return and pulmonary circulation perfusion
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!, Since large randomized controlled trials such as PROSEVA demonstrated a survival benefit™, PPV has been incorporated

into multiple international guidelines and is recommended as a key therapeutic strategy for patients with moderate to severe
ARDS™. The COVID-19 pandemic and the updated definitions of ARDS® have further expanded the application of PPV to non-
intubated, awake patients with hypoxemic respiratory failure, making it a routine clinical intervention. However, in clinical
practice, not all ARDS patients receiving PPV exhibit consistent treatment responses; some show only limited or no improvement
in oxygenation after pronepositioning"®*". In recent years, with the rapid development of artificial intelligence and machine
learningtechnologies, an increasing number of studies have utilized large-scale, multivariable data todevelop predictive models
for clinical decision-making and risk stratification in critically ill patients. Some studies have attempted to predict the effects of
PPV on oxygenation using demographic, physiological, and laboratory variables; however, an interpretable model for predicting
28-day mortality in ARDS patients before PPV remains lacking. Therefore, this study aims to develop and internally validate a
prognostic model that estimates the individual probability of 28-day mortality at the time of first prone positioning initiation
(t0) in mechanically ventilated ARDS patients, using predictors routinely available within the 24 hours preceding t0. The model
is intended to support early risk stratification and shared decision-making regarding escalation strategies, rather than to infer
causal treatment effects.

Methods
Study Design and Population

This was a single-center, retrospective observational cohort study including patients with ARDS admitted to the ICU of Zhongshan
Hospital, Fudan University, between October 2019 and August 2025. This study was approved by the Institutional Ethics
Committee (NO. B2026-019) and registered at ClinicalTrials.gov (NCT07445061). The inclusion criteria were:

(1) Diagnosis of ARDS according to the Berlin definition™,;

(2) Receipt of at least one session of PPV during hospitalization;

(3) Requirement for mechanical ventilation. The exclusion criteria were:
(1) Age <18 years;

(2) Duration of PPV <6 hours™;

(3) Receipt of awake prone positioning;

(4) Pregnancy;

(5) ICU length of stay <2 days. To ensure sample representativeness, no selective inclusion was performed among patients
receiving PPV. All patients received standardized critical care treatment and nursing. Clinical data were extracted from the hospital
information system, including demographic characteristics, vital signs, laboratory results, therapeutic interventions, and ICU
outcomes. This study was approved by the Ethics Committee of Zhongshan Hospital, Fudan University (B2026-019) and conducted
in accordance with the Declaration of Helsinki. All data were de-identified prior to analysis to ensure patient confidentiality (Figure
1).

Patients admitted to the ICU from

October, 2019 to August, 2025
N=563

42 Prone positioning duration < 6 hours

78 No invasive mechanical ventilation
3|11 Missing key data

55 Awake prone positioning

19 ICU length of stay less than two days

Patients included in
this analysis
N=358

Random stratified split:
training 70%, test 30%

- ROE ' XGBoost
2. PR_AUC Evaluation

3. SHAP interpretati Model >
|4. APACHE Il comparison) SVM

cccc2026 o061 |



Figure 1. Study flowchart and machine learning model development.

ICU, intensive care unit; LASSO, least absolute shrinkage and selection operator; LR, logistic regression; RF, random forest; SVM,
support vector machine; XGBoost, extreme gradient boosting; ROC, receiver operating characteristic; PR, precision-recall; SHAP,
SHapley Additive exPlanations; APACHE Il, Acute Physiology and Chronic Health Evaluation Il.

Outcome Variable Index time (t0) was defined as the start time of the first prone positioning session. The primary outcome was
all-cause mortality within 28 days after t0, ascertained from the hospital death registry and electronic medical records. All patients
were followed up for 28 days, and no censoring occurred.

Predictor Variables Baseline clinical characteristics and key variables were collected within 24 hours before first PPV. If multiple
measurements were available for the same variable, the value closest to t0 was used. These included:

(1) Demographic factors: age, sex, body mass index (BMI), major comorbidities (diabetes, hypertension, chronic lung disease,
immunosuppression, etc.), and ARDS etiologies (pneumonia, aspiration, sepsis, malignancy, etc.);

(2) Disease severity: APACHE Il score at ICU admission, ARDS severity classification, and COVID-19 infection status;

(3) Laboratory variables: arterial blood gas results, complete blood count, inflammatory markers, biochemical parameters, and
coagulation indices prior to the first PPV session;

(4) Organ support measures: use of CRRT or extracorporeal membrane oxygenation (ECMO) before the first PPV session;
(5) Microbiological findings: presence of bacterial, fungal, or viral infections before the first PPV session;

(6) Other variables: lung compliance and CT classification (1 = focal, 2 = diffuse). All variables were measured using standard
clinical procedures. Arterial blood gas analysis was performed on arterial samples, laboratory parameters were tested in the
hospital’ s central laboratory, and respiratory mechanics were obtained from ventilator monitoring data.

Data Preprocessing The proportion of missing data was calculated for each variable. Variables with more than 20% missing
values or with evidence of non-random missingness were excluded to reduce potential bias. For variables with a lower proportion
of missing data that were assumed to be missing at random, multiple imputation (MI) was performed. Multiple imputation was
conducted using five imputations (m =5). The proportion of missing data for variables included in the LASSO analysis (missingness
<20%) is presented in Figure S1.

To reduce the impact of multicollinearity, Pearson or Spearman correlation matrices were calculated for all continuous candidate
predictors. Variance inflation factors (VIFs) were also computed. When the correlation coefficient between two variables
exceeded 0.7, only the clinically more meaningful variable was retained. Variables with VIF >5 were considered to have significant
multicollinearity and were either excluded or transformed (e.g., logarithmic transformation or ratio calculation). After these
preprocessing steps, the final feature set was used for model development.

Feature Selection

The dataset was randomly divided into a training set and a test set at a ratio of 7:3 using stratified sampling to preserve the
distribution of the outcome variable. Feature selection was performed using LASSO in the training set, and selected non-zero-
coefficient variables were used for downstream modeling. By introducing an L1-norm penalty into the LR model, LASSO shrinks
regression coefficients toward zero and eliminates less informative variables, thereby enabling variable selection.

Cross-validation methods include k-fold cross-validation and leave-one-out cross-validation. Since leave-one-out cross-validation
may lead to overfitting in small samples, k-fold cross-validation is generally preferred [14]. Therefore, five-fold cross-validation
was used to determine the optimal regularization parameter (A) in the LASSO model. Model Development and Evaluation Four
commonly used supervised machine learning algorithms were employed to build prediction models: LR, RF, SVM, and XGBoost.
LR is a traditional generalized linear model with good interpretability. RF and XGBoost are tree-based ensemble methods: RF
aggregates multiple decision trees using bagging, whereasXGBoost trains trees sequentially using gradient boosting; these
methods are advantageous forcapturing nonlinear relationships and complex feature interactions. SVM is a margin-based
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supervised learning algorithm that constructs an optimal hyperplane to maximize class separation and can effectively model
nonlinear boundaries through kernel-based transformations. Within the training set, random search combined with five-fold
cross-validation was used to optimize model hyperparameters, and the parameter set yielding the highest cross-validated AUC
was selected. The final models were then trained using the optimal parameters and evaluated on the independent test set using
receiver operating characteristic (ROC) analysis and multiple performance metrics. The AUC, accuracy, sensitivity, specificity,
precision, F1-score and Brier score obtained from the test set were used to evaluate the overall performance of the models. Model
performance was evaluated using both ROC-AUC and PR-AUC to provide a more informative assessment under class imbalance.
Threshold-dependent metrics (accuracy, sensitivity, specificity, precision, and F1-score) were computed using a cutoff selected by
the Youden index on the training set ROC curve, and then fixed for evaluation on the independent test set.

SHAP-Based Model Interpretability

To enhance interpretability, we applied SHapley Additive exPlanations (SHAP) to the best-performing model. SHAP values were
computed to quantify the marginal contribution of each feature to the predicted mortality risk at both the individual and global

levels, and were visualized using summary plots.
Statistical Analysis

All statistical analyses were performed using R version 4.4.2. Baseline characteristics of the study population were described using
descriptive statistics. Continuous variables were presented as median (interquartile range). Categorical variables were presented
as counts (percentages). Comparisons between survivors and non-survivors were conducted using the independent-samples
t-test or Mann-Whitney U test for continuous variables, and the chi-square test or Fisher’ s exact test for categorical variables. All
statistical tests were two-sided, and a p value <0.05 was considered statistically significant.

Results
Clinical Characteristics

A total of 358 ARDS patients who received PPV were included in this study (Table S1). Among them, 110 patients (31%) survived
and 248 patients (69%) died. The cohort comprised 275 males (77%) and 83 females (23%). The median age was 71 years (IQR:
64-79), and the median body mass index (BMI) was 23.26 kg/m? (IQR: 20.76-25.40). The median APACHE Il score was 21 (IQR: 14~
27). The burden of comorbidities was relatively high, with hypertension being the most common (59%, n=213), followed by tumor
(32%, n=116) and diabetes (25%, n=91). Most patients received invasive mechanical ventilation on the day of ICU admission.
Some patients were initially treated with noninvasive ventilation or high-flow oxygen therapy and were subsequently intubated
due to worsening oxygenation. During the course of ARDS, 29 patients required extracorporeal membrane oxygenation (ECMO)
because adequate oxygenation could not be maintained with conventional therapy, and 109 patients received CRRT. Compared
with survivors, non-survivors were older (72.5 vs. 68 years, p < 0.05), had higher APACHE Il scores (21 vs. 20, p = 0.037), more
frequent diffuse CT patterns (61% vs. 39%, p < 0.05), a higher rate of CRRT use (35% vs. 19%, p < 0.05), and a shorter ICU stay (13.9
vs.22.86, p < 0.05). At enrollment, significant differences were observed between survivors and non-survivors in arterial blood gas,
biochemical, and hemodynamic parameters (Table S2). Compared with survivors, non-survivors had lower ionized calcium levels (1
mmol/L vs. 1.02 mmol/L, p < 0.05), platelet (132 X 10°/L vs. 176 X 10°/L, p <0.05), and monocyte percentages (3.3% vs. 4%, p < 0.05).
In contrast, non-survivors showed higher lactate levels (1.83 vs. 1.47 mmol/L, p < 0.05), international normalized ratio (1.26 vs.
1.22, p <0.05), cardiac troponin T (0.05 vs. 0.02 ng/L, p < 0.05), interleukin-8 (87 vs. 61 pg/mL, p <0.05), and systolic blood pressure
(118.5 vs. 130 mmHg, p < 0.05). CRP levels appeared numerically higher in survivors than in non-survivors (103.35 vs. 90.00, P <
0.05), although the distributions overlapped considerably. This counterintuitive pattern in the univariate comparison may reflect
underlying confounding factors and heterogeneity in inflammatory responses at the time of measurement.

Feature Selection Results

A total of 63 candidate variables were entered into the LASSO regression. For LASSO, five-fold cross-validation was used to
determine the optimal regularization parameter (A); the minimum cross-validation error was achieved at A = 0.03026484 (Amin),
and a more parsimonious model was obtained using the one-standard error rule at A = 0.04819018 (Alse). As A increased, less

informative predictors were progressively shrunk toward zero coefficients. Using Alse, the LASSO procedure selected 9 variables
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with nonzero coefficients: Age, pH, potassium, ionized calcium, PLT, MO%, SBP, Cdyn, and use of CRRT (Figure 2). All subsequent
machine learning models were trained and compared using these 9 selected features as inputs.

Figure 2. Feature selection.

(A) LASSO cross-validation error plot: This panel illustrates the process of selecting the optimal regularization parameter in the
LASSO model using cross-validation. The left dashed line indicates the A value corresponding to the minimum cross-validation
error and the number of variables included at that point, whereas the right dashed line represents the A value that yields the
most parsimonious model within one standard error of the minimum error; (B) LASSO coefficient path plot: This panel shows the
coefficient trajectories of the predictors during LASSO regression. Each colored curve represents the coefficient of a variable. As
A decreases (i.e., — log(A) increases), the coefficients gradually emerge from zero. By combining the — log(A) scale on the bottom
axis with the number of nonzero coefficients on the top axis, the plot visually demonstrates the dynamic process of variable

selection and the trade-off between regularization strength and model complexity.
Model Evaluation and Comparison

Based on the selected features, four prediction models—LR, RF, SVM, and XGBoost—were developed to predict 28-day mortality
in ARDS patients receiving PPV. Five-fold cross-validation was applied within the training set for model tuning , and the
corresponding ROC curves are presented in Figure S2. The final performance was evaluated on the test set (Figure 3).

Figure 3. Model performance evaluated by receiver operating characteristic (ROC) curves.

(A) ROC curves of four machine learning models in the training set based on 5-fold cross-validation. The x-axis represents 1
— specificity and the y-axis represents sensitivity. The area under the curve (AUC) values are presented as mean * standard
deviation across the cross-validation folds. (B) ROC curves of four machine learning models in the independent test set. The

I 064 cCCCC2026



AUC value with 95% confidence intervals (Cls) are reported for each model. The diagonal dashed line indicates no discriminative
ability (AUC = 0.5). Among the four models evaluated, XGBoost achieved the best performance, with an accuracy of 0.692, ROC-
AUC of 0.790, precision of 0.887, and a PR-AUC of 0.927, indicating robust performance in identifying high-risk patients under
class imbalance. RF demonstrated the most balanced overall performance, with an AUC of 0.753 and the highest F1-score (0.815).
LR and SVM yielded comparable results (AUC: 0.749 and 0.751; F1-score: 0.743 and 0.651). Overall, all models showed acceptable
discrimination, while XGBoost demonstrated relatively better predictive performance (Table 1).

Table 1 Performance of machine learning models for predicting 28-day mortality

LR, logistic regression; RF, random forest; SVM, support vector machine; AUC, area under the receiver operating characteristic
curve; PR-AUC, area under the precision-recall curve. To further evaluate the clinical utility of the model, XGBoost was compared
with the APACHE Il score. Compared with APACHE I, XGBoost showed higher discrimination (AUC 0.790 vs 0.610). The difference
between the two AUCs was statistically significant (P < 0.05, DeLong test). These results suggest that the machine learning
model provides superior predictive accuracy compared with the traditional scoring system for 28-day mortality in ARDS patients
receiving PPV (Figure4).

Figure 4. ROC curve comparison between the XGBoost model and the APACHE Il score.

The ROC curves illustrate the discriminative performance of the two models in predicting 28-day mortality. The x-axis represents 1
— specificity, and the y-axis represents sensitivity. The diagonal dashed line indicates no discrimination (AUC = 0.5). The XGBoost
model demonstrated superior predictive performance compared with the APACHE Il score. AUC values are shown in the figure,
and the difference between the two ROC curves was statistically significant according to the DeLong test (P < 0.05).

Variable importance and variable interpretation

SHAP analysis demonstrated that PLT was the most influential predictor in the XGBoost model, followed by Age and M0O%.
Potassium, lonized Calcium, SBP, Cdyn, CRRT, and pH also showed relevant contributions, although with lower relative
importance. The beeswarm plot indicated that lower PLT, lower MO%, lower lonized Calcium, lower SBP, lower Cdyn, and lower
pH were associated with positive SHAP values and increased predicted mortality risk. Conversely, advanced age and elevated
Potassium levels contributed positively to mortality prediction. The use of CRRT was likewise associated with higher SHAP values,
suggesting an increased predicted risk of 28-day mortality (Figure 5).
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Figure 5. SHAP analysis of the XGBoost model.

(A) SHAP beeswarm plot showing the distribution of SHAP values for each feature across all patients. Each dot represents an
individual observation, with color indicating the feature value; (B) SHAP importance plot showing the mean absolute SHAP values
of each feature, reflecting their overall contribution to the model; PLT, platelet count; MO%, monocyte percentage; SBP, systolic
blood pressure; Cdyn, dynamic lung compliance; CRRT, continuous renal replacement therapy.

Discussion

In this study, we developed a machine learning-based model to predict 28-day mortality in ARDS patients receiving PPV. Using
variables obtained within 24 hours prior to PPV initiation, the XGBoost model demonstrated good discriminative performance
(AUC = 0.791) with balanced accuracy, suggesting potential clinical utility for early risk stratification. Although prone positioning
is widely recommended for moderate to severe ARDS [15], its survival benefit remains heterogeneous across patients. While
improvements in oxygenation are frequently observed, they do not consistently translate into reduced mortality, highlighting a

“physiological-clinical dissociation [16]” . A meta-analysis of five randomized controlled trials involving 1,372 patients similarly
concluded that although Pa0,/FiO, significantly improved, prone positioning was not associated with a significant reduction
in mortality in ALI/ARDS patients [17]. In contrast, the PROSEVA trial demonstrated a substantial survival benefit, with a 28-
day mortality of 16.0% in the prone group compared with 32.8% in the supine group, representing a 50% relative reduction
in mortality [7]. More recent studies have confirmed that PPV not only improves oxygenation but also optimizes ventilation-
perfusion matching and reduces overdistension in nondependent lung regions, thereby facilitating lung-protective ventilation
strategies and decreasing the risk of ventilator-induced lung injury [18,19]. Based on these physiological and survival benefits,
multiple guidelines now recommend PPV as a standard therapy for patients with moderate to severe ARDS [20]. However, clinical
responses to PPV remain highly heterogeneous. Therefore, identifying patients at high risk of poor outcomes despite PPV in terms
of survival should become a key focus of clinical assessment and management. These patients essentially represent a higher-
risk subgroup, and early identification may allow clinicians to initiate more aggressive rescue therapies, such as extracorporeal
membrane oxygenation (ECMO). Previous studies have explored prediction of nonresponse to prone positioning [13] or
identification of ARDS subphenotypes among patients receiving PPV[21] , but these studies primarily focused on oxygenation
outcomes rather than survival. The 28-day mortality rate in our cohort was substantially higher than that reported in landmark
trials such as PROSEVA. This likely reflects differences in patient populations, as our study was conducted in a large tertiary referral
center, where patients tend to have more advanced disease severity and a higher burden of multiorgan dysfunction. In addition,
the inclusion of patients during the COVID-19 pandemic may have further contributed to the increased mortality. These factors
may limit the external generalizability of the model and should be considered when interpreting the resultsThe model leverages
variables obtained within 24 hours prior to PPV initiation. When coagulopathy or renal failure is already present, the benefit of PPV
may be limited. Early identification may facilitate timely escalation of care, such as ECMO. Among the evaluated models, XGBoost
achieved the best overall performance, likely due to its ability to capture nonlinear relationships and complex feature interactions
while incorporating regularization to reduce overfitting. In contrast, RF showed higher sensitivity but lower specificity, possibly
reflecting bias toward the majority class in this imbalanced cohort. The slightly lower
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AUC observed in cross-validation compared with the test set is expected, as cross-validation provides a more conservative
estimate based on out-of-fold predictions. SHAP analysis further revealed that the model primarily reflects integrated
pathophysiological domains. Variables related to coagulation and inflammation (e.g., platelet count and monocyte percentage),
electrolyte and metabolic disturbances (e.g., potassium, ionized calcium, and pH), and hemodynamic and organ dysfunction
(e.g., SBP, dynamic compliance, and CRRT) jointly contributed to mortality prediction. Specifically, thrombocytopenia, advanced
age, hyperkalemia, hypocalcemia, and hemodynamic instability were consistently associated with increased predicted risk.
These findings are consistent with prior evidence indicating that multiorgan dysfunction, rather than isolated respiratory failure,
is a key determinant of prognosis in ARDS. This study has several limitations. First, it was a single-center retrospective study
with a relatively limited sample size, which may restrict generalizability. Second, only variables at the time of PPV initiation
were included, and dynamic changes over time were not analyzed. Third, some potentially important variables, such as detailed
hemodynamic indices and ventilatory parameters (e.g., driving pressure and tidal volume), were not incorporated. Finally,
although COVID-19 status was recorded, it was not retained in the final model, and further validation in different subgroups is
warranted.

Conclusions

In this study, we developed and internally evaluated a machine learning-based model using variables collected within 24
hours prior to PPV initiation to predict 28-day mortality in ARDS patients after PPV, demonstrating acceptable discriminative
performance. The final predictor set included Age, pH, potassium, ionized calcium, PLT, MO%, SBP, Cdyn, and CRRT. Among the
evaluated algorithms, XGBoost achieved the best overall performance. SHAP analysis further enhanced model interpretability
by illustrating the relative importance and direction of each predictor. This model enables early risk stratification and may help
identify patients at high risk of poor outcomes despite PPV, thereby supporting early risk stratification at the time of PPV initiation.
Further multicenter studies are warranted to validate its generalizability and clinical applicability

Abbreviations

cccc2026 067 |



Declarations
Ethics approval and consent to participate

Ethics approval was obtained from Medical Ethics Committee of Fudan University Zhongshan Hospital (NO. B2026-019). Informed
consent was obtained from all individual participants. The study was conducted in accordance with the International Council for

Harmonization and good clinical practice principles.

Consent for publication

Not applicable.

Availability of data and material

The datasets used and/or analyzed in the present study are available from the corresponding author on reasonable request.
Code availability

The code used to develop the models and perform the analysis is available from the corresponding author on reasonable request

due to institutional and data privacy restrictions.
Competing interests

The authors declare no competing interests.
Funding

This work was supported by the Shanghai Municipal Health Commission Fund(GWVI-11.1-14), the Open Project of State Key
Laboratory of Respiratory Disease (SKLRD-OP-202321), the Shanghai Key Laboratory of Lung Inflammation and Injury, the
Shanghai Health Commission Clinical Research Project (202240334), and the Youth Fund of Zhongshan Hospital, Fudan University
(N0.2024ZSQN48).

Authors’ contributions

Yilin Wei, Yuxian Wang and Ming Zhong conceived and designed the study. Yilin Wei, Yuxian Wang, Yongsheng Guo and Xin Zheng
collected data. Yilin Wei analyzed and interpreted the data, and wrote the manuscript. Yuxian Wang and Ming Zhong provided

I 068 CCCC2026



critical revisions and approved the final version of the manuscript. Yilin Wei, Yongsheng Guo, Xin Zheng, Yuxian Wang and Ming
Zhong are responsible for the entire manuscript. All authors reviewed the manuscript.

Acknowledgments

The authors thank all the subjects for their participation in this study.

References

[1] Ashbaugh D G, Bigelow D B, Petty T L, et al. Acute respiratory distress in Adults[J]. Lancet, 1967, 2(7511): 319 ~ 323.

[2] Bellani G, Laffey J G, Pham T, et al. Epidemiology, Patterns of Care, and Mortality for Patients With Acute Respiratory Distress
Syndrome in Intensive Care Units in 50 Countries[J]. JAMA, 2016, 315(8): 788.

[3] Meyer N J, Gattinoni L, Calfee C S. Acute respiratory distress Syndrome[J]. The Lancet, 2021, 398(10300): 622 ~ 637.

[4] PIEHL M A, BROWN R S. Use of extreme position changes in acute respiratory Failure[J]. Critical Care Medicine, 1976, 4(1):
13 ~ 14.

[5] Guérin C, Albert R K, Beitler J, et al. Prone position in ARDS patients: Why, when, how and for Whom[J]. Intensive Care Medicine,
2020, 46(12): 2385 ~ 2396.

[6] Vieillard-Baron A, Charron C, Caille V, et al. Prone Positioning Unloads the Right Ventricle in Severe ARDS[J]. Chest, 2007, 132(5):
1440 ~ 1446.

[7] Guérin C, Reignier J, Richard J-C, et al. Prone Positioning in Severe Acute Respiratory Distress Syndrome[J]. New England
Journal of Medicine, 2013, 368(23): 2159 ~ 2168.

[8] Angus D C, Seymour C W, Bibbins-Domingo K. Caring for Patients With Acute Respiratory Distress Syndrome[J]. JAMA, 2023,
330(4): 368.

[9] Wick K D, Ware L B, Matthay M A. Acute respiratory distress Syndrome[J]. BMJ, 2024, 387: e076612.

[10] Coppo A, Bellani G, Winterton D, et al. Feasibility and physiological effects of prone positioning in Non-intubated patients with
acute respiratory failure due to COVID-19 (PRON-COVID): A prospective cohort Study[J]. The Lancet Respiratory Medicine, 2020,
8(8): 765 ~ T74.

[11] Cinnella G, Rauseo M. Proning Responder or Not? This Is the Question*[J]. Critical Care Medicine, 2022, 50(4): 708 ~ 711.

[12] ARDS Definition Task Force, Ranieri V M, Rubenfeld G D, et al. Acute Respiratory Distress Syndrome[J]. JAMA, 2012, 307(23):
2526 ~ 2533.

[13] Yan Y, Geng B, Liang J, et al. A prediction model for nonresponsive outcomes in critically ill patients with acute respiratory
distress syndrome undergoing prone position ventilation: A retrospective cohort Study[J]. Intensive and Critical Care Nursing,
2025, 86: 103804.

[14] Dong L, YuanY, Cai Y. Using Bagging classifier to predict protein domain structural Class[J]. Journal of Biomolecular Structure
& Dynamics, 2006, 24(3): 239 ~ 242.

[15] Lai C, Monnet X, Teboul J-L. Hemodynamic Implications of Prone Positioning in Patients with ARDS[J]. Critical Care, 2023,
27(1): 98.

[16] Gattinoni L, Tognoni G, Pesenti A, et al. Effect of prone positioning on the survival of patients with acute respiratory Failure[J].
The New England Journal of Medicine, 2001, 345(8): 568 ~ 573.

[17] Abroug F, Ouanes-Besbes L, Elatrous S, et al. The effect of prone positioning in acute respiratory distress syndrome or acute
lung injury: A meta-analysis. Areas of uncertainty and recommendations for research[J]. Intensive Care Medicine, 2008, 34(6):

cccc2026 069 |



1002 ~ 1011.

[18] Chiumello D, Carlesso E, Cadringher P, et al. Lung Stress and Strain during Mechanical Ventilation for Acute Respiratory
Distress Syndrome[J]. American Journal of Respiratory and Critical Care Medicine, 2008, 178(4): 346 ~ 355.

[19] Albert R K, Keniston A, Baboi L, et al. Prone Position-induced Improvement in Gas Exchange Does Not Predict Improved
Survival in the Acute Respiratory Distress Syndrome[J]. American Journal of Respiratory and Critical Care Medicine, 2014, 189(4):
494 ~ 496.

[20] Grasselli G, Calfee C S, Camporota L, et al. ESICM guidelines on acute respiratory distress syndrome: Definition, phenotyping
and respiratory support Strategies[J]. Intensive Care Medicine, 2023, 49(7): 727 ~ 759.

[21] Fosset M, von Wedel D, Redaelli S, et al. Subphenotyping prone position responders with machine Learning[J]. Critical Care,
2025, 29(1): 116.

I 070 cccc2026



cccc2026 o071 |



I 072 cccc2026



Supplementary Figure S1. Missing data distribution across all variables

Bar plot showing the proportion of missing values for each variable after excluding features with >20% missingness. Each bar
represents the percentage of missing observations per variable. Variables are color-coded by missingness level: green indicates
low missingness ( “Good” ), and yellow indicates moderate missingness ( “OK” ).

Supplementary Figure S2. ROC curves of machine learning models in the training set based on 5-fold cross-validation

Receiver operating characteristic (ROC) curves of four models in the training set: (A) Logistic Regression, (B) Random Forest, (C)
Support Vector Machine (SVM), and (D) Extreme Gradient Boosting (XGBoost). ROC curves were generated using 5-fold cross-
validation. Thin lines represent ROC curves from individual folds, while the solid line indicates the mean ROC curve. The shaded
area represents +1 standard deviation. The diagonal dashed line indicates random classification. The area under the curve (AUC)

is reported as mean = standard deviation.
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Development and validation of a glucose-to-calcium ratio clinical prediction
model for progression to severe acute pancreatitis:A cohort study based on the
MIMIC-IV and elCU databases

R ARN, KRE, FTXIR, HXE
B RN ROER

Abstract

Background. Most acute pancreatitis (AP) resolves without organ support, yet the minority progressing to severe acute
pancreatitis (SAP) account for most deaths. Hypocalcaemia and stress hyperglycaemia both mark early metabolic derangement,
so their ratio may flag progression earlier than either value alone. We tested this in two intensive care unit (ICU) databases.

Methods. We studied adults with AP and an ICU stay of at least 24 h in MIMIC-IV v3.1 (development, n=959) and the elCU
Collaborative Research Database (external validation, n=1102). Time zero was ICU admission. Predictors were taken from the first
24 h and SAP was ascertained only afterwards, so that no predictor could be measured after the outcome it was used to predict.
GCR was the first glucose divided by the first total calcium (both mg/dL) within that window. Adjusted odds ratios (ORs) came
from logistic regression with prespecified covariates. For the model, arterial blood gas and coagulation assays were excluded from
the candidate pool in advance because they are not measured routinely in every centre; remaining candidates were completed
by multiple imputation by chained equations (five imputations), and LASSO and Boruta were run separately in each imputed
dataset, features surviving in at least three of five by both methods being retained. Logistic regression was the primary model,
with XGBoost, random forest and LightGBM as comparators, assessed by tenfold cross-validation and rendered as a nomogram.

Coefficients were then applied to elCU unchanged, recalibrated, and refitted.

Results. SAP occurred in 268 of 959 patients (27.9%) in the development cohort, a higher proportion than in community AP
because eligibility required ICU care. Each log-unit rise in GCR was associated with SAP after full adjustment (OR 1.99, 95% ClI
1.44-2.74; P for trend <0.001), and the spline relationship rose monotonically. Seven predictors were retained: GCR, alkaline
phosphatase, aspartate aminotransferase, urea, haematocrit, phosphate and white cell count. Cross-validated AUROC was 0.702
(0.666-0.739) with a calibration slope of 0.96; the nomogram C-index was 0.707 after bootstrap correction. None of the machine-
learning comparators improved on this. Discrimination exceeded BISAP (0.639), Ranson (0.552) and SOFA (0.584) (DeLong P<0.05).
Applied unchanged to elCU, the model gave an AUROC of 0.648 with a calibration slope of 0.595, indicating overconfident risk
estimates; recalibration returned the slope to 1.00 and reduced the integrated calibration index from 0.069 to 0.037, and refitting
locally gave an AUROC of 0.699. Aetiology modified the association: the GCR-SAP OR was 4.87 in biliary AP versus 1.44 in non-
biliary AP (interaction P=0.003, and 0.0195 after both Bonferroni and false-discovery-rate correction). E-values were 2.49 for the

point estimate and 1.88 for the confidence bound.

Conclusions. GCR measured in the first 24 ICU hours identifies patients with AP who go on to develop severe disease, most clearly
in biliary AP. A seven-variable nomogram built around it discriminates moderately — better than BISAP, Ranson or SOFA, but not
well enough to decide individual management alone — and transports to an independent cohort once recalibrated. Prospective

evaluation is needed before clinical use.
1 Introduction

Acute pancreatitis (AP) is among the commonest gastrointestinal causes of hospital admission. Most episodes settle with
supportive care, but those that progress to severe acute pancreatitis (SAP) — organ failure persisting beyond 48 h[1] — carry a
far worse prognosis and account for the bulk of deaths from the disease. The difficulty is timing: by the point at which persistent
organ failure declares itself, the window for pre-emptive escalation has largely closed. Bedside scores such as BISAP and Ranson
were built for this purpose but discriminate only modestly, and the more accurate general severity scores incorporate organ failure

itself, which limits their use as early warnings.

Two routine measurements carry early information in AP. Hypocalcaemia reflects fat saponification and inflammatory
consumption of calcium and tracks with adverse outcomes|2]; stress hyperglycaemia reflects the intensity of the inflammatory
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and counter-regulatory response. Because the two move in opposite directions as illness worsens, their ratio should separate
progressing from resolving disease more sharply than either alone, while requiring nothing beyond a routine biochemistry panel.
The glucose-to-calcium ratio (GCR) has not been evaluated for this purpose in a cohort with external validation[3].

2 Objective

We asked whether GCR in the first 24 ICU hours is associated with subsequent progression of AP to SAP, and whether a model built
around it can predict that progression using only variables available in any hospital laboratory, using MIMIC-IV for development
and elCU for external validation.

3 Study design

We analysed MIMIC-IV v3.1 as the development cohort[4] and the elCU Collaborative Research Database v2.0 as the external
validation cohort[5], both obtained from PhysioNet under its data use agreements. Two analyses were prespecified: an association
analysis of GCR and SAP, reported following STROBE[6], and a prediction model, reported following TRIPOD+AI[7]. Time zero was
the first ICU admission. Predictors were drawn from [t0, t0+24 h) and SAP was ascertained only from t0+24 h to ICU discharge,
so that predictors could never postdate the outcome — the design feature that makes the estimates prognostic rather than
concurrent.

4 Methods

Participants, exposure and outcome. We included adults ( = 18 years) with diagnostic codes for AP (ICD-9 577.0; ICD-10 K85.
x) whose first ICU stay lasted at least 24 h and in whom GCR could be calculated within the first 24 h, excluding repeat AP
admissions for the same patient. GCR was the first in-window glucose divided by the first total calcium, both in mg/dL after unit
harmonisation. Because insulin and intravenous calcium both move the ratio, we also prespecified a pre-treatment GCR using
only values recorded before the first such dose. The outcome was SAP: persistent failure of the respiratory, renal or cardiovascular
system for more than 48 h, adjudicated by modified Marshall/SOFA criteria[8].

Association analysis. We estimated the OR of SAP per log-unit of GCR by logistic regression, adding covariates in three prespecified
steps; the fully adjusted model held age, sex, aetiology, the Charlson comorbidity index and chronic kidney disease. Dose-
response was examined with restricted cubic splines. Covariates were chosen on clinical grounds before analysis rather than by
stepwise selection, and variables lying on the causal path between GCR and SAP were left out to avoid over-adjustment.

Candidate predictors and feature selection. Candidates were routine measurements from the first 24 ICU hours. Three groups
were removed before selection began. Components used to define organ failure were removed because they partly constitute
the outcome. Arterial blood gas (pH, lactate, base excess) and coagulation assays (PT, aPTT, INR) were removed because they
are not drawn routinely in every centre, and a model requiring them cannot be deployed where they are unavailable; their high
missingness in elCU (pH 63%, aPTT 75%) bears this out. Candidates missing in more than 25% of patients were also dropped.

Neither LASSO nor Boruta tolerates missing data, so the remaining candidates were completed by multiple imputation by
chained equations (five imputations, Bayesian ridge with posterior sampling). We used multiple imputation rather than median
substitution deliberately: median filling stacks every missing value on a single point, and a tree-based selector can split on that
artefact, inflating the apparent importance of incompletely measured variables. LASSO (1-SE rule) and Boruta (perc=100) were run
separately in each imputed dataset. A variable counted as selected by a method if it survived in at least three of the five datasets,
and the final set was the intersection of the two pooled selections. GCR was retained by protocol as the exposure under study.

Model development and validation. Logistic regression was the primary model, chosen so the result could be expressed as a
nomogram and inspected coefficient by coefficient; XGBoost, random forest and LightGBM served as comparators to show what, if
anything, flexible methods added. Tenfold cross-validation gave discrimination (AUROC with DeLong intervals), calibration (slope
and integrated calibration index) and net benefit by decision-curve analysis. Imputation was refitted inside each training fold so
that held-out data never informed it. Nomogram optimism was corrected over 1000 bootstrap replicates.

External validation, subgroups and sensitivity analyses. We applied the MIMIC coefficients to elCU three ways: unchanged, after
logistic recalibration, and after refitting the model locally. This separates two questions that a single external AUROC conflates
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— whether the predictor-outcome relationships hold in a new population, and whether the risk estimates themselves are
numerically correct there. Effect modification was tested across six prespecified subgroups (age, sex, diabetes, aetiology, chronic
kidney disease, hypertension). Six interaction tests invite false positives, so we treated them as one family and applied both
Bonferroni and Benjamini-Hochberg correction, reporting corrected values throughout. Sensitivity to unmeasured confounding
was quantified by E-values; as SAP was not rare, ORs were square-root-transformed to approximate risk ratios first[9].

5 Results

Of 959 patients in the development cohort, 268 (27.9%) developed SAP (Figure 1, left panel). This is higher than the roughly one
in five quoted for AP overall, as expected where eligibility requires ICU care. Patients who progressed had a higher median GCR
(3.0 vs 2.8), with lower total calcium, higher glucose and worse inflammatory and organ-function measurements at baseline. The
association held across all three adjustment steps, reaching an OR of 1.99 per log-unit (95% Cl 1.44-2.74, P<0.001) in the fully
adjusted model. Risk rose across GCR quartiles (P for trend <0.001) and the spline was monotonic, with no threshold below which
the relationship disappeared (Figure 2).

I 076 cCCCC2026



Seven predictors survived both selectors: GCR, alkaline phosphatase, aspartate aminotransferase, urea, haematocrit, phosphate
and white cell count. Six were selected in all five imputed datasets by both methods and white cell count in four of five, so the set
was not an artefact of any single imputation. Cross-validated AUROC was 0.702 (0.666-0.739) with a calibration slope of 0.96 and
an integrated calibration index of 0.011. None of XGBoost, random forest or LightGBM differed from logistic regression on DeLong
testing, so the simpler model was kept (Figure 3). As a nomogram it gave a C-index of 0.707 and a calibration slope of 0.941 after
bootstrap correction (Figure 4). To check that the retained features behaved consistently under a flexible learner, we inspected
SHAP values from the XGBoost comparator: phosphate and GCR ranked highest and each contributed in the same direction as its
coefficient in the primary logistic model, supporting the logistic result rather than replacing it (Figure 5).
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The nomogram discriminated better than BISAP (0.639), Ranson (0.552) and SOFA (0.584), with DeLong P<0.05 against each and
positive IDI and NRI. It did not differ from APS 111 (0.777) or SAPS 11 (0.731). That comparison is not like for like: both scores contain
organ-failure terms that overlap with the outcome being predicted, and both require variables collected over the whole ICU day
rather than the first laboratory panel. Our model contains no organ-failure term.

Applied to elCU without modification (n=1102, SAP 24.8%; Figure 1, right panel), the model gave an AUROC of 0.648 and a
calibration slope of 0.595 — it ranked patients acceptably but overstated their absolute risk. Logistic recalibration returned
the slope to 1.00 and cut the integrated calibration index from 0.069 to 0.037; refitting in elCU gave an AUROC of 0.699, close to
internal performance. What transports, then, is the shape of the predictor-outcome relationship; the intercept and slope do not,
and would need local recalibration before the predicted probabilities could be trusted at a new site (Figure 6).

Adjusted ORs for GCR were directionally consistent across all six prespecified subgroups, and aetiology was the only significant
effect modifier: the GCR-SAP association was considerably stronger in biliary than in non-biliary AP (OR 4.87 [2.40-9.86] vs
1.44 [1.00-2.08]). Treating the six interaction tests as a single family, the aetiology interaction survived correction (raw P=0.003;
Bonferroni P=0.0195; BH-FDR q=0.0195). The other five interactions were null before and after correction (Figure 7).

Three sensitivity analyses bear on interpretation. Pre-treatment GCR was more strongly associated with SAP than the main
exposure (OR 2.44 vs 1.99), which fits the expectation that insulin and calcium replacement pull the ratio back toward normal and
thus dilute rather than create the signal. Removing phosphate lowered the AUROC from 0.702 to 0.681, so its contribution is real
but not the whole model. Expanding from seven predictors to the 16-variable union changed AUROC by 0.015, which does not
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justify the added measurement burden. E-values were 2.49 for the point estimate and 1.88 for the confidence bound, rising to 4.66
and 3.06 in biliary AP: an unmeasured confounder would need associations of that magnitude with both GCR and SAP to explain

away what we observed.

6 Conclusions

Glucose-to-calcium ratio in the first 24 ICU hours is associated with subsequent progression of AP to severe disease, most
strongly in biliary AP, and a seven-variable model built around it predicts progression with moderate discrimination that
exceeds established bedside scores and holds up in an independent cohort after recalibration. Both inputs come from a routine
biochemistry panel, which makes the ratio easy to adopt where it proves useful. Discrimination was moderate and both databases
are from the United States, so the model should be recalibrated before use at other sites and prospective testing is needed to
establish whether acting on the prediction changes outcome.
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Development of a Nomogram to Predict the Risk of Feeding Intolerance in Patients
Undergoing Prone Position Ventilation

U 258
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Abstract

Aim: To develop and validate a predictive nomogram for early identification of feeding intolerance (Fl) in critically ill patients
receiving prone position ventilation (PPV) combined with enteral nutrition (EN).

Methods: This retrospective cohort study included 644 patients who received concurrent PPV and EN support in the intensive
care unit of a tertiary teaching hospital between January 2021 and December 2025. Patients were chronologically divided into
a training cohort (n = 457) and a temporal external validation cohort (n = 187). Least Absolute Shrinkage and Selection Operator
(LASSO) regression combined with multivariate logistic regression was used to identify independent risk factors and construct a
nomogram. Model performance was evaluated by discrimination (area under the receiver operating characteristic curve, AUC),
calibration (calibration plots, Brier score, and Spiegelhalter Z-test), and clinical utility (decision curve analysis and clinical impact

curves).

Results: The overall incidence of FI was 39.82% in the training cohort and 41.18% in the validation cohort, with no significant
difference between the two groups (P = 0.751). The daily FI rate peaked on day 2 (10.38%) and remained high through days 3-4
after EN initiation. Five independent predictors were identified: pre-existing diabetes mellitus (OR =2.05, 95% ClI: 1.23-3.42), ECMO
support (OR =2.30, 95% Cl: 1.14-4.62), number of antibiotic categories (OR =2.10, 95% ClI: 1.56-2.82), cumulative prone ventilation
duration (OR=1.08,95% Cl: 1.02-1.15), and nasojejunal tube feeding (OR = 0.19, 95% CI: 0.12-0.32). The nomogram demonstrated
good discriminative ability, with an AUC of 0.752 (95% Cl: 0.704-0.801) in the training cohort and 0.729 (95% CI: 0.652-0.806) in the
external validation cohort. Calibration curves showed satisfactory agreement between predicted and observed probabilities, and
decision curve analysis confirmed superior net clinical benefit across a wide range of threshold probabilities.

Conclusion: We developed and temporally externally validated a novel nomogram for predicting Fl in patients undergoing PPV.
The model incorporates five routinely available clinical variables and exhibits robust predictive performance, offering clinicians a
practical bedside tool for early risk stratification. This instrument may facilitate personalized EN strategies and timely preventive

interventions, thereby potentially improving clinical outcomes in this high-risk population.
Keywords: prone position ventilation, feeding intolerance, predictive model, nomogram, critical care
1 Introduction

Prone position ventilation (PPV) has become a cornerstone strategy for improving oxygenation in patients with acute respiratory
distress syndrome (ARDS) and severe pneumonia [1]. Concurrently, early enteral nutrition (EN) serves as a critical supportive
intervention in critically ill populations, playing an essential role in preserving intestinal mucosal integrity, modulating immune
responses, and reducing infectious complications [2,3]. However, the anatomical and physiological alterations induced by the
prone position, compounded by the concomitant use of deep sedation and neuromuscular blocking agents, frequently impair
gastrointestinal motility. Consequently, the risk of feeding intolerance (Fl) increases markedly when EN is initiated in patients
receiving PPV[4,5].0wing to substantial heterogeneity in FI diagnostic criteria, study populations, and regional practices, the
reported incidence of Fl among PPV patients varies widely, ranging from 36.09% to 82.00% across different reports[6-8]. FI not
only compromises adequate caloric and protein delivery but also predisposes patients to gastric regurgitation and aspiration,
ultimately exerting a detrimental effect on clinical outcomes[9,10]. Therefore, early identification of individuals at heightened risk
for FI during PPV is of considerable clinical importance.

Although FI has attracted growing attention in intensive care medicine, and several risk prediction models have been developed
for general critically ill populations, these existing models typically lack clinical variables specific to the prone position, such as
cumulative PPV duration or the use of neuromuscular blockers[11-14]. As a result, their applicability and predictive performance
in the PPV subgroup remain severely limited. To date, the literature concerning this specific population has largely concentrated
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on epidemiological descriptions of Fl incidence and cross-sectional analyses of isolated risk factors [5,15-23], with a notable
scarcity of rigorously validated prognostic tools suitable for bedside translation. Recently, a few preliminary nomogram-based
prediction models for Fl in PPV patients have been proposed [6,24]; however, these efforts are substantially constrained by small
sample sizes, absence of independent external validation, and omission of decision curve analysis (DCA), all of which undermine
their generalizability and clinical reliability. Moreover, although some investigators have attempted to incorporate point-of-
care ultrasound (POCUS) metrics of gastric motility (e.g., antral cross-sectional area) into predictive algorithms, the mechanical
and spatial limitations imposed by the prone position frequently preclude adequate acoustic window acquisition, making
standardized, routine bedside ultrasound monitoring impractical[25]. Thus, to our knowledge, no specific prediction model
for PPV patients that simultaneously balances bedside feasibility with robust validity has been established in the international
literature.

To address these knowledge gaps, we conducted a retrospective cohort study of critically ill patients receiving PPV. Using Least
Absolute Shrinkage and Selection Operator (LASSO) regression combined with multivariate logistic regression, we systematically
screened candidate predictors to develop and internally validate a novel nomogram for predicting Fl risk in this population.
Furthermore, we performed temporal external validation using an independent cohort. This study aims to provide clinicians
with a visualized, individualized bedside risk-stratification tool. The implementation of this model is expected to facilitate early
identification of high-risk patients during the initial phase of PPV, thereby offering an objective basis for tailoring EN regimens and
implementing timely prophylactic interventions, ultimately contributing to improved clinical outcomes in critically ill patients.

2 Methods
2.1 Study Design

This retrospective cohort study was designed and conducted in accordance with the Transparent Reporting of a Multivariable
Prediction Model for Individual Prognosis or Diagnosis + Artificial Intelligence (TRIPOD+AI) statement [26] (Supplementary File 1).

2.2 Participants

We retrospectively reviewed clinical data of consecutive patients admitted to the Intensive Care Unit (ICU) of a tertiary teaching
hospital in Nanjing who received concurrent PPV and EN support between January 2021 and December 2025. Eligible patients
were those aged 18 years or older who received mechanical ventilation in the prone position and enteral nutrition support for
at least 48 hours. Exclusion criteria comprised transfer from another ICU after already initiating PPV or EN therapy, pregnancy or
lactation, pre-existing chronic constipation or diarrhea prior to ICU admission, or incomplete essential clinical records.

2.3 Data Collection
2.3.1 Candidate Predictor Variables

Based on an extensive literature review and multidisciplinary expert consensus, we identified a comprehensive set of candidate
predictors for Fl in PPV patients, which were subsequently extracted from the electronic medical record system. All predictor
variables were captured within two predefined temporal windows: at ICU admission for baseline characteristics and within the
first 24 hours following initiation of concurrent PPV and EN. Demographic data included age, sex, and body mass index. Clinical
severity at admission was assessed using comorbidities, the Acute Physiology and Chronic Health Evaluation (APACHE Il) score,
the Sequential Organ Failure Assessment (SOFA) score, and the modified Nutrition Risk in the Critically Ill (MNUTRIC) score. The
worst laboratory values recorded within the first 24 hours of concurrent PPV and EN were collected, including the lowest values
for oxygenation index (PaO2/FiO2), hemoglobin, and serum albumin, as well as the highest value for blood lactate. Therapeutic
interventions within the same 24-hour window included continuous renal replacement therapy, extracorporeal membrane
oxygenation, number of analgesic and sedative categories, use of neuromuscular blocking agents, vasopressor use, and number
of antibiotic categories. Respiratory parameters included the maximum positive end-expiratory pressure. Prone position
exposure was quantified as cumulative duration of actual prone positioning in hours. Enteral nutrition dynamics comprised
time to EN initiation, enteral access route (nasogastric versus nasojejunal tube), maximum enteral infusion rate,and cumulative
enteral feeding volume. For patients who developed FI within the first 24 hours, the latter two variables, as well as PEEP and
prone duration, were calculated strictly up to the time immediately preceding Fl diagnosis. Data extraction and entry were
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independently performed and cross-checked by two investigators to ensure data integrity.
2.3.2 Assessment of Fl

Currently, there is no universally accepted international consensus on the definition of Fl. Therefore, this study adopted the
clinical diagnostic criteria adapted from the Guidelines for Clinical Application of Parenteral and Enteral Nutrition for Adult
Patients in China (2023 Edition) [3]. FI was diagnosed if a patient developed any of the following gastrointestinal symptoms
during EN therapy that required reduction, interruption, or cessation of the infusion: (1) vomiting or regurgitation, defined as
visible ejection of gastric contents from the oral cavity or retrograde backflow through the feeding tube; (2) abdominal distension,
defined as patient-reported distressing bloating, physical examination showing a tympanitic and distended abdomen, or an
objective increase in abdominal circumference compared with baseline measurements; (3) diarrhea, defined as liquid or unformed
stools occurring at least three times within 24 hours; or (4) elevated gastric residual volume, defined as a single measurement
of = 250 mL within a 4-hour interval. Previous literature indicates that the incidence of FI typically peaks between days 3 and 5
after EN initiation [27]. To capture the full trajectory of Fl in this high-risk population, all patients were continuously monitored
using nursing charts and clinical records for the first 7 days after EN initiation. Based on these records, patients were subsequently
categorized into the feeding tolerance or feeding intolerance group. For those who experienced multiple overlapping Fl symptoms
within this 7-day window, the time of the first documented symptom was defined as the onset of FI.

2.4 Data Processing

Variables with a missing data rate exceeding 50% were entirely excluded from the analysis to avoid bias [28]. For variables with a
missing proportion below 50%, missing data were imputed using the non-parametric random forest algorithm as implemented in
the missForest package in R. In our training cohort, the baseline missing rates for hemoglobin and serum albumin were 1.7% and
2.6%, respectively, and both were successfully imputed with this method. We compared the distributions and summary statistics
before and after imputation. No statistically significant differences were observed, confirming that the imputation procedure
preserved the original data structure (Supplementary Table S1).

2.5 Statistical Analysis

Data normality was assessed using the Shapiro-Wilk test. Normally distributed continuous variables were expressed as mean £
standard deviation and compared using the independent-samples t-test, while non-normally distributed continuous data were
expressed as median with interquartile range and analyzed using the Mann-Whitney U test. Categorical variables were expressed
as absolute frequencies and percentages and evaluated using the chi-square test, with Fisher’ s exact test or continuity-corrected
chi-square tests applied when expected cell counts fell below standard thresholds.To prevent overfitting and address potential
collinearity among the high-dimensional clinical dataset, the Least Absolute Shrinkage and Selection Operator (LASSO) regression
model with 10-fold cross-validation was applied for variable screening, and those predictors with non-zero coefficients were
subsequently entered into a multivariate logistic regression analysis to identify independent risk factors for Fl. Based on the
regression coefficients from the multivariate model, a visualized bedside nomogram was constructed. The performance of the
nomogram was rigorously appraised in both the training cohort and the independent temporal external validation cohort across
three core dimensions: discrimination, calibration, and clinical utility. Discriminative ability was quantified using the area under
the receiver operating characteristic curve (AUC), with an AUC exceeding 0.70 signifying acceptable-to-good discriminative
accuracy. Calibration was assessed via calibration curves plotting predicted probabilities against observed outcomes,
supplemented by calculation of the Brier score, maximum error (Emax), average error (Eavg), and the Spiegelhalter Z-test
(S:p) to verify goodness-of-fit. Clinical net benefit was evaluated using decision curve analysis across a spectrum of threshold
probabilities, and further illustrated by clinical impact curves to visually depict the expected rate of true positives versus predicted
high-risk classifications. All statistical analyses, modeling, and visualization were performed using R software version 4.5.2, with a
two-sided P < 0.05 considered statistically significant.

2.6 Ethical Considerations

This study was approved by the Institutional Ethics Committee of Southeast University Zhongda Hospital (Approval Number:
2024ZDSYLL412-P01) and conducted in strict adherence to the ethical tenets of the Declaration of Helsinki. Owing to the
retrospective nature of the study utilizing fully de-identified and anonymized clinical data, the requirement for written informed
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consent was waived by the committee. Patient confidentiality was strictly protected throughout the investigation.
3 Results
3.1 Baseline Characteristics of Enrolled Patients

A total of 644 patients were enrolled and chronologically split into a training cohort of 457 patients and a temporal external
validation cohort of 187 patients. The overall incidence of FI was 39.82% (182/457) in the training set and 41.18% (77/187)
in the validation set, with no statistically significant difference between the two cohorts (x2= 0.10, P = 0.751). As shown in
Supplementary Table S2, significant inter-cohort differences were observed in several clinical variables, including mNUTRIC score,
maximum enteral feeding rate, 28d-ICU-free days, and in-ICU mortality (all P < 0.05), providing a rigorous test of the real-world
generalizability of our predictive model. Table 1 summarizes the baseline characteristics stratified by FI status within the training
cohort. Several indicators, including age, mean prone duration, continuous renal replacement therapy, extracorporeal membrane
oxygenation, and neuromuscular blocking agents, differed significantly between the FI and non-Fl subgroups (all P <0.05).

3.2 Daily FI Trend Within the First 7 Days After EN Initiation

As illustrated in Figure 1, the daily percentage of FI demonstrated an initial rise followed by a gradual fall across the first 7 EN days.
The baseline Fl rate was 4.07% on day 1, reaching its maximum at 10.38% on day 2. High Fl rates persisted on day 3 (9.85%) and
day 4 (8.28%), before a continuous downward trend emerged starting on day 5, with FI proportions falling to 3.41%, 2.75%, and
1.09% on days 5, 6, and 7, respectively. Episodes of Fl were predominantly concentrated within days 2 to 4 of EN, with subsequent
steady declines in incidence thereafter.

3.3 Variable Selection and Nomogram Construction

To construct the risk prediction model in a rigorous manner, we first performed LASSO regression with 10-fold cross-validation
on all potential characteristic parameters within the training cohort (Figure 2). Under the optimal A value corresponding to
minimum deviance, five predictors with non-zero coefficients were retained in the final model: pre-existing diabetes mellitus,
ECMO support, number of antibiotic categories, cumulative prone ventilation duration, and enteral feeding route. Subsequent
multivariate logistic regression analysis (Table 2) confirmed that all five variables were independent risk factors for Fl (all P < 0.05).
Among these, pre-existing diabetes mellitus (odds ratio [OR] = 2.05, 95% confidence interval [CI]: 1.23-3.42), ECMO support (OR
=2.30,95% CI: 1.14-4.62), treatment with a greater number of antibiotic categories (OR = 2.10, 95% CI: 1.56-2.82), and prolonged
cumulative prone ventilation duration (OR = 1.08, 95% Cl: 1.02-1.15) were independently associated with increased Fl risk. In
contrast, post-pyloric nasojejunal tube feeding served as a strong protective factor against FI (OR = 0.19, 95% Cl: 0.12-0.32). Based
on the regression coefficients derived from the multivariate model, a visualized nomogram was established to enable bedside
individualized quantitative estimation of Fl risk probability (Figure 3).

3.4 Model Performance

The nomogram exhibited satisfactory discriminative performance, achieving an AUC of 0.752 (95% Cl: 0.704-0.801) in the training
cohort and 0.729 (95% ClI: 0.652-0.806) in the temporal external validation cohort, both exceeding the conventional threshold of
0.7 (Figure 4). Notably, the AUC remained stable, showing only a slight decrease in the external cohort despite substantial baseline
differences compared with the training set, demonstrating robust temporal generalizability. Calibration metrics, including the
Brier score, Emax, Eavg, and the Spiegelhalter Z-test, all indicated good agreement between predicted and observed risks in
both cohorts (Figure 5). A mild overestimation at lower predicted probabilities was observed in the training set but was largely
mitigated in the external validation cohort, further confirming the reliability of the nomogram. Regarding clinical utility, decision
curve analysis demonstrated that the net benefit of our model surpassed that of the "treat all" and "treat none" strategies across
the commonly used threshold probability range of approximately 0.1 to 0.8 (Figure 6). Furthermore, clinical impact curves (CICs)
visually demonstrated that as the risk threshold increased, the predicted number of high-risk patients closely matched the actual
number of true positive events in both cohorts (Figure 7). This further confirmed reasonable risk stratification performance,
collectively supporting the model’ s practical value for bedside clinical nutrition decision-making.

I 084 cCCCC2026



4. Discussion

In this retrospective cohort study of 644 patients receiving PPV with concurrent EN, we developed and temporally externally
validated a novel clinical nomogram for predicting the risk of FI. The overall Fl incidence in our cohort was 40.22%. The final model
incorporated five independent predictors: a history of diabetes mellitus, ECMO support, the number of antibiotic categories,
cumulative PPV duration, and the route of enteral feeding. Exhibiting robust predictive performance and satisfactory temporal
generalizability, this model provides a reliable bedside tool for early risk stratification in this highly susceptible patient population.

Notably, our study revealed a high incidence of FI in PPV patients, with a temporal trajectory distinctly different from that of the
general critically ill population. While existing literature indicates that the onset of Fl in ICU patients typically peaks between days
3 and 5 after EN initiation[29-31], the peak incidence in our PPV cohort was markedly advanced to days 2 through 4, reaching a
maximum of 10.38% on day 2. This earlier onset and accelerated progression are primarily attributable to the compounding effects
of positional alterations. The prone position inherently induces significant anatomical and physiological changes; when coupled
with the deep sedation[32,33] and neuromuscular blocking agents routinely required during PPV, it profoundly exacerbates the
suppression of gastrointestinal motility, thereby precipitating an earlier onset of gastrointestinal dysfunction.

Our final model included five readily available clinical indicators. Cumulative prone positioning duration (OR = 1.08) was identified
as a risk factor, likely reflecting sustained abdominal compression that elevates intra-abdominal pressure and chronically impairs
gastrointestinal motility[4,34]. Diabetes mellitus (OR = 2.05) predisposes patients to gastric retention, as pre-existing autonomic
neuropathy and delayed emptying are further exacerbated by the prone position[35,36]. In contrast, nasojejunal feeding (OR =0.19)
was protective by bypassing the stomach and directly mitigating reflux and intragastric pressure elevation[37]. ECMO support (OR
=2.30) denotes severe circulatory failure, which compromises intestinal mucosal perfusion and barrier integrity, synergistically
worsening splanchnic ischemia already induced by prone-related abdominal compression[38,39]. The number of antibiotic
categories (OR = 2.10) reflects gut microbiota disruption and direct mucosal irritation, potentially precipitating diarrhea and
dysmotility, particularly when basal motility is reduced by positioning[40].

Regarding model performance and clinical utility, our constructed nomogram demonstrates substantial advantages. The model
exhibited satisfactory discriminative ability, achieving AUC values of 0.752 and 0.729 in the training and validation cohorts,
respectively, alongside excellent calibration. Furthermore, DCA and CIC confirmed its superior net clinical benefit across a broad
range of threshold probabilities (0.1 to 0.8). A paramount strength of this model is its bedside feasibility: all five predictors are
routinely acquired from daily ICU records without the need for additional invasive procedures or specialized assessments.
In clinical practice, healthcare professionals can utilize this visualized tool to rapidly quantify the individualized probability
of Fl during the early phase of EN initiation. For those identified as high-risk, clinicians can proactively implement tailored
interventions, such as early placement of a nasojejunal tube for post-pyloric feeding, adjustment of enteral infusion rates, or
prompt administration of prokinetic agents, thereby mitigating risks and improving patient outcomes.

Limitations

Nevertheless, several limitations must be acknowledged to appropriately frame the interpretability and generalizability of our
findings. First, given the retrospective and single-center nature of the design, the potential for selection bias and unmeasured
confounding cannot be entirely excluded, despite the execution of temporal external validation. Multicenter prospective studies
are imperatively required to confirm the model's generalizability across diverse geographic regions and healthcare systems.
Second, the absence of a universally accepted gold standard for diagnosing Fl remains a persistent challenge; the subjective
assessment of certain symptoms, particularly abdominal distension, may introduce inter-observer variability. Third, because
clinical practices and treatment protocols can vary considerably across different institutions, local recalibration of the model
is strongly recommended prior to widespread external deployment. Ultimately, as with any prognostic tool, this nomogram is
intended to serve as a valuable clinical adjunct rather than a substitute for professional medical decision-making. Its definitive
clinical impact relies on its careful integration into standardized, multidisciplinary nutritional care pathways.

5. Conclusion

In conclusion, we successfully developed and temporally validated a novel nomogram to predict the risk of feeding intolerance in
critically ill patients receiving prone position ventilation. By integrating five readily accessible clinical variables, including a history
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of diabetes mellitus, ECMO support, the number of antibiotic categories, cumulative prone ventilation duration, and the route of
enteral feeding, the model demonstrated robust discrimination, excellent calibration, and substantial clinical utility. This visual,
individualized bedside instrument empowers clinicians to perform early risk stratification, facilitating the timely implementation
of tailored enteral nutrition strategies and proactive preventative measures. Ultimately, this tool holds the potential to improve
clinical outcomes in this highly vulnerable population, though future multicenter prospective studies are warranted to firmly

establish its generalizability across diverse healthcare settings.
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Dynamic Changes of Diaphragmatic Function and Its Association with Weaning
Outcomes in Critically Ill: A Single-Center, Prospective, Longitudinal Study
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Diaphragmatic function is a key prognostic factor for critically ill patients, especially those receiving mechanical ventilation.
However, systematic research on the longitudinal dynamic changes of global diaphragmatic function in ICU patients remains
insufficient. We aim to explore the dynamic evolution of global diaphragmatic function in critically ill patients and it's association
with weaning outcomes in mechanically ventilated patients.

This single-center, prospective observational study enrolled 80 mechanically ventilated and 24 non-mechanically ventilated
critically ill patients. Daily bedside ultrasound assessments were performed to measure diaphragmatic motion (DM), end-
inspiratory diaphragm thickness (Ti), end-expiratory diaphragm thickness (Te), and diaphragmatic thickening fraction (DTF).

Diaphragmatic parameters exhibited distinct dynamic trajectories depending on patient status. For mechanically ventilated
patients, diaphragmatic function declined immediately after ICU admission; the impairment of diaphragmatic contractility
progressively aggravated within the first 48 hours and then tended to recover gradually. In contrast, diaphragm thickness
began to decline after 48 hours of ICU stay. None of these parameters returned to baseline levels by ICU discharge. Compared
with mechanically ventilated patients, non-mechanically ventilated patients maintained relatively higher levels of DM and DTF
throughout the ICU stay. Mechanically ventilated patients who failed extubation exhibited more prominent fluctuations in DM,
DTF, Ti and Te than those with successful extubation. After extubation, patients receiving high-flow nasal cannula (HFNC) oxygen
therapy showed more stable changes in all diaphragmatic parameters compared with those using conventional nasal cannula
oxygen therapy (COT). Within the first 72 hours of MV, 33 patients (41.25%) developed diaphragmatic atrophy (thickness reduction
>10%), and 16 patients (20%) had diaphragmatic thickening (thickness increase >10%). The incidence of early diaphragmatic
dysfunction (DM < 1.4 cm combined with DTF < 20%) was 55%. Multivariate logistic regression analysis revealed that early
diaphragmatic atrophy was an independent risk factor for short-term weaning failure (OR=3.12, 95%Cl [1.07, 9.09], p=0.04).
The area under the curve (AUC) of the prediction model for short-term weaning failure was 0.82, with a sensitivity of 83% and a
specificity of 80% at the optimal cutoff value of 0.48.

Diaphragmatic function in ICU patients deteriorates rapidly within 24 to 48 hours and undergoes continuous dynamic
changes, which requires close monitoring. Post-extubation HFNC is associated with more stable diaphragmatic function. Early
diaphragmatic atrophy is an independent risk factor for short-term weaning failure.
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Early energy delivery trajectories and prolonged organ failure in
hypertriglyceridaemia-associated acute pancreatitis: a multicentre cohort study
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Background:Optimal early energy delivery in acute pancreatitis remains uncertain, and hypertriglyceridaemia-associated acute
pancreatitis (HTG-AP) may pose distinct metabolic challenges. We aimed to identify early energy delivery trajectories in patients
with HTG-AP and examine their association with organ failure.

Methods:The analyses were based on data extracted from a multicentre, prospective cohort study of patients with HTG-AP.
Daily energy delivery from recorded enteral and parenteral nutrition during study days 1 to 7 was used to identify trajectories by
latent class mixed modelling. The primary outcome was prolonged organ failure (PrOF), defined as the presence of an individual
Sequential Organ Failure Assessment subscore = 2in the respiratory, renal, or cardiovascular system on study day 7. Associations
were estimated using modified Poisson regression with robust standard errors, adjusted for age, sex, body mass index, the Acute
Physiology and Chronic Health Evaluation Il score, and baseline organ failure. Sensitivity analyses evaluated mean energy delivery

during study days 1 to 3 and study days 1 to 4 as alternative early exposure windows.

Results:A total of 301 patients were included in the analysis.Three early energy delivery trajectories were identified: low energy
delivery (n =170), moderate energy delivery (n = 85), and high energy delivery (n = 46). Mean daily energy delivery was 1.0, 8.6, and
13.1 kcal/kg/day, respectively.Overall, PrOF occurred in 61 patients (20.3%). Compared with low energy delivery, both moderate
energy delivery and high energy delivery were associated with a higher risk of PrOF, with adjusted RRs of 3.21 (95% Cl, 1.90 to 5.43)

and 2.84 (95% Cl, 1.60 to 5.02), respectively. Early window sensitivity analyses showed directionally consistent associations.

Conclusions:In patients with HTG-AP, higher early energy delivery trajectories were associated with a higher risk of PrOF. These
findings are hypothesis-generating.
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Early fresh frozen plasma transfusion and clinical outcomes of patients with
sepsis-induced coagulopathy: a retrospective cohort study
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Background: The impact of early fresh frozen plasma (FFP)administration on clinical outcomes for patients with sepsis-induced
coagulopathy (SIC) uponintensive care unit(ICU)admission has not been well elucidated due to limited existing research in this
field. Accordingly, thisstudy sought to investigate its correlation with clinical prognosis within this patient cohort.

Methods:This study is a single-center retrospective cohort study, enrolling patients with SICadmitted to the ICU from March
2023 to June2025. Patients were divided into the early FFP transfusion group and the non-early FFP transfusion group according
to whether FFP was transfused within the first 24 h of ICU admission. We compared clinical outcomes between the two groups,
including in-hospital mortality, 28-day mortality, mechanical ventilation time, receipt of continuous renal replacement therapy
(CRRT), vasoactive drug duration, ICU length of stay, hospital length of stay, as well as the incidence of bleeding events and deep
vein thrombosis (DVT). Multivariable logistic regression was applied to evaluate the association between early FFP transfusion
and clinical outcome. A restricted cubic spline (RCS) model was adopted to explore the linear relationship between the volume of

transfused FFP and in-hospital mortality.

Results:This study included a total of 322patients with SIC, among whom67 (20.81%) were assigned to the early FFP transfusion
group and 255 (79.19%) to the non-early FFP transfusion group.The in-hospital mortality of early FFP transfusion group was higher
than that of non-early FFP transfusion group(14.93% vs 6.27%, P=0.021). In addition, The DVT incidence of early FFP transfusion
group was higher than that of non-early FFP transfusion group (7.46% vs 2.75%, P=0.006). Both the mechanical ventilation time
(P=0.005) and vasoactive drug duration (P=0.03) were significantly prolonged in early FFP transfusion group compared with non-
early FFP transfusion group. The multivariate regression analysis indicated that early FFP transfusion was an independent risk
factor for in-hospital mortality in patients with SIC (P=0.005, OR=3.546, 95% CI 1.457-8.631). The restricted cubic spline curve
indicated the linear relationship between early FFP transfusion volume and in-hospital mortality in critically ill patients with SIC (P
for nonlinearity >0.05). Higher volume of early FFP transfusion was associated with high in-hospital mortality.

Conclusions: Early FFP administration in patients with SIC may correlate with higher in-hospital mortality, with this relationship
demonstrating a linear dose-dependent pattern. Early FFP transfusion is additionally linked to an increased risk of DVT, alongside
longer mechanical ventilation time and extended vasopressor requirements in this patient population.
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Early Mean Perfusion Pressure Trajectories and Clinical Outcomes in Patients
Receiving VA-ECMO: A Retrospective Cohort Study

R EH, ERWL, EAO, fFBE, FTRE, 8, TEX, TER, Kb, B2, F4, HPE, EEE
2. EHRERAFMRBILREIER

Adequate mean perfusion pressure (MPP = MAP - CVP) may be important during veno-arterial extracorporeal membrane
oxygenation (VA-ECMO) for cardiogenic shock. However, management typically focuses on mean arterial pressure (MAP), and the

prognostic relevance of early MPP trajectories remains unclear.

This retrospective study included 670 adults with cardiogenic shock who received VA-ECMO at Beijing Anzhen Hospital between
February 1, 2018, and September 30, 2025. MPP was measured at 4, 12, and 24 h after ECMO initiation. Ensemble clustering was
used to identify MPP trajectories. Inverse probability of treatment weighting was applied to adjust for baseline differences, and
weighted regression examined associations with clinical outcomes. Multivariable logistic regression using unweighted data served

as a sensitivity analysis.

Four distinct MPP trajectories were identified. In-hospital mortality ranged from 39.0% in Class 1 (persistent hyperperfusion) to
71.2% in Class 4 (persistent hypoperfusion). With Class 4 as the reference, Class 1 was associated with lower odds of in-hospital
mortality (OR = 0.35, 95% Cl 0.18-0.68; P = 0.002) and CRRT use (OR = 0.40, 95% Cl 0.21-0.77; P = 0.006) in weighted analyses.
Outcomes in Class 2 (resuscitation improvement) and Class 3 (decompensation) were intermediate. Findings from the unweighted

multivariable analyses were broadly consistent with the weighted results.

Early MPP trajectories identified four hemodynamic phenotypes that were associated with in-hospital mortality and CRRT use.
These trajectories may support early risk stratification and individualized hemodynamic management.
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#4: Yuxian Wang™, Shimin Zhang™, Yongsheng Guo®, Xin Zheng'', Kai Liu"’, MingZhong"*
E{ii: 1Zhongshan Hospital, Fudan University
2 Shanghai Geriatric Medical Center

3 Shanghai Institute of Infectious Disease and Biosecurity, School of Public Health, Fudan University

Abstract

Background: Early respiratory evolution during prone positioning may provide prognostic information beyond single cross-
sectional measurements in patients with acute respiratory distress syndrome (ARDS). We aimed to identify distinct respiratory
subphenotypes based on the trajectories of the Pa0, /FiO, (P/F) ratio and PaCO, across sequential prone positioning cycles and to

evaluate their associations with 28- day mortality.

Methods: Latent class trajectory models were constructed for univariate P/F, univariate PaCO , , and joint P/F-PaCO , trajectories
across three prespecified observation windows, including Cycle 1 (T1-T5), Cycles 1-2 (T1-T10), and Cycles 1-3 (T1-T15). Within
each cycle, T1 represented the pre-prone supine position, T2 the early prone phase, T3 the middle prone phase, T4 the end of
the prone phase, and T5 the return to supine position; subsequent cycles were defined analogously. Model selection considered
statistical fit, class size, and clinical interpretability. Kaplan - Meier analysis and Cox proportional hazards models were used to
assess the associations between trajectory class membership and 28-day mortality.

Results: Among the candidate models, analyses based on the first two prone positioning cycles (T1 - T10) yielded the most
clinically interpretable class distributions and were selected for the primary trajectory analyses. In the univariate P/F model,
350 patients were classified into Class 1 (n = 180) and Class 2 (n = 170). Class 2 showed consistently higher P/F values across the
first two prone positioning cycles and had better 28-day survival than Class 1 (log-rank p = 0.00017). Correspondingly, 28-day
mortality was significantly lower in Class 2 than in Class 1 (45.3% vs. 66.1%, p < 0.001). In multivariable analysis, Class 2 remained
independently associated with a lower hazard of 28-day mortality than Class 1 (HR 0.63, 95% CI 0.45-0.90, p = 0.011). In the joint
P/F-PaCO, model, 350 patients were classified into Class 1 (n = 186) and Class 2 (n = 164). Class 1 was characterized by lower PaCO,
and higher P/F values, whereas Class 2 showed higher PaCO, and lower P/F values across the first two prone positioning cycles.
Kaplan-Meier analysis demonstrated significantly better 28-day survival in Class 1 than in Class 2 (log-rank p = 0.039). In the
adjusted Cox model, Class 2 was independently associated with a higher hazard of 28-day mortality relative to Class 1 (HR 1.55,
95% Cl 1.11-2.15, p = 0.009). By contrast, PaCO, trajectory alone was not independently associated with 28-day mortality after
adjustment (HR 1.46, 95% CI 0.81-2.64, p = 0.209).

Conclusions: Early PaO , /FiO , and joint PaO , /FiO , - PaCO, trajectories across the first two prone positioning cycles were
associated with 28-day mortality in patients with ARDS. A persistently higher PaO, /FiO, trajectory was associated with lower
mortality, whereas the combination of higher PaCO, and lower Pa0, /FiO, identified a higher-risk trajectory pattern. These findings
suggest that dynamic respiratory monitoring during prone positioning may provide additional prognostic information beyond
single time-point measurements, although the exploratory nature of trajectory classification warrants further validation.

Keywords: acute respiratory distress syndrome; prone positioning; PaO , /FiO , ratio; PaCO, ; latent class trajectory analysis; 28-

day mortality
Introduction

Acute respiratory distress syndrome (ARDS) is a heterogeneous syndrome characterized by diffuse inflammatory lung injury,
impaired gas exchange, and substantial short-term mortality despite advances in supportive care [1,2]. Among evidence-based
supportive strategies, prone positioning has been shown to improve oxygenation and reduce mortality in patients with moderate-
to-severe ARDS, and it is now widely recommended as a standard intervention in appropriately selected patients [3-5]. However,
the physiological response to prone positioning is not uniform. Some patients show sustained improvement in oxygenation
and ventilatory status, whereas others derive limited or transient benefit, underscoring the marked biological and clinical
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heterogeneity of ARDS during treatment [6,7]. In routine clinical practice, the response to prone positioning is often evaluated
using single time-point measurements, particularly the PaO, /FiO, (P/F) ratio. Although the P/F ratio remains a key indicator
of oxygenation impairment, it reflects only one dimension of respiratory dysfunction and may not fully capture the dynamic
evolution of pulmonary status during repeated prone positioning cycles [8,9]. PaCO, provides complementary information
regarding ventilatory efficiency and dead-space-related physiological derangements, which may also be clinically relevant
during prone positioning [10,11]. Nevertheless, most previous studies have focused on static measurements obtained before
or after a prone cycle, rather than on longitudinal respiratory patterns across repeated prone positioning cycles. Trajectory-
based approaches may offer a more informative framework for characterizing such dynamic changes. By modeling repeated
measurements over time, latent class trajectory analysis can identify subgroups of patients with distinct temporal patterns that
may not be apparent from conventional cross-sectional assessments [12,13]. In ARDS, this approach may be particularly useful for
distinguishing respiratory subphenotypes with different responses to prone positioning and different clinical outcomes. Moreover,
joint modeling of oxygenation and ventilation variables may better reflect the complexity of respiratory physiology than either
variable alone. Therefore, in the present study, we used latent class mixed modeling to characterize early respiratory trajectories
of the Pa0, /FiO, ratio and PaCO, across sequential prone positioning cycles in patients with ARDS. We evaluated univariate PaO,
/FiO , trajectories, univariate PaCO, trajectories, and joint PaO, /FiO, -PaCO, trajectories across predefined observation windows
spanning the first one, two, and three prone positioning cycles. We then examined whether these trajectory-derived respiratory
patterns were associated with 28-day mortality. We hypothesized that early dynamic respiratory trajectories during prone
positioning would identify clinically interpretable risk strata with different prognostic profiles.

Methods
Study design and patient population

This was a single-center retrospective observational study conducted in the intensive care unit of ZhongShan Hospital of Fudan
University between July 2019 and August 2025. Adult patients with acute respiratory distress syndrome (ARDS) who underwent
prone positioning during invasive mechanical ventilation were screened for eligibility. Patients were included if they (1) were aged
= 18 years, (2) met the diagnostic criteria for ARDS, (3) underwent prone positioning during mechanical ventilation, and (4) had
available arterial blood gas measurements required for the predefined trajectory analyses. Patients were excluded if they had
incomplete longitudinal respiratory data for the corresponding observation window, duplicate admissions, or missing 28-day
mortality data. For patients with multiple ICU admissions, only the first eligible admission was included. A total of 350 patients
were ultimately included in the analysis.

The study was approved by the ethics committee (approval No. [B2026-019]). The requirement for written informed consent was
waived by the ethics committee due to the retrospective design and use of de-identified data.

2.2. Definition of prone positioning cycles and longitudinal respiratory measurements

Longitudinal respiratory measurements were organized according to sequential prone positioning cycles. Cycle 1 (T1-T5)
represented the first prone positioning cycle and included pre-prone supine position (T1), early prone phase (T2), middle prone
phase (T3), end of prone phase (T4), and return to supine position (T5). Cycle 2 (T6-T10) and Cycle 3 (T11 - T15) were defined
analogously for the second and third prone positioning cycles, respectively. At each predefined time point, arterial blood gas
variables were collected, including PaO, , FiO, , and PaCO, . The Pa0O, /FiO, (P/F) ratio was calculated as PaO, divided by FiO,
. Within each prone positioning cycle, T1 was defined as the pre- prone supine measurement, T2 as the early prone-phase
measurement, T3 as the middle prone-phase measurement, T4 as the end-prone measurement, and T5 as the post-prone supine
measurement. Cycle 2 and Cycle 3 were defined analogously. The timing of arterial blood gas sampling was determined according
to the institutional prone positioning protocol and was synchronized with the corresponding ventilator settings, including FiO,
and PEEP. Baseline clinical variables were extracted from the medical records, including age, sex, body mass index (BMI), systolic
blood pressure (SBP), diastolic blood pressure (DBP), positive end-expiratory pressure (PEEP), dynamic compliance (Cdyn), Acute
Physiology and Chronic Health Evaluation Il (APACHE Il) score, ARDS severity category, major etiologies/comorbidities, CT pattern,
continuous renal replacement therapy (CRRT), and extracorporeal membrane oxygenation (ECMO).

2.3. Outcome
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The primary endpoint was 28-day mortality, defined as death from any cause within 28 days after initiation of the first prone
positioning cycle.

2.5. Survival analysis

Kaplan -Meier curves were generated to compare 28-day survival across trajectory classes, and differences between groups were
assessed using the log-rank test. To further evaluate the association between trajectory class membership and 28-day mortality,
Cox proportional hazards regression models were constructed and presented as hazard ratios (HRs) with 95% confidence intervals
(Cls). Separate multivariable models were fitted for the selected P/F trajectory model, PaCO, trajectory model, and joint P/
F+PaCO , trajectory model. In these analyses, Class 1 served as the reference category for trajectory membership. For categorical
covariates, the reference groups were defined a priori, including male sex and mild ARDS, as applicable.

2.6. Statistical analysis 179
Data Processing and Latent Class Mixed Modeling 180

Latent class mixed models were fitted using the lcmm package in R. The PaO, /FiO , ratio and PaCO, were standardized using
Z-scores before modeling to improve numerical stability and to allow joint modeling of variables measured on different scales.
Time was modeled according to the predefined observation order, and natural cubic splines with 3-4 degrees of freedom were
used to capture nonlinear trajectories. A random intercept was included to account for between-patient heterogeneity. For each
observation window, one-, two-, and three-class models were fitted using multiple sets of initial values to reduce the risk of
convergence to local maxima. Model selection was based on a combination of BIC, minimum class size, posterior classification
quality, and clinical interpretability. Models generating very small or clinically implausible classes were not selected even when
they showed lower BIC values. Patients were assigned to the trajectory class with the highest posterior probability. Classification
quality was assessed using entropy, class-specific average posterior probability, and odds of correct classification. Because
trajectory class assignment may be affected by classification uncertainty, all trajectory-based survival analyses were considered
exploratory and were interpreted together with model diagnostics.

Survival Analysis and Covariate Selection 200

The primary outcome was 28-day all-cause mortality. Kaplan - Meier curves were constructed and compared using the log-rank
test. Cox proportional hazards models were used to assess the association between trajectory classes and mortality risk. Potential
confounders were selected based on clinical relevance and univariate Cox regression. Age, sex, and APACHE Il score were included
in all multivariable models regardless of statistical significance. Additional covariates with P < 0.10 in univariate Cox analysis were
considered for inclusion, while avoiding overfitting and collinearity. The proportional hazards assumption was assessed using
Schoenfeld residuals. Results are presented as hazard ratios with 95% confidence intervals. All analyses were performed using R
version 4.5.2 (lcmm, survival, and ggplot2 packages), with two-sided P < 0.05 considered statistically significant.

Results
Study population

A total of 350 adult patients with ARDS who underwent prone positioning during invasive mechanical ventilation were included in
the final analysis. All patients had available longitudinal arterial blood gas measurements for the prespecified trajectory analyses
and complete 28-day mortality data. Baseline characteristics according to the selected PaO , /FiO , and joint PaO , /FiO , - PaCO,
trajectory classes are summarized in Table 2.

Model Fitting and Selection

Using Z-score standardized longitudinal data, LCMMs with natural cubic splines were applied to identify trajectory patterns of P/F
and PaCO2 across different time windows (5, 10, and 15 time points). Based on BIC, class size, and clinical interpretability, optimal
trajectory models were selected for each time window. The use of maximum likelihood estimation allowed for robust handling of
missing and irregular data. Although the one-class models yielded slightly lower BIC values in some T1 -T10 analyses, they did not
allow clinically meaningful prognostic stratification. The two- class T1-T10 models were retained for the primary analyses because
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they produced balanced class sizes, clinically interpretable trajectory patterns, and significant separation in subsequent time-to-
event analyses. Therefore, the selected models were intended to support exploratory risk stratification rather than to establish
definitive biological subphenotypes.

Pa02 [FiO2 trajectory model across the first two prone positioning cycles

In the selected T1-T10 PaO, /FiO, trajectory model, patients were classified into two groups: Class 1 (n = 180) and Class 2 (n =
170). Class 2 showed consistently higher predicted PaO, /FiO, values across the first two prone positioning cycles than Class 1.
The 28-day mortality rate was significantly lower in Class 2 than in Class 1 (45.3% vs. 66.1%, P < 0.001). Kaplan - Meier analysis
demonstrated significantly better survival in Class 2 than in Class 1 over 28 days. In the multivariable Cox model, Class 2 remained
independently associated with a lower hazard of 28-day mortality compared with Class 1.

Joint PaO 2 [FiO 2 - PaCO 2 trajectory model across the first two prone positioning cycles

In the selected joint T1-T10 model, patients were classified into Class 1 (n = 186) and Class 2 (n = 164). Class 1 was characterized
by lower PaCO, and higher PaO, /FiO , values, whereas Class 2 showed higher PaCO, and lower PaO, /FiO, values across the first
two prone positioning cycles. Although the crude 28-day mortality difference did not reach statistical significance, mortality
was numerically higher in Class 2 than in Class 1. Kaplan-Meier analysis showed significant separation between the two classes,
and the adjusted Cox model demonstrated that Class 2 was independently associated with a higher hazard of 28-day mortality

compared with Class 1.
PaCo02 -only trajectory model

The PaCO , -only trajectory model did not provide robust independent prognostic information after adjustment. Although PaCO,
trajectories captured differences in ventilatory status, trajectory class membership was not independently associated with 28-day
mortality in the multivariable Cox model. This finding suggests that PaCO, may be more informative when interpreted jointly with
oxygenation rather than as an isolated trajectory marker.

Early Phase (5 Time Points): Limited Prognostic Discrimination

In the early monitoring window, univariate models did not identify subgroups with significant differences in 28-day mortality.
Kaplan - Meier curves based on P/F or PaCO2 trajectories showed no significant separation. Similarly, the bivariate model
identified two classes, but no significant survival difference was observed (log-rank P > 0.05). These findings suggest limited

prognostic discrimination of early trajectory patterns.
Intermediate Phase (10 Time Points): Improved Prognostic Stratification

With extended monitoring to 10 time points, trajectory patterns showed improved discriminatory ability. The P/F model identified
two subgroups with significantly different survival outcomes (log-rank P < 0.05). After adjustment for age and sex, trajectory
class remained significantly associated with 28-day mortality (HR = 0.63, 95% Cl: 0.45-0.90, P < 0.05). The bivariate model (P/F
and PaC02) demonstrated similar findings (HR = 1.55, 95% CI: 1.11-2.15, P < 0.05), whereas the PaCO2-only model did not yield

clinically or statistically meaningful groupings.
Late Phase (15 Time Points): Reduced Stability of Prognostic Associations

At 15 time points, the prognostic performance of trajectory models became less stable. The P/F model did not distinguish survival
outcomes, and although the PaCO2 model showed significant differences in Kaplan - Meier analysis (P < 0.05), this was not
sustained in multivariable Cox models (P > 0.05). The bivariate model remained statistically significant; however, one subgroup
approached the minimum size threshold, and Kaplan-Meier curves exhibited crossing, suggesting potential non-proportional
hazards. Therefore, results from this time window should be interpreted with caution. Overall, the intermediate time window (10

time points) provided more stable and reliable prognostic information.
Trajectory-Based Classification and Exploratory Survival Analysis

Trajectory classification showed non-negligible uncertainty, as reflected by modest posterior classification indices. Therefore,
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the selected trajectory classes were interpreted as exploratory trajectory-derived risk strata rather than definitive biological
subphenotypes. Survival analyses based on trajectory class membership were consequently interpreted in conjunction with
trajectory patterns, class size, and clinical plausibility.

Discussion 307

In this retrospective trajectory analysis of patients with ARDS undergoing prone positioning, early respiratory trajectories across
the first two prone positioning cycles were associated with 28-day mortality. The main findings are threefold. First, a persistently
higher Pa0, /FiO, trajectory was associated with better 28-day survival and remained independently associated with lower
mortality after adjustment. Second, joint modeling of PaO, /FiO, and PaCO, refined risk stratification by identifying a higher-
risk trajectory pattern characterized by lower oxygenation and higher PaCO , . Third, PaCO, trajectory alone did not retain an
independent association with 28- day mortality after adjustment, suggesting that PaCO, may be more clinically informative
when interpreted together with oxygenation rather than in isolation.The association between a more favorable P/F trajectory and
lower 28-day mortality is biologically plausible. Compared with a single baseline oxygenation measurement, longitudinal P/F
trajectories across repeated prone positioning cycles are more likely to capture the dynamic evolution of lung injury and the early
response to supportive treatment. In our cohort, the less favorable P/F trajectory was also accompanied by a higher proportion
of severe ARDS and a significantly different CT pattern distribution, supporting the interpretation that trajectory membership
reflected clinically meaningful heterogeneity rather than statistical clustering alone. Taken together, these findings suggest that
early temporal changes in oxygenation during prone positioning may provide prognostic information beyond a cross-sectional
assessment at a single time point. The joint trajectory analysis extends this observation by showing that the combination of PaCO,
and P/F captures prognostically relevant information that may not be fully represented by either variable alone. Patients in the
less favorable joint class exhibited persistently higher PaCO, together with lower P/F, a pattern that may reflect simultaneous
impairment in oxygenation and ventilatory efficiency during repeated prone positioning cycles. From a physiological perspective,
such a pattern is consistent with more severe respiratory dysfunction and a higher-risk clinical course. Notably, although the crude
between-group difference in 28-day mortality in Table 2 did not reach statistical significance, both the Kaplan-Meier analysis
and the adjusted Cox model demonstrated significant prognostic separation. This discrepancy is not unexpected, as time-to-
event analyses account for event timing and censoring and may therefore detect prognostic differences that are less apparent in
unadjusted mortality proportions alone. Another noteworthy finding is that the PaCO, trajectory alone was not independently
associated with 28-day mortality after multivariable adjustment. This result suggests that isolated PaCO, patterns may be
influenced by multiple factors beyond the severity of pulmonary dysfunction, including ventilatory strategy, compensatory
changes in minute ventilation, and systemic metabolic conditions. By contrast, when PaCO, was interpreted together with P/F, its
prognostic relevance became more evident. This finding supports a more integrated view of respiratory monitoring during prone
positioning, in which oxygenation and ventilation are considered complementary dimensions of disease evolution rather than
separate competing markers. These findings may have practical clinical implications. Repeated assessment of routinely available
respiratory variables across the early prone positioning cycles may provide more informative risk stratification than a single
cross-sectional measurement. In particular, trajectory-based classification over the first two prone positioning cycles may help
identify patients with persistently unfavorable respiratory evolution who may require closer surveillance and more individualized
management. The observation that trajectory class remained informative after adjustment for established clinical factors
further suggests that dynamic respiratory phenotyping during prone positioning may add prognostic value beyond conventional
baseline severity assessment. In addition, model selection was not based solely on the lowest BIC. Some candidate models with
favorable statistical fit generated very small or clinically implausible classes, limiting their usefulness for bedside interpretation.
We therefore prioritized models that balanced statistical fit, adequate class size, clinical plausibility, and prognostic separation.
This pragmatic approach is appropriate for exploratory risk stratification but requires prospective validation before clinical
implementation. Several issues should be considered when interpreting the present findings. Class selection was guided not
only by statistical fit, but also by class size and clinical interpretability, because some candidate models generated very small
subgroups. In addition, trajectory membership was derived from observational longitudinal data and should not be interpreted
causally. Residual confounding cannot be excluded, and external validation will be required before broader clinical application.
Nevertheless, the consistency between trajectory patterns, survival curves, and adjusted risk estimates supports the robustness
of the main findings. An important methodological limitation is the uncertainty inherent in latent class assignment. Posterior
classification indices indicated that separation between classes was modest, and therefore trajectory classes should not be

cccc2026 0101 |



interpreted as definitive biological subphenotypes. Instead, they should be viewed as exploratory, clinically interpretable
trajectory-derived risk strata. Future studies should validate these trajectory patterns in external cohorts and assess whether

posterior probability weighting or other methods accounting for classification uncertainty improve risk estimation.
Conclusion

In conclusion, early PaO, /FiO, and joint PaO, /FiO, -PaCO, trajectories across the first two prone positioning cycles were
associated with 28-day mortality in patients with ARDS. A persistently higher PaO, /FiO, trajectory identified a lower- risk pattern,
whereas the combination of higher PaCO, and lower Pa0, /FiO, identified a higher-risk pattern. Dynamic respiratory trajectories
during prone positioning may provide a pragmatic framework for prognostic enrichment and bedside risk stratification, but
further validation is required before these trajectory classes can be considered definitive respiratory subphenotypes.
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Figure Legends

Figure 1. PaO, [FiO, trajectory groups across the first two prone positioning cycles and corresponding 28-day Kaplan-
Meier survival curves.

(A) Estimated trajectories of the predicted PaO, /FiO, ratio across the first two prone positioning cycles (T1-T10). T1-T5 represent
Cycle 1, and T6-T10 represent Cycle 2. (B) Kaplan-Meier survival curves according to PaO, /FiO, trajectory class. Shaded areas
indicate 95% confidence intervals, tick marks indicate censored observations, and numbers at risk are shown below the plot. The
P value was calculated using the log-rank test.

Figure 2. Joint PaCO, and Pa0, [FiO, trajectory groups across the first twoprone positioning cycles and corresponding
28-day Kaplan-Meier survival curves.

(A) Estimated joint trajectories of PaCO, and PaO, /FiO, ratio across the first two prone positioning cycles (T1-T10). T1-T5
represent Cycle 1, and T6-T10 represent Cycle 2. The upper panel shows PaCO, trajectories, and the lower panel shows PaO , /
FiO, trajectories. Solid lines represent class-specific mean trajectories, and shaded areas indicate 95% confidence intervals. (B)
Kaplan-Meier survival curves according to joint trajectory class. Shaded areas indicate 95% confidence intervals, tick marks
indicate censored observations, and numbers at risk are shown below the plot. The P value was calculated using the log-rank test.
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Figure 3. Multivariable Cox regression analyses for 28-day mortality.

Forest plots show adjusted hazard ratios and 95% confidence intervals for variables included in the PaCO, -only, PaO, /FiO, -only,
and joint Pa0, /FiO, -PaCO, trajectory models. The vertical reference line denotes a hazard ratio of 1.0. Class 1, male sex, and mild
ARDS served as reference categories. Trajectory classes should be interpreted as exploratory trajectory-derived risk strata.
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Early Warning Value of Electrical Impedance Tomography Combined with Lung
Ultrasound for Pulmonary Infection in Neurocritical Care Patients
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Abstract

Early Warning Value of Electrical Impedance Tomography Combined with Lung Ultrasound for Pulmonary Infection in
Neurocritical Care Patients

Objective: To investigate the early warning value of electrical impedance tomography (EIT) combined with lung ultrasound (LUS)
for pulmonary infection in neurocritical care patients.

Methods: A total of 330 neurocritical care patients admitted to the Department of Critical Care Medicine at the Affiliated
Hospital of Southwest Medical University between January 2025 and January 2026 were retrospectively enrolled. All patients
underwent dynamic EIT and LUS monitoring. According to whether pulmonary infection occurred during hospitalization, the
patients were divided into an infection group (n = 108) and a non-infection group (n = 222). General clinical characteristics,
oxygenation index, inflammatory markers, EIT parameters, and LUS scores were collected. The EIT parameters included the global
inhomogeneity index (Gl), dorsal ventilation proportion, regional ventilation delay (RVD), and changes in end-expiratory lung
impedance. Differences in these indicators were compared between the two groups. Multivariable logistic regression analysis was
performed to identify independent factors associated with pulmonary infection in neurocritical care patients. Receiver operating
characteristic (ROC) curves were constructed to evaluate the early warning performance of EIT, LUS, and their combination. The
Delong test was used to compare the areas under the ROC curves among the different prediction models.

Results: The LUS score, Gl, and RVD in the infection group were 16.82 £ 4.26 points, 0.49 & 0.08, and 8.71 % 2.15%, respectively,
which were significantly higher than those in the non-infection group (8.36 £ 3.14 points, 0.41 £ 0.07, and 5.46 = 1.83%,
respectively). The dorsal ventilation proportion and oxygenation index in the infection group were 42.63 *+ 7.85% and 214.36 *+
48.27 mmHg, respectively, which were significantly lower than those in the non-infection group (49.74 & 8.16% and 286.52 *
55.41 mmHg, respectively). All differences were statistically significant (all P < 0.001). Multivariable logistic regression analysis
showed that an increased LUS score, an elevated Gl, prolonged RVD, and a decreased dorsal ventilation proportion were
independently associated with pulmonary infection in neurocritical care patients (all P < 0.05). ROC curve analysis showed that
the area under the curve (AUC) of EIT alone was 0.781 (95% confidence interval [Cl]: 0.731-0.831), with a sensitivity of 75.0% and
a specificity of 72.1%. The AUC of LUS alone was 0.824 (95% Cl: 0.780-0.869), with a sensitivity of 78.7% and a specificity of 76.6%.
The AUC of EIT combined with LUS was 0.901 (95% Cl: 0.868-0.934), with a sensitivity of 86.1% and a specificity of 83.8%. The
DelLong test showed that the AUC of the combined model was significantly higher than those of EIT alone and LUS alone (P <0.001
and P =0.006, respectively).

Conclusion: Pulmonary infection in neurocritical care patients is characterized by increased pulmonary ventilation heterogeneity,
prolonged regional ventilation delay, a decreased dorsal ventilation proportion, and an elevated LUS score. The combination
of EIT and LUS enables bedside, non-invasive, and dynamic assessment of both regional pulmonary ventilation and lung
morphological changes. Its early warning performance is superior to that of EIT or LUS alone and may provide a useful reference
for the early identification and timely clinical management of pulmonary infection in neurocritical care patients.

Keywords: electrical impedance tomography; lung ultrasound; neurocritical care; pulmonary infection; early warning
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Effect of age on comorbidities and occurrence and outcome of sepsis in ICU
patients in China: a national cohort study
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Age and comorbidities are established risk factors for sepsis occurrence and poor clinical outcomes. However, national data on
their age-specific joint associations with sepsis occurrence and outcome in China are limited.

We conducted this hospital-based observational study using data from intensive care units (ICUs) in the National Hospital Quality
Monitoring System (HQMS) for 2023. Sepsis was identified using explicit ICD - 10 codes or implicit criteria defined as infection with
organ dysfunction. Comorbidities were classified and scored by the Charlson Comorbidity Index (CCI). The primary outcome was
defined as in-hospital death or discharge against medical advice (DAMA). Multivariable logistic regression was employed to assess
associations of comorbidity number with sepsis occurrence and exacerbated outcome. Age-stratified analyses across eight age
groups were performed to evaluate how age modified these associations.

In 2023, the HQMS database included 3,984,278 ICU patients from 4,113 hospitals, the mean age was 62 (standard deviation
17) years, and 2,226,586 (55.88%) were male. Of these, 1,442,113 (36.20%) patients were diagnosed with sepsis. Among sepsis
patients, 171,802 (11.91%) died in hospital, and in-hospital death/DAMA rate was 40.18%. In terms of hospitalization costs, with
increasing comorbidity burden and age, the out-of-pocket proportion of total expenses decreased. For sepsis occurrence, a higher
number of comorbidities was independently associated with increased occurrence of sepsis. This association was strongest in
younger patients and weakened progressively with age. In adultsyounger than 30 years, CCl was the dominant determinant of
sepsis occurrence (aOR = 5.02, 95%Cl 4.90-5.13, p < 0.001), whereas age showed a modest protective effect (aOR = 0.98, 95% ClI
0.98-0.98, p < 0.001). In patients aged 50-89 years, the CCl effect declined steadily (aOR range: 2.12-1.66, p < 0.001), while the age
effect was gradually enhanced (aOR range: 1.01-1.05, p < 0.001). Besides, the number of comorbidities wasidentified as a risk
factor for exacerbated outcome, and similar age-dependent patterns were observed.

Sepsis remains a substantial burden in ICUs across China. For sepsis occurrence and exacerbated outcome, the dominant risk
factor shifted from comorbidity in adults aged < 30 years to age in those aged 50-89 years. These findings may offer some insights
into the formulation of health policies.
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Effect of anisodamine hydrobromide on improving early microcirculation
disturbance in septic shock patients
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Summary:

BACKGROUND: Septic shock, prevalent in critical care medicine, poses significant treatment challenges and high mortality rates.
Its pathogenesis involves an inflammatory cytokine storm and microcirculatory dysfunction, potentially leading to fatal multiple
organ failure. Microcirculation alterations during septic shock critically impact patient outcomes. Anisodamine hydrobromide, a
commonly used anticholinergic, mitigates oxidative stress and modulates cell apoptosis, notably enhancing microcirculation by
targeting cholinergic receptors. This study investigates the efficacy of anisodamine hydrobromide in ameliorating microcirculatory
disorders in septic shock patients.

Methods: This article collects 72 cases of patients with septic shock from the Department of Critical Care Medicine, Affiliated
Hospital of Hebei University from 2024 to 2025. Participants were assigned to either a treatment group or a control group based
on the administration of anisodamine hydrobromide. Data on heart rate, mean arterial pressure (MAP), blood lactate (LAC) levels,
peripheral blood perfusion index (Pl), and mottling scores were collected at 0, 6, 24, and 48 hours post-admission. Additionally,
the 28-day mortality rate and progression from acral cyanosis to acral necrosis were assessed. Statistical analysis was conducted
to compare differences in these indices between the groups.

Results: No statistically significant difference was observed in 28-day mortality between the treatment and control groups (14%
vs. 16%; p =0.86). Norepinephrine dosage also showed no significant difference. Heart rates at 6 and 24 hours post-treatment
were statistically similar; however, at 48 hours, the treatment group exhibited a significantly lower heart rate than the control
group. Scv02 and Pcv-aCO2 levels did not differ significantly between groups at any time point (all p >0.05). Comparison of
microcirculatory oxygen metabolism indicators between the groups: The treatment group exhibited significant improvements
in lactate and PI compared to the control group (P < 0.05). At 6 and 24 hours post-treatment, the SMS scores were lower in
the treatment group, though no significant difference was observed at 48 hours. CRT showed no difference at 6 hours, but the
treatment group demonstrated significant improvement at 24 and 48 hours (P >0.05). No statistically significant difference was
found in the progression from acral cyanosis to acral necrosis between the groups.

Conclusion: The standardized treatment of septic shock, when combined with anisodamine hydrobromide infusion, enhances
early microcirculation indicators in septic shock patients.

Keywords: Anisodamine hydrobromide; Septic shock; Microcirculation disorder; Blood lactic acid (LAC); Peripheral perfusion
index (P1); Mottling score; Acral cyanosis; Acral necrosis.

Septic shock is characterized by sepsis with severe circulatory and cellular metabolic dysfunctions. The infection initiates an
innate immune response, activating immune cells like mononuclear macrophages to release inflammatory mediators such as
tumor necrosis factor-a (TNF-a), interleukin (IL)-1, and IL-6. Normally, the body’ s anti-inflammatory mechanisms maintain
equilibrium, but in septic shock, the inflammatory response becomes excessive and persistent, disrupting this balance and
causing tissue damage. Inflammatory mediators harm vascular endothelial cells, increase vascular permeability, and lead to
plasma exudation into tissue spaces, reducing effective circulating blood volume. Concurrently, vasomotor dysfunction results in
abnormal vasodilation and microthrombus formation, impairing blood perfusion and depriving tissues and organs of adequate
oxygen and nutrients[1].

Microcirculatory dysfunction is pivotal in the development of tissue hypoxia and organ failure during sepsis [2]. Despite achieving
macro-hemodynamic resuscitation targets, microvascular perfusion alterations often persist. These microcirculatory issues
intensify tissue hypoxia, shifting energy metabolism from aerobic to anaerobic, resulting in lactic acid accumulation and acidosis.
Septic shock frequently involves decreased effective volume, leading to peripheral circulatory failure. Numerous studies have
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focused on evaluating peripheral circulation in shock treatment.[3]. In septic shock, peripheral vasoconstriction prioritizes blood
flow to vital organs, reducing the perfusion index (PI). The extent of Pl reduction correlates with shock severity. Research indicates
that lower Pl values are associated with severe microcirculatory disorders, such as poor skin perfusion, serving as an early
indicator and severity assessment tool for shock.

The presence of mottled skin during an initial patient assessment is a strong indicator of critical illness, often signaling hypoxia
and blood stasis in terminal vessels. The mottling score serves as a semi-quantitative index for evaluating the severity of sepsis
[4]. Elucidating the pathophysiological basis of the mottling score enhances its utility in assessing microcirculation. Bourcier's
vascular reactivity tests revealed that patients with mottled skin frequently exhibit endothelial dysfunction [5]. Additionally,
some researchers suggest that coagulation cascade activation and vasoconstriction, triggered by heightened sympathetic stress,
contribute to mottling [6].

The primary pathophysiological mechanism of septic shock is microcirculatory dysfunction, leading to tissue hypoxia, organ
dysfunction, and potentially life-threatening conditions. This can be viewed as a severe endothelial dysfunction syndrome.
Infection triggers reversible or irreversible microcirculatory damage, significantly contributing to multiple organ failure [7].
Thus, regulating the inflammatory response and repairing endothelial damage are crucial in treating septic shock. Anisodamine
hydrobromide has demonstrated efficacy in enhancing microcirculation and mitigating reperfusion injury by reducing oxidative
stress, inhibiting apoptosis, alleviating inflammation, and activating the cholinergic anti-inflammatory pathway [8][9]. The current
research on anisodamine for treating septic shock remains inadequate. Studies have not demonstrated that anisodamine reduces
in-hospital mortality among critically ill adults with septic shock in intensive care [10]. Consequently, we conducted a randomized
controlled trial focusing on microcirculation indicators, including blood lactic acid levels, peripheral perfusion index, mottling
score, and the progression of acral cyanosis to necrosis. This trial aims to assess whether anisodamine hydrobromide can enhance
microcirculation.

1 Data and methods

1.1 General Data: Clinical data from 72 septic shock patients admitted to the Department of Critical Care Medicine at the Affiliated
Hospital of Hebei University between January 2024 and June 2025 were analyzed. Of these, 41 patients treated with anisodamine
hydrobromide constituted the experimental group, while 31 untreated patients formed the control group. The mean age was 64 =
10 years. Predominant conditions included severe pneumonia, urinary tract infections, enterogenic infections, and postoperative
intra-abdominal infections.

1.2 Inclusion Criteria: @ Confirmed infection site. @ Systolic blood pressure (SBP) below 90 mmHg, necessitating vasopressors for
stabilization. ® Blood lactate levels exceeding 2 mmol/L.

1.3 Exclusion criteria: Patients younger than 18 years of age, pregnant women and patients with known peripheral vascular
disease (e.g. peripheral arterial occlusive disease, vasculitis) were excluded.

1.4 Grouping Methods: Patients with septic shock were divided into two groups based on the administration of anisodamine
hydrobromide. Both groups received standard septic shock treatment, including fluid resuscitation, vasopressors, empirical
antibiotics, and organ support. In the experimental group, anisodamine hydrobromide was delivered via pump. The initial
intravenous bolus was 0.5 mg/kg, with a minimum of 20 mg and a maximum of 40 mg. The maintenance dose ranged from .02 to
.1 mg/kg/h, adjusted by the treating physician according to vital signs, lactate levels, and adverse reactions, with a daily maximum
of 200 mg. Drug withdrawal criteria included: 1) recovery from shock (normal serum lactate levels and cessation of vasopressors); 2)
unresolved drug-related complications despite symptomatic treatment (e.g., arrhythmia, allergic reaction, intestinal obstruction);
3) patient death.

1.5 Methods: A central venous catheter was inserted via the internal jugular or subclavian vein to simultaneously collect central
venous and peripheral arterial blood for gas analysis. Indicators measured at admission and 12, 24, and 48 hours post-treatment
included central venous oxygen saturation (ScvO,), central venous partial pressure of carbon dioxide (PcvCO,), peripheral arterial
blood lactate (Lac), arterial partial pressure of carbon dioxide, pulse perfusion index (Pl), capillary refill time (CRT), and skin
mottling score (SMS). Statistical differences in these indicators, 28-day mortality, and the number of patients with acral cyanosis
or progressing to acral necrosis were compared between the two groups.
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1.6 Microcirculation monitoring indicators: Skin mottling score (SMS) was assessed using the criteria by Ait-Oufella et al. to
evaluate peripheral microcirculatory perfusion. Capillary refill time (CRT) involved raising the patient's right index finger to heart
level and pressing the fingertip with a glass slide until blanching occurred. After 10 seconds, the slide was removed, and the time
for color return was recorded with a stopwatch; this process was repeated twice for an average. A CRT of = 3 seconds indicated
microcirculatory impairment. Pulse perfusion index (Pl) was measured using a Mindray pulse oximetry monitor, with the middle

finger as the consistent measurement site.

1.7 Statistical Methods: Statistical analyses were conducted using SPSS software. Non-normally distributed measurement data
were reported as medians with interquartile ranges Q2 (Q1, Q3). Group comparisons employed the Mann-Whitney U test, while
paired samples with non-normal distributions were analyzed using the Wilcoxon signed-rank test. Binary variable comparisons
between two groups utilized the Pearson chi-square test. Statistical significance was set at P <.05. Survival curves for 28-day
survival trends were generated using the Kaplan-Meier method, and the Fine-Gray test assessed differences in extremity necrosis
risk between the groups.

2.0utcomes
2.1 Participants

Baseline characteristics of the patient groups: From the Department of Critical Care Medicine at the Affiliated Hospital of Hebei
University, 85 patients were initially screened. Exclusions included 2 patients who died within 6 hours of admission, 2 with
intestinal obstruction, 5 with an ICU stay exceeding 24 hours at enrollment, 1 with glaucoma, and 3 in the acute phase of cerebral
hemorrhage. Ultimately, 72 patients were included: 41 in the treatment group and 31 in the control group. All patients were on
mechanical ventilation; 46 underwent CRRT, and 2 received ECMO. In the treatment group, anisodamine hydrobromide was
administered for an average of 3.1 days.
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Note:Both patient groups received septic shock treatment according to the Sepsis-3 Guidelines bundle. The control group
additionally received an intravenous infusion of anisodamine hydrobromide alongside standard treatment. Lac denotes blood
lactate, ScvO2 central venous oxygen saturation, PcCO2 (v-a) the central venous-arterial carbon dioxide partial pressure difference,
Pl the pulse perfusion index, SMS the skin mottling score, and CRT the capillary refill time.

2.2 Comparison of mortality between treatment and control groups

The in-hospital mortality rate for the treatment group was marginally lower than that of the control group, though the difference
was not statistically significant (14% vs. 16%; p = .86). The log-rank test of the Kaplan-Meier survival curves indicated no significant

survival difference between the groups (Figure 1).

Figure 1 Kaplan-Meier survival curve

2.3 Comparison of clinical indicators between the treatment group and the control group

No significant difference in 28-day mortality was observed between the patient groups. Norepinephrine dosage within 48 hours
post-treatment and heart rate at 6 and 4 hours post-treatment showed no significant differences between the groups. However, at
48 hours, the treatment group exhibited a statistically significant decrease in heart rate compared to the control group. ScvO, and
Pcv-aCo, levels showed no significant differences across all time points (P >0.05). In terms of microcirculatory oxygen metabolism,
lactic acid and Pl levels significantly improved in the treatment group compared to the control group (P < 0.05). SMS scores were
lower in the treatment group at 6 and 24 hours post-treatment, with no notable difference at 48 hours. Conversely, CRT scores
showed no difference at 6 hours but significantly improved in the treatment group at 24 and 48 hours (P < 0.05) (Table 2)..

Regarding the comparison of oxygen metabolism indicators in the microcirculation between the two groups, levels of lactic
acid and perfusion index (PI) were significantly improved in the treatment group compared to the control group (P>0.05). The
Sequential Organ Failure Assessment (SOFA) scores in the treatment group were lower than those in the control group at 6 hours
and 24 hours post-treatment, with no significant difference between the groups at 48 hours. Conversely, when comparing the
groups using the Capillary Refill Time (CRT) parameter, there was no distinction at 6 hours, but significant improvement was
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observed in the treatment group at 24 hours and 48 hours (P>0.05) (Table 2).

Table 2 Comparison of primary and secondary clinical outcomes between treatment and control groups

Varisbles Total (n=72) Control (n=31) | Treated (n=41) p value
28-day mortality rate 11 (15%) 6 (14%) 5 (16%) 0. 860
Median NE dosage
Median(Ql. Q3)

Oh 0.5(0. 4, 0. 65) 0.5 (0.4,0.6> 0.5 (0.4,0.675) 0.880

6h 0.4(0.4,0.5) 0.4(0.3,0.4) 0.5(0.4,0.6) 0.122

24h 0.3(0.3,0.4) 0.3(0.2,0.3) 0.4(0.3,0.4) 0.271

48h 0.1(0.1,0.2) 0.1(0.1,0. 1) 0.2(0.2,0.2) 0.101

heart rate
median(Ql. Q3)

Oh 98(84. 5, 109. 5) 93(78, 110) 99 (88, 109) 0. 350

6h 86. 5(75, 98) 78(68, 95) 87(78, 98) 0.178

24h 78(67, 86. 5) 76 (67, 86) 78(68. 5, 87) 0.218

48h 69. 5(65. 75, 78.5) = 68(65, 76) 78(67, 89) 0.005

LAC median(Ql. Q3)
Oh 3.35(2.75,4.4) 3.2(2.8,4.7) 3.4(2.6,3.4) 0.945
6h 2.1(1.6,3.1) 1.4(1.3,1.6) 3.1(2.1,4.2) 0. 000
24h 1.55(1.375, 2. 5) 1.4(1.3,1.6) 2.5(1. 55, 4. 225) 0. 000
48h 1.35(1.1, 2. 05) 1.1(1,1.3) 2.1(1.5,2.1) 0. 000
ScV02% median (Ql. Q3)

Oh 58(54, 65) 58(54, 65) 57(54, 65) 0.750
6h 64 (57. 75, 65) 64 (62, 65) 63 (56, 65) 0.102

24h 65(61. 75, 67) 5(63, 67) 64 (58, 68. 75) 0.141
48h 67(63. 75, 69) 67 (65, 69) 68(62, 72. 75) 0. 454

P(v—a)C02 median(Ql. Q3)

Oh 7(6,8) 7(6,8) 7(6, 8. 75) 0. 754
6h 5(4,6) 5(5,6) 5(4, 6) 0.053
24h 5(4,6) 5(4,5) 5(3.5,6) 0. 500
48h 4(3,5) 4(4,5) 4(3,5) 0.326
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Veriables
PI median(Ql. Q3)
Oh
6h
24h
48h
SMS median(Q1. Q3)
Oh
6h
24h
48h
CRT median(Q1. Q3)
Oh

6h

Total (n=72)

1.1(0. 515, 1. 35)
1.6(1.275,2.1)
2.1(1.4,2.5)

2.4(1.875,2.4)

32,D
1.5 (1,2
1(1,2)

1(0, 2)

4 (3,5

4 (3,4.5)

Contral {(n=31)

1.1 €0.5,1.4
1.7 (1.5,2.3)

2.4 (2.1,3.D

2.7 (2.4,3.2)

3(3,4)
1(1,2)
1(1, 1)

000, 1)

4 (3,5

4 (3,5)

Treated (n=41)

1.1 (0.525,0.75)
1.28 (0.965, 1. 95)
1.45 (1.07, 1.885)

1.9 (1.8,2.2)

4(3,5)
2 (1.5,3)
2 (1,2

2 (0,2

4 (3,5)

3 (3,4

p value

0.

954

. 020

. 000

. 000

. 199

. 001

. 014

. 067

. 341

. 708
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Figure 1: Limb necrosis in patients with acral necrosis.
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Panel A illustrates early-stage right thumb necrosis in the treatment group. Panel B depicts late-stage right thumb necrosis in the
treatment group. Panel C shows early-stage necrosis of the right toes and sole in the control group. Panel D presents late-stage
necrosis of the right toes and sole in the control group.

Symmetric peripheral gangrene (SPG) is characterized by cyanosis and ecchymosis of the extremities, typically starting at
the fingers and progressing proximally, potentially leading to necrosis, ulcers, and ultimately gangrene. Table 3 compares
acrocyanosis occurrence between two patient groups. In the experimental group, 9 out of 41 cases (21.95%) exhibited
acrocyanosis, whereas in the control group, 10 out of 31 cases (32.26%) showed this symptom. A chi-square test yielded X2 = 1.12,
df = 1, and P = .29, indicating no statistically significant difference in acrocyanosis incidence between the groups. Table 4 details
patient outcomes with acral cyanosis. In the control group, 2 out of 10 patients (20%) progressed to acral necrosis, 4 (40.%) died
before necrosis could be observed, and 4 (40.%) did not develop necrosis. In the experimental group, 1 out of 9 patients (11.1%)
progressed to acral necrosis, 4 (44.4%) died before necrosis observation, and 4 (44.4%) did not develop necrosis. The Fine-Gray
competing risk model (Table 5) yielded a sub-distribution hazard ratio (sHR) of .51 (95% ClI: .07-3.48) for the experimental group
compared to the control, with a P-value of 0.49, indicating no significant difference in acral necrosis risk between the groups.

3. discussion

Advancements in septic shock treatments reveal that achieving macro-hemodynamic stability is merely a component of
sepsis management; the primary objective is optimizing microvascular blood flow. Septic shock often disrupts "hemodynamic
coherence," indicating a disconnect between systemic and microcirculatory responses[11]. Clinically, using high-dose vasoactive
drugs to maintain mean arterial pressure (MAP) above 65 mmHg frequently results in extremity necrosis[12]. Effective organ and
tissue perfusion necessitates optimizing microcirculatory regulation—targeting arterioles, capillaries, and venules—rather than
solely maintaining blood pressure, which can lead to peripheral vascular occlusion[13]. Thus, identifying methods and drugs to
enhance microcirculation is imperative.

This study assessed anisodamine hydrobromide's impact on microcirculation and clinical outcomes. No significant difference in
28-day mortality was observed between the groups, likely due to the multifactorial nature of septic shock, which involves complex
interactions such as multiple organ failure, gastrointestinal ischemia, and the adequacy of cardiopulmonary resuscitation [14].
While anisodamine hydrobromide enhances microcirculation, it may not mitigate other lethal risk factors like uncontrolled
infection sources and organ failure. The "macrovasodilation and microvasoconstriction" seen in septic shock reflects pathological
disparities in systemic inflammatory responses and vascular regulation across different vessel levels, influenced by vascular
structure, regulatory mechanisms, and local microenvironment changes [15]. The tension in large blood vessels, such as the aorta,
middle artery, and vein, is primarily influenced by neurohumoral regulation and systemic inflammatory mediators[16]. Infections
activate immune cells to release inflammatory factors like TNF-a and IL-6, prompting cells in the liver, kidney, and intestine
to produce substantial amounts of nitric oxide (NO)[17]. As a potent vasodilator, NO penetrates vascular smooth muscle cells,
activating guanylate cyclase and increasing cGMP, which leads to smooth muscle relaxation. Research indicates that anisodamine
hydrobromide's antishock effect is mediated by IL-10, and this effect is significantly reduced in IL-10-deficient mice[18]. However,
not all septic shock patients exhibit elevated IL-10 levels; insufficient anti-inflammatory compensation can result in an excessive
pro-inflammatory response, causing severe tissue damage. This impairs immune cell function, diminishes pathogen clearance,
complicates infection control, and worsens prognosis. In such cases, the antishock efficacy of anisodamine hydrobromide is
limited. The lack of statistical difference in norepinephrine (NE) dosage between the two groups within 48 hours post-treatment
can be attributed to the regulation of large vessel tension primarily by sympathetic nerves (via a-adrenergic receptors), the renin-
angiotensin system, and humoral factors like catecholamines and endothelin[19]. M-choline receptors are sparsely distributed
on smooth muscle cells. Anisodamine hydrobromide, a selective M-choline receptor antagonist, primarily affects M-receptors on
small vessel smooth muscle, alleviating spasms by counteracting acetylcholine and other vasoconstrictors. In contrast, its direct
impact on large vessels such as the aorta, superior mesenteric artery, and renal artery is minimal due to the low density of M
receptors, thus not significantly altering basal tension. Consequently, any improvement in blood pressure or reduction in blood
pressure medication is negligible.

Macrocirculatory parameters, such as central venous oxygen saturation (ScvO,) and the central veno-arterial carbon dioxide
gradient (Pcv-aCO0,), are often used to evaluate systemic oxygen metabolism and tissue perfusion [20, 21]. In this study, no
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significant differences in ScvO, and Pcv-aCO, were observed between the treatment and control groups at any time point. This
suggests that anisodamine hydrobromide primarily enhances microcirculation perfusion with minimal impact on systemic
oxygen metabolism. Whole-body oxygen metabolism is influenced by factors such as respiratory function and hemoglobin levels.
Following microcirculation improvement by anisodamine hydrobromide, noticeable changes in systemic oxygen metabolism may
require extended time or complex physiological adjustments.

In the microcirculation oxygen metabolism index, the lactic acid levels in the PI treatment group showed a significant
improvement compared to the control group. Lactate is crucial for diagnosing and assessing septic shock [22] and serves as a vital
marker of tissue hypoxia and anaerobic metabolism [23]. A reduction in lactate levels suggests that anisodamine hydrobromide
effectively alleviates tissue hypoxia. This effect is attributed to anisodamine hydrobromide's ability to block M choline receptors
on vascular smooth muscle, thereby alleviating microvasospasm (including arterioles, venules, and pre-capillary sphincters),
stabilizing the endothelium, and inhibiting microthrombosis [24, 25]. Enhancing microcirculatory blood flow improves tissue and
organ oxygenation. Correcting tissue hypoxia mitigates anaerobic metabolism, thereby lowering lactic acid production and blood
lactate levels. The perfusion index (PI), indicating local tissue blood flow, is calculated as the ratio of the pulse wave in pulsating to
non-pulsating regions. While research on macrocirculatory stability in septic shock patients is well-established, microcirculation
has emerged as a focal point of study. It is recognized that microcirculatory failure is a fundamental pathological feature of septic
shock, with clinical challenges often arising from the decoupling of macro- and microcirculation [26]. During septic shock, the
release of inflammatory mediators like TNF-a and IL-6, along with sympathetic excitation and vasoactive substances such as
catecholamines and angiotensin, induces persistent spasms and contractions in systemic microvessels, particularly arterioles
and precapillary sphincters. This phenomenon effectively "blocks" the microcirculation pathway entrance, hindering blood flow
into the capillary bed and leading to tissue ischemia and hypoxia[27]. The study's observed improvement in Pl underscores the
regulatory impact of anisodamine hydrobromide on microcirculation, enhancing microvascular perfusion and tissue oxygenation.
These findings indicate that anisodamine hydrobromide significantly improves microcirculatory oxygen metabolism, playing a
crucial role in alleviating tissue hypoxia in septic shock patients.

The speckle score (SMS) was employed as a specific index to assess peripheral microcirculation disorders in shock severity[28].
Scores for the treatment group were significantly lower than those of the control group at 6 and 24 hours post-treatment, with no
significant difference observed at 48 hours. The speckle score quantifies the extent and duration of skin speckle, directly reflecting
the perfusion state of skin microcirculation. The early-stage decrease in scores suggests that anisodamine hydrobromide rapidly
restores microcirculation perfusion in peripheral tissues, such as skin, by alleviating arteriolar spasm and improving capillary
blood flow. However, the score difference diminished at 48 hours, possibly due to improved microcirculation in the control group
from overall treatment measures like fluid resuscitation and antibiotic intervention. Additionally, the speckle score's sensitivity
may decline in the later shock stages, as vascular endothelial damage from prolonged hypoxia necessitates more complex repair
mechanisms[29].

Distal gangrene in septic shock patients typically signals severe hypotension or elevated vasoconstrictor drug use, manifesting
symmetrically or locally in fingers, toes, and potentially extending to feet or legs[30]. Unlike large artery occlusion, SPG arises
from microvascular dysfunction and small vessel thrombosis[31]. This pathophysiology likely stems from a significant imbalance
between procoagulant and anticoagulant factors within the tissue vascular bed, leading to microthrombosis[32. 33]. Anisodamine
hydrobromide theoretically inhibits microthrombosis, yet the study failed to confirm its efficacy in reversing acrocyanosis and
necrosis. This may be due to acrocyanosis necrosis being the end-stage manifestation of microcirculation disorders, which
involves not only microthrombosis but also factors like vascular endothelial injury, apoptosis, and metabolic failure from
prolonged tissue ischemia. Anisodamine hydrobromide primarily acts by inhibiting thromboxane synthesis and improving early
microcirculation blood flow. However, it is insufficient as a single intervention to halt necrosis driven by irreversible cellular
damage and multifactorial tissue necrosis. Its impact on microcirculation is more apparent in hemodynamic measures, such as
improved perfusion index (Pl) and reduced lactate (LAC) levels. Nonetheless, acronecrosis results from long-term severe ischemia,
and short-term hemodynamic improvements may not fully reverse ischemic tissue damage, thus inadequately reducing necrosis
incidence. Additionally, the study's small sample size warrants consideration, suggesting the need for larger-scale research to
delve deeper into this area.

Anisodamine hydrobromide effectively enhances early microcirculation oxygen metabolism, reduces heart rate, and improves
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peripheral circulation in septic shock patients. While it did not significantly impact 28-day mortality, NE dosage, systemic oxygen
metabolism, or limb necrosis improvement in this study, its efficacy in addressing microcirculation disorders remains notable.
Future research should increase sample size, extend observation periods, and investigate the mechanisms and combined effects
with other treatments to develop more effective strategies for septic shock management.
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Effect of one dose of ceftriaxone during endotracheal intubation on the incidence
of aspiration pneumonia in cerebral hemorrhage patients: A randomized,
controlled, double-blind clinical study protocol

ME XS, RiE’
B 1M OIERER, 2 WARKZREAHIEREKPC [ WRE—ERKE

ABSTRACT
Introduction

Due to the use of analgesic and sedative drugs during endotracheal intubation and the opening of the glottis may easily cause
aspiration pneumonia. Ceftriaxone is a semi-synthetic third-generation cephalosporin with strong antimicrobial activity against
most gram-positive and gram-negative bacteria. It can effectively prevent and treat aspiration pneumonia.

Methods and analysis

This is a prospective, randomized, controlled, double-blind clinical study. Patients with intracerebral hemorrhage (ICH)
undergoing endotracheal intubation in Dong E Hospital of Shandong Province from April 2023 to April 2024 will be enrolled and
randomly assigned to the intervention group or control group. The intervention group will be treated using 100mL 0.9% sodium
chloride with 2g ceftriaxone intravenously over the course of one hour beginning within two hours after endotracheal intubation.
The control group will be given 100mL 0.9% sodium chloride injection intravenously of the course of one hour beginning within
two hours after endotracheal intubation. The primary outcome is the incidence of aspiration pneumonia within 48 hours after
endotracheal intubation. Secondary outcomes include: intensity of antimicrobial use, length of hospital stay, duration without
mechanical ventilation, and 28-day mortality.

Discussion

The primary objective of this study is to explore whether a single dose of ceftriaxone administered during endotracheal intubation
in patients with ICH reduced the incidence of pneumonia within 48 hours and provide evidence for the prevention of aspiration
pneumonia in patients with ICH with endotracheal intubation.

Trial registration:The trial is registered at the Chinese Clinical Trial Registry: ChiCTR2200066837. Registered on December 19,
2022.

Keywords: Aspiration pneumonia; Endotracheal intubation; Cerebral hemorrhage; Ceftriaxone; Antibiotic
INTRODUCTION

Patients with intracerebral hemorrhage (ICH) often experience such complications as consciousness disorders, respiratory center
damage, airway obstruction, and swallowing dysfunction [1]. Endotracheal intubation is often required to protect the airway
and maintain oxygenation [2]. However, during endotracheal intubation, the application of analgesic sedative drugs and glottis
exposure may lead to aspiration [3]. Inhaled substances may include secretions from the nasal cavity and oropharynx, residual
food in the mouth, contents of gastrointestinal vomiting, and digestive fluid reflux, which may cause aspiration pneumonia,
including aspiration lung inflammation and aspiration lung infection caused by chemical damage [4].

A prospective observational study involving a total of 879 cases of emergency endotracheal intubation patients found that,
after excluding patients who were not eligible for prognostic assessment (those who died within 48 hours without detection
of pneumonia), 29% developed pneumonia and 8% (66/823) developed aspiration pneumonia that may have been associated
with emergency intubation [5]. A large study from a single center in Japan showed that the incidence of aspiration pneumonia in
elderly patients (aged >70) was 67.2 per 10,000 people from 2010 to 2015, and the mortality rate was 13.6% [6]. A retrospective
study including patients with an average age of 78 in a single center in South Korea showed that the 1-year, 3-year and 5-year
mortality rates of patients with aspiration pneumonia were 49.0%, 67.1% and 76.9%, respectively [7]. Even when the data are
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corrected, the case fatality rate of aspiration pneumonia is still higher than that of other forms of pneumonia [7]. Therefore, the
prevention of aspiration pneumonia is particularly important.

Conventional measures to prevent aspiration pneumonia include: elevation of the head of the bed, good oral care, swallowing
function assessment and training, comprehensive rehabilitation, nasogastric feeding, improvement of gastric emptying function,
and monitoring of gastric residual volume [8]. Given the pathophysiology of aspiration pneumonia and infection caused by
aspiration, the application of antibiotics before endotracheal intubation can be regarded as a preventive strategy. In the Expert
Advice on the Diagnosis and Treatment of Aspiration Pneumonia in Adults, the preventive measures for aspiration pneumonia are
recommended as ‘antibiotic treatment for 24 hours after emergency intubation in coma patients’ [9].

Previous studies have shown that the incidence of anaerobic bacterial infection in aspiration pneumonia cases is not high
[10]. Primarily enterobacteria, Haemophilus influenzae, Streptococcus pneumoniae, and Staphylococcus aureus were isolated
from community-acquired cases, while gram-negative bacilli, such as Pseudomonas aeruginosa, were isolated from hospital-
acquired cases. Only one case of ventilator associated pneumonia was anaerobe infection [11]. El Solh et al. found that the most
common post-stroke pneumonia pathogens were gram-negative bacilli (49%), anaerobic bacteria (16%), and S. aureus (12%);
the gram-negative bacilli found were predominantly Klebsiella pneumoniae and Escherichia coli [12]. Another study included the
distribution characteristics of respiratory pathogenic bacteria introduced by endotracheal intubation in 588 patients with ICH.
They found that 314 cases had nosocomial respiratory infections, and the infection rate was 53.40%. Over three years, a total of
2808 strains were cultured, including 422 gram-positive bacteria (15.03%). There were 1854 strains (66.03%) of gram-negative
bacteria, 527 strains (18.95%) of Candida and five strains (0.18%) of others [13].

Ceftriaxone is a semi-synthetic third-generation cephalosporin which has strong antibacterial activity against most gram-positive
and -negative bacteria, including P. aeruginosa, Escherichia coli, Bacillus pneumoniae, H. influenzae, aeroenteric bacteria, and
Proteus [14]. Given the characteristics of pneumonia pathogens in patients with aspiration pneumonia and ICH, ceftriaxone can be
used as an effective option to prevent and treat aspiration pneumonia [15].

The aim of this study is to investigate whether a single dose of ceftriaxone during endotracheal intubation can reduce the
incidence of pneumonia within 48 hours in patients with cerebral hemorrhage, and to provide a basis for the prevention of
aspiration pneumonia in patients with cerebral hemorrhage.

METHODS AND ANALYSIS

This is a prospective, randomized, controlled, double-blind clinical study, which was reviewed by the ethics committee of Dong
E Hospital. All methods will be performed in accordance with the relevant guidelines and regulations. Written informed consent
will be obtained from the guardians of all patients and registered in the Chinese Clinical Trial Registry (Registration number:
ChiCTR2200066837). All methods were reported according to Consolidated Standards of Reporting Trials (CONSORT) [16].

Study design

Patients with ICH undergoing endotracheal intubation in Dong E Hospital of Shandong Province from April 2023 to April 2024 will
be included. Inclusion criteria are: (1) age > 18 years; (2) ICH due to various causes; (3) endotracheal intubation; and (4) subjects
understood and signed the informed consent. The following patients will be excluded from this study: (1) pneumonia occurred
before endotracheal intubation; (2) aspiration occurred before endotracheal intubation (e.g., aspiration that is considered
possible clinically, such as epilepsy; prehospital vomiting; vomit on the patient's clothing; or vomit visible in the oropharynx
at the beginning of intubation attempts); (3) received antibiotics before endotracheal intubation; (4) received other antibiotics
within 48 hours after enrollment (especially before diagnosis of aspiration pneumonia); (5) patients who died within 48 hours
after endotracheal intubation without aspiration pneumonia; (6) allergic history to cephalosporin antibiotics; and (7) drinking
history within one week before endotracheal intubation, as the use of cephalosporin after drinking alcohol can cause a disulfiram
reaction. Of note, patients with COPD will not be excluded from the study. Schedule of enrolment, interventions, and assessments
are shown in Figure 1.A simplified schematic of the trial design is shown in Figure 2.

Intervention
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Subjects will be randomly assigned 1:1 to the ceftriaxone intervention group or the control group after signing informed consent
on a computer-generated randomization table generated by an investigator not involved in the clinical trial. Patients who meet
the inclusion criteria will undergo endotracheal intubation routinely according to the operating specifications of our unit. Patients
in the intervention group will be given 100mL 0.9% sodium chloride with 2g ceftriaxone sodium intravenously over the course of
one hour within two hours after endotracheal intubation. Patients in the control group will receive 100 mL 0.9% sodium chloride
injection intravenously over the course of one hour within two hours after endotracheal intubation. Other treatment measures
after endotracheal intubation (ie: prevention of aspiration, withdrawal of mechanical ventilation) are the same as conventional
treatment. Neither the investigators nor the patients will be aware of the group assignments during the study. Open label is
allowed in case of serious adverse effects such as allergic reaction.

Data collection
Patient Characteristics

The general data of the patients will be collected, including gender, age, height, weight, BMI, comorbidities, Acute Physiology and
Chronic Health Evaluation Il (APACHE 1l ) score, Sequential Organ Failure Assessment (SOFA) score, history of medication allergy,
diagnosis, smoking history, drinking history, bed rest history, chest radiograph or chest CT manifestations before endotracheal
intubation, laboratory test results (white blood cell count, neutrophil ratio, C-reactive protein and procalcitonin), body
temperature, cause of ICH, time of onset of aspiration pneumonia after enrollment, duration of mechanical ventilation, length of
ICU stay, length of hospital stay, and 28-day survival.

Intubation Characteristics

Intubation characteristics will be collected, including whether vomiting occurred before endotracheal intubation; whether obvious
aspiration occurred before endotracheal intubation; whether aspiration occurred during endotracheal intubation; whether
mechanically ventilated; endotracheal intubation time; endotracheal intubation type; whether analgesic and sedative drugs were
used before intubation; whether intubation was difficult; whether repeated intubation attempts were necessary.

Antibiotic Characteristics

Antibiotic characteristics will be collected, including time of administration, antibiotic type, dose, frequency, and days of antibiotic
use after enrollment; sputum or broncho alveolar lavage fluid (BALF) culture results during endotracheal intubation and sputum
or BALF culture results during aspiration pneumonia.

Research outcomes

The primary outcome is the incidence of aspiration pneumonia within 48 hours after endotracheal intubation. Aspiration
pneumonia is defined the presence of new or advanced infiltrating shadows, consolidation shadow, or ground glass shadow
on chest X-ray or CT in patients without a diagnosis of community-acquired pneumonia, healthcare-associated pneumonia, or
aspiration pneumonia, combined with two or more of the following clinical symptoms: (1) fever, body temperature >38 ° C; (2)
purulent airway discharge; (3) white blood cell count>10 X109 /L or<4X1079/L.

The intensity of antimicrobial use is defined as:

Antimicrob ial consumptio n ( lative DDD)
Days of patients admitted in the same period

%100

where DDD is the defined daily dose.

The intensity of antibiotic use in a particular patient is defined as:

P

Days of hospital stay

ntimicrob i ion (i lati
A ial n ve DDD) <100

Antimicrob ial drug consumptio n/ DDD .
Days of hospital stay

100

Single dose of antibiotics x frequency of use x days of use /DDD
Days of hospital stay

x100
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Adverse event monitoring

Patients with a history of allergy to cephalosporins will be excluded to avoid allergic reactions to the drugs. Allergic reactions
include high fever, rash, pruritus, dyspnea, laryngeal edema, and anaphylactic shock. Once allergy occurs, the drug will be
stopped immediately, and epinephrine or appropriate first aid measures (e.g., airway management, intravenous rehydration,
antihistamines, corticosteroids, vasoactive drugs) will be given to patients with severe acute hypersensitivity reaction according to
clinical indications. Serious adverse reactions will be reported to the Ethics Committee immediately.

Sample size calculation

A total of 50 patients will be included in the preliminary study. For the preliminary results, the incidence of pneumonia within 48
hours after endotracheal intubation will be obtained in the two groups. The sample size estimation formula for the comparison
of two sample rates will be used to estimate the sample size; the test level a was set at 0.05, and the type Il error probability
was set at 0.2. The patients will be distributed according to 1:1 randomization, and the two-sided test will be used to calculate the
required sample size.

Statistical analysis

SPSS 20.0 will be used for statistical analysis. Statistical descriptions of general data included the frequency and percentage
of count data such as gender and disease diagnosis, and chi-square test or Fisher's exact probability method will be used for
statistical analysis. Furthermore, the data will be described statistically with mean and standard deviation or median and quartile
depending on the distribution. Age, APACHE Il score, SOFA score, BMI, length of stay in ICU, length of hospital stay, and duration
of mechanical ventilation will be statistically described by mean * standard deviation or quartile, and analyzed by independent
sample t-test or Mann-Whitney U rank sum test. The incidence of pneumonia within 48 hours of tracheal intubation and 28-day
mortality will be statistically described by frequency and percentage. The significance level of all the above statistical tests is
P < 0.05.

DISCUSSION

This is a prospective, randomized, controlled, double-blind clinical study to compare the effect of a single dose of ceftriaxone
during endotracheal intubation on the incidence of aspiration pneumonia within 48 hours after endotracheal intubation in
patients with ICH. To the best of our knowledge, this is the first clinical study of ceftriaxone to prevent the development of
aspiration pneumonia in patients with ICH hemorrhage undergoing endotracheal intubation.

Aspiration pneumonia is a pulmonary inflammation caused by the inhalation of oropharyngeal secretions, gastric contents, or
other exogenous foreign bodies into the lower respiratory tract [4]. One type of aspiration pneumonia is chemical inflammation
caused by direct damage to lung tissue caused by inhalation of gastric contents; another type is pulmonary atelectasis and
inflammation caused by inhalation of obstructive substances; and the third type is bacterial pneumonia caused by inhalation
of oral secretions containing colonized bacteria, which is the most common clinical type and can be fatal in severe cases [17].
Patients with ICH often experience disturbance of consciousness and require endotracheal intubation, and these patients are
typically in a non-fasting state. During intubation, analgesic and sedative drugs are administered and the glottis is exposed,
allowing oral secretions to easily to enter the lower respiratory tract and cause aspiration pneumonia [18, 19].

A prospective study of emergency endotracheal intubation in the emergency department by Drive et al. [5] showed that 8% of
patients developed aspiration pneumonia that could be associated with emergency endotracheal intubation. The number of
intubation attempts did affect the occurrence of aspiration pneumonia. Aspiration pneumonia is commonly acute, with symptoms
occurring within hours to days. Pneumonia caused by inhalation of anaerobic bacteria may be subacute because of the low
virulence of the bacteria, but its clinical features are difficult to distinguish from other bacterial pneumonitis [20]. Studies have
shown that the expected mortality of patients with aspiration pneumonia is higher than that of patients with other forms of
pneumonia [21].

A recent study on oral microecology found 103 species of bacteria in the mouth of patients with acute stroke; 29 of these were
previously unreported bacteria of which the pathogenicity is still unknown [22]. Previous studies have shown that aspiration
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pneumonia is often due to infection with gram-negative bacteria (e.g., E. coli, K. pneumoniae, P. aeruginosa) and S. aureus [9, 17],
and antibiotics used prophylactically should target these pathogens. Ceftriaxone, which is effective against both gram-positive
and gram-negative bacteria, was found to be an effective agent for the prevention of bacterial aspiration pneumonia in intubated
ICH patients.

In a study evaluating the risk factors for pneumonia within 48 hours after intubation, Rello et al. [23] found that patients with
respiratory/cardiac arrest and coma had the highest incidence of pneumonia in the first 48 hours. Antibiotic use during this period
reduced the incidence of pneumonia, while other preventive measures such as subglottic suction were ineffective. Sirvent et al.
[24] conducted a randomized trial to evaluate the effectiveness of two doses of cefuroxime administered within 24 hours after
intubation in reducing the incidence of early-onset ventilator-associated pneumonia (VAP) in patients with closed head injury
(Glasgow Coma Scale score < 12). A retrospective cohort study by Vlad Dragan et al. [25] reached a different conclusion, finding
instead that prophylactic antimicrobial therapy in patients with acute aspiration pneumonia does not provide clinical benefit,
has no effect on mortality improvement, and may generate antibiotic selection pressure and increase the number of days of
subsequent antibiotic treatment. In these cases, however, antibiotic use may be more akin to short-term treatment than true
prevention, and long-term antibiotic use may increase the risk of subsequent infection by resistant microorganisms. For this
reason, we decided to use a single dose of an antibiotic which has a long half-life and is effective against the main pathogens
responsible for most endotracheal intubation-induced aspiration pneumonia.

A previous similar study by Valles et al. [26] showed that a single dose of antibiotics significantly reduced the incidence of VAP in
mechanically ventilated comatose patients. It also reduced mechanical ventilation and ICU length of stay, and had no effect on
mortality or the incidence of multidrug-resistant microbial infections. However, this was a non-randomized study, and there was
bias in the selection of patients in the control group. The incidence of chronic obstructive pulmonary disease in the control group
was higher, which resulted in a greater degree of airway pathogen colonization before intubation, and more patients requiring
neurosurgical intervention were included in the control group.

Further prospective randomized controlled studies are necessary to explore whether a dose of ceftriaxone before endotracheal
intubation can reduce the incidence of aspiration pneumonia in patients with ICH, so as to provide an option for the prevention of
pneumonia in these patients.

Our study has some limitations. First, this study will be conducted in a single center and will include a small sample size, which
may limit the broader applicability of our findings. Second, the definition of aspiration pneumonia may inadvertently include
aspiration pneumonia before endotracheal intubation because we will exclude these patients on the basis of clinical speculation.
Finally, it is difficult to distinguish between aspiration pneumonia and another type of pneumonia that develops within 48 hours
of endotracheal intubation.

Trial status

At the time of manuscript submission, the study is in the preparation phase for recruitment. This is the first version of the protocol
completed on September 30, 2022. Recruitment is scheduled to begin in April 2023 and expected to be completed by April 2024.

Figure captions

Figure 1. Schedule of enrolment, interventions, and assessments
Figure 2. Simplified schematic of the trial design
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Effects of Early Pulmonary Rehabilitation Training on Ventilator-Induced
Diaphragmatic Dysfunction in ICU Mechanically Ventilated Patients

%% : Baoyi Yang, RongWang, Qi Tang
E{i[: Taihe Hospital, Hubei University of Medicine

Abstract

Objective: To investigate the preventive effects of early pulmonary rehabilitation training on ventilator-induced diaphragmatic
dysfunction (VIDD) in ICU mechanically ventilated patients and its impact on clinical outcomes.

Methods: A prospective randomized controlled trial was conducted. A total of 82 mechanically ventilated patients admitted to the
intensive care unit of a tertiary hospital from January 2025 to December 2025 were enrolled and randomly assigned to either the
experimental group (n=41) or the control group (n=41) using a random number table. The control group received routine ICU care
and an early mobilization protocol, while the experimental group received systematic early pulmonary rehabilitation training in
addition to the control protocol. Ultimately, 75 patients completed the study. Diaphragm excursion (DE), diaphragmatic thickening
fraction (DTF), maximum inspiratory pressure (MIP), duration of mechanical ventilation, ICU length of stay, incidence of VIDD, and
adverse events were compared between the two groups.

Results: On day 5 and day 7 of the intervention, DE and DTF in the experimental group were significantly higher than those in the
control group (P<0.05). MIP on day 7 was significantly higher in the experimental group than in the control group (P<0.001). The
experimental group had significantly shorter durations of mechanical ventilation (6.2%2.1 days vs. 8.7%3.4 days) and ICU stays
(9.5%3.2 days vs. 12.81+4.6 days) compared to the control group (P<0.001). The incidence of VIDD was significantly lower in the
experimental group (15.8%, 6/38) than in the control group (40.5%, 15/37; P=0.017). No significant difference was found in the
incidence of adverse events between the two groups (P>0.05).

Conclusion: Early pulmonary rehabilitation training effectively improves diaphragmatic function, reduces the incidence of VIDD,
shortens the duration of mechanical ventilation and ICU length of stay in mechanically ventilated patients, and demonstrates
good safety.

Keywords: Pulmonary rehabilitation; Mechanical ventilation; Ventilator-induced diaphragmatic dysfunction; Diaphragmatic
ultrasound; Intensive care

1. Introduction

Mechanical ventilation (MV) is a core life-support technology in intensive care units (ICUs), with approximately 30%-88% of
critically ill patients requiring MV. However, while MV saves lives, it places the diaphragm in a partial or complete unloading state,
leading to decreased diaphragmatic tension, muscle fiber atrophy, and contractile dysfunction, known as ventilator-induced
diaphragmatic dysfunction (VIDD) [1]. Studies indicate that the incidence of VIDD ranges from 60% to 80%, and 33% of patients
with VIDD fail to fully recover diaphragmatic function after rehabilitation [2]. Evidence has confirmed that diaphragmatic atrophy
and functional decline can occur within 24 hours after the initiation of MV, with atrophy progressing faster than in other skeletal
muscles [3].

The pathophysiology of VIDD is complex, involving multiple molecular pathways such as mitochondrial oxidative stress, excessive
activation of the ubiquitin-proteasome pathway, calpain and caspase-3-mediated proteolysis, and inhibition of protein synthesis
[1,3]. VIDD not only severely affects the recovery of respiratory function but also leads to weaning difficulties, prolonged MV,
extended ICU stays, increased medical costs, and even higher mortality [4]. Therefore, finding effective intervention strategies to
prevent and improve VIDD has become a research hotspot in the field of critical care rehabilitation.

In recent years, pulmonary rehabilitation (PR), as a comprehensive non-pharmacological intervention, has received widespread
attention for its application in ICU mechanically ventilated patients [5]. Studies have shown that early rehabilitation, including
physical therapy, breathing training, and exercise training, can effectively prevent and improve respiratory muscle atrophy,
enhance muscle strength, reduce in-hospital mortality, and improve overall prognosis [6-8]. However, high-quality randomized
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controlled trials focusing on the preventive effects of early pulmonary rehabilitation centered on respiratory muscle training
for VIDD remain limited, particularly in the ICU setting in China. Therefore, this prospective randomized controlled trial aims to
investigate the protective effects of early pulmonary rehabilitation training on diaphragmatic function and its impact on clinical
outcomes in ICU mechanically ventilated patients, providing evidence-based support for critical care nursing practice.

2. Methods
2.1 Participants

This prospective randomized controlled trial was conducted in the ICU of a tertiary hospital from January 2025 to December 2025.
Inclusion criteria: (1) age = 18 years; (2) undergoing invasive MV via orotracheal intubation or tracheostomy; (3) expected duration
of MV = 72 hours; (4) relatively stable hemodynamics upon ICU admission (mean arterial pressure = 65 mmHg); (5) informed
consent provided by the patient or a family member. Exclusion criteria: (1) history of neuromuscular disease or diaphragmatic
paralysis before ICU admission; (2) previous diaphragmatic surgery; (3) conditions unsuitable for respiratory rehabilitation (e.g.,
cervical spine fracture, intracranial hypertension); (4) severe hemodynamic instability requiring high-dose vasoactive agents; (5)
pregnancy; (6) terminal illness with expected survival <6 months. Elimination criteria: (1) MV duration <72 hours due to extubation
or death; (2) transfer out of the ICU during the study period; (3) withdrawal of informed consent.

Sample size calculation: Using PASS 15.0, based on pre-trial results (VIDD incidence of approximately 18% in the experimental
group and 42% in the control group), with a=0.05 (two-tailed), power 1-$=0.80, a 1:1 allocation, and accounting for a 15% dropout
rate, 82 patients were required. A random number table generated by SPSS 26.0 was used by a statistician not involved in the
intervention to randomly assign 82 patients to the experimental group (n=41) and control group (n=41). Allocation concealment
was achieved using sealed envelopes. The study was approved by the hospital ethics committee (approval number: XM2025115).

2.2 Interventions
2.2.1 Control group

The control group received routine ICU care and an early mobilization protocol, including: (1) basic care (vital sign monitoring,
airway management, oral care); (2) passive/active range of motion exercises (twice daily, 15-20 min each) based on consciousness
and muscle strength; (3) head-of-bed elevation to 30° -45° ; (4) suctioning as needed; (5) minimal sedation strategy.

2.2.2 Experimental group

In addition to the control protocol, the experimental group received a 7-day systematic early pulmonary rehabilitation training
program delivered by a trained critical care rehabilitation team (including one ICU head nurse, two ICU specialist nurses, and one
respiratory therapist). All team members completed a 2-week standardized training program and passed assessments covering
bedside diaphragmatic ultrasound, respiratory muscle training techniques, airway clearance techniques, early mobilization
protocols, and safety monitoring.

(1) Bedside diaphragmatic ultrasound and individualized plan

Within 24 hours of enrollment, a nurse trained in diaphragmatic ultrasound assessed baseline diaphragmatic function using a
bedside ultrasound system (convex probe 2-5 MHz; linear probe 7-12 MHz), measuring DE and DTF. Based on the results, along
with the patient’ s consciousness level (RASS score), Medical Research Council score (MRC-Score), and hemodynamic status, the
rehabilitation team developed an individualized pulmonary rehabilitation plan specifying training methods, intensity, frequency,
and progression criteria.

(2) Progressive respiratory muscle training

Passive stimulation phase (for RASS -3 to -1 or unable to cooperate): Patients in semi-recumbent position (head-of-bed 30° -45°)
received passive respiratory muscle stimulation by adjusting ventilator trigger sensitivity (initial setting -3 cmH20, decreased by
0.5-1 cmH20 every 24 hours to a target of -1 cmH20, twice daily, 15 min each) [9-10].

Active training phase (for RASS -1 to +1 able to follow commands): Included diaphragmatic breathing [11], deep breathing
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exercises [12], and threshold inspiratory muscle training (initial load at 30% of MIP, 10-15 breaths per session, twice daily, with
load increased by 5%-10% weekly up to 50% of MIP, Borg dyspnea score < 5) [13]. Each session lasted 15-20 min with at least 4

hours between sessions.
(3) Effective coughing and airway clearance training

For conscious patients (RASS -1 to +1) able to follow commands: effective coughing training (deep inspiration - 2-second breath
hold - forceful cough) and active cycle of breathing technique (ACBT) [14-15]. Manual chest compression was applied if needed.

(4) Early progressive positioning management

Daily positioning level determined by the ICU mobility scale (IMS): IMS 0-1: passive repositioning and range of motion; IMS 2-3:
additional semi-recumbent active maintenance; IMS 4-5: transition to sitting at the bedside; IMS 6-7: standing or sitting in a chair
[16].

(5) Dynamic diaphragmatic ultrasound monitoring and adjustment

DE and DTF were assessed at days 1, 3, 5, and 7 by the same trained nurse. Training intensity was adjusted based on diaphragmatic
function trends (increase load if DTF improved by = 5%; maintain if DTF decreased by = 10% or no improvement; initiate
enhanced stimulation if DTF <20% for >72 hours).

(6) Safety stopping criteria

Training was immediately stopped if any of the following occurred: heart rate >140/min or <40/min; new arrhythmias; systolic
blood pressure >180 mmHg or <85 mmHg, or fluctuation >20% from baseline; SpO, <88% or >5% drop from baseline; respiratory
rate >35/min; overt patient intolerance.

2.3 Outcome Measures

2.3.1 Primary outcome

VIDD incidence, defined as DTF <20% combined with DE <10 mm (during quiet breathing) [14], assessed on day 7.
2.3.2 Secondary outcomes

(1) Diaphragmatic ultrasound parameters (DE and DTF) measured on days 1, 3,5, and 7 [9].

(2) Maximum inspiratory pressure (MIP) measured on days 1 and 7 [4].

(3) Clinical outcomes: duration of mechanical ventilation (from intubation to successful extubation with spontaneous breathing
= 48 hours) and ICU length of stay.

(4) Adverse events: unplanned extubation, catheter displacement, falls, severe arrhythmias, and marked blood pressure
fluctuations.

2.4 Statistical Analysis

SPSS 26.0 was used. The per-protocol (PP) set was used for primary efficacy analysis. Normally distributed continuous data were
expressed as mean £ standard deviation (x™%s) and compared using independent samples t-test or repeated measures ANOVA.
Non-normally distributed data were expressed as median (IQR) and compared using Mann-Whitney U test. Categorical data were
expressed as frequencies and percentages and compared using x? test or Fisher’ s exact test. P<0.05 was considered statistically
significant.

3. Results
3.1 Baseline Characteristics

Of the 82 enrolled patients, 75 completed the study (38 in the experimental group, 37 in the control group). No significant
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differences were found between the two groups in age, sex, BMI, APACHE Il score, primary diagnosis, or Pa0O,/FiO, ratio at ICU
admission (P>0.05), indicating comparability

3.2 Diaphragmatic Ultrasound Indicators

On days 5 and 7, DE and DTF in the experimental group were significantly higher than those in the control group (P<0.05).
Repeated measures ANOVA showed significant time, group, and interaction effects for both DE and DTF (P<0.001) (Table 1).

3.3 Maximum Inspiratory Pressure (MIP)

On day 7, MIP in the experimental group was significantly higher than that in the control group and significantly improved from
day 1 (P<0.001), while no significant change was observed in the control group (P>0.05) (Table 2).

3.4 Clinical Outcomes and VIDD Incidence

The experimental group had significantly shorter duration of MV (6.2%+2.1 vs. 8.7£3.4 days, P<0.001) and ICU length of stay
(9.5+3.2 vs. 12.8 4.6 days, P<0.001). VIDD incidence was significantly lower in the experimental group (15.8% vs. 40.5%, P=0.017)
(Table 3).

3.5 Adverse Events

In the experimental group, transient blood pressure fluctuations (3 cases, 7.9%) and tachycardia (2 cases, 5.3%) occurred, all
resolving after pausing or reducing training intensity. No severe adverse events (unplanned extubation, catheter displacement,
falls) occurred. No significant difference in total adverse events was found between the two groups (P=0.673).

4. Discussion

This study demonstrates that early pulmonary rehabilitation training effectively protects diaphragmatic function in ICU
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mechanically ventilated patients, as evidenced by significantly higher DE and DTF in the experimental group compared to
the control group (P<0.05). These findings are consistent with previous studies showing that early pulmonary rehabilitation
combined with bundled nursing care improves diaphragmatic excursion [6], and that inspiratory muscle training significantly
enhances diaphragmatic excursion in mechanically ventilated patients [2,4]. Notably, diaphragmatic function in the control
group progressively declined on days 5 and 7, confirming the pathophysiological effect of MV-induced diaphragmatic unloading
and atrophy [1,3]. In contrast, the experimental group showed no decline but rather an improvement in diaphragmatic function,
suggesting that early pulmonary rehabilitation effectively counteracts the adverse effects of MV on the diaphragm [17].

The VIDD incidence in the experimental group (15.8%) was significantly lower than that in the control group (40.5%), and both

MV duration and ICU length of stay were significantly shortened. Given that reported VIDD incidence can reach 60%-80% [2],

and VIDD-related weaning difficulties increase complications, costs, and mortality[1,4], the comprehensive and phased nature of

our intervention—integrating respiratory muscle training, airway clearance techniques, and early progressive positioning with

ultrasound-based dynamic adjustment—likely contributed to its success. This reflects a closed-loop management concept of
“assessment-intervention-reassessment” [18].

Safety is a primary concern when implementing early rehabilitation in ICU patients with critical illness, multiple catheters, and
hemodynamic instability [19-20]. Consistent with prior studies [4-5], the experimental group in our study experienced only
minor, transient adverse events (blood pressure fluctuations, tachycardia) that resolved quickly, with no increase in serious
adverse events compared to the control group. These results confirm that early pulmonary rehabilitation training can be safely
implemented in ICU mechanically ventilated patients under close monitoring and standardized management.

5. Conclusion

Early pulmonary rehabilitation training effectively improves diaphragmatic function, reduces the incidence of VIDD, shortens the
duration of mechanical ventilation and ICU length of stay in ICU mechanically ventilated patients, and demonstrates good safety.
We recommend that individualized early pulmonary rehabilitation training based on bedside ultrasound assessment be routinely
implemented for mechanically ventilated patients in ICU clinical nursing practice to protect diaphragmatic function and improve
patient outcomes.
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Effects of positive end expiratory pressure on brain lung interaction in severe
acute brain injury patients with moderate to severe acute respiratory distress
syndrome: the role of lung recruitability

wa: 2E, A%, 18, AR
B2 PERERAREMEE—ER (RHEILER)

The effect of positive end expiratory pressure (PEEP) on brain lung interaction in severe acute brain injury (ABI) patients with acute
respiratory distress syndrome (ARDS) is not fully elucidated. To investigate the relationship between lung recruitability and the
effect of PEEP on brain lung interaction in patients with severe ABl and ARDS.

A prospective study investigated 9 severe ABI patients with moderate to severe ARDS. PEEP was respectively set according to
ARDSnet protocol (low PEEP level) and Express study protocol (high PEEP level). Respiratory mechanics, hemodynamics, arterial
blood gases values, lung recruitment (lung ultrasound, LUS, 12 region LUS scores), transcranial doppler (TCD, measuring the
bilateral middle cerebral artery (MCA) flow velocity), estimated intracranial pressure (elCP) using TCD data, non-invasive cerebral
perfusion pressure (nCPP), and brain regional saturation in oxygen (rSO2 measured by Near-infrared spectroscopy) were recorded
at two PEEP levels. Patients were divided into high or low recruiter depending on whether recruitment-to-inflation ratio (R/I ratio)
was higher/lower than 0.5. The study was registered at chictr.org.cn (ChiCTR2000037804).

9 patients were high recruiter (R/I ratio, 0.71%+0.14) and 8 patients were low recruiter (R/I ratio, 0.39%0.05). In low recruiters,
compared with low PEEP (100cmH20), Pa02/Fi02, dead space, LUS score, rSO2 did not improve, elCP, nCPP and MCA flow
velocity worsened at high PEEP (161cmH20). In high recruiters, compared with low PEEP (11+1cmH20), PaO2/Fi02, dead
space, LUS score improved, rSO2, elCP, nCPP and MCA flow velocity did not deteriorate at high PEEP (172 1cmH20). However, the

relationships were not found between R/I ratio and changes in eICP and nCPP.

Lung recruitability may take part in the effect of PEEP on brain lung interaction in severe ABI with moderate to severe ARDS. In
high recruiters, high PEEP may have both lung and brain protection. In severe ABI patients with moderate-to-severe ARDS, lung
recruitability had significant effects of PEEP on brain lung interaction. In high recruiter, high PEEP exerted both lung and brain
protection which were not shown in low recruiter.
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Empiric Extended Anaerobic Coverage Is Associated with Ecological Infectious
Harm but No Survival Benefit in Sepsis Patients at Low Risk for Anaerobic
Infection: A Retrospective Cohort Study
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Early broad-spectrum antibiotic therapy is essential in sepsis, but empiric regimens frequently include anaerobic activity even
when the clinical phenotype suggests low anaerobic infection risk. Whether this practice improves survival or mainly causes
downstream ecological harm remains uncertain. We examined the clinical and ecological consequences of empiric extended
anaerobic coverage in critically ill adults with sepsis and low apparent risk for anaerobic infection, with particular attention to the

impact of 72-hour reassessment and de-escalation.

This is a retrospective cohort study using the Medical Information Mart for Intensive Care IV 3.1 database. Adult intensive care unit
patients meeting Sepsis-3 criteria and receiving intravenous antibiotics within 24 hours of suspected infection were included.
Patients with high-risk anaerobic infection syndromes, baseline Clostridioides difficile infection, or predefined strict anaerobic
organisms at baseline were excluded. Empiric extended anaerobic coverage was defined as receipt of anaerobic-active antibiotics
within 24 hours. The primary outcome was 28-day all-cause mortality. Secondary outcomes included Clostridioides difficile
infection, fungal culture positivity, new secondary positive cultures, multidrug-resistant organism culture positivity, and a
composite new infectious outcome. Propensity-score overlap weighting was used to balance baseline characteristics. A 72-hour

landmark analysis compared limited or no anaerobic coverage, early de-escalation, and continuation beyond 72 hours.

Among 18,568 patients, 5,868 (31.6%) received empiric extended anaerobic coverage. After overlap weighting, extended anaerobic
coverage was not associated with lower 28-day mortality (hazard ratio [HR], 1.00; 95% Cl, 0.93-1.08, P=0.994). Extended coverage
was associated with higher risks of Clostridioides difficile infection (risk ratio [RR], 1.51; 95% Cl, 1.39-1.63, P<0.001), fungal culture
positivity (RR, 1.14; 95% Cl, 1.04-1.26, P=0.007), and the composite new infectious complication (RR, 1.22; 95% Cl, 1.16-1.29,
P<0.001). In the landmark analysis, de-escalation within 72 hours was not associated with excess mortality or infectious risk,
whereas continuation beyond 72 hours was associated with greater ecological infectious burden without mortality benefit.

In critically ill adults with sepsis but low apparent anaerobic infection risk, empiric extended anaerobic coverage did not improve
survival and was associated with increased ecological infectious complications. These findings support a phenotype-guided, 72-
hour reassessment strategy to limit unnecessary anaerobic coverage and advance more precise antimicrobial stewardship in

sepsis care.
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Empiric Extended Anaerobic Coverage Is Associated with Ecological Infectious
Harm but No Survival Benefit in Sepsis Patients at Low Risk for Anaerobic
Infection: A Retrospective Cohort Study

#%: Yihuan Lai*?, Feifei Guo', Kun Zhou', YichunWang”
E{if: 1The Third Affiliated Hospital of Guangzhou Medical University

Abstract

Background: Maternal sepsis is a leading cause of obstetric morbidity and mortality worldwide. Acute respiratory distress
syndrome (ARDS) is a frequent and lethal complication of sepsis in pregnancy, yet epidemiological data, pathogen profiles, and
validated prediction tools specific to obstetric populations in low- and middle-income countries remain scarce. We aimed to
characterise the epidemiology and pathogen distribution of maternal sepsis in the intensive care unit (ICU) and to develop a
bedside clinical prediction model for ARDS among septic pregnant and postpartum women.

Methods: We conducted a retrospective cohort study of pregnant and postpartum women admitted to the ICU of a tertiary
obstetric referral centre in southern China (Guangzhou Medical University Third Affiliated Hospital) between January 2013 and
April 2019. Sepsis was defined according to the Sepsis-3.0 criteria (infection + Sequential Organ Failure Assessment [SOFA] score
= 2). ARDS was diagnosed using the Berlin Definition (2012). Clinical characteristics, laboratory parameters, pathogen culture
results, antimicrobial susceptibility profiles, and maternal-fetal outcomes were compared between groups. A multivariable logistic
regression model was constructed to identify independent predictors of ARDS in septic patients, presented as a nomogram, and
internally validated using receiver operating characteristic (ROC) curve analysis, calibration plots, and comparison with SOFA and
APACHE Il scores.

Results: Among 780 ICU admissions, 309 (39.6%) met sepsis criteria, of whom 138 (44.7%) developed ARDS. The in-hospital
mortality was 6.1% for sepsis overall and 10.9% for sepsis-associated ARDS. Septic patients exhibited significantly higher illness
severity, longer ICU stays, and greater healthcare costs than non-septic patients. Pathogen analysis in a contemporaneous cohort
of 744 patients revealed that Acinetobacter baumannii (9.2%), Escherichia coli (7.1%), and Candida albicans (4.6%) were the most
frequently isolated organisms among septic patients, with high rates of multidrug resistance (carbapenem-resistant A. baumannii
and methicillin-resistant Staphylococcus aureus). Independent predictors of ARDS in septic patients included lower systolic blood
pressure, higher heart rate, higher respiratory rate, lower partial pressure of oxygen, multiple organ dysfunction syndrome (MODS),
invasive mechanical ventilation, continuous renal replacement therapy (CRRT), and vasoactive drug use. The resulting nomogram
demonstrated excellent discrimination (area under the curve [AUC] 0.986, 95% confidence interval [CI] 0.978-0.996; sensitivity
0.949, specificity 0.947), significantly outperforming SOFA (AUC 0.669) and APACHE Il (AUC 0.597) (both P < 0.001). The calibration
curve indicated good agreement between predicted and observed probabilities.

Conclusions: Maternal sepsis in this Chinese ICU was characterised by a high burden of ARDS, prolonged hospitalisation, and a
distinct pathogen profile dominated by multidrug-resistant A. baumannii. The developed nomogram accurately predicted ARDS
risk in septic obstetric patients and may serve as a simple bedside tool to facilitate early recognition and resource allocation.
External validation in diverse obstetric ICUs is warranted before widespread clinical adoption.

Keywords: Maternal sepsis, ARDS, pregnancy, intensive care unit, prediction model, nomogram, antimicrobial resistance,
obstetric critical care

1. Introduction

Sepsis during pregnancy and the puerperium remains a leading cause of maternal mortality and morbidity globally. The World
Health Organization (WHO) estimates that infection accounts for approximately 10.7% of maternal deaths worldwide, with sepsis
contributing substantially to this burden [1]. In China, sepsis is the primary indication for obstetric ICU admission, complicating up
to 25% of critical maternal transfers [2]. Despite advances in critical care, maternal sepsis continues to carry significant mortality,
particularly in low- and middle-income countries (LMICs) where diagnostic delays and antimicrobial resistance are prevalent [3].
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Acute respiratory distress syndrome (ARDS) is a devastating pulmonary complication of sepsis, occurring in up to 40% of septic
patients in the general population and associated with substantially worse outcomes [4]. Pregnant and postpartum women are
particularly vulnerable due to physiological adaptations including increased oxygen consumption, decreased functional residual
capacity, and relative immunomodulation [5]. These changes not only increase the risk of respiratory failure but also mask early
clinical deterioration, delaying diagnosis and intervention [6]. Current international guidelines, including the Surviving Sepsis
Campaign (SSC) 2021 and the Society for Maternal-Fetal Medicine (SMFM) 2019 recommendations, emphasise early recognition
and the "1-hour bundle"; however, they lack obstetric-specific tools for predicting ARDS progression [7, 8].

Epidemiological and pathogen data from obstetric ICUs in China remain limited. Existing studies from high-income countries
report group B streptococcus and Escherichia coli as predominant pathogens [9], yet ICU-acquired infections in Chinese centres
frequently involve multidrug-resistant organisms such as Acinetobacter baumannii and carbapenem-resistant Enterobacterales
(CRE), reflecting differences in hospital-acquired infection ecology and antibiotic stewardship practices [10]. Understanding local
pathogen distribution and resistance patterns is essential for guiding empirical antimicrobial therapy and infection prevention
strategies.

Furthermore, while general severity scores such as SOFA and APACHE Il are widely used in ICU prognostication, their predictive
performance in pregnant populations is suboptimal due to physiological alterations in haemodynamic and respiratory parameters
during gestation [11]. To date, no validated bedside tool specifically predicts ARDS risk among septic obstetric patients. Such a
tool could enable risk stratification at the time of ICU admission, inform decisions regarding mechanical ventilation preparedness,
and facilitate timely multidisciplinary management involving obstetrics, anaesthesia, and neonatology.

Therefore, this study had three primary objectives: (1) to describe the epidemiology and clinical characteristics of maternal
sepsis in a Chinese tertiary obstetric ICU; (2) to characterise the pathogen profile and antimicrobial resistance patterns of septic
obstetric patients; and (3) to develop and internally validate a clinical prediction model for ARDS specifically among pregnant and
postpartum women with sepsis.

2. Methods
2.1 Study design and setting

This was a retrospective cohort study conducted at the Intensive Care Unit of the Third Affiliated Hospital of Guangzhou Medical
University, a provincial and municipal tertiary referral centre for critically ill pregnant women in southern China. The ICU admits
approximately 100-150 obstetric patients annually from Guangdong Province and neighbouring regions. The study comprised two
overlapping patient cohorts extracted from the same electronic medical record database: a primary cohort of 780 pregnant and
postpartum women admitted between January 2013 and April 2019 (used for ARDS prediction model development and clinical
characterisation), and a contemporaneous cohort of 744 patients (used for detailed pathogen and antimicrobial susceptibility
analysis).

2.2 Participants

Inclusion criteria: (1) pregnant or postpartum women (within 42 days of delivery or pregnancy termination) admitted to the ICU; (2)
age = 18 years; and (3) availability of complete electronic medical records.

Exclusion criteria: (1) non-pregnant/non-postpartum status; (2) ICU length of stay < 24 hours; (3) incomplete clinical data; and (4)
transfer from another ICU without primary data availability.

2.3 Definitions and diagnostic criteria

Sepsis and septic shock were defined according to the Third International Consensus Definitions for Sepsis and Septic Shock
(Sepsis-3.0): sepsis was identified as infection with a SOFA score = 2; septic shock was defined as sepsis with persisting
hypotension requiring vasopressors to maintain mean arterial pressure (MAP) = 65 mmHg and serum lactate >2 mmol/L despite
adequate fluid resuscitation [12].

ARDS was diagnosed using the Berlin Definition (2012): acute onset within 7 days of a known clinical insult; bilateral opacities on
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chest imaging not fully explained by effusions, lobar/lung collapse, or nodules; respiratory failure not fully explained by cardiac
failure or fluid overload; and impaired oxygenation categorised as mild (200 mmHg < Pa0,/FiO, < 300 mmHg), moderate (100
mmHg < Pa0,/FiO, < 200 mmHg), or severe (Pa0,/FiO, < 100 mmHg) with positive end-expiratory pressure (PEEP) =5 cmH,0 [13].

Multiple organ dysfunction syndrome (MODS) was defined as the simultaneous or sequential dysfunction of two or more organ
systems in response to an acute insult [14].

Pathogen identification was performed using standard microbiological cultures from blood, sputum, urine, vaginal secretions,
and other clinically relevant sites. Antimicrobial susceptibility testing followed Clinical and Laboratory Standards Institute (CLSI)
guidelines.

2.4 Data collection

Clinical data were extracted from the hospital electronic medical record system, laboratory information system, and microbiology
database by trained researchers using a standardised case report form. Variables included:

(1)General characteristics: age, gestational age, gravidity, parity, body mass index (BMI), mode of ICU admission (emergency,
intra-hospital, inter-hospital transfer), and underlying comorbidities.

(2)Clinical parameters: vital signs (temperature, heart rate, respiratory rate, blood pressure, MAP), Glasgow Coma Scale (GCS),
and illness severity scores (SOFA, APACHE Il) within 24 hours of ICU admission.

(3)Laboratory investigations: complete blood count, procalcitonin (PCT), C-reactive protein (CRP), serum lactate, creatinine,
blood urea nitrogen (BUN), total bilirubin, alanine aminotransferase, albumin, coagulation profile (prothrombin time [PT],
activated partial thromboplastin time [APTT], international normalised ratio [INR]), and arterial blood gas analysis.

(5)Microbiological data: culture sites, isolated organisms, and antimicrobial susceptibility profiles.

(6)Treatment modalities: mechanical ventilation (invasive/non-invasive), vasoactive agents, blood transfusion, anticoagulation,
continuous renal replacement therapy (CRRT), and empirical antibiotic regimens.

(7)Outcomes: ICU length of stay, total hospital length of stay, total hospitalisation costs, maternal in-hospital mortality, and
pregnancy outcomes (abortion, preterm delivery, term delivery, stillbirth).

2.5 Statistical analysis

Data were analysed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA) and R software version 4.3.1 (R Foundation for Statistical
Computing, Vienna, Austria). Continuous variables were tested for normality using the Shapiro-Wilk test. Normally distributed data
were expressed as mean =+ standard deviation (SD) and compared using independent samples t-tests. Non-normally distributed
data were presented as median (interquartile range [IQR]) and compared using the Mann-Whitney U test. Categorical variables
were expressed as frequencies (percentages) and compared using the chi-squared test or Fisher's exact test, as appropriate.

To identify independent predictors of ARDS among septic patients, variables with P < 0.05 in univariate analysis were entered into
a multivariable logistic regression model using backward stepwise selection (likelihood ratio). Collinearity was assessed using
the variance inflation factor (VIF), with VIF > 10 indicating significant multicollinearity. A nomogram was constructed based on the
final regression coefficients to provide a visual bedside prediction tool.

Model discrimination was evaluated using the area under the receiver operating characteristic curve (AUC-ROC) with 95%
confidence intervals (Cl). Model calibration was assessed using the Hosmer-Lemeshow goodness-of-fit test and calibration plots.
The net reclassification improvement (NRI) and integrated discrimination improvement (IDI) were calculated to quantify the
incremental predictive value of the new model compared with SOFA and APACHE 1. Internal validation was performed using 1000
bootstrap resamples to estimate optimism-corrected performance.

A two-sided P value < 0.05 was considered statistically significant.

3. Results
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3.1 Epidemiology and baseline characteristics

Between January 2013 and April 2019, 780 pregnant and postpartum women were admitted to the ICU. Of these, 309 (39.6%) met
Sepsis-3.0 criteria. Among septic patients, 126 (40.8%) progressed to septic shock, and 19 (6.1%) died during hospitalisation. The
overall ARDS rate was 32.9% (257/780); among septic patients, 138 (44.7%) developed ARDS, while 119 (15.3%) of the 471 non-
septic patients met ARDS criteria (primarily due to obstetric haemorrhage, amniotic fluid embolism, or preeclampsia).

Septic patients were significantly younger (median age 29.5 vs. 30.0 years, P = 0.483), presented with higher illness severity (SOFA
score 8.2 vs. 5.0, P <0.001), and required more intensive organ support than non-septic patients. Septic patients had higher rates
of invasive mechanical ventilation (65.1% vs. 35.5%), blood transfusion (61.6% vs. 28.2%), vasopressor use (43.4% vs. 16.3%), and
CRRT (40.9% vs. 9.7%) (all P < 0.001). Hospitalisation costs and lengths of stay were also significantly greater in the sepsis group
(Table 1).

3.2 Pathogen distribution and antimicrobial resistance

In the contemporaneous cohort of 744 patients, 648 (87.1%) had microbiological specimens collected. Among 279 septic patients,
273 (97.8%) were sampled, yielding 204 positive cultures (74.7%). A total of 435 pathogen isolates were identified from septic
patients. The six most common organisms were Acinetobacter baumannii (40 isolates, 9.2%), Escherichia coli (31 isolates, 7.1%),
Candida albicans (20 isolates, 4.6%), Staphylococcus aureus (19 isolates, 4.4%), Enterococcus faecium (15 isolates, 3.4%), and
Klebsiella pneumoniae (13 isolates, 3.0%). Notably, 31 methicillin-resistant S. aureus (MRSA) strains (7.1%), 28 ceftriaxone-
resistant gram-negative organisms (CTX-RO) (6.4%), and 4 carbapenem-resistant Enterobacterales (CRE) (0.9%) were identified.

The predominant infection sites were the respiratory system (83/279, 29.8%) and genital/reproductive tract (79/279, 28.3%). A.
baumannii was most frequently isolated from sputum (60.0%), whereas E. coli was predominantly recovered from blood (47.0%)
and C. albicans from vaginal secretions (50.0%).

Antimicrobial susceptibility testing revealed that A. baumannii was extensively drug-resistant, with high resistance rates to
carbapenems, aminoglycosides, fluoroquinolones, and most cephalosporins; only polymyxins, cefoperazone-sulbactam, and
tigecycline retained high sensitivity. E. coli remained highly susceptible to carbapenems and amikacin but exhibited 75.0%
resistance to ceftriaxone. Coagulase-negative staphylococci and E. faecium demonstrated variable resistance patterns, with
preserved sensitivity to linezolid, tigecycline, and glycopeptides (Table 2).

Empirical antibiotic therapy in septic patients most commonly involved carbapenems (37.2%), followed by ceftriaxone (15.2%),
latamoxef (15.0%), and first-/second-generation cephalosporins (9.5%).

3.3 Clinical characteristics of sepsis-associated ARDS

Among the 257 ARDS patients, those with sepsis-associated ARDS (n = 138) were more severely ill than non-septic ARDS patients
(n = 119). Septic ARDS patients had higher rates of moderate-to-severe ARDS (76.8% vs. 61.3%, P < 0.001), greater requirement
for invasive mechanical ventilation (72.5% vs. 49.6%, P < 0.001), longer ICU stays (median 7 vs. 4 days, P < 0.001), and higher in-
hospital mortality (10.9% vs. 3.4%, P = 0.022). However, pregnancy outcomes (abortion, preterm delivery, live birth, stillbirth) did
not differ significantly between the two ARDS groups.

Within the septic cohort, ARDS patients (n = 138) exhibited more pronounced physiological derangement than non-ARDS septic
patients (n = 171), including lower systolic blood pressure (102.2 £ 23.3 vs. 141.0 £ 23.4 mmHg), higher heart rate (126.2 + 26.1
vs. 85.3 £ 19.2 beats/min), faster respiratory rate (22.1 & 7.3 vs. 16.7 & 4.8 breaths/min), and lower PaO, (94.0 vs. 122.0 mmHg) (all
P <0.001). They also had higher rates of MODS (79.7% vs. 22.8%), septic shock (52.2% vs. 31.6%), DIC (15.2% vs. 7.6%), and CRRT
requirement (52.2% vs. 20.9%) (all P <0.05) (Table 3).

3.4 Risk factors and prediction model for ARDS in septic patients

Univariate logistic regression identified 14 variables significantly associated with ARDS in septic patients. After multivariable
adjustment, eight independent predictors remained: systolic blood pressure (OR 0.926, 95% CI 0.884-0.961, P < 0.001), heart rate
(OR 1.069, 95% CI 1.041-1.013, P < 0.001), respiratory rate (OR 1.136, 95% Cl 0.996-1.296, P = 0.048), PaO, (OR 0.989, 95% C| 0.978-
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0.999, P = 0.031), MODS (OR 9.731, 95% CI 3.113-35.390, P < 0.001), invasive mechanical ventilation (OR 4.287, 95% CI 1.070-19.330,
P =0.046), CRRT (OR 4.744, 95% Cl 1.204-21.380, P = 0.031), and vasoactive drug use (OR 0.059, 95% Cl 0.004-0.613, P = 0.027).

A nomogram was constructed incorporating these eight variables (Figure 1). The model demonstrated excellent discrimination
with an AUC of 0.986 (95% CI 0.978-0.996), sensitivity of 0.949, and specificity of 0.947. This significantly outperformed SOFA (AUC
0.669, 95% ClI 0.609-0.729) and APACHE Il (AUC 0.597, 95% CI 0.533-0.660) (DeLong test, both P < 0.001). The calibration curve
indicated good agreement between predicted and observed ARDS probabilities (Hosmer-Lemeshow test P = 0.834), and bootstrap
validation confirmed robustness (optimism-corrected AUC 0.982). Decision curve analysis demonstrated positive net benefit
across clinically relevant threshold probabilities (Figure 2).

4, Discussion
4.1 Principal findings

This study provides a comprehensive characterisation of maternal sepsis in a Chinese tertiary obstetric ICU, integrating
epidemiological, pathogen, and predictive modelling data. Three principal findings emerge. First, maternal sepsis affected
nearly 40% of obstetric ICU admissions and was associated with substantial organ dysfunction, prolonged hospitalisation, and
considerable healthcare costs. Second, the pathogen profile was dominated by ICU-acquired multidrug-resistant organisms,
particularly A. baumannii, contrasting with community-acquired profiles reported in Western obstetric populations. Third, we
developed and internally validated a simple eight-variable nomogram that accurately predicted ARDS risk among septic obstetric
patients, substantially outperforming generic severity scores.

4.2 Epidemiology in context

The observed sepsis incidence (39.6%) and mortality (6.1%) in this cohort are higher than those reported in many high-income
countries but comparable to other Chinese and Indian ICU series [15, 16]. This likely reflects the referral pattern of our centre,
which receives the most complex cases from across southern China, and the application of stringent Sepsis-3.0 criteria in a
population with high baseline physiological reserve. The 44.7% ARDS rate among septic patients underscores the pulmonary
vulnerability of pregnant women, likely mediated by the physiological reduction in functional residual capacity, increased oxygen
consumption, and the pro-inflammatory milieu of sepsis [17].

Notably, pregnancy outcomes (preterm delivery, stillbirth) did not differ significantly between septic ARDS and non-ARDS patients,
suggesting that timely obstetric intervention—particularly emergency caesarean section for fetal salvage—may mitigate some
adverse fetal effects of maternal respiratory failure. However, this observation should be interpreted cautiously given the absence
of long-term neonatal follow-up data.

4.3 Pathogen profile and antimicrobial implications

The predominance of A. baumannii and other ICU-acquired pathogens differs markedly from Western reports where group B
streptococcus and community-acquired E. coli predominate [9]. This discrepancy highlights the importance of local epidemiology
in guiding empirical therapy. The high rate of carbapenem resistance in A. baumannii and the frequent use of carbapenems as
first-line empirical therapy (37.2%) raise significant antimicrobial stewardship concerns. While carbapenems remain appropriate
for critically ill septic patients given their broad spectrum, the low CRE rate (0.9%) suggests that de-escalation to narrower agents
(e.g., piperacillin-tazobactam or cefoperazone-sulbactam) should be pursued once susceptibilities return, in line with SSC 2021
recommendations [7]. The high proportion of respiratory and genital tract infections also emphasises the need for rigorous
infection prevention bundles, including ventilator-associated pneumonia prevention and peripartum antibiotic prophylaxis.

4.4 The prediction model: clinical utility and innovation

To our knowledge, this is the first nomogram specifically developed to predict ARDS risk among septic pregnant and postpartum
women. Existing general ICU scores (SOFA, APACHE 1) performed poorly in this population (AUC < 0.70), likely because they fail
to account for pregnancy-specific physiological adaptations. For example, the relative "protective" effect of vasoactive drug use
in our model (OR 0.059) may reflect earlier haemodynamic resuscitation in patients presenting with septic shock, preventing
progression to ARDS—an effect obscured by generic scores.
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The eight variables included in the nomogram are readily available at the bedside within the first hours of ICU admission, requiring
only vital signs, arterial blood gas, and awareness of organ support requirements. This facilitates real-time risk stratification
without specialised biomarkers. In clinical practice, a septic obstetric patient with low blood pressure, tachycardia, tachypnoea,
hypoxaemia, and evolving MODS could be identified within the first hour as having >80% predicted ARDS risk, prompting
immediate preparation for invasive mechanical ventilation, lung-protective strategies, and multidisciplinary obstetric planning.

4.5 Strengths and limitations

Strengths include the relatively large obstetric ICU cohort, the application of contemporary Sepsis-3.0 and Berlin definitions,
and the direct comparison with established severity scores. However, several limitations must be acknowledged. First, the
retrospective design and single-centre setting introduce selection bias and limit generalisability. Second, the pathogen analysis
was derived from a slightly smaller contemporaneous cohort (744 vs. 780 patients) due to database extraction timing; while both
cohorts share the same centre and time period, unified data extraction would strengthen consistency. Third, the prediction model
requires external validation in independent obstetric ICUs before clinical implementation. Fourth, we lacked long-term maternal
and neonatal follow-up data beyond hospital discharge. Finally, the absence of viral and molecular diagnostics (e.g., metagenomic
next-generation sequencing) may have underestimated viral or rare pathogen contributions.

4.6 Future directions

Future research should prioritise external validation of this nomogram in multi-centre prospective studies across diverse
healthcare settings, particularly in LMICs with similar pathogen profiles. Integration of the model into electronic health record
systems as a clinical decision support tool would facilitate bedside adoption. Additionally, studies examining the impact of model-
guided early intervention on ARDS incidence and maternal mortality are warranted. The inclusion of novel biomarkers (e.g.,
presepsin, STREM-1) or machine learning approaches may further refine predictive accuracy.

5. Conclusions

Maternal sepsis in this Chinese ICU cohort was associated with a high incidence of ARDS, significant mortality, and a pathogen
profile dominated by multidrug-resistant ICU-acquired organisms. The developed eight-variable nomogram accurately predicted
ARDS among septic obstetric patients and outperformed generic severity scores. If externally validated, this tool could support
early recognition, resource allocation, and improved maternal outcomes in obstetric critical care.

Abbreviations

ARDS: Acute respiratory distress syndrome
APACHE 11: Acute Physiology and Chronic Health Evaluation I
AUC: Area under the curve

BMI: Body mass index

Cl: Confidence interval

CRRT: Continuous renal replacement therapy
DIC: Disseminated intravascular coagulation
GCS: Glasgow Coma Scale

ICU: Intensive care unit

IQR: Interquartile range

MAP: Mean arterial pressure

MODS: Multiple organ dysfunction syndrome
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OR: Odds ratio

PaO,: Partial pressure of arterial oxygen
PEEP: Positive end-expiratory pressure
ROC: Receiver operating characteristic

SD: Standard deviation

SOFA: Sequential Organ Failure Assessment
SSC: Surviving Sepsis Campaign
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Etiology-Specific Clinical Phenotypes and Outcomes in Patients Receiving

Venoarterial Extracorporeal Membrane Oxygenation: A Nationwide Multicenter
Cohort Study in China

%% : WangYlwen, LiChenglong, Hou Xiaotong
B HBERAFHBEILREIER

ATHRREEREICMPHEA VAECMO BENFRD . BAISE. FHE. ARENERER, HRERNENHTIR.

BNFAPREERMESZRFFES (CSECLS) EMEART —B2ESHOEBMEFIRR. B 2015 FLUkK, ZFSHIZRT 18,043
FiASMNERTES (ECMO) f&fl. ANIREN: F¢> 18 %, HEXERPK - mifk (VA) ECMO JAfr, BEXBEATMIGKREENTELBET
70%. RADHIAFIES 12,043 flBE, MANTEEFEAOSRITAHIE. BEDE. MARNDFMERERRIT. ECMO SZHHFETE).
MBS E. BEEFE (CU) EiRiE. HRAEUREREFER. NTERERANEEHITILR, HE—FRFR (<455,
45-65 1 >65 %) MEFHTHR. ELETELURMEH (EAIEE) R, DEXTBUGIE (BHLL) KT AELLESRA Kruskal-
Wallis #2388 £ 5105 (MERME) -

BENPRAIFR 545 (44-65%) ; 8748 flBE (73%) ASBM, 32956 (27%) A, FIMERAS (ECMO) BYHIHr4nda
7996 /1B (48-168 /\BY) , 9431 fflEE (78%) ERTHURBES, ICUWHRAEREIEN 10X (5-17X) . NRFAZHFBEFSE
S, BRAMOMRLEZATIN 8%, BEFIE/ (FAFH 38 %) , LEBELLZEH (BULLHIN 49%) , FEBWRKNX:
Farr, BHREFRRES (D 74%) . 2HOIETEN SREHGIR 21%; XEBEFRRK (PAFEK61%) , UBMERE (64%) ,
BHEMIBRE, £FFXNHN 59%. DEFAGRBENFRIHBNTFREZE (RAFE 56 &) , BHELHIES (70%) , £FRYGH
47%, HmMHLREREERS, ICU ERNEREK. RSERXNEIMEFAS (VAECMO) BEMNEFERM, 97 41%. RERS
BAMERBRZFHLAELTH: <45 FBERLUODAMKAE (54%) , 45-65 FBEFIMOAETEIES (42%) , >65 FBERIM
DIVESERAER (61%) o NG EFIE 27%, BEOCIMKBEHFNE—FLUE. EREOIEERES, RSB EFRA (B
g 671%, BN 59%) , B ECMO AT,

ES AL, XTHERANEEMNHE VA ECMO FIRRERRE, HENBENRE, HREBRNAEEEEZM. QMK MO
MO F AR AR AL VA ECMO BYR] EHUENE. FRMMARIT B ERER, ERBRA D HANFENERIRAEXETEE.
YR ERERNXRRE LR E T FRMMEN MM ERS R TREBRE SRR, FREKRN. BRI IEHE,
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Exendin-4 Attenuates mPFC-Hippocampal Circuit Dysfunction after Severe
Traumatic Brain Injury via Glp1r Activation

Ha: R, A%
B PERERARERNES —ER (RBEIER)

Severe traumatic brain injury (sTBI) causes high disability and mortality.[1]. The mPFC-hippocampal circuit is vulnerable to sTBI,
but its molecular mechanisms are unclear[1]. Exendin 4 has been reported to exert potential neuroprotective effects[2]; however,
its role and underlying mechanisms in sTBI remain unclear([3]. This study aimed to investigatewhether Exendin-4 ameliorates sTBI-
induced circuit dysfunction via Glp1r and potential Potential downstream pathways.

Single-cell sequencing data of the mPFC tissue from severe TBI patients and normal donors were analyzed to explore the
mechanisms of severe TBI-induced cortical injury. Severe TBI models were established using mechanically scratched HT22 and
SH-SY5Y neuronal cell lines[4] and severe CCl-induced C57 mice (groups: sham, TBI, TBI+Exendin 4, n=6)[5]. MTT assay was used
to assess neuronal viability, combined with quantitative real-time PCR (qPCR) to evaluate cellular injury. And MitoTracker Red
CMXRos was used to detect Mitochondrial damage. Neurological and cognitive impairments were assessed by mNSS score[6]
and immunofluorescence (IF). Blood-brain barrier integrity was assessed by Evans blue extravasation. Furthermore, Glp1r flox/
flox Camk2a Cre+ conditional knockout mice were used in behavioral experiments (Open field, New object recognition and Morris
water maze test) to verify the impact of Glp1r deletion on severe TBI-induced neurological damage.

ingle cell sequencing showed that 103 genes in GLP1R positive cortical neurons of severe TBI patients (n=3) were significantly
upregulated compared to normal donors (n=3), among which the top ten genes were HSP90AAL, PTPRZ1, MTRNR2LS, LHFPL3,
VCAN, CTTNBP2, NOVA1, DSCAM, PID1 and SFPQ (Figure 1A). The enrichment analysis of differentially expressed genes in Glp1r
positive neurons between severe TBI patients and normal control group showed that the main functional changes were in
inflammation, metabolism, and cell connectivity, including Focal adhesion, Adherens junction, Lysosome, Cell adhesion molecules
(CAMs), Noteh signaling pathway, P3K-Akt signaling pathway and ErbB signaling pathway (Figure 1B). qPCR, MTT tests and IF
results demonstrated that Exendin 4 alleviated severe TBI-induced oxidative damage and apoptosis in HT22 and SH-SY5Y neurons
(Figure 2A-C). mNSS scores, Evans blue staining, and IF results showed that Exendin 4 ameliorated severe TBI-induced mPFC
and hippocampal neurological dysfunction in mice (Figure 2D-F). Behavioral experiments further revealed that Glp1r conditionl
knockout significantly exacerbated hippocampal neurological deficits and cognitive impairment in severe TBI mice (Figure 3A-C).

Single-cell sequencing of mPFC tissue, together with in vitro and in vivo experiments, confirms that Exendin 4 alleviates severe TBI-
induced mPFC and hippocampal neurological damage and cognitive dysfunction by activating Glp1lr and reducing inflammation
and oxidative damage, highlighting its therapeutic potential. Studies are warranted to elucidate the further mechanisms of severe
TBIlinjury and the therapeutic action of Exendin 4.
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FTO-mediated m6A Demethylation of PRKCB mRNA Activates NF-kB to Trigger
Alveolar Fibrin Deposition in ARDS

#%: Xianjun Chen*, YingLiu'**, JiaYuan', ChuanXiao', QiDong', QinglLi', Ying Wang'
Qimin Chen', ShuwenLi', WeilLi', FengShen®’
E{ij: 1The Affiliated Hospital of Guizhou Medical University, 2 Wuhan No. 1 Hospital

Abstract

Background: Acute Respiratory Distress Syndrome (ARDS) is characterized by alveolar fibrin deposition, driven by dysregulated
hypercoagulation and impaired fibrinolysis. Although alveolar epithelial type 11 (AEC 1 ) cells contribute to this imbalance by
overexpressing Tissue Factor (TF) and Plasminogen Activator Inhibitor-1 (PAI-1), the upstream regulatory mechanisms, particularly
at the epitranscriptomic level, remain unclear. The potential role of the N6-methyladenosine (m6A) RNA demethylase FTO in ARDS

pathogenesis is unexplored.

Methods: In this study, we employed lipopolysaccharide (LPS)-induced rat ARDS models and LPS-stimulated AEC 1l cells as
primary experimental systems to investigate the underlying mechanisms. Multi-omics profiling, combining methylated RNA
immunoprecipitation sequencing (MeRIP-seq) and RNA sequencing (RNA-seq), was performed. Gain and loss-of-function studies
were conducted using lentiviral vectors both in vitro and in vivo. Mechanistic investigations involved MeRIP-qPCR, mRNA stability
assays, co-immunoprecipitation (Co-IP), Western blot, immunofluorescence, and pharmacological modulation of the NF-kB

pathway.

Results: Lungs from ARDS rats showed decreased global m6A levels and increased FTO expression. Knockdown of FTO alleviated
lung injury, reduced pulmonary edema, and suppressed the expression of TF and PAI-1, concomitant with inhibition of NF-kB
signaling. Integrated multi-omics analysis identified PRKCB as a key target of FTO. Mechanistically, FTO demethylated PRKCB
MRNA, thereby enhancing its stability and translation. Elevated PRKCB promoted IKKP phosphorylation and subsequent NF-kB
activation. Rescue experiments confirmed that FTO regulates alveolar hypercoagulation and fibrinolytic inhibition in ARDS via
PRKCB-dependent activation of the NF-kB pathway.

Conclusion:

Our study identifies the FTO-PRKCB-NF-kB axis as a novel epitranscriptomic pathway driving alveolar fibrin deposition in ARDS.
These findings reveal FTO as a potential therapeutic target for mitigating alveolar hypercoagulation and fibrinolysis inhibition in
ARDS.

Keywords: Acute Respiratory Distress Syndrome, N6-methyladenosine, FTO, PRKCB, NF-kB signaling, alveolar fibrin deposition.
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Gastric Antral Motility Rhythm Phenotypes Derived From Bedside Ultrasound Are
Associated With Gastrointestinal Dysfunction and Enteral Nutrition Delivery in
Patients With Acute Brain Injury: A Single-Center Retrospective Cohort Study

¥4 Tongjuan Zou, Wanhong Yin
B M)IIKFEFBER

Abstract

Objective To investigate the associations of gastric antral motility rhythm phenotypes, defined from continuous cross-sectional
area (CSA) traces acquired by bedside ultrasound, with gastrointestinal dysfunction (GID) and enteral nutrition delivery in patients
with acute brain injury (ABI).

Methods This single-center retrospective cohort study included adult patients with ABI from the 2023-2024 gastric ultrasound
video database of the Department of Critical Care Medicine, West China Hospital, Sichuan University. Eligible patients had a
quality-controlled 6-min short-axis antral ultrasound video acquired within 24 h of ICU admission and complete core clinical data.
An artificial intelligence system performed frame-wise gastric antral segmentation and generated continuous CSA traces. The
study team manually reviewed the traces according to prespecified phenotypic criteria and classified them as regular, irregular,
or gastroparesis-like; regular and irregular phenotypes were also combined as the non-gastroparesis-like group. The primary
outcome was GID, defined as a Gastrointestinal Dysfunction Score (GIDS) = 1 on the day of ultrasound acquisition. Nutritional
outcomes included enteral nutrition status on the day of ultrasound acquisition, initiation of enteral nutrition within 48 h of
ICU admission, and achievement of 80% of target feeding volume within 3 d of ICU admission. Dynamic ultrasound measures
included the motility index (MI), antral contraction frequency (ACF), antral contraction amplitude (ACA), and the number of antral

contractions within 6 min.

Results A total of 267 patients with ABI were included: 82 (30.71%) had a regular phenotype, 71 (26.59%) an irregular phenotype,
and 114 (42.70%) a gastroparesis-like phenotype. Age, sex, Glasgow Coma Scale category, Sequential Organ Failure Assessment
score, targeted temperature management, arrhythmia, ICU length of stay, hospital length of stay, and in-hospital mortality did
not differ significantly across the three phenotypes. Median Ml values were 0.97 (0.70-1.42), 0.72 (0.58-1.02), and 0.41 (0.29-0.57),
respectively (P<0.001); median numbers of antral contractions within 6 min were 8.00 (2.50-12.00), 6.00 (2.00-10.00), and 2.00
(0.00-6.00), respectively (P<0.001). Overall, 163 patients (61.05%) had GIDS = 1; proportions differed across phenotypes (47.56%,
64.79%, and 68.42%; P=0.010). Compared with the gastroparesis-like phenotype, the regular phenotype was associated with
lower odds of GID (OR 0.42, 95% CI 0.23-0.75; P=0.005). Initiation of enteral nutrition within 48 h also differed across phenotypes
(85.36%, 73.24%, and 68.42%; P=0.024). In the two-group analysis, the non-gastroparesis-like group had lower odds of GID than
the gastroparesis-like group (55.56% vs 68.42%; OR 0.58, 95% CI 0.35-0.96; P=0.042) and higher rates of enteral nutrition in place
on the day of ultrasound acquisition and of enteral nutrition initiated within 48 h.

Conclusion Gastric antral motility rhythm phenotypes derived from continuous bedside ultrasound CSA traces were supported
by dynamic motility measures and were associated with GID burden and early enteral nutrition delivery in patients with ABI. A
gastroparesis-like phenotype may identify patients with a higher GID burden and more limited early enteral nutrition delivery.

This dynamic phenotype may support bedside, visual risk stratification of GID in neurocritical care.

Keywords: Acute brain injury; Gastrointestinal dysfunction; Gastric antral ultrasound; Gastric antral motility rhythm; Enteral
nutrition; Artificial intelligence
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GRN-Sort1 377 S/ IR B4R - #4270 32 B iR IR S TERA 5 5 B HIER R

HE: KiFz
B HREELGFREER

REERREEERSEREENNTERERARHKRIE, LUAKNDIEERES. HEMERGB. METATARORIERE, REEREM
BARR. ZEANAERGNERIRTERER. BltRRZHWENERTIEER, HlD FRENGERT2EE, LTHRAR
AR AR SHEARNTERENGRERNRR. ZMRUEPEILER (CLP) BSNKRSE NRERENMRRE, SRS
ENRITAFRRARRIBRGIE, @i 840 RNA N @ITESARARS FIERAREEANLS, Mtz ESH, H4E5
RIMERESEISIEIE GRN-Sortl {5 S RBAEME ERMETIRMHGIVEIIZIER, STEEBRSEMFIBERRFIG, NIRKEER
SAEMRIVEERAT IR ML MKIES 5 FHER.

ANERR D AEHIIE BRI LIS, BN S R AR IR IIE SR IO = 20530 55— 2657, RATFEEMEILERI (CLP) AR/ N ARSERDY,
REBBFAR (Sham) THRA, HFFEERSG 24h. 48h ST/ NEEIIMA. EREPRA. MPIRINEE. BFEEN. AKX, BERS. Hi
TRER AR BEHITZHEITAFETS; B 2 ARGET Morris KX E RN/ NRF SIEIZIAFThEE, RREREIVNEEIMAR,
RARBRNE BN NRRAMBIEREY) Ibal. EFRRMAMTZMITEY GFAP RIXKTE, BT EKEABMEESL CAl XKML TR
HiER. B89, EEITARERARBIISSEERSERRBIRGH CLP 445 Sham A/RiEDAR, FI&BMAMRSRHTHELAM RNA T
= (scRNA-seq) , FIIF fastMNN BUASTR#URARLE , @i tSNE BEDH VIR, EEIRSERER SingleR ERETTRAMMEEETE,
MEARRAIE) R B IRAMLE, ik A S eE T 2 BMIZ O ZEAE S, F=55, B qPCR ik BV2 /MNRBRAMF Sortl B3
F#t SiRNA, LU LPS ESAEMIRE, R CCKS SRInta il HT22 M2 Tt EEM, Western Blot 1 N4AMUA T 1754 Cleaved-
Caspase3 RiX, RIVAMANMIET R, qPCRIMAERTF IL-6. TNF-a. IL-10 mRNA FiAKF, ELISA # GRN ZEH D WKTE,
IIE Sortl AXPEXT AR BIEM A R E R E TTIARIEIRER,

BT RFTDERER,

CLP ERE/NRHMBERFELSERIAREINER T, 48h BLEETHAFNNEZST 24h, BEEIITOEZST Sham 4, =R
S/ BhemEs R HILEHI T NERRSERX IR BT F .

B8 2 FKREEREKA, CLP A/NBRFBRTEUERBEZNLD, RERRARRER, IESSRSENREFEREMFS. BIZIAA
ThEER %o

ALRFELNET, CLP A/NRBZHAR Ibal. GFAP RAKKXBEEEAS, RVIREAR. EXRGARKEEL; B3 CAl
XERNMABERZ[L, METHRG. ATHEAEIEM,

PHRNFERESNREDIHERMMY D7 25 MR, BIERNRERAR. ®2x. EMRAARE 10 RIAREE,; MRERI
ISV NREARBHETHNESEENESIEALMES R, EERTHELTNREARNREER, Ef Grn-Sortl A”HE&EXE
HREAYY, BEREERR.

RARIIE RIS SRR B EMRR/ RS AR H GRN, Sortl EARIAKFIHEE LA, H GRN TERET/NREAM, Sortl HRIUEE
ETHErT. FINMAMRKEET, LPS RAERIHAIZZMH HT22 4FEIL5E. (RHMAAT, LERERFMX Cleaved-Caspase3 &Kik,
127t GRN 737K ; BXP# Sortl fFR] BE ¥ iR, (2 HT22 4BRRILTE. PRATE, MEIRERFRE, FR#H—F £i# GRN
BHKF, BREBRIEN SHHRETHRA,

CLP ESHIRSES R/ RIFSEMMERIE. METRAIANIIEERS, MMERENRSERFNYRE, RSERST B4
LNREARZEEN, BT Grn-Sortl FSHSHETTERYFERBN, NMEMERERRKRNRHETEATHR%G, LR Sortl
ANET A GRN X, MHENRRAMI EE. HEMERERN. EFHRETETHR . GRN-Sortl 2Tk S ERRH /B SAAS -
BETRERGENRMESER, FIEAIRKEERSERFSETRRBEREES.
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Haemodynamic Stability of Cipepofol versus Propofol in Critically Ill Adults
Undergoing Emergency Rapid-Sequence Intubation: An Exploratory Randomised
Controlled Pilot Trial

BE: BE
B BEAFHREFLER

Propofol is the most widely used induction agent for rapid-sequence intubation (RSI) in critically ill patients, yet its vasodilatory
and negative inotropic effects frequently provoke peri-intubation hypotension. Cipepofol, a structurally optimised alkylphenol,
suppresses vascular smooth-muscle tone less than propofol at equi-sedative doses in preclinical and early-phase studies.

Randomised data in critically ill adults undergoing emergency RSI are lacking.

We conducted an investigator-initiated, parallel-group, centrally randomised, open-label pilot trial in three tertiary ICUs in
Shanghai (November 2024 to November 2025). Adults requiring emergency tracheal intubation were assigned 1:1 to cipepofol
(0.1-0.2 mg/kg) or propofol (0.5-1.0 mg/kg), each given over 30 & 5 s after standardised remifentanil and rocuronium. The pre-
specified primary composite outcome was cardiovascular collapse within 30 min of intubation (any of SBP <65 mmHg, initiation
of a new vasoactive agent, sustained SBP fall = 20% from baseline, or SBP <90 mmHg for = 30 min). The intention-to-treat
analysis used the x? test, with a pre-specified logistic model adjusting for baseline shock, GCS, and MAP. Identical-appearance
masking was not feasible, so treating clinicians were unblinded while outcome adjudicators and the analyst were blinded. As a
pilot, the trial was not powered for confirmatory inference and all analyses are exploratory.

All 100 randomised patients (49 cipepofol, 51 propofol) were analysed with no loss to follow-up. Cardiovascular collapse occurred
in 18 of 49 cipepofol recipients (36.7%) and 29 of 51 propofol recipients (56.9%): risk difference (RD) — 20.2% (95% Cl, — 39.1 to
— 1.3; P=0.044). The association persisted after adjustment (adjusted OR 0.42; 95% Cl, 0.18-0.98; P = 0.048). It was carried mainly
by the new-vasopressor component, which is open to performance bias under an unblinded design (43.1% vs 22.4%; P = 0.029).
Sedation success (89.8% vs 90.2%) and first-attempt intubation (100% in both) were equivalent. Bradycardia occurred only with
propofol (11.8% vs 0%; P = 0.027). Twenty-eight-day mortality was 22.4% versus 25.5% (P = 0.72).

In this underpowered, open-label pilot trial, cipepofol was associated with less peri-intubation cardiovascular collapse and
bradycardia than propofol, with equivalent sedation. Borderline significance, the susceptibility of the leading endpoint
component to performance bias, and baseline imbalance confine these findings to the hypothesis-generating level. They justify,
but do not pre-empt, an adequately powered, double-dummy, multicentre trial with 28-day mortality as a co-primary outcome.
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HDAC11 Bi{EE4E LPS S HOC2 [ ANARRAERAER | 1L FEES

wR:OBRGT, BFEET, BEKT, MERE, 457, #hr
B EXERAZHREER

B RSEEXONDREES S AR E AR BEX, BIHREMZMENER ATP ERFEMERER, BAEREIEHK
11 (HDAC11) fEiZIBRHIEREREAH, BRY: WZ HDACLL BXRXIAEZ4E (LPS) %S HOC2 DANARRERERFER S L PERSHIRZMA,
HAF N AR %88 1B (CPT1B) BIER. 77%: KA 10 pug/mL LPS RIEH HOC2 4R, @I ARmERK HDACLL, # PGC-
la. ACADVL. CPT1B. CD36 X PLIN5 B mRNA f1Z&E BH&iX; KA BODIPY 493/503 . FAO-Glo & ATP #&MiR 7 & 53 5N AE
FRETR. EXIAEEERAELIEM R ATP K, #H—H KA CPT1B shRNA 12755405 48 h (MOI=300) , ¥iZR CPT1B &:ff*t HDAC11
BRI AR, £55R . LPS RUBUS HDACLL RixFAS, CPT1B REMBEMHERANERXD FRIATHE, HAMIEHRA N EEREEMAE
BRERRIE I, HDACLL BURAIBMAMERX D FRE, RSEHREMEEHHVERER. #—PaUE CPTIB &, BHRAMEEN
ATP K FER T, BERETRIEI, HDACLL BURBIEIAEM R EIHISE, 418: HDACLL BYRKEIENE LPS iFSHY HOC2 AREfsAiAE
LiEhs, EERRIREER K CPT1B N SMfERBR A LIRE.

%$@A: HDACLL; CPT1B; BSRABASIfL; FES¥E; HOC2 4BM
1ARERSIVR

REERXOIIERSERSEZENREHRE, ERESRRERN. SURMBNLNFEEAHFESSENG [1-2l, EEO
MEERSHNEETER, BEHREUSHEEMERE. KRSERTT, BHRELNEZENR B- EUEE, ISBATP £RTFE. 5
B EF= M ERFE—F MBS 2], HDACLL 2—MIVIATHEZBIVE, BE5RMELEZEIN, FEGERLEHET
e, HERXEMEEABETREX [3-4, EBMIRIET HDACLL AIIRE & 8RALASEAERE L (5], BEERE S5 LPS ESHO AR
PRER S LFERS TR Z E IR,

2HEE

MEL LPS RIBH/E HOC2 4RPE HDAC11 FASBAER | LIER 0 FRIZEML, 1741 HDACLL BEXIBERRER ML ThRE M BE B BRI R, Hidd
CPT1B BRSSP HIETE(EAE S ki CPT1B,

3HRRITSHEE

BHRAEINTIRILL, B 10 ug/mL LPS FIBHOC2 4R/ 0. 3. 6. 12, 24 F148 h, 3R A Western blot @il HDAC11 & CPT1B & AKX,
MEGE&TIe e, MERBEFRENS HDACLL 3K, €& shNC 4H. LPS+shNC £H. shHDAC11 A%z LPS+shHDAC11 B, XF RT-
qPCR # Western blot #2l HDAC11. PGC-la. ACADVL. CPT1B. CD36 X PLIN5 %&3iX; BODIPY 493/503 BX& MitoTracker. Hoechst
FEMRIEERENIEST; FAO-Glo JAE MBI AERBR R (&M, HIHIILIEREL, 7 HDACL1 BREEAt LR CPT1B shRNA 18855
Z HOC2 42 48 h (MOI=300) , I&E shNC £H. LPS+shNC £H. LPS+shHDAC11 £H. LPS+shCPT1B £z LPS+shHDAC11+shCPT1B 4,
FOMBEFETD. FERER A LB R ATP 7K o A GraphPad Prism 3R {F# 17481+ 994 SRR EE 30K, FIBELUYE = IREERT,
ZARLRRARERRFES, M P<0.05 AEREHITFEN.

448
4.1LPS %S HDAC11 ASHHiNEI CPT1B &Rix

K& LPS RISBETIEIREL, HOC2 4Bf HDACLl EHEMAEAEBEE, CPTIB ZERRARE TH#ES, 24 h BN LEAH, MUSLNIRA LPS
10 pg/mL#RE24h (B 1) o
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4.2 HDAC11 R SRERER R ILHEX 2 FRiX

5 shNC 2#8LL, LPS+shNC £ HDAC11 mRNA fIE B &RIAF &, PGC-la. ACADVL. CPT1B. CD36 X PLIN5 £RiAFB&, HDAC11 afR/E,
EREFERENRIERNEEX D FRREFIFTREZERE (B 2. B3) , 7R HDACLL AIEEE S5 LPS ESMERRBRENERRER
KiEFE,
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4.3 HDAC11 Fi{EeiEsRhE R LThEE, CPT1B RHERISSE(ER

LPS RUg/E, HIC2 ARBMASERNRIREREAS, MEXIEHRAMELE TR, HDACLL BURrDR/ IR ERH BN IRERREREL
A, HE—WRUE CPTIB &, FEEMANRARERRAS, BHRANEHAE TR, KA CPT1B BIKHAISS T HDACLL BIESY LPS i
SEMBREAESHNNEER B4 .

4.4 CPT1B BjiffE#55 HDAC11 BH{E*T ATP KFHIENE(ER

LPS ®UgifE, HOC2 4AAE ATP /KRR T ; HDACLL BERIfE ATP /KB D RE, 7 HDACL1 BfREA L —Fafi CPT1B /&, ATP
KEBRTE, 27 CPTIB N SHfEERE{IRERTRES 5 HDACLL BiRNAEREERSHNE (B)S) -
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FARMD FRAMEREFNEEET, LPS AIES HIC2 48 HDACL1 A S RASIEREMRHN, M HDACLL BRAESRE CPT1B
EEXDFRE. REEHREWEE. ROBERERHNE ATP KF. #—TKCPTIB G, LRREHERELKRESASNEER
T EEARHIGS, 2 HDACLL BURAIFLISI R R = D &R 53 ki CPTIB NS MR AL IME., MB LR HFEEIERA HDACLL EiEiE
CPT1B, BZMRT HIC2 AREMB/NEEH, BHRNFESEERERRRENERWIE, 4E, HDACLL AJEERE LPS ES O
BEBRER LR ISR B TE T e o

BE K
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Hemodynamic Response Phenotypes in Patients Receiving Intra-Aortic Balloon
Pump Support: A Hierarchical Clustering Study

wE: IES
B tRERIIER

[Abstract] Objective: To identify baseline hemodynamic phenotypes in patients receiving intra-aortic balloon pump (IABP)
support, compare dynamic responses to IABP among phenotypes, and explore the potential value of phenotype-based
stratification for individualized IABP management. Methods: Ninety-one consecutive patients who received IABP support
after cardiac surgery were included. Within 2 h after IABP implantation, baseline hemodynamic variables were obtained with
bioimpedance spectroscopy cardiography (BSC) while IABP support was temporarily discontinued. Unsupervised hierarchical
clustering was used to identify baseline phenotypes. Paired measurements obtained daily with IABP off and on were compared
among phenotypes. Results Three baseline phenotypes were identified: a low-output/high-resistance phenotype (type 1, n=28),
an intermediate-output/intermediate-resistance phenotype (type 2, n=34), and a high-output/low-resistance phenotype (type 3,
n=29). On Day 1, stroke volume (SV) increased in Type 1 patients (10.25% +/- 15.0%, P=0.003) but did not change significantly in
Type 2 patients (-0.08% +/- 10.3%, P=0.74). In type 3 patients, SV increased on Day 2 (7.37% +/- 11.9%, P=0.03). On Day 3, changes
in SV, cardiac output, and velocity index remained significantly different among the three groups (P=0.028, 0.048, and 0.016,
respectively). Conclusion Patients receiving IABP support exhibit distinct baseline hemodynamic phenotypes and early response
patterns. Combining baseline phenotyping with serial hemodynamic monitoring may help distinguish immediate, delayed, and
limited responses, thereby informing dynamic assessment and individualized IABP management.

[Keywords] intra-aortic balloon pump; hemodynamic phenotype; hierarchical clustering; treatment response; bioimpedance
spectroscopy cardiography

Intra-aortic balloon pump (IABP) counterpulsation is a commonly used form of mechanical circulatory support. By synchronizing
balloon inflation and deflation with the cardiac cycle, IABP augments diastolic coronary perfusion and reduces left ventricular
afterload immediately before systole, thereby improving myocardial oxygen supply-demand balance and cardiac output [1-3].

Despite its sound pathophysiological rationale, whether IABP improves clinical outcomes remains controversial. Several large
randomized controlled trials failed to demonstrate reductions in short- or long-term mortality among patients with cardiogenic
shock [4-6], leading to downgrading of IABP recommendations in national and international guidelines. However, population-
level results may obscure clinically important differences in response among patients with different baseline circulatory states.

Previous studies have demonstrated substantial heterogeneity in hemodynamic response to IABP [7-11]. Some patients show
increased cardiac output and reduced left ventricular workload, whereas others exhibit only modest improvement or changes
in the opposite direction. More recently, unsupervised clustering has identified reproducible cardiogenic shock phenotypes with
distinct clinical characteristics and outcomes [12-13]. Average treatment effects may obscure clinically important differences in
individual hemodynamic responses. Identifying baseline circulatory phenotypes and monitoring their dynamic responses may
provide a new basis for patient selection, treatment evaluation, and adjustment of support strategies.

In this study, multiple hemodynamic variables were continuously acquired using bioimpedance spectroscopy cardiography (BSC).
Unsupervised hierarchical clustering was applied to identify baseline circulatory phenotypes in patients receiving IABP support,
and dynamic changes between IABP-off and IABP-on states were compared across phenotypes. The study aimed to characterize
heterogeneity in IABP response and evaluate the potential clinical value of phenotype-based stratification.

1 Materials and Methods
1.1 Study Population

Patients who underwent cardiac surgery and received IABP support at Beijing Anzhen Hospital, Capital Medical University,
between December 2025 and July 2026 were consecutively included. Indications for IABP at our center included mean arterial
pressure (MAP) <60 mmHg; left atrial pressure or pulmonary capillary wedge pressure >20 mmHg; central venous pressure >15
c¢cmH20; urine output <20 mL/h; or evidence of impaired peripheral perfusion, such as cold and clammy extremities.
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1.2 Study Protocol

Hemodynamic monitoring with BSC (YECO Hemodynamic and Cardiac Function Monitoring System) was initiated within 2 h after
IABP implantation. IABP support was temporarily discontinued only when all of the following conditions were met: (1) heart rate
(HR) <120 beats/min or an increase of <10 beats/min from the pre-interruption value; (2) a vasoactive-inotropic score (VIS) below
the protocol-defined threshold of 20-30; and (3) MAP >=60-65 mmHg. After the hemodynamic curves stabilized, baseline data
were recorded with IABP off. IABP was then restarted, and data were recorded again after stabilization. Stabilization required
approximately 10-15 min after each adjustment. If a patient failed to meet all criteria after IABP interruption, support was resumed
immediately and that observation was excluded from paired analysis. Paired measurements were obtained daily until IABP
removal using the sequence 'lABP off - stabilization - data acquisition - IABP on - stabilization - data acquisition.'

The relative change between IABP-on and IABP-off states was calculated as follows:

X =X
AX = —°n “off « 100% (1)
Xoff

1.3 Hemodynamic Monitoring

This study used BSC, a patented monitoring technology independently developed by YECO. BSC analyzes thoracic bioimpedance
spectral characteristics and their dynamic changes during the cardiac cycle to obtain multiple hemodynamic variables
continuously and noninvasively. Its continuous monitoring capability enabled paired acquisition of IABP-off and IABP-on
measurements within a short time window to assess the immediate hemodynamic effects of IABP support.

The principal variables included cardiac output (CO), stroke volume (SV), HR, systemic vascular resistance (SSVR), acceleration
index (ACI), thoracic fluid content (TFC), pre-ejection period (PEP), left ventricular ejection time (LVET), velocity index (VI),
and stroke volume variation (SVV). CO and SV reflect cardiac pump performance; SSVR reflects peripheral vascular resistance;
ACI, PEP, LVET, and VI characterize left ventricular systolic function; TFC reflects thoracic fluid status; and SVV reflects volume

responsiveness.
1.4 Hierarchical Clustering Analysis

Baseline hemodynamic variables obtained on day 1 with IABP off were selected as clustering features, including CO, SV, HR, SSVR,
ACI, TFC, PEP, LVET, VI, and SVV. Unsupervised hierarchical clustering was performed to identify latent phenotypes based on
the overall hemodynamic profile. Response variables obtained after IABP activation and clinical outcomes were not included in
clustering, thereby reducing outcome-driven classification bias.

1.5 Statistical Analysis

Continuous variables are presented as mean +/- standard deviation or median (Q1, Q3), as appropriate, and categorical variables
as number (percentage). Continuous variables were compared among the three groups using one-way analysis of variance; when
the overall difference was significant, Tukey's honestly significant difference test was used for post hoc pairwise comparisons.
Relative changes in SV, CO, SSVR, HR, TFC, and other variables between IABP-on and IABP-off states were analyzed to characterize
early response patterns. All tests were two-sided, and P<0.05 was considered statistically significant. Data management and
statistical analyses were conducted using Python version 3.12. Hierarchical clustering was implemented with the SciPy package
(scipy.cluster.hierarchy), using Euclidean distance and Ward's minimum variance linkage.

2 Results
2.1 Patient and Operative Characteristics

The mean preoperative left ventricular ejection fraction was 48.1% +/- 12.7%. New York Heart Association (NYHA) class Il or IV
heart failure was present in 47.3% of the study population, whereas preoperative cardiogenic shock was uncommon (1.8%) (Table
1).
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Operative characteristics are presented in Table 2. Nearly 60% of patients underwent coronary artery bypass grafting (CABG) alone
or CABG combined with valve surgery. Urgent surgery or surgery during the same hospitalization was performed in 51 patients
(55.5%), primarily because patients with newly diagnosed triple-vessel coronary artery disease were referred directly from the
cardiac catheterization laboratory for surgery after preoperative optimization. Reoperative cardiac surgery was performed in
18.1% of patients. The median cardiopulmonary bypass (CPB) time was 180.0 min, and the median aortic cross-clamp time was
119.5 min. Cold blood cardioplegia was used in 68 patients (74.7%). During CPB, 74 patients (81.3%) underwent mild hypothermia
and 5 (6.0%) underwent deep hypothermic circulatory arrest.
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2.2 Characteristics and Outcomes of IABP Support

Postcardiotomy shock and failure to wean from CPB were the two most common indications for rescue IABP support (35.3% and
32.9%, respectively), followed by myocardial ischemia (15.5%), cardiac arrest (14.7%), and ventricular arrhythmia (1.6%). The
median duration of IABP support was 3.0 days (interquartile range, 3.0-4.0 days). In-hospital mortality was 14.6%, with 13 deaths
during the index hospitalization. Cardiogenic shock was the most common cause of death, and most affected patients also had
multiorgan failure.

2.3 Hierarchical Clustering Identified Three Baseline Hemodynamic Phenotypes

A total of 91 patients receiving IABP support completed hemodynamic monitoring. Hierarchical clustering of baseline variables
obtained on day 1 with IABP off identified three phenotypes with distinct circulatory profiles (types 1-3).

Type 1 was characterized by low cardiac output, high vascular resistance, and a faster heart rate. Type 2 showed intermediate
cardiac output and vascular resistance; its PEP was longer than that of types 1 and 3 (both pairwise Tukey comparisons, P<0.001).
Type 3 was characterized by high cardiac output and low vascular resistance; its AClI and LVET were higher than those of types
1 and 2 (all pairwise Tukey comparisons, P<0.05). Type 3 also had the highest VI, with significant pairwise differences among all
three groups (all P<0.02).
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Figure 1. Distribution of Major Hemodynamic Variables Across the Three Baseline Phenotypes

Note: Black dots indicate medians, and horizontal lines indicate the 5th-95th percentile range. All variables were baseline
measurements obtained on day 1 after IABP implantation with IABP off. CO, cardiac output; SV, stroke volume; HR, heart rate;
SSVR, systemic vascular resistance; ACl, acceleration index; TFC, thoracic fluid content; PEP, pre-ejection period; VI, velocity index;
LVET, left ventricular ejection time.

2.4 Early Hemodynamic Responses to IABP Differed Among Baseline Phenotypes

On day 1, SV increased after IABP activation in type 1 patients (10.25% +/- 15.0%, P=0.003) but did not change significantly in type
2 patients (-0.08% +/- 10.3%, P=0.74). In type 3 patients, SV increased on day 2 (7.37% +/- 11.9%, P=0.03). CO, SSVR, and other
hemodynamic variables also differed in direction and magnitude of change across phenotypes (Figure 2 and Table 5).
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Figure 2. Relative Changes in Major Hemodynamic Variables Between IABP-On and IABP-Off States on Day 1

Note: Bars indicate mean relative changes within each phenotype. Day 1 denotes the first day after IABP implantation. Relative
change was calculated from paired IABP-on and IABP-off measurements in the same patient using equation (1). SV, stroke volume;
CO, cardiac output; VI, velocity index; ACI, acceleration index; SSVR, systemic vascular resistance; PEP, pre-ejection period.

Note: Values in parentheses indicate the number of patients included at each time point. Days 1, 2, and 3 denote the first,
second, and third days after IABP implantation, respectively. Relative change was calculated from paired IABP-on and IABP-off
measurements in the same patient. Comparisons among the three groups at each time point were performed using one-way

analysis of variance.
2.5 Three Early Response Patterns Across Baseline Phenotypes

On day 1, SV and CO increased by 10.2% +/- 15.0% and 7.3% +/- 15.5%, respectively, in type 1 patients, whereas no clear increases
were observed in types 2 and 3. Type 1 also showed the largest increase in ACI (18.1% +/- 29.4%) and the greatest decrease in SSVR
(-14.9% +/- 17.3%), indicating early improvement in pump performance and reduction in afterload.

On day 2, type 1 maintained relatively large changes in SV, CO, and VI. Type 3 showed further increases in SV, CO, and VI compared
with day 1, consistent with delayed improvement, whereas changes in type 2 remained small, indicating a limited early

hemodynamic response.

On day 3, relative changes in SV, CO, and VI remained significantly different among the three groups (P=0.028, 0.048, and 0.016,
respectively), with type 3 showing the greatest increase in VI. Across time points, types 1, 2, and 3 exhibited immediate, limited,

and delayed response patterns, respectively.

The distribution of relative SV changes in type 3 patients on days 1 and 2 further supported a delayed response (Figure 3): the
distribution shifted upward on day 2, and the median changed from approximately zero to a positive value.
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Figure 3. Distribution of Relative SV Changes in Type 3 Patients on Days 1 and 2

Note: On day 1, relative SV changes were concentrated around or below zero. On day 2, the distribution shifted upward and the
median became positive, suggesting progressive hemodynamic improvement during continued IABP support.

3 Discussion

Hierarchical clustering of baseline hemodynamic variables obtained with IABP off identified three circulatory phenotypes with
distinct magnitudes and temporal patterns of response after IABP activation. Patients with the low-output/high-resistance
phenotype showed early increases in SV and CO and a decrease in SSVR. Patients with the intermediate-output/intermediate-
resistance phenotype showed limited early changes, whereas those with the high-output/low-resistance phenotype showed
progressive improvement on day 2. These findings are consistent with previous observations that IABP response is heterogeneous
and influenced by baseline hemodynamics [7-11].

IABP augments diastolic coronary perfusion and reduces left ventricular afterload before systole, thereby decreasing myocardial
oxygen demand and improving cardiac output [1-3]. Type 1 patients had low cardiac output and high vascular resistance at
baseline; after IABP activation, SV and CO increased and SSVR decreased, which is consistent with the classic afterload-reducing
mechanism of IABP. Early hemodynamic improvement in this phenotype may indicate greater sensitivity to the mechanical effects
of IABP. Whether this phenotype predicts clinical benefit, however, requires validation against organ perfusion, vasoactive drug

requirements, and clinical outcomes.

Type 2 patients had intermediate cardiac output and vascular resistance but a markedly prolonged PEP, potentially indicating
abnormal left ventricular systolic timing. Their overall changes in SV and CO after IABP activation were small, suggesting that
afterload reduction may not translate into short-term improvement in pump performance. In patients with a limited early
response, volume status, myocardial function, cardiac rhythm, pharmacological therapy, and organ perfusion should be
reassessed rather than declaring IABP ineffective on the basis of a single hemodynamic variable.

Type 3 patients had relatively high cardiac output and low vascular resistance at baseline. Their hemodynamic changes were
minimal on day 1, whereas SV, CO, and VI increased further on day 2, suggesting a time-dependent response in some patients. A
single or very early assessment may therefore underestimate the effect of IABP in this phenotype, and serial monitoring may help
define the direction and time course of response. Nevertheless, delayed improvement may also reflect postoperative recovery,
volume management, or adjustment of vasoactive therapy and cannot be attributed entirely to IABP.

Previous IABP studies have mainly used predefined thresholds to classify responders and nonresponders or regression models
to examine associations between baseline factors and longitudinal changes [7-11]. Direct clinical evidence using unsupervised
hierarchical clustering to identify IABP hemodynamic response phenotypes remains limited. In parallel, clustering studies in
cardiogenic shock have shown that data-driven methods can identify subgroups with distinct pathophysiological features
and outcomes [12-13]. The present findings suggest that the same support strategy may generate different response patterns
depending on baseline circulatory status. Combining baseline phenotype classification with serial monitoring may help distinguish
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immediate, delayed, and limited responses and may inform the timing of assessment and treatment adjustment. This study
has several limitations. It was a single-center observational study with a limited sample size; the number of patients available
for paired analysis decreased over time; the clusters have not been externally validated; and we did not analyze successful IABP
weaning, organ function, short-term mortality, or long-term outcomes. The findings should therefore be regarded as hypothesis-
generating and should not be used directly to define thresholds for initiating, discontinuing, or escalating mechanical circulatory

support.

Figure 4. Principal Hemodynamic Mechanisms of IABP and the Response Patterns Proposed in This Study

Note: IABP may influence SV and CO by modifying preload, reducing afterload, and improving myocardial perfusion. Depending
on baseline hemodynamic status, patients may exhibit an immediate, delayed, or limited response. SV, stroke volume; CO, cardiac

output.
4 Conclusion

Patients receiving IABP support exhibit distinct baseline hemodynamic phenotypes and early response patterns. The low-output/
high-resistance phenotype showed earlier improvement; the high-output/low-resistance phenotype showed possible delayed
improvement; and the intermediate-output/intermediate-resistance phenotype showed a relatively limited early response.
Baseline circulatory phenotyping combined with serial hemodynamic monitoring may support dynamic assessment and
individualized IABP management. Its predictive value requires confirmation in multicenter prospective studies incorporating

clinical outcomes.
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Hemodynamic-Metabolic Discordance During Early Sepsis Resuscitation and In-
Hospital Mortality: A Sequential Three-Cohort Observational Study
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Abstract
Background

Early sepsis resuscitation aims to restore tissue perfusion. However, mean arterial pressure (MAP) and lactate levels often fail to
align. Some patients reach blood pressure targets but still have elevated lactate. We refer to this gap as hemodynamic-metabolic
discordance (HMD). It remains unclear if HMD acts as an independent predictor of patient outcomes and whether regional tissue
oxygenation drives this prognostic signal..

Objective

We aimed to develop and externally validate HMD as a mortality predictor during early sepsis care. We also explored how HMD
relates to regional tissue oxygen saturation (StO,) in a prospective clinical cohort.

Methods

We conducted a prespecified sequential observational study. We used the MIMIC-IV database to develop the HMD phenotype
and the elCU-CRD database for external validation. We then analyzed a local patient cohort using near-infrared spectroscopy
and transpulmonary thermodilution to understand the underlying mechanisms. We evaluated patient status at 6 hours after
starting resuscitation. Patients were grouped into four states. State A achieved both blood pressure and metabolic recovery.
State B achieved blood pressure recovery but lacked metabolic recovery (HMD). State C achieved metabolic recovery only. State
D achieved neither target. We defined blood pressure recovery as a MAP of at least 65 mm Hg. Metabolic recovery was defined as
lactate levels of 2 mmol/L or lower, or a lactate decrease of at least 20%. Our primary outcome was all-cause hospital mortality.

Results

The MIMIC-IV cohort included 4,409 evaluable patients. Hospital mortality was 21.3% for State A and 38.5% for State B. State
B independently predicted higher hospital mortality, with an adjusted odds ratio (OR) of 1.93 (95% Cl 1.59-2.34; P < 0.001).
This represented a 13.1% absolute increase in mortality risk. The elCU-CRD validation cohort included 648 patients across 78
hospitals. Mortality was 23.6% in State A compared to 50.3% in State B (adjusted OR 3.23; 95% ClI 1.79-5.83; P < 0.001). The
transferred prediction model achieved an area under the curve (AUC) of 0.757. The local mechanistic cohort included 55 patients.
The adjusted difference in 24-hour composite StO, between State B and State A was — 1.33 percentage points, which was not
statistically significant. All regional StO, and thermodilution variables showed no significant differences after correcting for

multiple comparisons.
Conclusion

Discordance between blood pressure and metabolic recovery during early sepsis resuscitation independently predicts hospital
mortality. This finding remained consistent across two large databases. The underlying mechanisms do not appear to involve
macroscopic regional tissue oxygenation. Clinicians can easily use this simple phenotype at the bedside to stratify patient risk
early in the treatment process.

Keywords
Sepsis, early resuscitation, Hemodynamic-metabolic discordance, tissue oxygen saturation, near-infrared spectroscopy
1. Background

Sepsis causes a high number of deaths in intensive care units (ICU) worldwide. Early and effective resuscitation serves as the
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cornerstone for improving patient survival [1]. Current clinical guidelines recommend restoring tissue perfusion, typically
monitored through blood pressure targets and lactate clearance [2]. However, these two measures often fail to align in clinical
practice. Many patients reach the recommended MAP threshold but maintain elevated lactate levels [3]. We operationally
refine this into a 6-hour landmark phenotype, which we term hemodynamic-metabolic discordance (HMD), to emphasize the
discordance between achieved hemodynamic targets and persistent metabolic derangement.

Most previous studies examined blood pressure and lactate as separate predictors of outcome [4]. Standard care bundles also
treat them as parallel goals rather than a combined clinical state. Very few researchers have merged these parameters into a
specific phenotype to test its predictive value across different hospital databases. Furthermore, the biological mechanisms
behind HMD remain debated. Persistent high lactate despite normal blood pressure might indicate poor microcirculatory flow,
mitochondrial damage, accelerated aerobic glycolysis, or an impaired ability to clear lactate.

Near-infrared spectroscopy (NIRS) offers a noninvasive way to measure regional tissue oxygen saturation (StO,). When combined
with transpulmonary thermodilution (Pulse Indicator Continuous Cardiac Output, PiCCO) , doctors can access detailed volumetric
measurements. These tools help reveal if HMD actually masks hidden tissue hypoxia. Therefore, we designed a sequential three-
cohort study. First, we developed and validated the HMD phenotype using the MIMIC-IV database [5]. Second, we externally
validated our prediction model using the elCU-CRD database [6]. Third, we explored the biological basis of HMD using local clinical
data collected from NIRS and PiCCO.

2. Objective

We aimed to determine if HMD independently predicts hospital mortality. We defined HMD as achieving blood pressure goals
without metabolic recovery 6 hours into sepsis resuscitation. We also sought to externally validate this prediction model in a
separate multicenter database. Finally, we wanted to evaluate if HMD correlates with regional tissue oxygen deficits in a specific
mechanistic cohort.

3. Study Design

We conducted a prespecified sequential observational study using three distinct cohorts. First, we developed the phenotype and
analyzed its association with outcomes using MIMIC-IV (version 3.1). Second, we validated the model and tested its transportability
using elCU-CRD (version 2.0). Third, we explored underlying mechanisms using local clinical data. We froze all definitions, analysis
timeframes, covariates, and statistical plans before starting the outcome modeling. We also locked the MIMIC-IV model coefficients
before applying them to the elCU-CRD data. We kept the three cohorts separate and did not calculate a pooled P value. We
followed STROBE and RECORD guidelines for reporting our findings [7].

4. Methods
4.1 Data Sources and Populations

MIMIC-IV is a de-identified database from a single critical care center. We included adult patients aged 18 or older during their first
ICU admission. These patients met the Sepsis-3 criteria, defined as a suspected infection combined with a SOFA score increase of
2 or more points. We set the index time as the first moment a patient received vasopressors while having a lactate level above 2
mmol/L within a prespecified 6-hour window. We excluded patients who died before the 6-hour mark to prevent immortal time
bias.

The elCU-CRD is a deidentified multicenter database. We applied the MIMIC-IV eligibility rules to this cohort as closely as
possible, harmonizing the SOFA scores and Charlson Comorbidity Index definitions between datasets. Our local cohort enrolled
consecutive adult Sepsis-3 patients. We required these patients to have complete records of blood pressure, lactate, and StO,.
We restricted the primary mechanistic analysis to patients with documented septic shock. The Research Ethics Committee of The
Fifth People’ s Hospital of Chongqing approved this study (Approval No: 2026CQSDWRMYYEC-lw001, February 14, 2026).

4.2 HMD Classification

We used TO to denote the start of resuscitation. The T0 lactate was the value recorded closest to the index time, allowing a margin
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of 2 hours. The TO MAP was the median value recorded within 1 hour of the index time. We assessed follow-up values at 6 hours (T6).
The T6 lactate was the value closest to the 6-hour mark. The T6 MAP was the median value between hours 5 and 7.

We defined blood pressure recovery as a MAP of at least 65 mm Hg at T6. We defined metabolic recovery as a T6 lactate of 2 mmol/
L or lower, or a relative lactate decrease of at least 20% from T0. Based on these targets, we assigned patients to four mutually
exclusive states. State A represented full recovery of both blood hemodynamic and metabolism. State B represented blood
hemodynamic recovery without metabolic recovery (HMD). State C represented metabolic recovery without blood hemodynamic
recovery. State D meant the patient achieved neither target. Our primary analysis compared State B to State A.

4.3 Variables and Outcomes

We adjusted for several covariates, including age, sex, TO SOFA score, Charlson Comorbidity Index, TO lactate, and baseline
creatinine. We also accounted for invasive mechanical ventilation, liver disease, and vasopressor doses converted to
norepinephrine equivalents. The main outcome for the database cohorts was all-cause hospital mortality after the 6-hour
landmark. We evaluated 28-day mortality as a secondary outcome. For the local cohort, the primary mechanistic outcome was the
composite StO, at 24 hours. We calculated this as the equally weighted mean of cerebral, periumbilical, and peripheral readings.

4.4 Statistical Analysis

In the MIMIC-IV dataset, we estimated the association between HMD and mortality using binomial generalized linear models with
a logit link. Our prespecified adjustment variables included HMD State B, age, sex, TO SOFA score, Charlson Comorbidity Index,
TO lactate, invasive ventilation, creatinine levels, liver disease status, norepinephrine equivalent dose, and the number of active
vasopressors. We reported the adjusted odds ratio for State B compared to State A. We evaluated model discrimination using the
area under the curve (AUC) and the Brier score. Internal validation involved 500 bootstrap resamples.

We applied the exact same model structure to the elCU-CRD dataset. We used hospital cluster-robust standard errors to account
for the multicenter design. To test transport validation, we applied the fixed MIMIC-IV linear predictor to the elCU-CRD data
without recalculating any coefficients. In the local cohort, we evaluated the 24-hour composite StO, using analysis of covariance.
We adjusted this model for baseline tissue oxygenation, age, baseline SOFA score, and T0 lactate. We controlled the false discovery
rate (FDR) for multiple comparisons using the Benjamini-Hochberg method. We performed all statistical analyses in Python 3.12
and created figures using R 4.6.1. All statistical tests were two-sided with an alpha level of 0.05.

5. Results
5.1 Study Populations

We initially identified 8,092 patients in MIMIC-IV who met our feasibility criteria. Out of these, 4,409 patients were evaluable for the
outcome analysis. This group included 1,873 patients in State A, 1,732 in State B, 328 in State C, and 476 in State D. Our primary
complete case model included 2,169 patients and 785 deaths. In the elCU-CRD database, the external validation analysis included
648 evaluable patients from 78 different hospitals (280 in State A; 368 in State B). Our local cohort ultimately analyzed 55 patients
who met the strict criteria for septic shock (23 in State A; 32 in State B) (Figure 1 Table 1).
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Figure 1. Study architecture and analysis populations. Flow of participants through the MIMIC-IV development cohort, elCU-CRD
external-validation cohort, and local NIRS mechanistic cohort. HMD, Hemodynamic-metabolic discordance; NIRS, near-infrared

spectroscopy; ANCOVA, analysis of covariance.
Table 1. Baseline Characteristics at TO of Patients in HMD States A and B Across Cohorts

Panel A. MIMIC-IV development cohort

Panel B. elCU-CRD external-validation cohort
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Panel C. Local NIRS mechanistic cohort

Data are mean (SD), median [interquartile range], or n/N (%). Values after semicolons indicate the nonmissing sample size when
a continuous variable was incomplete. Absolute standardized mean differences (SMDs) are reported; no baseline hypothesis tests
were performed. MAP, mean arterial pressure; SOFA, Sequential Organ Failure Assessment; StO,, tissue oxygen saturation; SVRI,
systemic vascular resistance index; EVLWI, extravascular lung water index; GEDVI, global end-diastolic volume index; NIRS, near-

infrared spectroscopy.
5.2 Association Between HMD and Mortality in MIMIC-IV

In the MIMIC-IV cohort, hospital mortality reached 21.3% for State A and 38.5% for State B. State B strongly predicted higher
hospital mortality. The adjusted OR was 1.93 (95% CI 1.59-2.34; P < 0.001). This resulted in an absolute risk difference of 13.1
percentage points. We found consistent results when using multiple imputation methods and inverse probability weighting.
Incorporating the HMD state into our baseline clinical model improved the AUC from 0.717 to 0.732. After correcting for optimism
through bootstrapping, the final model AUC stood at 0.724 (Table 2 Figure 2).

Table 2. MIMIC-IV Association and Sensitivity Analyses

Analysis N Events Effect estimate (95% CI) = P value
Primary complete-case = 2,169 785 1.93 (1.59-2.34) <0.001
adjusted OR

Multiple-imputation 3,605 1,065 2.02 (1.71-2.37) —
adjusted OR

IPOW adjusted OR 2,169 785 1.88 (1.52-2.32) —
Adjusted standardized = 2,169 785 13.1 pp (9.4-16.9) —

risk difference

OR, odds ratio; Cl, confidence interval; IPOW, inverse probability of observation weighting; pp, percentage points.
5.3 External Validation in elICU-CRD

In the elCU-CRD dataset, hospital mortality was 23.6% for State A and 50.3% for State B. Our complete case model showed that
State B correlated with significantly higher odds of death (adjusted OR 3.23; 95% ClI 1.79-5.83; P < 0.001). When we applied
the locked MIMIC-IV prediction model to the elCU-CRD data without altering the coefficients, the AUC reached 0.757. A simple
intercept recalibration improved the Brier score to 0.197 (Table 3 Figure 2).
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Table 3. elICU-CRD External-Validation Results

Analysis N Events Estimate (95% CI) P value
Complete-case cluster- = 224 93 3.23 (1.79-5.83) <0.001
robust adjusted OR

Multiple-imputation 648 251 3.16 (2.264.41) —
adjusted OR

IPOW adjusted OR 224 — 3.66 (2.04-6.58) —
Frozen-model AUC 224 93 0.757 (0.696-0.804) —

OR, odds ratio; Cl, confidence interval; IPOW, inverse probability of observation weighting; AUC, area under the receiver operating
characteristic curve. The AUC confidence interval used hospital-cluster bootstrap resampling.

Figure 2. Cross-cohort mortality associations and model discrimination. (A) Odds ratios for mortality comparing HMD state B with
state A. Estimates were 1.93 (95% CI 1.59-2.34) in MIMIC-1V, 3.23 (95% Cl 1.79-5.83) in elCU-CRD, and 1.36 (95% CI 0.38-5.12) in
the local cohort. The local estimate was exploratory and is displayed with an open symbol and dashed interval. The vertical line
denotes an odds ratio of 1. (B) Model discrimination in MIMIC-IV and transport performance in elCU-CRD. The frozen MIMIC-IV
model achieved an AUC of 0.757 (hospital-cluster bootstrap 95% Cl 0.696-0.804) in elCU-CRD. Cl, confidence interval; AUC, area
under the receiver operating characteristic curve.

5.4 Local NIRS-PiCCO Mechanistic Cohort

At the 24-hour mark, the adjusted estimated mean composite StO, was 62.1% for State A and 60.8% for State B. The adjusted
difference between the two states was — 1.33 percentage points, which was not statistically significant (95% Cl — 4.52to 1.87; P =
0.408). We also found no significant differences in regional measurements across the cerebral, periumbilical, and peripheral sites
after FDR correction. Among our exploratory thermodilution metrics, no parameter met the prespecified significance threshold
after multiple comparison adjustments (Table 4 Figure 3).

Table 4. Local NIRS Mechanistic Results
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Differences in StO, are expressed in percentage points for state B minus state A. Cl, confidence interval; FDR, false discovery rate;

NIRS, near-infrared spectroscopy; OR, odds ratio; StO,, tissue oxygen saturation.

Figure 3. Local mechanistic results. (A) Covariate-adjusted mean 24-hour composite tissue oxygen saturation (StO,) according
to HMD state at 6 hours. The adjusted state B minus state A difference was — 1.33 percentage points (95% CI — 4.52 to 1.87; P
= 0.408). Error bars indicate 95% Cls. (B) Adjusted regional 24-hour differences for cerebral, periumbilical, and peripheral StO.,.
All Benjamini-Hochberg false-discovery-rate-adjusted P values exceeded 0.05. (C) Observed composite StO, trajectories from
baseline to 24 hours; points represent means and shaded bands represent 95% Cls. Panel C is descriptive and is not a repeated-

measures causal estimate.
5.5 Sensitivity Analyses

We verified the robustness of our findings in both large databases. The association between HMD and mortality remained stable
even when we changed the lactate clearance thresholds to 10% or 30%. Altering the MAP targets to 60 or 70 mm Hg did not change
the overall trend. The adjusted odds ratios ranged from 1.81 to 2.08 in MIMIC-IV and from 2.97 to 3.24 in eICU-CRD (Figure 4).
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Figure 4. Sensitivity analyses. (A) Adjusted mortality odds ratios in MIMIC-IV and elCU-CRD under alternative lactate-clearance,
mean arterial pressure, and cohort definitions. The direction of association was consistent across database analyses. (B) Local
adjusted 24-hour composite StO, differences under prespecified alternative operational definitions. Confidence intervals crossed
zeroin all local analyses. Vertical reference lines denote an odds ratio of 1 in panel A and a mean difference of 0 in panel B.

6. Conclusion

Experiencing a disconnect between blood Hemodynamic recovery and metabolic improvement during early sepsis care
independently predicts higher hospital mortality. We consistently observed this association across two large, independent patient
databases. Furthermore, the prediction model transferred well to an external multicenter cohort, showing strong discrimination
and calibration.

However, our local cohort analysis revealed that macroscopic tissue oxygen saturation does not significantly differ between
these patient states. This suggests that the high mortality risk associated with HMD likely stems from other factors, such
as microcirculatory failure, mitochondrial damage, or abnormal lactate processing. Identifying patients with HMD offers a
straightforward way to assess risk at the bedside. It helps clinicians spot patients who seem stable based on blood pressure but
still face a high risk of death. Future studies should investigate targeted interventions—such as microcirculatory optimization or
metabolic modulation—for patients trapped in this discordant state.
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HMOX1 Ameliorates Sepsis-Induced Acute Lung Injury by Suppressing a Single-
Cell-Defined Pathogenic Slcllal-High Macrophage Subpopulation

HE: e
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Abstract
Background

Sepsis-induced acute lung injury (ALl) is characterized by severe alveolar damage, immune dysfunction, and high mortality.
Although alveolar macrophages are central to pulmonary inflammation, the specific macrophage subsets responsible for driving
excessive inflammation in the septic microenvironment are not fully understood. Here, we investigate how the cytoprotective
enzyme heme oxygenase-1 (HMOX1) regulates macrophage heterogeneity to alleviate septic ALI.

Methods: We mapped the pulmonary immune landscape of septic ALl mice (cecal ligation and puncture model) using single-
cell RNA sequencing (scRNA-seq) and pseudotime trajectory analysis. Molecular docking and dynamics simulations were used to
evaluate HMOX1-target interactions, with cross-validation in human clinical transcriptomic datasets. In vivo mechanisms were
validated using the HMOX1 agonist hemin and HO-1 knockout mice, supported by histopathology, immunofluorescence, and
Western blotting.

Results: SCRNA-seq revealed a distinct, early-responding pathogenic macrophage subpopulation characterized by high Slcl1lal
expression, which is closely linked to early pro-inflammatory cascades. Molecular dynamics simulations demonstrated a stable,
direct binding interaction between HMOX1 and SLC11A1l. This interaction aligns with their concurrent dysregulation observed in
clinical sepsis samples. In vivo, hemin-mediated HMOX1 activation suppressed the expansion of these Slc11al-high macrophages,
reducing pulmonary edema, reactive oxygen species (ROS) accumulation, and cellular apoptosis. Conversely, HO-1 knockout mice
exhibited massive infiltration of this pathogenic subset, leading to more severe lung lesions and poorer survival.

Conclusions: HMOX1 interacts directly with SLC11A1 to block differentiation and proliferation of harmful Slc1lal-high
macrophages, exerting potent protective effects against sepsis-triggered ALI.

Introduction

Sepsis is defined as a life-threatening organ dysfunction triggered by a dysregulated host response to infection (1). Due to its
extensive capillary network and direct environmental exposure, the lung is exceptionally vulnerable during sepsis, making acute
lung injury (ALI) and acute respiratory distress syndrome (ARDS) leading causes of mortality in intensive care units worldwide (2, 3).
The pathophysiology of sepsis-induced ALl involves a complex cascade of increased alveolar-capillary permeability, protein-rich
pulmonary edema, and widespread apoptosis of pulmonary cells (4, 5). Notably, this severe tissue destruction is predominantly
driven by a "cytokine storm" resulting from hyperactive innate immune cells(6).

Within the pulmonary immune system, macrophages play a paradoxical role: they initiate the inflammatory response but are
equally critical for coordinating tissue repair(7). Traditionally, macrophage activation has been categorized using a simplified
binary model—the pro-inflammatory M1 and anti-inflammatory M2 phenotypes(8, 9). However, this in vitro-derived classification
fails to accurately capture the high phenotypic plasticity and continuous transcriptomic states of macrophages within the
dynamic in vivo septic microenvironment(10, 11). Although single-cell RNA sequencing (scRNA-seq) now allows for high-resolution
mapping of cellular heterogeneity(12), the specific macrophage subpopulations driving irreversible tissue injury in septic ALI, and
their dynamic polarization trajectories, remain poorly defined(13, 14).

At the molecular level, Solute Carrier Family 11 Member 1 (Slc11al), a divalent metal ion transporter localized on the macrophage
lysosomal membrane, is crucial for innate antimicrobial immunity(15, 16). However, its persistent overexpression disrupts
intracellular iron homeostasis, fueling the Fenton reaction and excessive reactive oxygen species (ROS) production, which
subsequently hyperactivates pro-inflammatory pathways such as NF-kB(17, 18). Conversely, Heme Oxygenase-1 (HMOX1/HO-1),
an endogenous stress-inducible enzyme, confers potent cytoprotection (19). By degrading free heme, HMOX1 mitigates pulmonary
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edema and improves survival in septic mice (20). Indeed, our previous laboratory work has established the multifaceted protective
roles of HMOX1 in sepsis-induced ALI, demonstrating that it mitigates Golgi stress in macrophages(21) and suppresses MAPK-

driven inflammation(22).

Building on this foundation, we hypothesized that HMOX1 mitigates septic ALI by actively targeting and regulating specific, highly
pathogenic macrophage subpopulations. To address this, the present study utilizes scRNA-seq to construct a high-resolution
immune map of sepsis-induced ALI to identify the core macrophage subset driving excessive inflammation. Furthermore,
we systematically investigate the previously unexplored molecular interplay between HMOX1 and SLC11A1, elucidating the
mechanisms underlying HMOX1-mediated immunometabolic regulation.

Materials and Methods
Animal Models and Ethical Approval

Wild-type (WT) male C57BL/6J mice (6-8 weeks old) and HMOX1 whole-gene knockout (HO-1-/-) mice sharing the same genetic
background were obtained from Speford (Beijing) Biotechnology Co., Ltd. Mouse genotypes were confirmed via PCR prior to
experimentation. All animal procedures strictly adhered to the guidelines established by the Tianjin Medical Experimental Animal
Care Center and received approval from the Animal Ethical and Welfare Committee of Tianjin Nankai Hospital (Approval No: NKYY-
DWLL-2024-045). All procedures were performed in compliance with the ARRIVE 2.0 guidelines. Mice were housed under standard
specific pathogen-free (SPF) laboratory conditions (12-h light/dark cycle, 22 £ 2° C, 50-60% humidity) with ad libitum access to
food and water.

Sepsis-induced ALl was induced via the standard Cecal Ligation and Puncture (CLP) model. Briefly, under continuous anesthesia
(2% isoflurane inhalation), the cecum was exteriorized, ligated at the midpoint between the distal pole and the base with a 3-0 silk
suture, and subjected to a single through-and-through puncture with a 20G sterile needle. A small droplet of feces was extruded
to ensure a consistent, polymicrobial infection. Sham-operated control mice underwent laparotomy and bowel exteriorization
without ligation or puncture. Post-surgery, all mice received immediate fluid resuscitation via subcutaneous injection of pre-
warmed physiological saline (5 mL/100 g body weight). Post-operative analgesics were withheld to avoid confounding effects on

the immunological and inflammatory responses under investigation.

Where indicated, mice were intraperitoneally administered the HMOX1 agonist Hemin (50 mg/kg, dissolved in 0.1 M NaOH and
neutralized to pH 7.4 with HCl) 1 h prior to CLP surgery. Lung tissues were harvested 24 h post-surgery for downstream analyses.
At the experimental endpoint, mice were euthanized by cervical dislocation under deep anesthesia (5% isoflurane).

Single-Cell RNA Sequencing (scRNA-seq) and Bioinformatics

Freshly harvested lung tissues were mechanically minced into approximately 1 mm? pieces and subjected to enzymatic digestion
using the automated Singleron PythoT® system (37° C, 15 min). Following erythrocyte depletion with GEXSCOPE® RBC lysis buffer,
the resulting single-cell suspensions were adjusted to a concentration of 2 X 10° cells/mL. To ensure high-quality sequencing
inputs, only cell suspensions exceeding 90% viability (assessed via trypan blue exclusion) proceeded to library construction.
Sequencing libraries were prepared utilizing the GEXSCOPE® Single-Cell RNA Library Kit and sequenced on the Illumina NovaSeq
6000 platform (PE150 strategy).

Downstream transcriptomic analyses were performed in R (v4.4.1) utilizing the Seurat package (v4.4.3). To guarantee a robust
dataset, rigorous quality control filters were applied: cells were excluded if they presented <200 or >98th percentile total detected
genes, displayed abnormally high Unique Molecular Identifier (UMI) counts, or exhibited >25% mitochondrial transcript ratios.
To construct a high-fidelity integrated single-cell atlas, we combined Canonical Correlation Analysis (CCA) and Mutual Nearest
Neighbors (MNN) algorithms, which efficiently regress out batch effects across biological replicates.

Dimensionality reduction was performed using Uniform Manifold Approximation and Projection (UMAP), and cellular identities
were established through a consensus approach combining the SingleR pipeline (v1.4.0) with expert-curated canonical markers.
Differentially expressed genes (DEGs) were rigorously identified using the Wilcoxon rank-sum test (adjusted P < 0.05, |log,FC| >
0.25). Finally, to reconstruct the in vivo developmental and activation pathways of pathogenic macrophages within the septic
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microenvironment, pseudotime trajectory mapping was strategically executed using both Monocle2 and Monocle3.
Molecular Docking and Molecular Dynamics (MD) Simulations

To investigate the structural basis of the novel HMOX1-SLC11A1 interaction, three-dimensional structures of human HMOX1 (PDB
ID: 6EHA) and SLC11A1 (PDB ID: 9F6P) were retrieved from the Protein Data Bank. Global rigid-body protein-protein docking was
executed locally using HDOCKlite (v1.1). The optimal binding conformation, selected based on a high confidence score (> 0.7), was
further analyzed to map interfacial non-covalent interactions via the PLIP platform and visualized in PyMOL (v2.5.4).

To validate the dynamic stability of this protein-protein complex under physiological conditions, we performed 100-ns MD
simulations utilizing the GROMACS 2022 suite, parameterized with the AMBER14SB force field and the TIP3P water model. The
simulation box was neutralized and adjusted to a physiological ionic strength of 0.15 M NaCl. After thorough energy minimization
(steepest descent algorithm, 50,000 steps) and standard equilibration phases, the production run was conducted in an NPT
ensemble (310 K, 1 bar) with a 2 fs integration step. We monitored the structural integrity and interaction dynamics of the complex
by extracting trajectories for Root Mean Square Deviation (RMSD), Root Mean Square Fluctuation (RMSF), Radius of Gyration (Rg),
Solvent Accessible Surface Area (SASA), and dynamic hydrogen bond populations. Finally, the thermodynamic binding affinity was
quantified by calculating the binding free energy using the MM-PBSA method.

Histopathology and Immunofluorescence

To assess severe architectural damage, harvested lung tissues were fixed in 4% paraformaldehyde (24 h, 4 ° C), paraffin-
embedded, and sectioned at 4 um. Hematoxylin and Eosin (H&E) staining was performed, and tissue injury was quantified
using a standardized Lung Injury Score (LIS; scale 0-4) based on the severity of alveolar hemorrhage, interstitial edema,
neutrophil infiltration, and fibrin exudation. To eliminate observation bias, scoring was performed independently by two blinded
pathologists.

To visualize the in situ spatial relationship between HO-1 and SLC11Al, sections were subjected to double immunofluorescence
(dIF). Following standard heat-induced antigen retrieval (citrate buffer, pH 6.0, 95 ° C, 20 min) and permeabilization (0.3% Triton
X-100, 10 min), sections were blocked with 5% bovine serum albumin (BSA) supplemented with a Mouse-on-Mouse (M.0.M.)
blocking reagent for 1 h to eliminate non-specific binding of endogenous mouse IgG. Sections were then co-incubated overnight
at 4 ° C with primary antibodies against HO-1 (Rabbit, 1:200; Abcam, ab13243) and SLC11A1 (Mouse, 1:100; Thermo Fisher, PA5-
21346). Corresponding fluorophore-conjugated secondary antibodies (FITC-conjugated goat anti-rabbit IgG and Cy3-conjugated
goat anti-mouse IgG; both 1:500) were subsequently applied for 1 h at room temperature. Nuclei were counterstained with DAPI (1
pg/mL), and representative images were captured via a Leica TCS SP8 confocal laser scanning microscope.

Furthermore, to monitor pulmonary oxidative stress, Reactive Oxygen Species (ROS) accumulation was detected on 8 pm
frozen sections employing a Dihydroethidium (DHE) fluorescent probe (10 pmol/L, 30 min, 37 ° C, protected from light). Finally,
in situ cellular apoptosis was mapped utilizing a robust TUNEL assay kit (Roche, 11684817910) subsequent to proteinase K
permeabilization (20 pg/mL, 15 min, 37° C).

Western Blot Analysis

To evaluate the protein expression profiles of the HMOX1/SLC11A1 axis, total protein was extracted from lung tissues utilizing
RIPA lysis buffer (Beyotime, P0013B) supplemented with both protease (Roche, 04693132001) and phosphatase inhibitors (Roche,
04906845001). After quantifying protein concentrations via the BCA assay (Thermo Fisher, 23225), equal amounts of denatured
protein (30 pg per lane) were resolved on 12% SDS-PAGE gels and electrotransferred onto 0.45 um PVDF membranes (Millipore,
IPVH00010). To minimize non-specific background signals, membranes were blocked with 5% non-fat milk in TBST for 1 h at room

temperature.

The membranes were then probed overnight at 4 ° C with specific primary antibodies against HO-1 (Rabbit, 1:1000; Abcam,
ab13243), SLC11A1 (Mouse, 1:500; Thermo Fisher, PA5-21346), and B-actin (Rabbit, 1:5000; Abcam, ab8227) as the internal loading
control. Following a 1-h incubation with the corresponding HRP-conjugated secondary antibodies (1:5000, room temperature),
immunoreactive signals were developed utilizing an ECL substrate (Thermo Fisher, 32106) and quantified densitometrically via
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ImageJ software (v1.53k).
Validation in Human Clinical Cohorts

To determine whether the HMOX1/SLC11A1 regulatory axis observed in our murine model accurately reflects human pathology,
we analyzed transcriptomic data from human peripheral blood mononuclear cells (PBMCs). Clinical datasets comprising critically
ill sepsis patients and healthy donors were retrieved from the Gene Expression Omnibus (GEO) database (Accession: GSE279452).
Standardized expression matrices were downloaded and processed utilizing the GEOquery R package (v2.66.0). This approach
enabled the precise extraction and comparative analysis of HMOX1 and SLC11A1 mRNA expression levels across the distinct
clinical cohorts.

Statistical Analysis

Data for continuous variables are expressed as the mean =+ standard deviation (SD). Prior to analytical testing, data distribution
normality and variance homogeneity were confirmed employing the Shapiro-Wilk and Levene's tests, respectively. Comparisons
between two independent groups were evaluated using an unpaired Student's t-test, whereas multi-group comparisons were
analyzed utilizing a one-way analysis of variance (ANOVA) followed by Tukey's post-hoc test. For non-normally distributed data,
non-parametric equivalents such as the Mann-Whitney U or Kruskal-Wallis tests were applied.Survival curves were plotted using
the Kaplan-Meier method and statistically compared via the log-rank (Mantel-Cox) test. All statistical analyses and graphical
visualizations were performed using GraphPad Prism 8.0 (GraphPad Software, San Diego, CA, USA). Statistical significance was
defined as P < 0.05. To ensure reproducibility, all in vitro and in vivo experiments were independently replicated a minimum of
three times.

Results
Result 1 Mapping the Single-Cell Landscape of the Septic Lung Microenvironment

To characterize the dynamic cellular alterations during sepsis-induced ALI, we performed scRNA-seq on lung tissues harvested
from Sham and CLP-treated mice (Fig. 1A). Unsupervised UMAP clustering defined 10 major cell lineages (Fig. 1B). The accuracy
of these cellular annotations was confirmed by the distinct transcriptomic signatures and top differentially expressed marker
genes unique to each lineage (Supplementary Figure S1). Overall cellular proportions highlighted neutrophils and mononuclear
phagocytes as the predominant immune infiltrates (Fig. 1D). The induction of sepsis triggered a profound restructuring of the
pulmonary immune niche. Notably, we observed a massive expansion of neutrophils concomitant with a marked depletion of B
cells (Fig. 1C).

Interestingly, while other immune populations fluctuated drastically, the mononuclear phagocyte system (MPS) maintained a
highly consistent proportional representation across both control and CLP samples (Fig. 1E). This stable presence amidst severe
inflammation prompted us to further investigate the internal heterogeneity of this lineage. Subsequent high-resolution sub-
clustering of the MPS compartment delineated classical and non-classical monocytes, macrophages, and specific dendritic cell
subsets (Fig. 1F), culminating in a refined 14-cluster immune atlas of the septic lung (Fig. 1G).
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Figure 1. Single-cell transcriptomic landscape of the murine lung during sepsis-induced acute lung injury. (A) Schematic
illustration of the experimental design. Lung tissues from Sham (CON) and CLP-treated mice were harvested 24 h post-surgery
for single-cell RNA sequencing (scRNA-seq). (B) Uniform Manifold Approximation and Projection (UMAP) plot visualizing the
10 major cell lineages identified in the integrated pulmonary dataset. (C) Stacked bar chart showing the dynamic proportional
changes of the 10 major cell lineages between the CON and CLP groups. (D) Pie chart detailing the overall percentage distribution
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of the major cell populations across all samples. (E) Relative abundance of the major cell lineages across individual biological
replicates (CON1-3 and CLP1-3), highlighting the proportional stability of the mononuclear phagocyte system (MPS). (F) High-
resolution UMAP plot of the sub-clustered MPS compartment, delineating seven distinct immune subsets including classical/non-
classical monocytes, macrophages, and specific dendritic cell (DC) populations. (G) Comprehensive UMAP plot presenting the
final 14-cluster pulmonary single-cell atlas, stratified by treatment condition (CON vs. CLP). Abbreviations: CLP, cecal ligation and
puncture; CON, control (Sham); UMAP, uniform manifold approximation and projection.

Result 2 Identification of a Pathogenic, Slc11al-High Macrophage Subpopulation

To dissect macrophage heterogeneity during sepsis, we computationally subsetted the macrophage population. The high
purity of this isolated compartment was confirmed by the widespread expression of the canonical macrophage marker Cd68
(Supplementary Figure S2A). Secondary unsupervised clustering delineated 8 transcriptionally distinct subclusters (Fig. 2A). The
biological validity of this sub-clustering was robustly supported by transcriptomic profiling, which demonstrated distinct, non-
overlapping gene expression signatures for each of the 8 subsets (Supplementary Figure S2B). Compositional analysis revealed a
marked shift in the macrophage compartment following CLP. Specifically, Subclusters 2 (Mac2) and 3 (Mac3) exhibited significant
disease-associated expansion, supported by both relative proportional increases and an observed-to-expected (Ro/e) ratio > 1 (Fig.
2B, C).

To understand the functional specialization of these expanded subsets, we performed Gene Ontology (GO) functional
enrichment. Strikingly, Mac3 was highly enriched for hyper-inflammatory pathways, including the positive regulation of cytokine
production and leukocyte chemotaxis (Fig. 2F). This specialized transcriptomic signature strongly implicates Mac3 as a core
initiator of the septic inflammatory cascade. Furthermore, unbiased differential gene expression analysis identified the divalent
metal transporter Slcllal as the defining marker for Mac3, with its expression spatially restricted almost exclusively to this
specific pathogenic subpopulation (Fig. 3A). Quantitative distribution analysis further confirmed that Slcl1lal expression was
overwhelmingly enriched in Mac3 compared to all other macrophage subclusters (Supplementary Figure S2C).
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Figure 2. Identification and functional characterization of macrophage heterogeneity in the septic lung.

(A) UMAP visualization of the computationally isolated macrophage compartment, delineating 8 transcriptionally distinct
subclusters (Mac1-8). (B) Stacked bar plot illustrating the relative proportional distribution of the 8 macrophage subclusters
across individual Control (Sham) and CLP biological replicates. (C, D) Quantitative analysis of compositional shifts, including
the observed-to-expected (Ro/e) ratios (C) and cellular abundance variations (D), highlighting the profound disease-associated
expansion of specific subsets (e.g., Mac2 and Mac3) following CLP induction.

(E-H) Gene Ontology (GO) functional enrichment analysis of differentially expressed genes defining key macrophage subclusters.
Notably, panel (F) demonstrates the profound enrichment of hyper-inflammatory and chemotactic pathways (e.g., positive
regulation of cytokine production, leukocyte chemotaxis) specifically within the pathogenic Mac3 subpopulation.

Result 3 Pseudotime Trajectory Positions the Slc11al-High Subpopulation as an Early Initiator

To delineate the developmental dynamics of these macrophages during sepsis, we performed pseudotime trajectory inference.
Trajectory analysis revealed that the highly pro-inflammatory Mac3 subpopulation localized predominantly at the root of the
differentiation trajectory (Pseudotime = 0) (Fig. 3B-D). This unique spatial positioning aligned perfectly with the algorithm-
defined initial cellular state (Supplementary Figure S3A). Furthermore, faceted trajectory and density analyses confirmed that
cells clustering at this early developmental root were heavily enriched in the CLP group, underscoring their rapid, disease-specific

emergence (Supplementary Figure S3B, C).

This positioning suggests that Mac3 represents an acute, early-responder state rather than a terminally differentiated or
exhausted phenotype. Consistently, the expression signal of Slc11al aligned closely with this trajectory origin (Fig. 3E). Dynamic
gene expression modeling along the pseudotime axis further revealed a distinct cluster of critical pro-inflammatory chemokines
(including Ccl3 and Ccl4). These genes exhibited an early burst of high expression at the onset of pseudotime—concurrent with
the emergence of the Mac3 population—before being subsequently downregulated as differentiation progressed (Supplementary
Figure S3D). Together, these trajectory dynamics support the hypothesis that the Slc11al-high subpopulation serves as an early
cellular initiator of the septic inflammatory cascade.
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Figure 3. Pseudotime trajectory inference of pulmonary macrophages and clinical validation of the HMOX1/SLC11A1
axis.

(A) UMAP feature plot visualizing the highly specific and spatially restricted expression of the divalent metal transporter Slc1lal
within the pathogenic macrophage subpopulation. (B-D) Pseudotime trajectory analysis mapping the developmental dynamics
of the macrophage compartment. The cellular differentiation trajectory is visualized by pseudotime progression (B), faceted by
individual macrophage subclusters (C), and colored by distinct cluster identities (D), demonstrating the predominant localization
of the pathogenic subset at the developmental root (Pseudotime = 0). (E) Trajectory plot illustrating the dynamic expression of
Slcllal along the pseudotime axis, confirming its acute, early-onset upregulation at the trajectory origin. (F-H) Cross-species
clinical validation utilizing human peripheral blood mononuclear cell (PBMC) transcriptomics. UMAP projection annotating major
human immune cell lineages (F), alongside corresponding feature plots revealing the spatially coupled enrichment of HMOX1 (G)
and SLC11A1 (H) specifically within the human monocyte/macrophage lineage. (I) Heatmap comparing the average expression
levels of HMOX1 and SLC11A1 between healthy controls and clinical sepsis patients, validating their synchronized dysregulation in
human sepsis.

Result 4 HMOX1 and SLC11A1 Exhibit Direct Molecular Interaction and Coupled Clinical Dysregulation

Protein-protein interaction (PPI) network analysis initially suggested a functional relationship between HMOX1 and SLC11Al.
This was supported by their spatially coupled upregulation within the pathogenic Mac3 macrophage subpopulation (Fig. 4A, B).
To structurally characterize this interaction, we performed molecular docking. The predicted complex revealed a stable three-
dimensional interface driven by critical non-covalent interactions, including specific hydrogen bonds (e.g., HMOX1 ARG-113 to
SLC11A1 TRP-59) and salt bridges (e.g., SLC11A1 ARG-226 to HMOX1 ASP-156) (Fig. 4C).

To evaluate the dynamic conformational stability of the HMOX1-SLC11A1 complex in an aqueous environment, we conducted a
100-ns molecular dynamics (MD) simulation. The complex demonstrated robust structural stability, as evidenced by the Root Mean
Square Deviation (RMSD) converging and stabilizing at approximately 3.8 A (Fig. 4D). Complementary geometric metrics, including
the Radius of Gyration (Rg) and Solvent Accessible Surface Area (SASA), alongside sustained hydrogen bond networks and low
Root Mean Square Fluctuation (RMSF) profiles, collectively verified the structural compactness and interaction consistency over
the simulation trajectory (Fig. 4E-1).

Finally, comprehensive thermodynamic MM-PBSA calculations yielded a highly favorable total binding free energy () of — 47.6
kcal/mol, confirming a potent binding affinity (Supplementary Table S1; Fig. 4J). Per-residue free energy decomposition further
revealed that this robust stability is predominantly driven by strong electrostatic contributions from key anchor residues, notably
ARG-108, ARG-226, and GLU-215 (Supplementary Table S2; Fig. 4K).

Crucially, analysis of human PBMC transcriptomics (GSE279452) validated the clinical relevance of this axis: both SLC11A1 and
HMOX1 mRNAs were significantly upregulated in clinical sepsis patients compared to healthy donors, exhibiting synchronized
dysregulation specifically within the monocyte/macrophage lineages (Fig. 3F-I).
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Figure 4. Structural basis and molecular dynamics of the HMOX1-SLC11A1 interaction.

(A) Protein-protein interaction (PPI) network analysis predicting a direct functional relationship between HMOX1, SLC11A1,
and other iron metabolism-associated proteins. (B) UMAP feature plot visualizing the expression pattern of Slc11lal across
the macrophage subclusters. (€) 3D structural model of the HMOX1-SLC11A1 complex generated via molecular docking. The
magnified inset details the critical non-covalent interactions at the binding interface, highlighting specific anchoring hydrogen
bonds and salt bridges between key amino acid residues. (D-I) A 100-ns molecular dynamics (MD) simulation assessing the
dynamic conformational stability of the docked complex in an aqueous environment. Structural integrity is validated by (D) Root
Mean Square Deviation (RMSD), (E) Radius of Gyration (Rg), (F) Solvent Accessible Surface Area (SASA), (G) the fluctuation of
intermolecular hydrogen bond numbers, and the Root Mean Square Fluctuation (RMSF) profiles for (H) SLC11A1 and (I) HMOX1. (J)
Thermodynamic analysis detailing the individual energy components and the highly favorable total binding free energy calculated
using the MM-PBSA method. (K) Per-residue free energy decomposition profile identifying the specific amino acids that contribute
most significantly to the interaction affinity between HMOX1 and SLC11A1.

Result 5 Pharmacological Activation of HMOX1 Abrogates Slc11al-Mediated ALI

To validate the regulatory impact of HMOX1 in vivo, we administered Hemin, a potent HMOX1 agonist, to CLP-treated mice.
Western blot and qPCR analyses confirmed that Hemin treatment markedly upregulated HO-1 expression while simultaneously
suppressing the CLP-induced surge in Slcl1al protein and mRNA levels (Fig. 5A-C).

Histopathologically, Hemin administration significantly mitigated lung damage, as evidenced by reduced alveolar architectural
collapse, decreased septal thickening, and lower overall Lung Injury Scores (LIS) compared to the CLP group (Fig. 5D, E).
Consistently, Kaplan-Meier survival analysis showed that the activation of the HMOX1/SLC11A1 axis significantly improved the
survival rate of septic mice (Fig. 5F).

Given that Slcllal overexpression potentially drives iron-mediated oxidative stress, we further evaluated pulmonary redox status
and cell death. DHE staining revealed that Hemin treatment effectively reduced the massive ROS accumulation characteristic
of septic lungs (Fig. 5G). Concomitantly, TUNEL staining demonstrated that this reduction in oxidative damage was associated
with a substantial decrease in parenchymal cell apoptosis in the CLP+Hemin group (Fig. 5H). These findings suggest that HMOX1
activation alleviates sepsis-induced ALl by counteracting Slc11lal-driven oxidative injury and subsequent cell death.

cccc2026 0179 |



Figure 5. Pharmacological activation of HMOX1 mitigates Slc11al-mediated acute lung injury.

(A) Western blot analysis of HO-1 and its downstream target Slc1lal protein expression levels in lung tissues across the
experimental groups (Control, Control+Hemin, CLP, and CLP+Hemin).(B, C) Relative densitometric quantification of HO-1 (B) and
Slcllal (C) protein levels (n = 3 per group).

(D) Representative hematoxylin and eosin (H&E) staining images of lung tissues from each group. The bottom-left insets display
whole-lung scans, indicating the corresponding magnified regions.(E) Semi-quantitative Lung Injury Score (LIS) based on the H&E-
stained sections. Statistical differences were assessed using the Mann-Whitney U test (P < 0.05, *P < 0.01, P < 0.001).(F) Kaplan-
Meier survival curves of the mice in the indicated groups (n = 15 per group).(G) In situ evaluation of reactive oxygen species (ROS)
levels in lung tissues via DHE fluorescence staining. Red fluorescence indicates ROS accumulation, and blue DAPI staining indicates
the nuclei.(H) TUNEL multiplex fluorescence assay evaluating parenchymal cell apoptosis in lung tissues. Green fluorescence
indicates apoptotic cells with DNA fragmentation, and blue DAPI staining indicates the nuclei.

Result 6 HMOX1 Deletion Exacerbates Slc11al Overload and Pathogenesis

To further investigate the role of HMOX1, we subjected Hmox1 global knockout (Hmox1 /) mice to the CLP model (Fig. 6A).
In the absence of this endogenous regulatory checkpoint, Hmox1 /" mice displayed a significantly enhanced, compensatory
upregulation of Slc11al expression compared to wild-type (WT) CLP-treated mice (Fig. 6B, C).

Consistent with this molecular phenotype, Hmox1 '~ mice exhibited significantly more severe lung injury, manifested as extensive
alveolar consolidation and elevated Lung Injury Scores (LIS) (Fig. 6D, E). Furthermore, the lack of HMOX1-mediated protection
led to markedly reduced survival rates in septic Hmox1 /" mice compared to their WT counterparts (Fig. 6F). Mechanistically, the
unrestricted Slcllal activity in Hmox1 /" mice was associated with a more pronounced oxidative stress burden, as evidenced by
intensified DHE staining (Fig. 6G), which preceded a dramatic increase in diffuse parenchymal cell apoptosis observed via TUNEL
staining (Fig. 6H). These findings identify HMOX1 as a critical negative regulator of the Slcllal-high pathogenic macrophage
subpopulation, essential for maintaining pulmonary homeostasis during septic stress.
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Figure 6. Genetic ablation of Hmox1 releases the inhibition on Slc11al and exacerbates sepsis-induced oxidative stress,
apoptosis, and acute lung injury.

(A-C) Representative Western blot images (A) and relative densitometric quantification of HO-1 (B) and Slcllal (C) protein levels
in the lung tissues of wild-type (WT) and Hmox1 knockout (HO-1) mice subjected to sham or CLP surgery. -actin was used as the
loading control. (D, E) Representative hematoxylin and eosin (H&E) staining of lung tissue sections (D) and the corresponding
semi-quantitative Lung Injury Score (LIS) evaluation (E). The bottom-left insets in panel D display whole-lung lobe scans indicating
the regions of magnification. Statistical differences for LIS were determined using the Mann-Whitney U test. (F) Kaplan-Meier
overall survival curves of the mice over a 7-day observation period post-CLP (n = 15 per group). (G, H) Representative fluorescence
images assessing the pulmonary microenvironment. Panel (G) shows dihydroethidium (DHE) staining evaluating in situ reactive
oxygen species (ROS) accumulation (red fluorescence). Panel (H) displays multiplex TUNEL staining evaluating parenchymal cell
apoptosis (green fluorescence indicating DNA fragmentation). Nuclei were counterstained with DAPI (blue) in both assays. Scale
bar =50 um. *(Data in bar graphs are presented as mean = SD, n=3. *P <0.05, P <0.01, P <0.001 vs. respective control groups).

Discussion

The pathophysiology of sepsis-induced acute lung injury (ALI) is closely linked to innate immune dysregulation. While broad-
spectrum immunosuppression has shown limited clinical efficacy, targeting specific hyper-inflammatory cellular subsets offers
a more precise therapeutic strategy(23-25). In this study, we utilized single-cell transcriptomics to map the immune landscape
of the septic lung, identifying a pathogenic macrophage subpopulation characterized by high Slc11lal expression. Integrating
computational modeling with in vivo functional assays, we demonstrated that the cytoprotective enzyme HMOX1 directly interacts
with and inhibits SLC11A1, mitigating the iron-mediated oxidative stress that drives ALI progression.

Traditional in vitro binary M1/M2 macrophage polarization models often fail to capture the phenotypic plasticity present in
vivo(10, 26). Our pseudotime trajectory analysis indicates that the Slc1lal-high (Mac3) subpopulation is not a terminal or
exhausted state, but rather an early-responder phenotype located at the developmental root. This transcriptomic profile aligns
with the acute clinical onset of Systemic Inflammatory Response Syndrome (SIRS) in sepsis, positioning Slc1lal as a key initiator
gene(27, 28).

Physiologically, Slc11al functions as a divalent metal transporter to restrict nutrient access for intracellular pathogens(29). During
sepsis, however, its sustained upregulation contributes to metabolic dysfunction. Excessive cytosolic iron transport expands the
labile iron pool, driving the Fenton reaction and promoting reactive oxygen species (ROS) accumulation(30-32). Our in vivo data
position HMOX1 as a critical negative regulator of this cascade. Pharmacological HMOX1 activation attenuated Slcllal expression,
reduced oxidative lung injury, and improved survival. Conversely, Hmox1 ablation removed this checkpoint, leading to unchecked
Slcllal expression, exacerbated apoptosis, and increased mortality(33-35).

Molecular dynamics simulations provided a structural basis for this targeted inhibition, identifying a stable binding interface
( — 47.6 kcal/mol) between HMOX1 and SLC11A1(36, 37). This direct physical interaction offers a mechanistic explanation for
how HO-1 constrains Slcllal activity. Cross-validation with human clinical transcriptomics (GEO: GSE279452) suggests that this
HMOX1/SLC11A1 regulatory axis is conserved and clinically relevant in human sepsis (38). Furthermore, HMOX1 has been reported
to modulate macrophage polarization via endothelial exosomal miR-184-3p(39), adding another layer to its protective role against
ALL. Collectively, these findings reinforce HMOX1 as a central node in sepsis-induced innate immune regulation.

Targeting specific macrophage subsets aligns with our ongoing research into precision immunometabolism in critical illness. We
previously found that nicotinamide mononucleotide and alveolar epithelial-derived interleukin-17D alleviate endotoxin-induced
ALl by modulating macrophage polarization and the Nrf2 pathway, respectively(40). Additionally, our work demonstrating that
dexmedetomidine preserves mitochondrial dynamics via HIF-1a/HO-1 signaling highlights the interplay between HMOX1 and
mitochondrial quality control (41). (Fig. 7)

In the broader context of anesthesiology and perioperative medicine, precision immunomodulation is gaining significant
clinical traction. The identification of specific immune targets, such as plasmacytoid dendritic cells (pDCs)(42), alongside the
immunomodulatory effects of perioperative interventions—including anesthetics—on inflammatory cell death(43, 44) and
systemic neuroinflammation(45), emphasize the necessity for targeted, cell-specific therapies to improve critical care outcomes.
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Finally, several limitations should be noted. Although our computational and in vivo data support the HMOX1-mediated inhibition
of SLC11A1, the exact molecular mechanism remains to be fully elucidated. It is unclear whether HMOX1 promotes SLC11A1
degradation via direct protein-protein interactionor if its metabolic byproducts, such as carbon monoxide or biliverdin,

exert transcriptional repression on the Slc1lal promoter. Future studies utilizing Co-IP or ChIP-seq are required to resolve this.
Additionally, in vivo lineage tracing is needed to determine whether the Slc1lal-high subpopulation originates from resident

alveolar macrophages or recruited monocyte-derived macrophages.

Figure 7. Proposed mechanistic model of HMOX1-mediated regulation of Slc11al-high macrophage-driven acute lung

injury.

HMOX1 confers pulmonary protection by specifically targeting and inhibiting the differentiation and expansion of the pathogenic
macrophage subpopulation. This suppression effectively neutralizes downstream ROS accumulation and mitigates cellular
apoptosis, thereby preserving lung tissue integrity. Consequently, the HMOX1/SLC11A1 axis represents a promising, precision-
targeted therapeutic strategy for mitigating severe lung injury in critically ill patients.

Conclusions

This study challenges classical macrophage polarization paradigms by identifying a specific, early-acting Slc11al-high pathogenic
subpopulation that is a primary driver of sepsis-induced ALI. We establish that HMOX1 affords vital pulmonary protection by
specifically targeting and inhibiting the differentiation and expansion of this subpopulation, effectively neutralizing downstream
ROS accumulation and apoptosis. Modulating the HMOX1/SLC11A1 axis offers a highly promising, precision-targeted therapeutic
intervention for severe lung injury in the critically ill.
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hucMSCs alleviate LPS-induced endothelial glycocalyx damage by secreting
Cxcl12 to activate CXCR4

wa: EE%, TR, IRZ
B \WREAKRFHEER

Abstract

Acute respiratory distress syndrome (ARDS) has a high clinical mortality rate and continues to draw research attention regarding
its mechanisms and potential treatments. Disruption of the endothelial barrier is a primary pathological feature, and glycocalyx
degradation is a key factor contributing to this disruption. hucMSCs exhibit strong anti-inflammatory and immunomodulatory
effects, making their application in ARDS treatment an area of increasing interest. Proteomic screening identified Cxcl12 as
a protein secreted by hucMSCs. In male C57 mice and cell models, LPS was used to induce injury, followed by interventions
with hucMSCs or hucMSCs with silenced Cxcl12 to assess glycocalyx-related proteins SDC-1, HS, and the repair marker EXT-1.
To evaluate downstream signaling, the CXCR4 receptor was inhibited and related indicators were examined. Silencing Cxcl12
reduced the therapeutic effect of hucMSCs on LPS-induced glycocalyx damage. Inhibition of CXCR4 also weakened the effect of
Cxcl12. These findings indicate that hucMSCs alleviate LPS-induced glycocalyx damage in pulmonary vascular endothelial cells by
secreting Cxcl12, which activates the downstream receptor CXCR4, providing a therapeutic effect for ARDS.

Introduction

Sepsis is an inflammatory disease triggered by acute infection and can lead to multiple organ dysfunction and life-threatening
conditions. It is a common cause of acute respiratory distress syndrome (ARDS). The primary pathological mechanism of ARDS
is the disruption of the vascular endothelial barrier, which increases lung tissue permeability and leads to pulmonary edema.
Clinical treatment relies mainly on mechanical ventilation support; however, this approach requires advanced medical resources
and is associated with complications, such as respiratory tract infections. Consequently, investigating the pathogenesis of sepsis-
induced ARDS and identifying appropriate treatment strategies have emerged as critical issues in contemporary clinical and basic
research. Establishing an animal model of acute lung injury (ALI) is a commonly utilized approach to study this condition.

The glycocalyx is essential for maintaining the endothelial barrier and enables material exchange at the endothelial surface.
Damage to the structure and function of the endothelial glycocalyx is a key factor contributing to the heightened permeability of
pulmonary capillary endothelium. The glycocalyx consists mainly of negatively charged proteins and polysaccharide complexes;
its key components include the core protein syndecan-1 (SDC-1) and its heparan sulfate (HS) side chain. Because endothelial cells
experience continuous shear stress, enzymes such as heparinase (HPA) and hyaluronidase (HAase) maintain the glycocalyx in a
dynamic balance between degradation and repair. Exostosin-1 (EXT-1), a key enzyme in the synthesis of HS, plays an essential role
in the glycocalyx repair process.

hucMSCs, a type of pluripotent stem cell, have attracted considerable interest for their therapeutic potential. Their wide
availability, ease of expansion, low immunogenicity, and strong tissue repair capacity contribute to their suitability for
translational research. hucMSCs demonstrate self-renewal and multidirectional differentiation, and they release cytokines,
growth factors, and exosomes through paracrine activity. These factors play a crucial role in tissue repair, immune regulation, and
anti-inflammatory responses[1, 2]. Studies have demonstrated that hucMSCs and their derived exosomes (hucMSC-Exos) exhibit
remarkable therapeutic effects in various disease models, including pulmonary fibrosis, acute kidney injury, myocardial infarction,
and skin injury. Furthermore, hucMSCs can migrate to the site of injury, positioning them as an ideal vehicle for precision therapy.

Interest in the CXC chemokine family in ARDS has increased, particularly regarding the dual roles of Cxcl12 (also known as stromal
cell-derived factor-1, SDF-1) in inflammation and repair. Cxcl12 binds to CXCR4 to mediate inflammatory cell chemotaxis and plays
a key role in tissue repair and regeneration. Its effects on endothelial cells and the activation of downstream signaling pathways
support endothelial cell survival and function, contributing to restoration of the endothelial barrier.

To investigate the molecular mechanisms underlying the therapeutic effects of hucMSCs in ARDS, we established an ALI mouse
model by intraperitoneal injection of lipopolysaccharide (LPS) followed by tail vein administration of hucMSCs. Proteomic analysis

I 0186 CCCC 2026



of lung tissue after hucMSC intervention identified Cxcl12 as a differentially expressed protein, consistent with previous findings.
By generating hucMSCs with silenced Cxcl12 through lentiviral transfection, we evalted the role of Cxcl12 in the treatment of ARDS
with hucMSCs in both in vivo and in vitro experiments. Furthermore, we investigated whether Cxcl12 ameliorates LPS-induced
endothelial glycocalyx damage and promotes glycocalyx repair through its downstream receptor CXCR4.

Materials and Methods
In vivo construction of a mouse model of ALI

Mice were randomly assigned to six groups (n = 6 per group): Control, LPS, LPS+hucMSCs, LPS+shCxcl12 hucMSCs, LPS+NC
hucMSCs, hucMSCs. Each mouse received 100 pL of LPS solution intraperitoneally at 20 mg/kg. Two hours later, 100 pL of hucMSCs
(2 X 10° cells/mouse) was administered via tail vein injection, with random selection of animals during handling to reduce bias.
At 8 hours after LPS injection, the mice were anesthetized with tribromoethanol, and lung tissue and serum were collected and
stored at — 80° C.

Histopathology

After anesthesia, pulmonary circulation was perfused, and lung tissues were removed and fixed in 4% paraformaldehyde for
at least 48 hours. Samples were dehydrated, embedded in paraffin, and cut into 5-um sections (Novland, Shanghai, China).
Hematoxylin and eosin (HE) staining was performed, and lung injury was scored under an optical microscope (Olympus Optics,
Tokyo, Japan). Six random high-power fields were evaluated, and the mean score represented each sample.

In vivo fluorescence imaging of hucMSCs

hucMSCs were transfected with Luc-tagged lentivirus and selected using puromycin. Mice were assigned to three groups (n =3
per group): Control, LPS+hucMSCs, and hucMSCs. Two hours after LPS injection, Luc-labeled hucMSCs were administered via tail
vein. At 6, 12, and 24 hours after injection, potassium luciferin was administered intraperitoneally, and hucMSC distribution was
visualized using the AniView100 Pro multimodal in vivo imaging system.

The pulmonary vascular permeability was evaluated by injecting FITC- albumin

For fluorescence imaging, mice were randomly assigned to six groups (n = 6 per group): Control, LPS, LPS+hucMSCs, LPS+shCxcl12
hucMSCs, LPS+NC hucMSCs, hucMSCs. The AniView100 Pro system was pre-cooled. Animals were anesthetized, and the thoracic
cavity was exposed. After complete perfusion and lung extraction, lung tissues were rinsed, dried, placed on black background
paper, and imaged using the FITC probe.

Cell culture

hucMSCs were sourced from Shandong Qilu Stem Cell Engineering Co., Ltd, and human microvascular endothelial cells (HULEC-
5a) were purchased from the American Type Culture Collection (ATCC) . The cells were seeded in a 25 cm? cell culture flask and
cultured in a sterile incubator at 37 ° C with 5% CO,. All hucMSCs utilized in the animal experiments were maintained within three
passages. Based on cell culture observations, hucMSCs exhibit slower division and growth after the third passage.The hucMSCs
counted using a cell counter (Halo counter).

In vitro construction of ALI cell model

Transwell co-cultured endothelial cells (lower wells) with hucMSCs/shCxcl12-hucMSCs (upper inserts). After LPS stimulation for 6 h,
endothelial proteins were harvested. For supplementary assays, recombinant Cxcl12 or AMD3100 was added alongside LPS before
protein collection at 6 h.

Western blot verification

Total proteins were extracted from lung tissues and cells using RIPA buffer. Protein concentrations were determined using
the Enhanced BCA Assay Kit. Initially, 20 ug of the sample was added to the respective wells. The samples were subsequently
separated by 10% SDS-PAGE gel electrophoresis. Following this, the separated proteins were transferred to a PVYDF membrane,
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blocked with TBST containing 5% skim milk, and incubated at room temperature for 2 hours. The membrane was then incubated
with primary antibodies, including anti-SDC-1, HS, EXT-1, Cxcl12, CXCR4, and GAPDH, overnight at 4 ° C. Finally, the membrane
was treated with a horseradish peroxidase-conjugated secondary antibody at room temperature for 1 hour, and the protein bands
were visualized using a chemiluminescence kit. Density analysis was conducted using ImageJ software.

Immunofluorescence staining

Endothelial cells (1 X 10°/well) were seeded into 24-well plates with pre-placed slides. After washing with PBS, cells were fixed in
4% paraformaldehyde for 30 minutes, blocked with goat serum for 30 minutes, and incubated with primary antibodies overnight
at 4° C. After washing, cells were incubated with fluorescent secondary antibodies for 1 hour at room temperature. DAPI staining
solution (200 pL) was added for 5 minutes. Slides were mounted with anti-fade medium and imaged using a fluorescence

microscope.
FITC-albumin permeability detection

HULEC-5a cells (15,000 cells/well) were seeded into the upper chambers of a 24-well Transwell plate. hucMSCs or shCxcl12
hucMSCs (20,000 cells/well) were seeded into the lower wells for co-culture. After 6 hours of LPS treatment, medium in the
Transwell chamber was replaced. FITC-albumin (1 mg/mL) was added under light-protected conditions to the upper chamber
and incubated for 30 minutes. Then, 100 pL of medium from the upper and lower chambers was transferred to a 96-well plate.
Absorbance at 490 nm and 525 nm was measured, and permeability was assessed by the lower-to-upper chamber absorbance
ratio.

Transendothelial electrical resistance (TEER)

Co-culture was conducted as previously described. LPS was added for 6 hours. The two electrodes of the Michel® ERS-2 resistance
meter were placed above and below the filter membrane. Baseline (blank) resistance was measured, and TEER was calculated as:
(Q/cm?) = (measured resistance — blank resistance) X effective membrane area.

Results
1. Localization of hucMSCs in normal mice and septic mice

To examine the distribution of hucMSCs after tail vein injection and to assess their homing to the lungs following injury, an LPS-
ALl model was established through intraperitoneal LPS administration. hucMSCs were labeled with a Luc-tagged lentiviral vector
and then injected into normal mice and LPS-ALI mice, while control mice received saline. Fluorescence imaging of whole-body
distribution was performed at 6, 12, and 24 hours after injection (Figure 1A). Organs were also collected for imaging at the 6-hour
time point (Figure 1B). The results showed that intravenously administered hucMSCs localized to the lung tissue in normal mice.
The fluorescence intensity in the lungs of LPS-ALI mice was notably higher than in normal mice, indicating that hucMSCs migrate

to and accumulate in injured lung tissue.
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2.Injection of hucMSCs improves ALI

A mouse model of acute lung injury was established to investigate the mechanisms underlying ARDS and explore potential
therapeutic approaches. The ALI model was induced by intraperitoneal LPS injection, followed by tail vein delivery of hucMSCs
two hours later. After six additional hours, blood and lung tissue were collected for analysis (Figure 2A). The survival rate improved
in LPS-ALI mice that received hucMSCs (Figure 2B). Histopathology showed that LPS caused marked structural disruption,
including blurred alveolar architecture, interstitial edema, congestion, and increased tissue debris. These abnormalities were
reduced after hucMSC treatment (Figure 2C-D). The lung wet/dry ratio, total cell count, and protein content in BALF were also
decreased (Figure 2E-G). FITC-albumin permeability analysis further confirmed that hucMSCs lowered LPS-induced pulmonary
vascular permeability (Figure 2H-I).

3.Proteomic analysis suggests Cxcl12 as a key protein

Proteomic analysis revealed a decrease in the expression of Cxcl12 in lung tissues following LPS injection, with an increase
in expression observed after hucMSCs treatment (Figure 3A-C). To validate the accuracy of the proteomic findings, this study
employed Western blot and qRT-PCR to assess Cxcl12 expression in lung tissues, and the results were consistent with those
obtained from the proteomic analysis (Figure 3D-E). Additionally, changes in Cxcl12 levels in mouse serum were detected using an
ELISA kit, demonstrating a trend that aligns with the findings in lung tissues (Figure 3F).
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4.Cxcl12 plays a crucial role in the hucMSCs-mediated amelioration of LPS-ALI

Cxcl12 is known to be one of the secreted proteins of hucMSCs. ELISA analysis showed that hucMSCs secreted higher amounts of
Cxcl12 than HULEC-5a cells, and secretion increased after LPS stimulation (Figure 4A). Lentiviral transfection was used to silence
Cxcl12 in hucMSCs, and silencing efficiency was verified by Western blot, gRT-PCR, and ELISA (Figure 4B-D).

To determine the role of Cxcl12 in vivo, shCxcl12 hucMSCs were injected into LPS-ALI mice. Compared with mice receiving normal
hucMSCs, the Cxcl12-silenced group showed more severe pulmonary edema and septal damage, a higher wet/dry ratio, and
increased cell and protein levels in BALF (Figure 4E-1). FITC-albumin permeability also increased (Figure 4J-K). These findings
indicate that Cxcl12 contributes to the ability of hucMSCs to reduce lung tissue permeability and alleviate lung injury.
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5.hucMSCs ameliorate LPS-induced endothelial glycocalyx damage

This study examined the effect of hucMSCs delivered via tail vein injection on the endothelial glycocalyx in mouse lung tissue.
Western blot and qRT-PCR analyses were used to measure glycocalyx-related proteins, including HS, SDC-1, and EXT-1, the
key enzyme responsible for HS synthesis. LPS-ALI mice showed reduced expression of HS, SDC-1, and EXT-1, whereas hucMSC
treatment increased their expression (Figure 5A-B). ELISA results further demonstrated that hucMSCs decreased levels of free SDC-
1and HS in serum (Figure 5C).

To determine whether hucMSCs exert similar effects in vitro, a co-culture model of endothelial cells and hucMSCs was established,
with LPS added to induce inflammatory injury (Supplementary Figure 2). Western blot and qRT-PCR analyses showed that LPS
reduced HS, SDC-1, and EXT-1 expression in endothelial cells, while co-culture with hucMSCs restored their expression (Figure
5D-E). Immunofluorescence staining demonstrated that LPS caused shedding of SDC-1 and HS from the endothelial surface; this
effect was reduced after co-culture with hucMSCs (Figure 5F). FITC-albumin permeability and TEER assays confirmed that hucMSC
co-culture reduced the LPS-induced increase in endothelial permeability (Figure 5G). These findings indicate that hucMSCs
ameliorate LPS-induced endothelial glycocalyx damage, enhance EXT-1 expression, promote glycocalyx repair, and reduce
endothelial permeability.
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6.Cxcl12 is a crucial protein for hucMSCs in ameliorating LPS-induced endothelial glycocalyx damage

The contribution of Cxcl12 to the effect of hucMSCs on the endothelial glycocalyx in LPS-ALI mice was assessed by injecting
shCxcl12 hucMSCs via the tail vein. Western blot and qRT-PCR showed that HS, SDC-1, and EXT-1 were decreased in LPS-ALI lung
tissue, increased after hucMSC injection, and then reduced again when Cxcl12-silenced hucMSCs were administered (Figure 6A-B).
ELISA showed increased serum levels of free SDC-1 and HS in mice treated with shCxcl12 hucMSCs compared with mice receiving
hucMSCs (Figure 6C).

To confirm these findings in a cellular model, endothelial cells were co-cultured with shCxcl12-hucMSCs and then exposed to LPS.
Western blot and qRT-PCR showed that HS, SDC-1, and EXT-1 decreased after LPS stimulation, increased after co-culture with
hucMSCs, and decreased again when co-cultured with shCxcl12-hucMSCs (Figure 6D-E). Immunofluorescence analysis showed
that LPS increased the shedding of SDC-1 and HS from the endothelial surface, whereas hucMSC co-culture reduced this effect.
Co-culture with shCxcl12 hucMSCs reduced SDC-1 and HS retention to a lesser extent than co-culture with normal hucMSCs
(Figure 6F). FITC-albumin permeability and TEER measurements showed that endothelial permeability increased after co-culture
with shCxcl12-hucMSCs (Figure 6G). These results demonstrate that hucMSCs reduce LPS-induced glycocalyx injury and promote
glycocalyx repair through secretion of Cxcl12.
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7.Exogenous addition of Cxcl12 alleviates LPS-induced glycocalyx shedding and promotes repair

To further confirm the protective effect of Cxcl12 on the endothelial glycocalyx, exogenous Cxcl12 recombinant protein was
added to the cell injury model, and the expression of glycocalyx-related proteins was examined by Western blot and qRT-PCR.
After LPS stimulation, the addition of Cxcl12 increased the expression of HS, SDC-1, and EXT-1 in endothelial cells (Figure 7A-
B). Immunofluorescence analysis was used to detect SDC-1 and HS on the endothelial surface. LPS stimulation increased the
shedding of both proteins, whereas exogenous Cxcl12 reduced this shedding (Figure 7C). These results indicate that exogenous
Cxcl12 can reduce LPS-induced glycocalyx shedding and promote its repair.

8.Cxcl12 promotes endothelial glycocalyx repair by activating the downstream CXCR4 receptor

To evaluate the effect of Cxcl12 on the CXCR4 receptor, exogenous Cxcl12 was added to endothelial cells during LPS stimulation,
and CXCR4 expression was examined by Western blot and gRT-PCR. LPS reduced CXCR4 expression, whereas Cxcl12 restored it
(Figure 8A-B). These findings indicate that Cxcl12 can increase CXCR4 expression in endothelial cells after LPS exposure.

To verify that Cxcl12 reduces glycocalyx damage through CXCR4, the CXCR4 inhibitor AMD3100 was used to block receptor
signaling in the cellular model. Western blot and gRT-PCR showed that LPS decreased the expression of HS, SDC-1, and EXT-1,
which were increased by Cxcl12. AMD3100 pretreatment reduced the expression of these proteins compared to the Cxcl12 group
(Figure 8C-D). Immunofluorescence showed that Cxcl12 reduced LPS-induced shedding of SDC-1 and HS from the endothelial
surface, whereas AMD3100 increased shedding relative to the Cxcl12 group (Figure 8E). These findings demonstrate that Cxcl12
reduces glycocalyx damage and promotes repair through its downstream receptor CXCRA4.

Discussion

Acute respiratory distress syndrome (ARDS) has high mortality and relies mainly on problematic mechanical ventilation. Human
umbilical cord mesenchymal stem cells (hucMSCs) are promising ARDS therapeutics, yet their exact mechanisms remain unclear.
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Endothelial glycocalyx damage elevates vascular permeability and worsens acute lung injury (ALI), with EXT1 serving as a
key repair mediator. This study proves hucMSCs home to LPSinjured lungs, alleviating tissue damage and improving survival.
Proteomic screening identifies secreted Cxcl12 as their core functional molecule. Cxcl12 binds endothelial CXCR4, activates PI3K/
Akt and MAPK pathways, upregulates EXT1, and restores glycocalyx SDC1 and HS to repair endothelial barriers. Silencing Cxcl12 or
blocking CXCR4 with AMD3100 weakens hucMSCs’  protective effects on the glycocalyx and injured lungs. Collectively, hucMSCs
repair endothelial glycocalyx and relieve ALl via the Cxcl12/CXCR4EXT1 axis.

Overall, this study shows that hucMSCs alleviate LPS-induced endothelial glycocalyx damage, improve pulmonary vascular
permeability, reduce lung injury in LPS-ALI mice, and increase survival rates by activating CXCR4 through the paracrine protein
Cxcl12. The hucMSC-Cxcl12/CXCR4 pathway may offer a potential therapeutic strategy for ARDS (Figure 10).
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Human Amnion Epithelial Stem Cells Mitigate Sepsis-Induced Acute Lung Injury by
Reprogramming Glycolysis via the HIF-1a/LDHA Axis
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Background and aims:

Sepsis-induced acute lung injury (SALI) is a life-threatening syndrome characterized by alveolar-capillary barrier disruption and
an uncontrolled systemic inflammatory cascade. Current statistics indicate that the mortality rate of severe SALI is still higher than
35%. Without timely intervention, it often develops rapidly into acute respiratory distress syndrome (ARDS) or multiple organ

dysfunction syndrome (MODS).

Recent evidence identifies HIF-1a-orchestrated lactate metabolic reprogramming as a pivotal driver of acute pulmonary
inflammation. In the septic microenvironment, the overactivation of HIF-1a and its downstream effector, lactate dehydrogenase
A (LDHA), triggers a "Warburg-like" metabolic shift, leading to massive lactate accumulation. This metabolic maladaptation not
only exacerbates localized tissue damage but also establishes hyperlactatemia as a definitive prognosticator for poor clinical
outcomes.

Human amnion epithelial cells (hAESCs), harvested from discarded placentas, offer unique therapeutic advantages, including
minimal immunogenicity and an ethically sound, non-invasive collection process. Beyond their multipotency, hAESCs exert potent
paracrine effects that quench inflammatory storms and alleviate oxidative stress. However, whether hAESCs can confer organ
protection by modulating the metabolic reprogramming of host cells under SALI conditions remains a critical knowledge gap. This
study aims to investigate the therapeutic potential of hAESCs in SALI, specifically focusing on their ability to suppress aberrant
glycolysis by regulating the HIF-1a/LDHA axis.

Methods: This study retrospectively analyzed serum metabolomics from 70 SALI patients and 40 controls to identify core
disease-associated metabolites. Mice exposed to cecum ligation and puncture (CLP) surgery to establish SALI. HAESCs were
immediately injected into the tail vein of the mice. The therapeutic effects of tail-vein injected hAESCs were evaluated through
histopathological assessment, transmission electron microscopy, and inflammatory profiling. Integrated RNA-seq and untargeted
metabolomics were performed on lung tissues to screen for hAESCs regulated pathways. Mechanistically, HIF-1a agonists were
administered in vivo to explore how the HIF-1a/LDHA axis modulates metabolic reprogramming and lung injury mitigation
following hAESCs treatment.

Results:Patients with SALI exhibited significantly elevated plasma lactate levels compared to healthy counterparts. In vivo,
the systemic administration of hAESCs via tail vein injection substantially enhanced survival, mitigated pulmonary injury, and
suppressed the inflammatory response. RNA-sequencing identified a significant enrichment of downregulated genes involved in
the HIF-1a signaling cascade after hAESCs treatment. Consistent with these findings, metabolic profiling demonstrated diminished
accumulation of glycolytic intermediates and reduced lactate output in lung tissues. Co-expression analysis of the transcriptome
and metabolome revealed that HIF-1a expression was positively correlated with LDHA enzymatic activity. Furthermore, the
therapeutic metabolic modulation exerted by hAESCs was reversed by a HIF-1a agonist, which led to a resurgence of tissue injury.

Conclusion:This study demonstrates that hAESCs exert protective effects against SALI by suppressing HIF-1a driven glycolytic
reprogramming and reducing lactate accumulation. Our findings establish a mechanistic link between stem cell therapy and
immunometabolic regulation. Targeting the HIF-1a/ glycolytic axis is a promising metabolism-oriented intervention for the
treatment of SALI.

Keywords:Human Amnion Epithelial Stem Cells; SALI; Glycolysis; Hypoxia-inducible factor 1-alpha; Lactic acid; Wound healing.
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Impact of Omega-3 Polyunsaturated Fatty Acids on Prognosis of Septic Patients in
the ICU: A Retrospective Cohort Study from MIMIC

wa: EHEE, R, AR
B FELERER

Abstract:

Objective:To evaluate whether w-3 PUFA supplementation is associated with improved short- and long-term survival and clinical
recovery in patients with sepsis.

Methods: A retrospective cohort study was conducted based on the Medical Information Mart for Intensive Care IV (MIMIC-IV)
database. Adult patients meeting Sepsis-3 criteria were enrolled, with those receiving w-3 PUFAs during ICU stay as the treatment
group (n=146) and those without as the control group (n=22,331). Propensity score matching (1:1) was used to balance baseline
characteristics. Clinical data including demographics, comorbidities, laboratory parameters, and interventions were collected.
Statistical analyses were performed using DecisionLinnc 1.0 software, with Kaplan-Meier method, restricted mean survival time

(RMST) analysis, and multivariable Cox regression models to assess the association between w-3 PUFAs and study outcomes.

Results: After propensity score matching, 145 patients were included in each group with well-balanced baseline characteristics
(most SMD <0.1). The w-3 PUFAs group had significantly lower 28-day all-cause mortality (6.90% vs. 18.62%, p=0.003), longer 28-
day RMST (difference 1.99 days; 95% Cl 0.59-3.38; p=0.005), and multivariable Cox regression showed an independent association
between w-3 PUFAs and reduced 28-day mortality (HR=0.24; 95% Cl 0.10-0.55; p<0.001). Survival benefits persisted at 90-day
(8.28% vs. 19.31%, p=0.006) and 365-day (9.66% vs. 20.69%, p=0.008) follow-up. Additionally, the w-3 PUFAs group had shorter ICU
length of stay and mechanical ventilation duration (both p<0.05), and subgroup analyses showed consistent beneficial effects.

Conclusion: In this large real-world cohort of septic patients, w-3 PUFAs supplementation is independently associated with
lower short- and long-term mortality, as well as faster clinical recovery. These findings support the potential of w-3 PUFAs as an
adjunctive therapy for sepsis, and prospective multicenter studies are warranted to validate these results.

Keywords:Omega-3 polyunsaturated fatty acids;Sepsis;Mortality; Propensity score matching; Real-world data
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Impact of Tigecycline on Coagulation in Severe Infections and Effect of Vitamin K1
Intervention: A Retrospective Single-Center Analysis

R e
B WRPFEARFHEER (WREPER)

Abstract
Background:

Tigecycline, a glycylcycline antibiotic, is effective against multidrug-resistant pathogens but has been increasingly associated with
coagulopathy, including hypofibrinogenemia and prolonged PT/APTT. This retrospective study aimed to evaluate the incidence of
tigecycline-induced coagulopathy, its dose- and time-dependence, and the efficacy of vitamin K1 intervention.

Material/Methods:

A total of 920 patients with severe infections (SOFA = 2) treated with tigecycline between January 2017 and December 2022 were
screened. 220 patients met inclusion criteria and were divided into high-dose (100 mg q12h, n=135) and normal-dose (50 mg q12h,
n=85) groups. Coagulation parameters (PT, APTT, fibrinogen) were measured on days 1, 3, 5, and 7. 72 patients received vitamin K1
(10 mg/day for = 72h). ANOVA and t-tests were used for statistical analysis.

Results:

Coagulopathy occurred in 23.91% of patients (220/920). Onset was between days 5-7. Compared to the normal-dose group,
the high-dose group showed significantly prolonged APTT and PT on day 7, and significantly lower fibrinogen on days 5-7
(P<0.05). Vitamin K1 significantly shortened APTT and PT and increased fibrinogen in both groups (P<0.05 to P<0.01), with more
pronounced improvement in the normal-dose group.

Conclusions:

Tigecycline-induced coagulopathy is dose- and time-dependent. Vitamin K1 effectively reverses coagulopathy, particularly
hypofibrinogenemia. Routine coagulation monitoring and prophylactic vitamin K1 are recommended during tigecycline therapy,

especially in high-dose regimens.
Research Content (Detailed)
1. Background and Current Status

Tigecycline is a first-in-class glycylcycline antibiotic approved for complicated intra-abdominal infections, skin and soft tissue
infections, and community-acquired pneumonia. It is widely used off-label for multidrug-resistant organisms, including
Acinetobacter baumannii and carbapenem-resistant Enterobacteriaceae. However, accumulating evidence has linked tigecycline
to coagulation disorders, especially hypofibrinogenemia, which may increase bleeding risk and mortality. The mechanism
remains unclear but may involve inhibition of interleukin-6-mediated fibrinogen synthesis, disruption of intestinal flora (affecting
vitamin K synthesis), and interference with hepatic ribosomal function. Several studies have reported incidence rates of 10-30%,
with higher rates in critically ill patients. Despite these concerns, there is a lack of standardized protocols for monitoring and

managing tigecycline-induced coagulopathy.
2.0bjectives

3.The primary objective was to determine the incidence and risk factors (dose and duration) of tigecycline-induced coagulopathy
in critically ill patients. The secondary objective was to evaluate the efficacy of vitamin K1 in reversing coagulation abnormalities

without discontinuing tigecycline.
3. Study Design

This was a retrospective, single-center, case-controlled study conducted in three ICUs of the Affiliated Hospital of Shandong
University of Traditional Chinese Medicine. The study was approved by the Ethics Committee (2024 No. (041) KY) and waived
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informed consent.
4. Methods
Participants: 920 patients with severe infections (SOFA = 2) treated with tigecycline from Jan 2017 to Dec 2022.

Inclusion Criteria: (1) Age = 18 years; (2) SOFA = 2; (3) Tigecycline for = 72h; (4) Complete coagulation data; (5) Met = 1
coagulopathy criterion (PT >18s, APTT >53.5s, or fibrinogen <2 g/L).

Exclusion Criteria: (1) Age <18; (2) SOFA <2; (3) Pre-existing coagulopathy (e.g., liver disease, hematological disorders); (4) Severe
shock, DIC, end-stage renal disease; (5) Use of anticoagulants.

Groups: High-dose (100 mg q12h, n=135) vs. normal-dose (50 mg q12h, n=85). 72 patients received vitamin K1 (10 mg/day IV for
= T72h).

Outcomes: PT, APTT, fibrinogen measured on days 1, 3, 5, 7, and before/after vitamin K1.

Statistical Analysis: SPSS 26.0. Repeated-measures ANOVA for temporal changes; t-test for pre/post comparisons. P<0.05
significant.

5. Results
Incidence: 220/920 (23.91%) developed coagulopathy.

Demographics: High-dose group: 75 males, mean age 77.54£8.23; Normal-dose: 57 males, mean age 79.11%£8.02. 81-90 age
group dominated (51% and 54%, respectively).

Primary Diseases: Infection (38.63%), cerebrovascular (16.36%), fracture (11.36%), cardiovascular (8.18%), tumor (3.63%).
Infection Sites: Pulmonary (62.27%), abdominal (21.82%), bloodstream (8.19%), skin/soft tissue (6.82%).

Coagulation Changes (Tigecycline):

APTT and PT significantly prolonged by days 5-7 in both groups (P<0.05 or P<0.01).

Fibrinogen significantly decreased by days 5-7 (P<0.01).

High-dose group had worse parameters: APTT (64.89 vs. 58.77 s), PT (21.32 vs. 17.99 s), fibrinogen (1.49 vs. 1.88 g/L) on day 7
(P<0.05).

Vitamin K1 Effect:

56 high-dose and 16 normal-dose patients received vitamin K1.

APTT, PT shortened, fibrinogen increased significantly in both groups (P<0.05 to P<0.01).

Fibrinogen improved by ~35% in both groups. Normal-dose group showed more pronounced improvement.
No patients discontinued tigecycline during vitamin K1 treatment.

6. Conclusions

Tigecycline causes clinically significant coagulopathy in nearly 1 in 4 patients, with a clear dose- and time-dependent pattern.
High-dose regimens and longer treatment duration (especially >7 days) increase the risk. Vitamin K1 is effective in reversing
coagulopathy, particularly hypofibrinogenemia, without requiring drug discontinuation. Routine coagulation monitoring and early
vitamin K1 supplementation are strongly recommended, especially in elderly, critically ill patients receiving high-dose tigecycline.
Prospective multicenter studies are needed to validate these findings and establish optimal dosing and monitoring protocols.

If you instead needed a Chinese translation of this English content, please let me know and I will provide that immediately.
Otherwise, this is the completed English version as requested.
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Integrating Discriminative Dimensionality Reduction Tree-Based Phenotyping and
Red Cell Distribution Width Trajectories to Uncover Synergistic Prognostic Effects
in Non-Traumatic Multiple Organ Dysfunction Syndrome

R FhE, vk, EER, AR
g2 FEARBRESERE-—EFFL, BREEER, FEARBRELERE-—EFHO

Purpose: Multiple organ dysfunction syndrome (MODS) is highly heterogeneous, and existing static scoring systems fail to capture
its non-linear structure and dynamic evolution. This study integrated the Discriminative Dimensionality Reduction Tree (DDRTree)
algorithm with Group-Based Trajectory Modeling (GBTM) to construct a dual-stratification risk assessment framework combining
baseline phenotypes with longitudinal red blood cell distribution width (RDW) trajectories.

Methods: Adult patients with non-traumatic MODS were identified from the MIMIC-IV (discovery cohort, n=15,752) and elCU
(validation cohort, n=16,520) databases. DDRTree analyzed 12 clinical variables to identify baseline phenotypes, and GBTM
characterized RDW evolution patterns during the first seven ICU days. A prognostic nomogram and interactive web application

were developed.

Results: Four phenotypes were consistently identified across both cohorts: P3 (critically high-risk, shock with multiple organ
failure), P4 (mid-high risk, severe renal failure), P1 (mid-low risk, systemic stress), and P2 (low-risk). Two latent dimensions
represented organ functional reserve and acute inflammatory load, respectively. GBTM identified three RDW trajectories:
low-stable (53.8%), mid-stable (35.3%), and high-stable (10.8%). After multivariable adjustment, RDW trajectories remained
independent mortality predictors (high-stable vs. low-stable: HR=1.83-1.90, P<0.001). Cross-stratification revealed a combined
prognostic effect: within phenotype P3, high-stable RDW patients exhibited markedly higher mortality than low-stable patients
(43.7% vs. 21.8%), with a 4.5-fold mortality difference between the highest- and lowest-risk combinations across cohorts.

Conclusion: This dual-stratification framework integrating DDRTree phenotyping with longitudinal RDW trajectories captures
complementary dimensions of MODS pathophysiology, identifies clinically actionable subgroups, and provides bedside risk
assessment tools for precision medicine in critical care.
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Integration of a blood return strategy into the double plasma molecular
adsorption system

HE: {IiXE, Mg, XX
B MEHOERER (RREARER)

The double plasma molecular adsorption system (DPMAS) is a kind of a biotic artificial liver. Its clinical application value is
constantly expanding, particularly in cases of plasma deficiencies. Many commonly used blood purification devices (e.g.,
Fresenius Multifiltrate and Baxter Prismaflex) do not currently have built-in DPMAS treatment modes and require pipeline
modification. Therefore, there is no unified standardized blood return procedure at the end of treatment. Current methods of
blood return and their disadvantages include the following: (1) air return method: this method could increase the risk of infection
(2) plasma circulation pipeline discard method: as this method will lead to the loss of plasma, exogenous plasma needs to be
supplemented that could increase medical expenses and blood product consumption; (3) substitution fluid pump return method:
operation of the substitution fluid pump is relatively complex, and many of the pipeline disassembly and assembly steps require
strict aseptic practices. In order to standardize the blood return operation procedure in treatment using DPMAS, we introduce a
new DPMAS pipeline installation method utilizing an integrated blood return strategy, which has been successfully deployed in
clinical practice. The details are as follows:

IMPROVED DPMAS PIPELINE INSTALLATION METHOD :

Original pipeline installation method: the patient's blood passes through a plasma separator to isolate the plasma, and the blood
cell components enter the blood return pipeline. The separated plasma first passes through the disposable plasma bilirubin
adsorption column (BS330), then through the disposable hemoperfusion cartridges (HA330-I1), and is then recombined with the
blood cells and returned to the patient. In order to integrate blood return, we added two three-way valves in the pipeline. The
first is located between the plasma pump and the BS330 column. The upper portion of this three-way valve is connected to a bag
containing 500 mL 0.9% normal saline using a disposable infusion connector set. During the treatment, 0.9% normal saline access
and this three-way valve remains closed. The second valve is located further along the disposable blood loop catheter between
the HA330-1l and the re-mixing container. The unconnected side of the three-way valve is closed to ensure smooth flow between
the plasma separation system and the plasma adsorption system (Figure 1).

INTEGRATED BLOOD RETURN STRATEGY:

After DPMAS treatment, the plasma separation system is stopped first and then turning off the blood pump. Under aseptic
operation, turn the second three-way valve before the re-mixing container, to connect the blood outflow tubing to one side branch
of the three-way valve. The first three-way valve is rotated to allow flow of 0.9% normal saline into the disposable blood loop
catheter. This allows blood to flow from the 0.9% normal saline to the blood return side (Figure 1). Following this conversion of the
original parallel flow system to a serial flow system, the blood pump is restarted, and the blood is returned at the speed of 100 mL/
min. Once all of the blood has been returned, the treatment is finished.

KEY POINTS OF INTEGRATED BLOOD RETURN STRATEGY:
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(1) Strict attention should be paid to the opening direction of the three-way valves to ensure that the serial blood return pipeline
remains open. (2) The blood return procedure should be adjusted according to the different device models. For example, the
Fresenius Multifiltrate system can first turn off the plasma pump and return blood in the treatment mode. It can also adjust the
blood return setting before treatment and directly enter “End of Treatment” mode for blood return. The Baxter Prismaflex
system allows direct blood return in blood return mode. (3) Any blood return procedures should be carried out under strict aseptic
conditions. With its rapid clearance of bilirubin, inflammatory mediators, and other accumulated substances, DPMAS has been
widely used in many cases of liver failure, hyperbilirubinemia due to hemolytic anemia, hepatic encephalopathy, perioperative
treatment of liver transplantation, multiple organ dysfunction syndrome, and sepsis. Studies report that in the treatment of
severe COVID-19, it has been successfully applied for the adsorption and clearance of inflammatory factorsand achieved some
efficacy. Especially in the case of blood deficiency, DPMAS becomes the preferred treatment mode. The required modifications
consist only of the installation of two three-way valves in the original pipeline and requires no high-priced consumables. Clinical
application of this integrated blood return strategy could solve the problem of difficult blood return, reduce pipeline split times,
decrease infection risk caused by blood leakage, and reduce complications caused by blood loss and blood transfusion. As a
result, patient satisfaction and medical staff efficiency can be improved. This strategy is simple to apply and can be widely used in

clinical practice.
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Integrative proteomics-based analysis of the core pathological axis of sepsis and
investigation of novel molecular subtypes driven by VWF/S100A8

#£4%: YixuanLiu”?, Hong Tang'
£{iI: 1The First Affiliated Hospital of Chongging Medical University
2 Chongging Medical University Leicester University Joint College, Chongqging Medical University

Abstract

Background and Aims: The high heterogeneity of sepsis necessitates the development of novel biomarkers and classification
systems based on core pathophysiological mechanisms. Currently, robust core proteomic signatures that can be translated into
clinically applicable stratification tools are still lacking.

Methods: This study integrated and analyzed three independent proteomics datasets, including a plasma cohort (sepsis/control:
43/9), a serum cohort (PXD027485; 59/31), and a previously published list of differentially expressed exosomal proteins.Core
sepsis-related protein signatures were identified through differential expression analysis (FDR < 0.05, |log2FC|>1) functional
enrichment, protein-protein interaction network, and clinical association analyses (correlation analysis, survival analysis, and
multivariate linear regression) were then performed on the core proteins. Finally, supervised molecular subtyping was conducted
based on the expression levels of the endothelial injury marker von Willebrand factor (VWF) and the inflammatory driver S100A8,
and the clinical characteristics and prognostic differences among subtypes were evaluated.

Results: Integration of the three data sources identified 13 core proteins, which were functionally enriched in pathways such as
the “acute-phase response” and the “coagulation system” , revealing a coordinated pathological axis of “inflammation-
coagulation-endothelial injury” . Clinical association analysis showed that VWF was independently and positively correlated with
disease severity (SOFA score) (multivariate regression 3 = 2.65, P = 0.007), while S100A8 was a strong predictor of high mortality
risk (HR = 3.68, P = 0.008). Based on the median expression levels of VWF and S100A8, patients were classified into four subtypes:
dual-low type, endothelial injury-dominant type, inflammation-dominant type, and mixed high-risk type. Among these, the mixed
high-risk type exhibited the highest SOFA score (11.6 & 4.5, P <0.001) and the highest 90-day mortality rate (66.7%), whereas the
dual-low type had the best prognosis (mortality rate 7.1%). Multivariate Cox regression further confirmed that the inflammation-
dominant type was an independent risk factor for mortality (adjusted HR = 6.01, P = 0.047).

Conclusion: By integrating three independent proteomics datasets, this study systematically elucidated the core molecular
signature of the coordinated pathological axis in sepsis and proposed a concise, mechanism-driven dual-protein molecular
subtyping system based on VWF and S100A8.This classification effectively distinguishes patient subgroups with different
pathological features and prognoses, providing a potential new tool for precision prognostic stratification and patient enrichment
in future targeted therapeutic trials for sepsis.

Keywords: Sepsis; proteomics; von Willebrand factor (VWF); S100 calcium-binding protein A8 (S100A8); molecular subtyping;
prognostic biomarkers
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BEBERIZE R (PLTP) B—HMiEAAI ZRENREER, TESE5MKEERNE, BEEMARREA, PLTP eR@EHH LPS, {2 LPS B,
RIFMRIER, MERSENEFIMEEEIMRER. M, PLTP ERSECHFRTHIERREREFEEFER.

KASMEILEILA (cecal ligation and puncture, CLP) #E/NRIKSEOARIER, HLUEZHE (lipopolysaccharide, LPS) #Ii#
HOC2 (AR L A SMERY, 3@id qPCR. Western blot. REAN S RBR I PLTP RHILTHXER ACSL4. GPX4. 4-HNE &
BIFRET . KA PLTP b/ NS EH PLTP FHUREIMNER PLTP MR RSE LAIRARIR M, FHiBIMmE LDH KF. DIEBAE. HE
PEREFES TG OITURGIZE, FIA JASPAR HURBETN PLTP BoiFRIE AR TR FEANS, FRN KLF5 EIRSEOINAR
PRIRET . #H—5 KA KLF5 IMFEIFI ML264 T3 LPS HIFKEY HOC2 4HAE, INEAME KLF5 /& PLTP RiA R BFE T AEXIERRIZ 1L,

CLP E/NER/IOMEALR R LPS RUBEI HOC2 ZRfE PLTP FRiXBBE T, BISHREOAURMAMEMKIETARRKZE, RIMA ACSLA. 4-HNE
TiAFAE, GPX4 FRix T, 5 WT+CLP £848LL, PLTP GRAR#H—FIMERFENROMBE, RIWAMIK LDH KFAS. OIhEE TR
OABRFRERBMEREFRER, HH—PERONBLHKFETHERNE. EMEBEMNER, PLTP BEFXIEFEBTE KLFS
#afm; R, CLP ENROIALRF KLF5 RIAZEAS, F5hR3aH, KLFS IFF ML264 FFERIERDIE LPS ESH PLTP T,
FHEE ACSLA. 4-HNE FEk GPX4 TREEHIE T AR,

REIERN, KLF5 REASTESS PUTP RETIE, SEONMAMRBERERESRN, HEHERISMMS%TETRE, KNMMEKS
FEOAH. KLF5/PLTP BiE] sEE FFBRSAE O A SRS A E RS ER X O IR AE AT R,
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Lymphocyte-C-reactive Protein Ratio upon Admission Predicts Resistance to
Initial Intravenous Immunoglobulin in Pediatric Patients with Kawasaki Disease:
A Two-center Retrospective Cohort Study

#H&: Ya-Jun Wangl*, Lei Zhang2*, Jin-Xia Lan1*, Yan Zhang3*, Yu-Jia Tang3, Hui-Ying Liu3, Yi-Lu Lin3,
Yao Li3, Jia-Le Deng3, Kai Kang4, Zhi-Hui Wang5, Yang Gao3

E{ii: 1 Department of Pediatrics, The Sixth Affiliated Hospital of Harbin Medical University
2 Department of Emergency, The First Affiliated Hospital of Harbin Medical University
3 Department of Critical Care Medicine, The Sixth Affiliated Hospital of Harbin Medical University
4 Department of Critical Care Medicine, The First Affiliated Hospital of Harbin Medical University
5 Department of Emergency, The Sixth Affiliated Hospital of Harbin Medical University

Abstract

Objective: To evaluate whether the lymphocyte-C-reactive protein ratio (LCR) at admission predicts resistance to initial

intravenous immunoglobulin (IVIG) in children with Kawasaki disease (KD).

Methods: We retrospectively analyzed children with KD treated at two centers between January 1, 2014, and December 31, 2024.
Admission LCR was natural-log transformed (InLCR). Patients were classified as initial IVIG responsive or resistant, and clinical
variables were compared using multivariable logistic regression and receiver operating characteristic (ROC) analysis.

Results: Among 317 children, 18 (5.68%) were resistant to initial IVIG. Each one-unit increase in admission InLCR was associated
with lower odds of resistance (odds ratio, 0.509; 95% confidence interval, 0.319-0.813). The area under the ROC curve was 0.760.
At a cutoff of 6.170, sensitivity was 88.90%, specificity 65.20%, positive predictive value 13.33%, and negative predictive value
98.98%.

Conclusion: Admission LCR is an inexpensive, readily available immunoinflammatory marker that may support early risk
stratification for initial IVIG resistance in pediatric KD. Its modest specificity and the small number of resistant cases require

external validation before clinical implementation.

Keywords: lymphocyte-C-reactive protein ratio; Kawasaki disease; resistance to initial intravenous immunoglobulin; risk

stratification; personalized medicine
Introduction

Kawasaki disease (KD) is an acute systemic vasculitis that predominantly affects children younger than 5 years and is a leading
cause of acquired pediatric heart disease and coronary artery lesions (CAL) [1-7]. Its pathogenesis is thought to involve an
immune-mediated inflammatory response to environmental triggers in genetically susceptible children [8-10]. Although
intravenous immunoglobulin (IVIG) plus aspirin is first-line therapy, IVIG resistance increases the risk of CAL and long-term
cardiovascular complications [11,12]. Early identification of high-risk patients could enable closer monitoring and individualized
treatment, yet simple, inexpensive admission markers remain limited [13,14].

The lymphocyte-C-reactive protein ratio (LCR) integrates adaptive immune status and systemic inflammation. It has shown
prognostic value in malignancy and acute inflammatory illnesses when measured at admission, perioperatively, or serially [15-22].
Our previous study found that admission LCR combined with albumin predicted coronary artery dilation and aneurysm formation

in children with KD [16]. However, its association with initial IVIG resistance has not been established.

We therefore investigated whether admission LCR could serve as an early warning marker for initial IVIG resistance in pediatric KD
and provide a basis for future risk-stratified treatment strategies.

Methods

Study design
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This two-center retrospective cohort study included children with KD admitted to the First Affiliated Hospital of Harbin Medical
University from January 1, 2014, to August 7, 2022, or to the Sixth Affiliated Hospital from August 8, 2022, to December 31, 2024.
Initial therapy consisted of IVIG (400 mg/kg daily for 5 days or 1 g/kg daily for 2 days) and oral aspirin. Aspirin was given at 30-50
mg/kg/day in 2-3 divided doses, then reduced to 3-5 mg/kg once daily for 6-8 weeks beginning 3 days after defervescence.
Demographic data, admission laboratory findings, fever duration before IVIG, and length of stay were extracted from medical
records. Patients were classified as initial IVIG responsive or resistant. The ethics committees of both hospitals approved the study
(IRB Nos. 2025117 and LC2025-004).

Study population

Eligible participants were 28 days to 16 years of age, had a definitive diagnosis of KD, and received standard-dose IVIG and
aspirin as initial treatment. Exclusion criteria were concurrent infection or another autoimmune disease, primary or acquired
immunodeficiency, chronic organ failure, malignancy, severe malnutrition, immunotherapy or organ transplantation within the
previous 6 months, or incomplete records (Figure 1).

Figure 1 Flowchart of the study participants. Abbreviations: LYMPH: Lymphocyte, CRP: C-reactive Protein.
Diagnosis and treatment of KD

KD, including classic and incomplete presentations, was diagnosed using clinical findings, laboratory results, and
echocardiography in accordance with relevant guidelines [23-25]. Standard initial treatment was IVIG plus aspirin; repeat IVIG or
IVIG combined with corticosteroids could be considered for resistant cases [23-26].

Determination of resistance to initial IVIG

After exclusion of other causes, initial IVIG resistance was defined as persistent fever above 38 ° C within 36 hours after IVIG and
aspirin, or recurrent fever with at least one principal KD feature within 2 weeks, most commonly 2-7 days, after treatment [27].

Calculation of LCR upon admission

Admission LCR was calculated from lymphocyte count (LYMPH) and C-reactive protein (CRP) measured within 24 hours: LCR =
LYMPH (X 10°%/L) X 10,000 / CRP (mg/L) [16-19].

Data collection

De-identified data were obtained from the medical record departments by trained study personnel. The requirement for written

informed consent was waived under institutional policy.
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Statistical analyses

Analyses were performed with SPSS version 22.0. Admission LCR was natural-log transformed and reported as InLCR. Normally
distributed continuous variables are presented as mean = standard deviation and were compared with independent-samples
t tests; non-normally distributed variables are presented as median (P25, P75) and were compared with Mann-Whitney U tests.
Categorical variables were compared with chi-square tests. Because the study was exploratory, no adjustment was made for
multiple comparisons. Variables with P < 0.05 in between-group analyses entered a multivariable logistic regression model using
backward Wald selection. ROC analysis provided the area under the curve (AUC), optimal cutoff, sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV). Given the small resistant group, significant predictors underwent
post hoc power analysis in G*Power and 1,000-sample bootstrap validation in STATA 15.0. Two-sided P < 0.05 indicated statistical
significance.

Results

Comparison of demographic characteristics and clinical parameters upon admission and during hospitalization
between the initial IVIG-responsive group and the initial IVIG-resistant group

The cohort included 317 children (male-to-female ratio, 1.66:1): 299 were responsive and 18 were resistant to initial IVIG, yielding
a resistance rate of 5.68%. Compared with responsive patients, resistant patients had higher neutrophil percentage, CRP, alanine
aminotransferase, aspartate aminotransferase, and direct bilirubin; lower lymphocyte percentage, lymphocyte count, and InLCR;
and longer hospital stays (Table 1).

Table 1 Comparison of demographic characteristics and clinical parameters upon admission and during hospitalization
between the initial IVIG-responsive group and the initial IVIG-resistant group
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Abbreviations: IVIG: Intravenous Immunoglobulin, WBC: White Blood Cell, NEUT%: Neutrophil Percentage, NEUT: Neutrophil,
LYMPH%: Lymphocyte Percentage, LYMPH: Lymphocyte, PLT: Platelet, CRP: C-reactive Protein, ESR: Erythrocyte Sedimentation
Rate, ALT: Alanine Aminotransferase, AST: Aspartate Aminotransferase, ALB: Albumin, TBIL: Total Bilirubin, DBIL: Direct Bilirubin,
IBIL: Indirect Bilirubin, CK-MB: Creatine Kinase-MB, LCR: Lymphocyte-C-reactive Protein Ratio.

Analysis of the factors related to resistance to initial IVIG

Admission InLCR was independently associated with lower odds of initial IVIG resistance. Each one-unit increase reduced the odds
to 0.509 of the previous value (95% confidence interval, 0.319-0.813; P = 0.005) (Table 2). Although length of stay was significant, it

was considered a consequence rather than an early predictor of resistance.

Table 2 Analysis of the factors related to resistance to initial IVIG

Abbreviations: IVIG: Intravenous Immunoglobulin, SE: Standard Error, df: Degrees of Freedom, Cl: Confidence Interval, LCR:

Lymphocyte-C-reactive Protein Ratio.
The ROC curve of InLCR upon admission to classify pediatric patients with KD into the initial IVIG-resistant group

Admission InLCR yielded an AUC of 0.760 (95% confidence interval, 0.668-0.852) (Table 3; Figure 2). At the 6.170 cutoff, sensitivity
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was 88.90%, specificity 65.20%, PPV 13.33%, NPV 98.98%, and the maximum Youden index 0.541.

Table 3 The AUC of InLCR upon admission

Abbreviations: AUC: Area Under the ROC Curve, ROC: Receiver Operating Characteristic, LCR: Lymphocyte-C-reactive Protein Ratio,
SE: Standard Error, Cl: Confidence Interval.

Figure 2 The ROC curve of InLCR upon admission to classify pediatric patients with KD into the initial IVIG-resistant
group. Abbreviations: AUC: Area Under the ROC Curve, ROC: Receiver Operating Characteristic, LCR: Lymphocyte-C-reactive
Protein Ratio, KD: Kawasaki Disease, IVIG: Intravenous Immunoglobulin.

Post hoc power analysis

Post hoc power for the observed effect was 100%; however, this does not overcome the limitation imposed by only 18 resistant

cases.
Bootstrap resampling analysis

In 1,000 bootstrap samples, admission InLCR remained the only variable retained in the multivariable model.
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Discussion

In this two-center cohort, 5.68% of children with KD were resistant to initial IVIG, a rate lower than that reported in several
domestic and international series but similar to another study from eastern China [28-32]. Regional, ethnic, treatment, or
case-mix differences may contribute. Although several admission variables differed between groups, only InLCR remained an
independent early factor after multivariable analysis and bootstrap validation. The association was clinically plausible: a lower
lymphocyte count combined with a higher CRP concentration reflects a stronger systemic inflammatory response and weaker
adaptive immune balance. Hospital stay was also associated with resistance but is unsuitable for prediction because it occurs
after the treatment response is known.

Current KD management generally uses the same initial IVIG-aspirin regimen for most patients, whereas a reliable early
risk marker could support more individualized care. Additional immunomodulators, including infliximab, cyclosporine, and
corticosteroids, have been studied in resistant or high-risk KD [33-35]. Existing scores such as the Kobayashi, Formosa, Egami,
Sano, and Harada models have limited transportability across Japanese and non-Japanese populations [36-39]. In our study,
the probability of resistance increased as admission InLCR decreased. A value below 6.170 identified a higher-risk group, whereas
a value above this threshold had a high NPV and effectively excluded resistance in this cohort (Figure 3). The low PPV, however,
means that InLCR should not be used alone to justify intensified therapy. Rather, it may complement clinical assessment,
echocardiography, and other laboratory markers, identify children who warrant closer surveillance, and inform the development
of multivariable prediction tools. Prospective studies should determine whether LCR-guided strategies improve coronary
outcomes or reduce unnecessary treatment.

Abbreviations: LYMPH: Lymphocyte, CRP: C-reactive Protein, LCR: Lymphocyte-C-reactive Protein Ratio, KD: Kawasaki Disease,
IVIG: Intravenous Immunoglobulin.

This study has several limitations. Its retrospective design and modest sample size limit causal inference and generalizability.
Only 18 children were IVIG resistant, reducing model stability despite bootstrap validation. The high NPV partly reflects the low
prevalence of resistance and may not apply to populations with higher event rates. Specificity was modest, and the single-marker
model requires improvement. Finally, the findings were not externally validated. Large, prospective, multicenter studies should
validate the cutoff and evaluate a multivariable model incorporating LCR before routine clinical use.

Conclusion
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Admission LCR is a readily available, low-cost biomarker with potential value for predicting initial IVIG resistance and supporting
risk stratification in pediatric KD. Because this exploratory study included few resistant cases and showed modest specificity,
external prospective validation is required before LCR is used to guide treatment.
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Mechanism-Guided Mobile Decision Support and Early Functional Outcomes After

Severe Acute Brain Injury: A Two-Center Propensity Score-Matched Cohort Study
$E: BBE
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Abstract

Background: Severe acute brain injury (SABI) produces interacting disturbances in systemic host responses, cerebral
oxygen metabolism, intracranial compliance, cerebral perfusion/autoregulation, and cerebrospinal-fluid dynamics. Although
contemporary guidelines address individual domains, bedside integration remains difficult when physiological priorities compete
and reassessment is delayed. SMOOTH is a standardized, non-prescriptive mobile workflow comprising sedation and analgesia;
targeted temperature management and multidisciplinary coordination; intracranial pressure/compliance management using
optic nerve sheath diameter and invasive intracranial pressure when available; integrated cardiopulmonary-hemodynamic
optimization; and time-sensitive TCD/TCCD cerebral blood-flow assessment. The “1+3+1” thinking chain provides the
mechanism-guided sequence for clinical prioritization.

Objective: To evaluate whether documented SMOOTH-assisted management was associated with early functional outcomes in
adults with SABI.

Methods: We conducted an exposure-defined, two-center, propensity score-matched retrospective cohort study. Adults with
intracerebral hemorrhage, subarachnoid hemorrhage, or traumatic brain injury and admission Glasgow Coma Scale score = 4
were eligible. SMOOTH exposure required patient-level documentation of platform-supported physiological reassessment,
structured SMOOTH assessment aligned with the “1+3+1” chain, TCD/TCCD-guided review, or severity-adaptive reassessment
prompting. Controls had no documented SMOOTH workflow and were matched within center at a 1:1.5 ratio. The primary
outcome was functional independence at discharge, defined as modified Rankin Scale (mRS) score < 2.

Results: The matched cohort included 40 SMOOTH-exposed patients and 60 standard-care controls. All postmatch absolute
standardized mean differences were <0.10. Discharge functional independence occurred in 70.0% versus 41.7%, respectively.
SMOOTH exposure was independently associated with the primary outcome (adjusted odds ratio 4.81, 95% Cl 1.75-13.18;
P=0.002), with an absolute between-group difference of 28.3 percentage points. The discharge mRS distribution shifted favorably
(Mann-Whitney P=0.005; rank-biserial r=0.325). Favorable GOS-E and fewer intracranial pressure crises were consistent secondary
signals; Firth and ridge-penalized models yielded concordant estimates.

Conclusion: Documented SMOOTH-assisted management was associated with better early functional outcomes and fewer
intracranial pressure crises. These observational findings are hypothesis-generating and require prospective multicenter
validation with standardized monitoring and blinded long-term outcome assessment.

Keywords: severe acute brain injury; clinical decision support; SMOOTH; “1+3+1” thinking chain; neurocritical care; propensity

score matching; functional outcome
1. Research Background and Current Status

Severe acute brain injury includes clinically diverse disorders such as intracerebral hemorrhage, aneurysmal subarachnoid
hemorrhage, and traumatic brain injury, but these conditions share a convergent secondary-injury physiology. After the
primary insult, systemic stress responses, cerebral metabolic demand, intracranial compliance, autoregulation, perfusion, and
cerebrospinal-fluid dynamics may deteriorate simultaneously and amplify one another. Sympathetic activation and extracerebral
organ dysfunction can destabilize oxygen delivery; impaired compliance can promote intracranial pressure escalation; and
disturbed perfusion or autoregulation can deepen ischemia-hypoxia. Timely coordination of these processes is central to
preserving the neurovascular unit and preventing potentially reversible physiological abnormalities from becoming irreversible
neuronal injury [1-4].

Guidelines for intracerebral hemorrhage, subarachnoid hemorrhage, traumatic brain injury, intracranial pressure management,

multimodality monitoring, mechanical ventilation, and neurocritical ultrasound provide evidence-based recommendations for
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individual domains [2-7]. However, real-world care requires clinicians to reconcile competing goals under time pressure. Osmotic
therapy may lower intracranial pressure while complicating preload or perfusion targets; induced hypertension may be limited by
cardiac reserve; and deeper sedation may reduce cerebral metabolic demand while delaying neurologic assessment. This gap is
primarily one of decision architecture and implementation rather than absence of evidence [8,9].

SMOOTH was developed as a standardized bedside workflow for goal-oriented, multimodal SABI management [10]. It includes
sedation and analgesia (S); targeted temperature management and multidisciplinary coordination (M); intracranial pressure and
compliance management (O1), incorporating optic nerve sheath diameter and invasive intracranial pressure when available;
cardiopulmonary-hemodynamic optimization (02), integrating cardiac output/blood pressure, respiratory rate/drive, oxygenation,
and carbon dioxide targets; and TCD/TCCD-based cerebral blood-flow assessment within 1 hour (T/H). The “1+3+1” thinking
chain sequences these elements by prioritizing systemic host-response control, three cerebral microenvironment priorities—
oxygen-metabolic balance, intracranial pressure/compliance, and cerebral perfusion/autoregulation—and cerebrospinal-fluid
circulation and drainage. The mobile platform supports structured assessment, visualization, time-sensitive reassessment, and
rule-based identification of cross-domain conflicts without prescribing treatment or replacing clinician judgment.

2. Objective

To determine whether documented SMOOTH-assisted management was associated with improved early functional outcomes in
adults with SABI compared with propensity score-matched standard care.

3. Study Design and Methods

Design and setting: This was an exposure-defined, two-center, propensity score-matched retrospective cohort study conducted
at West China Hospital, Sichuan University (Center A), and the Second People’ s Hospital of Yibin (Center B). Institutional ethics
approval was obtained at both centers, and de-identified data were analyzed in accordance with institutional requirements.

Participants: Adults aged = 18 years admitted to the ICU with intracerebral hemorrhage, subarachnoid hemorrhage, or traumatic
brain injury and admission GCS score = 4 were eligible. Exclusion criteria were age <18 years, GCS <4, withdrawal of life-sustaining
treatment within 24 hours, ICU stay <48 hours, or incomplete primary outcome data.

Exposure and comparator: Because SMOOTH was introduced through phased bedside adoption, exposure was defined
by patient-level documentation rather than calendar period alone. Exposure required a patient-specific record of structured
physiological reassessment, structured SMOOTH assessment aligned with the “1+3+1” chain, TCD/TCCD-guided review, or
severity-adaptive reassessment prompting before discharge outcome ascertainment. Standard-care patients had no documented
SMOOTH-assisted workflow, structured prompts, or platform conflict alerts.

Matching: The complete screening files contained 527 records: 40 documented SMOOTH-exposed patients and 487 potential
controls. After exclusion of 59 controls with admission GCS <4 and four with missing diagnosis or baseline matching variables,
424 controls entered the matching pool. Propensity scores were estimated using age, sex, admission GCS, diagnosis, pupillary
reactivity, CT midline shift, and emergency surgery. Nearest-neighbor matching was performed independently within each center
at a 1:1.5 ratio using a caliper of 0.2 standard deviations of the logit propensity score. The final cohort contained 40 exposed
patients and 60 controls.

Outcomes and analysis: The primary outcome was discharge functional independence (mRS 0-2). Secondary outcomes
included favorable GOS-E ( = 6), 28-day functional outcomes and survival, discharge GCS, intracranial pressure crisis, cerebral
herniation, and systemic complications. The primary model used multivariable logistic regression adjusted for age, admission
GCS, pupillary reactivity, CT midline shift, emergency surgery, diagnosis, and center. Firth and ridge-penalized logistic regression
addressed sparse-data bias. Prespecified subgroup analyses evaluated center, diagnosis, age, GCS severity, and emergency
surgery. Secondary binary outcomes were interpreted with false-discovery-rate control.
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4, Results

Cohort balance: Within-center matching selected 20 SMOOTH-exposed patients and 30 controls from each center. The matched
groups were similar in age, sex, admission GCS, diagnosis, pupillary abnormalities, CT midline shift, and emergency surgery. All
postmatch absolute standardized mean differences were <0.10, indicating acceptable measured covariate balance (Table 1).

Primary outcome: Discharge functional independence occurred in 28/40 SMOOTH-exposed patients (70.0%) and 25/60
controls (41.7%). The crude odds ratio was 3.27 (95% Cl 1.40-7.64; P=0.008). In the prespecified adjusted model, SMOOTH
exposure remained associated with functional independence (aOR 4.81, 95% CI 1.75-13.18; P=0.002). The absolute between-
group difference was 28.3 percentage points. Because exposure was not randomized, this difference represents an observational
association rather than a causal treatment effect.

Ordinal and secondary outcomes: The full discharge mRS distribution shifted toward lower disability in the SMOOTH group
(P=0.005; rank-biserial r=0.325). Favorable GOS-E occurred more frequently at discharge and 28 days, and intracranial pressure
crisis occurred less frequently. After false-discovery-rate assessment, discharge GOS-E, 28-day GOS-E, and intracranial pressure
crisis remained the most robust secondary signals (Table 2; Figure 2).

Robustness: Firth penalized regression (aOR 4.03, 95% CI 1.53-10.59) and ridge regression (aOR 3.99, 95% CI 1.58-10.04) were
consistent with the primary estimate. The association remained directionally concordant after excluding the small traumatic brain
injury subgroup and across prespecified clinical strata; no interaction test identified statistically significant heterogeneity (Figure
3).
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5. Discussion

In this matched two-center cohort, documented SMOOTH-assisted management was associated with a clinically large early
functional signal. The association was supported by an ordinal shift across the full mRS distribution, not only by a single
dichotomization threshold, and by concordant secondary outcomes involving GOS-E, neurologic recovery, and intracranial
pressure crisis. Penalized models and subgroup analyses reduced concerns regarding sparse-data instability but cannot establish
causality.

SMOOTH should be interpreted as an implementation and decision-support intervention rather than a new treatment bundle.
It does not mandate drugs, procedures, or fixed physiological targets. Its purpose is to organize existing evidence-supported
actions, make physiological trade-offs explicit, prompt timely reassessment, and preserve a consistent reasoning sequence when
systemic and cerebral priorities compete. This role is particularly relevant to neurocritical care, in which clinical quality depends
on continuous coordination of multiple targets rather than one isolated intervention [8,9].

The lower frequency of intracranial pressure crisis is mechanistically coherent with earlier recognition of impaired compliance,
more consistent TCD/TCCD reassessment, and structured prioritization of ICP-perfusion conflicts. Nevertheless, monitoring
intensity may have differed between groups and could influence event detection. The study also has important limitations:
nonrandom exposure, residual confounding, phased implementation, incomplete disease-specific severity variables, a small
matched sample, exploratory subgroup analyses, and use of discharge rather than blinded 90-day outcomes. The contribution of
individual workflow components cannot be separated.

Prospective multicenter evaluation should use standardized disease-specific severity measures, predefined adherence and
process metrics, uniform neuromonitoring definitions, independent long-term outcome adjudication, and explicit control of
center and calendar-time effects. Such studies should determine whether benefit is mediated mainly by structured reassessment,
earlier recognition of intracranial vulnerability, TCD/TCCD integration, conflict recognition, or more reliable execution of evidence-
based care.

6. Conclusion
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Documented SMOOTH-assisted management was associated with higher early functional independence, a favorable discharge
mRS shift, and fewer intracranial pressure crises in adults with SABI. These findings support prospective multicenter validation
but should not be interpreted as causal evidence or a basis for immediate practice change.
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Metagenomic next-generation sequencing-guided antimicrobial treatment
versus conventional antimicrobial treatment in early severe community-acquired
pneumonia among immunocompromised patients (MATESHIP): A study protocol

wE: EF, IR
B WARKETFEER

Background and Scope

Background: Severe community-acquired pneumonia (SCAP) is the main sequencing-guidedantimicrobial treatmentversusconventional

cause of mortality in immunocompromised patients.
Results

Compared with antimicrobialtreatmentinearlysevere conventional microbiological tests (CMT), metagenomic next-generation
community-acquiredpneumonia amongimmunocompromisedpatients sequencing (mMNGS) can quickly and simultaneously
detect a wide array of (MATESHIP):Astudyprotocol. bacteria, viruses, and fungi in an unbiased manner. It is increasingly used
Front.Microbiol.13:927842. forsevererespiratoryinfectiousdiseases,especiallyforimmunocompromised patients. However, the
effects of MNGS-based antimicrobial treatment ©2022Fan,Si,Xu,Yan,Pang,Liu, proceduresonclinicaloutcomesinimmunocompro
misedpatientswithSCAP .Thisisan havenotbeenevaluated. open-accessarticledistributedunder thetermsoftheCreativeCommons
Methods/Design:TheMATESHIPstudyisaprospective,multicenter,parallel- (CCBY).Theuse, distributionorreproductioninother
group, open-label, randomized controlled trial from 20 ICUs in . owner(s)arecreditedandthatthe Wewillenroll342immunoco
mpromisedpatientswithearlyonsetSCAPwho originalpublicationinthisjournalis are admitted to an intensive care unit (ICU).
Participants will be randomly allocated to an mNGS-guided treatment group or a conventional treatment academicpractice.
Nouse,distribution orreproductionispermittedwhich group (guided by CMT), according to centrally computer-based block
doesnotcomplywiththeseterms. randomization stratified by participating centers. Participants will undergo CMTtestsusinga
ppropriatelowerrespiratorytract(LRT)andothernecessary specimens, with or without mNGS tests using LRT specimens. The
primary 01 frontiersin.org fmicb-13-927842 July27,2022 Time:14:36 #2 Fanetal. 10.3389/fmicb.2022.927842 outcomes will be:
(1) The relative change in (SOFA) score from randomization to day 5, day 7, day 10, or the day of ICU discharge/death; and (2)
the consumption of antimicrobial agents during ICU stay (expressed as defined daily doses). The secondary outcomemeasures
willbe:daysfromrandomizationtoinitiationofdefinitive antimicrobialtreatment;overallantimicrobialagentuseandcost;totalcost
of rate.ThisstudyhypothesizesthatmNGS-guidedtreatmentwilldecreasethe degreeoforgandysfunction/failure,theconsumptiono
fantimicrobialagents, andmortality,whilethecureratewillbeincreased,andthetimetoinitiation ofappropriatetherapywillbeadvan
ced. Discussion: The MATESHIP study will evaluate for the first time whether mNGS-guided antimicrobial therapy improves the
outcomes of SCAP in an immunocompromised population, and provide high-level evidence on the applicationofmNGSinthemana

gementofthispopulation.
Conclusion and Implications

[.gov],identifier[NCT05290454].
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Neuro-Somatic Functional Integration in ICU Rehabilitation: Independent and
Combined Impact of Mobility and Circadian Regulation on Mechanical Ventilation
Duration and Survival

HE: B
B REHE—HPOLER

Abstract

Mechanical ventilation (MV) is a critical life-sustaining intervention, yet it frequently results in Post-Intensive Care Syndrome
(PICS), characterized by ICU-acquired weakness and circadian rhythm disruption due to the persistent high-intensity artificial
lighting and noise of the ICU environment. This prospective, four-arm randomized controlled trial (n=230) was designed to
systematically disentangle and quantify the independent and combined effects of early bedside-assisted exercise and circadian
rhythm management in mechanically ventilated patients. Participants were randomized into Control, Exercise, Rhythm, and
Combined groups, with rigorous baseline equilibrium maintained across age and disease severity. Our results demonstrate that
the Combined group achieved the most profound clinical improvements, significantly reducing MV duration to 130.66+49.52
hours (30.5% reduction vs. Control, p<0.001) and ICU length of stay to 9.82£2.59 days (p<0.001). Notably, the Combined group
exhibited a substantial survival advantage with a 28-day mortality rate of only 6.9%, compared to 35.0% in the Control group
(p<0.001). Mechanistically, early exercise emerged as the primary driver for somatic recovery, yielding the highest MRC muscle
strength scores (49.09%8.68), while circadian management optimized neurophysiological status by significantly lowering total
sedative doses (27.01£7.65 mg/kg/d) and improving sleep quality (RCSQ: 63.08 =16.97). At the 6-month follow-up, the Combined
group outperformed all other groups in Physical (PCS) and Mental Component Summaries (MCS), with a 13.8-point improvement
in Physical Functioning that exceeded the minimum clinically important difference. These findings provide high-level evidence
that a multi-modal, non-pharmacological strategy is safe, feasible, and superior to isolated interventions in mitigating PICS and
improving long-term prognosis for critically ill patients.

1.Introduction

Mechanical ventilation (MV) constitutes a critical life-sustaining intervention for patients with respiratory failure in the intensive
care unit (ICU)(Bellani et al. 2016, Moussanang et al. 2025). However, alongside advances in critical care medicine that have
markedly improved patient survival rates, survivors frequently face enduring physical, cognitive, and psychosocial impairments.
This spectrum of clinical manifestations is collectively termed the Post-Intensive Care Syndrome (PICS)(Schembari et al. 2024).
Among these, ICU-acquired weakness (ICU-AW) and delirium represent the most prevalent and debilitating complications in
mechanically ventilated patients(Shahu et al. 2023). Research indicates that ICU-AW exhibits an exceptionally high incidence
among patients undergoing prolonged mechanical ventilation, owing to the extended immobilisation required for treatment and
severe inflammatory responses(Wolfe et al. 2018). This significantly compromises successful weaning rates and long-term quality
of life. Furthermore, this issue imposes a substantial economic burden upon healthcare systems. The substantial daily treatment
costs for ICU patients, coupled with prolonged hospital stays due to delayed recovery, directly exacerbate the strain on healthcare
resources(Hill et al. 2016). Consequently, developing non-pharmacological intervention strategies that both improve patients'
long-term functional outcomes and effectively shorten intensive care duration has become an urgent priority in critical care
medicine(Wolfe et al. 2018).

Beyond the confounding factors, the unique environmental conditions of the ICU—namely its round-the-clock medical care
model—also significantly contribute to poor outcomes(Leggett et al. 2026). The ICU environment typically involves persistent
high-intensity artificial lighting, frequent instrument alarms, and continuous medical procedures throughout the night. This
unnatural sensory stimulation severely disrupts patients' circadian rhythms(Leggett et al. 2026). Physiological research indicates
that circadian rhythm disruption not only causes sleep deprivation and abnormal melatonin secretion but is also closely
associated with immune suppression and excessive sympathetic nervous system activation(Senthil et al. 2025a). It represents an
independent risk factor for inducing ICU delirium and directly contributes to increased mortality rates(Li et al. 2025a). To address
these challenges, early mobilisation and environmental management have been prioritised. Substantial evidence indicates that
early, structured bedside exercise effectively improves muscle strength and functional status(Sun et al. 2024). Concurrently,
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circadian rhythm management through light exposure and noise control has been demonstrated to enhance sleep quality and
reduce delirium incidence(Hiemstra et al. 2025, Lucchini et al. 2025). However, in current clinical practice, these two interventions
are often implemented separately. Although current bundled care protocols recommend integrating these measures, in practice
they are frequently delivered as a package. This makes it difficult for researchers to isolate and quantify the specific contribution
weighting of individual interventions. It remains unclear whether environmental management reduces delirium, thereby
facilitating exercise, or whether exercise improves sleep, thereby reducing delirium.

In light of this, the present study aims to systematically evaluate the independent and combined effects of early bedside-
assisted exercise and circadian rhythm management on mechanically ventilated patients through a prospective, four-arm
randomised controlled trial (RCT). This study will clearly disentangle and quantify the independent contributions of these two
non-pharmacological interventions to mechanical ventilation duration, ICU length of stay, and delirium incidence. The findings
will provide evidence for elucidating synergistic mechanisms in ICU rehabilitation, and furnish high-level evidence-based medical
data for developing tiered, precision-oriented multidisciplinary collaborative rehabilitation strategies and allocating healthcare
resources within the ICU.

2. Materials and Methods
2.1 Study Design and Ethics

This study employed a prospective, single-centre, four-arm randomised controlled trial design to determine the independent and
combined effects of early bedside assisted mobility and circadian rhythm management in mechanically ventilated patients. The
research protocol strictly adhered to the principles of the Declaration of Helsinki and received approval from the hospital ethics
committee. All participating patients or their legal representatives signed informed consent forms prior to enrolment(Medical and
Sciences 2018).

2.2 Research Participants

The study subjects were selected from patients receiving mechanical ventilation in the intensive care unit (ICU). Inclusion criteria
were as follows: age = 18 years; anticipated duration of mechanical ventilation = 48 hours; anticipated ICU stay = 5days; and
an Acute Physiology and Chronic Health Evaluation Il (APACHE Il) score between 15 and 35 points upon ICU admission(Legall et
al. 1986). Patients were excluded if they presented with any of the following conditions: severe neuromuscular disease or spinal
cord injury; terminal illness with a life expectancy of less than 3 months; refractory shock or severe hypoxaemia (PaO,/Fi0,<100
mmHg); increased intracranial pressure; pregnancy; or inability to participate in exercise interventions due to bilateral lower limb
fractures or amputations.

2.3 Randomization and Grouping

Patients meeting inclusion criteria were randomly assigned to four groups in a 1:1:1:1 ratio using a computer-generated random
number table. Grouping was as follows: the control group received routine ICU care, including standardised sedation, analgesia,
respiratory management, and on-demand limb mobilisation; the exercise-only group received structured early bedside assisted
exercise in addition to routine care; the Circadian Rhythm Group received standardised circadian rhythm management in addition
to routine care; and the Combined Management Group received both the aforementioned early bedside assisted exercise and

circadian rhythm management.
2.4 Intervention Protocols

The early bedside assisted exercise programme was applicable to both the exercise-only group and the combined management
group. This intervention was conducted once daily, seven days per week. The research team implemented graded exercise based
on patients' Richmond Agitation-Sedation Scale (RASS) scores(Sessler et al.): for deeply sedated patients (Level 1) with RASS
scores < -2, passive range-of-motion exercises were performed for all major joints; For patients with mild sedation or wakefulness
(RASS score -1 to 0; Level 2), active-assisted movement, bed bridging exercises, and ankle pump exercises were performed; for
patients with RASS score = 0 and haemodynamic stability (Level 3), assisted bedside sitting-up, leg dangling, and sit-to-stand
transfer training were conducted. To ensure safety, vital signs shall be continuously monitored during exercise. Exercise shall be
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immediately terminated if systolic blood pressure exceeds the 90-180 mmHg range, oxygen saturation falls below 90%, or heart
rate exceeds 130 beats per minute(Hodgson et al. 2014).

The circadian rhythm management programme applies to both single rhythm groups and composite management groups
throughout the entire treatment period. This programme comprises four core elements(Lee and Wilcox 2022): Firstly, light
regulation ensures horizontal illumination levels of = 500 lux at eye level during daytime hours (07:00-19:00) via artificial or
natural light sources, while non-emergency lighting is switched off at night and light-blocking eye masks are used. Secondly,
noise control: establishinga ‘quiet period’” from 22:00 to 06:00, maintaining ambient noise < 35 dB by minimising alarms and
conversations. Thirdly, centralised care: concentrating non-urgent medical procedures during daytime hours to guarantee at least
four consecutive hours of undisturbed sleep at night. Finally, time cue reinforcement: daily orientation discussions conducted by
healthcare staff and encouraging daytime family visits(Darbyshire Jl Fau - Young and Young 2013).

2.5 Data Collection and Outcomes

Baseline data including patient demographics, APACHE Il scores, and ICU admission diagnoses were collected at enrolment. The
primary outcome measures were defined as duration of mechanical ventilation (hours) and length of ICU stay (days). Secondary
outcome measures included: daily and total equivalent doses of sedative-analgesic medications (e.g., midazolam, propofol,
fentanyl); incidence and duration of delirium assessed twice daily using the CAM-ICU; MRC muscle strength score(Kleyweg et al.
1991) and time to first bedside sitting-up, assessed when patients were cooperative; sleep quality assessed by nurses using the
Richards-Campbell Sleep Questionnaire (RCSQ)(Kleyweg et al. 2022); and 28-day all-cause mortality and quality of life at 6 months
(SF-36 questionnaire)(Ware and Sherbourne 1992). Additionally, vital signs were recorded daily, and adverse events such as
unplanned extubation were documented.

2.6 Statistical Analysis

All data were analysed using SPSS 26.0 software, adhering to the intention-to-treat (Ninet, #11) principle(Kruse et al. 2002).
For continuous variables, after normality testing, those meeting normal distribution were analysed using one-way analysis of
variance (ANOVA), while those not meeting normality were analysed using the Kruskal-Wallis H test. For categorical variables,
the chi-square test or Fisher's exact test was employed. To correct for baseline imbalances and analyse the independent impact
of interventions on primary outcomes(Schober et al. 2018), multiple linear regression or Cox proportional hazards models were
employed(David J Lederer 2019). All statistical tests were two-sided, with p <0.05 deemed statistically significant.

3. Results
3.1 Baseline Demographic and Clinical Equilibrium

A total of 230 mechanically ventilated ICU patients were prospectively enrolled and randomized into four groups: Control (n=60),
Exercise (n=57), Rhythm (n=55), and Combined (n=58). As summarized in Table 1, rigorous randomization ensured no statistically
significant differences in baseline characteristics across groups, establishing a robust foundation for outcome comparisons. The
overall study population had a mean age of 63.419.7 years, with a male predominance (57.4%), and a homogeneous disease
severity profile reflected by the mean APACHE Il score of 20.9+ 5.1 (F=1.17, df=3/226, p=0.324). Baseline sedation depth, assessed
by the RASS score (-1.42 £ 0.71), was consistent among groups (F=1.58, df=3/226, p=0.195), indicating standardized initial
sedation management. Additionally, the prevalence of comorbidities including diabetes mellitus (3.9%) and hypertension (3.7%)
showed no intergroup variations (x?>=1.02, df=3, p=0.779). These findings collectively confirm the success of randomization in
achieving intergroup balance, eliminating potential confounding from baseline disparities.

Table 1. Baseline characteristics of the study population at ICU admission
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Clinical Control Exercise Rhythm Combined

.. X2 P

characteristics 60 57 55 58
Gender (M/F) 32/28 31/26 26/29 30/28 0.089 0.756
Age (years) 63.1+9.2 63.0+9.7 63.9+103 | 63.7+£98 0.953
APACHE II score = 20.9+5.1 21.7+£54 211452 19948 0.324
Baseline RASS -142 + -1.47 +

-1.53+0.64 -1.26 £ 0.68 0.195
score 0.66 0.77
Disease history 1.024  0.779
Diabetes 4 3
hypertension 5 2 3 3

3.2 Combined Intervention Drives Superior Recovery and Survival
3.2.1 Duration of Mechanical Ventilation and ICU Length of Stay

Significant intergroup differences were observed in the primary outcomes, with the Combined group demonstrating the most
profound improvements (Fig. 1). The Combined group achieved the shortest MV duration (130.66 % 49.52 hours), which was
significantly reduced compared to the Control group (188.03+57.59 hours; mean difference[MD]=-57.37 hours, 95% Cl: -78.54
to-36.21, p<0.001), Exercise group (158.73£54.69 hours; MD=-28.07 hours, 95% Cl: -49.89 to -6.25, p=0.012), and Rhythm group
(162.99%59.66 hours; MD=-32.33 hours, 95% Cl: -54.57 to -10.08, p=0.005). Notably, the Exercise and Rhythm groups showed
comparable MV duration (p=0.695).

For ICU length of stay (Shahu, #4), the Combined group also had the shortest stay (9.82%£2.59 days), which was statistically
shorter than the Control group (11.79+3.01 days; MD=-1.97 days, 95% Cl: -3.05 to -0.89, p<0.001) and Rhythm group (11.27+2.73
days; MD=-1.46 days, 95% ClI: -2.58 to -0.33, p=0.012). Although the difference between the Combined and Exercise groups was
marginally significant (p=0.056), the numerical reduction underscores the potential clinical benefit of the combined strategy.

Fig.1. Primary outcome measures: Duration of mechanical ventilation (a) and Length of ICU stay (b).
3.2.2 28-Day Mortality and Cumulative Survival Time

As depicted in Fig. 2, the 28-day mortality rate exhibited significant intergroup variation (x*=17.02, df=3, p=0.001), with the
Combined group achieving the lowest mortality (6.9%), followed by the Rhythm group (14.5%), Exercise group (15.8%), and
Control group (35.0%). Post-hoc analysis confirmed that the Combined group had a significantly lower 28-day mortality than the
Control group (p < 0.001), while the Rhythm and Exercise groups also showed trends of reduced mortality (p=0.021 and p=0.028,
respectively). The mean cumulative survival time was longest in the Combined group (25.70£0.59 days), followed by the Rhythm
group (24.48£1.10 days), Exercise group (24.47%1.18 days), and Control group (21.80£1.08 days), highlighting the survival
advantage of the combined intervention.

3.3 Neuro-Somatic Function Integration: Multidimensional Improvements in Sedation, Muscle Strength, Sleep, and
Delirium

CCCcC2026 0235 |



Fig.2The Kaplan-Meier curves for survival of mechanically ventilated ICU patients
3.3.1 edative and Opioid Consumption

Significant intergroup differences were observed in sedative and opioid use, reflecting the regulatory effects of exercise and
circadian rhythm management (Fig. 3). The total sedative dose (mg/kg/day) was hierarchically distributed as: Combined group
(27.01 £ 7.65) < Rhythm group (28.64 £ 7.98) < Exercise group (31.76 £ 8.22) < Control group (34.22 % 8.63), with a significant
overall effect (F=9.14, df=3/226, p < 0.001). The Combined group had significantly lower total sedative doses than the Control (p
< 0.001) and Exercise groups (p=0.002), while the Rhythm group also showed a significant reduction versus the Control group
(p=0.003). The duration of sedative use was shortest in the Combined group (1.73£0.64 days), significantly shorter than the other
three groups (all p<0.001). For nighttime sedation, the Combined group (10.13%+3.49 mg/kg/day) was significantly lower than the
Control (16.921+6.00), Exercise (15.14%+5.46), and Rhythm groups (12.29%4.67) (all p<0.001). Opioid use was significantly lower in
the Rhythm (0.89£0.25 mg/kg/day) and Combined groups (0.89+0.24 mg/kg/day) compared with the Control group (1.02£0.27
mg/kg/day) (p=0.008 and p=0.007, respectively).
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Fig.1. Primary outcome measures: Duration of mechanical ventilation (a) and Length of ICU stay (b).
3.2.2 28-Day Mortality and Cumulative Survival Time

As depicted in Fig. 2, the 28-day mortality rate exhibited significant intergroup variation (x*=17.02, df=3, p=0.001), with the
Combined group achieving the lowest mortality (6.9%), followed by the Rhythm group (14.5%), Exercise group (15.8%), and
Control group (35.0%). Post-hoc analysis confirmed that the Combined group had a significantly lower 28-day mortality than the
Control group (p < 0.001), while the Rhythm and Exercise groups also showed trends of reduced mortality (p=0.021 and p=0.028,
respectively). The mean cumulative survival time was longest in the Combined group (25.70£0.59 days), followed by the Rhythm
group (24.48£1.10 days), Exercise group (24.47%1.18 days), and Control group (21.80£1.08 days), highlighting the survival
advantage of the combined intervention.

3.3 Neuro-Somatic Function Integration: Multidimensional Improvements in Sedation, Muscle Strength, Sleep, and
Delirium

Fig.2The Kaplan-Meier curves for survival of mechanically ventilated ICU patients
3.3.1 edative and Opioid Consumption

Significant intergroup differences were observed in sedative and opioid use, reflecting the regulatory effects of exercise and
circadian rhythm management (Fig. 3). The total sedative dose (mg/kg/day) was hierarchically distributed as: Combined group
(27.01 £ 7.65) < Rhythm group (28.64 £ 7.98) < Exercise group (31.76 £ 8.22) < Control group (34.22 * 8.63), with a significant
overall effect (F=9.14, df=3/226, p < 0.001). The Combined group had significantly lower total sedative doses than the Control (p
< 0.001) and Exercise groups (p=0.002), while the Rhythm group also showed a significant reduction versus the Control group
(p=0.003). The duration of sedative use was shortest in the Combined group (1.73£0.64 days), significantly shorter than the other
three groups (all p<0.001). For nighttime sedation, the Combined group (10.13%3.49 mg/kg/day) was significantly lower than the
Control (16.92%6.00), Exercise (15.141+5.46), and Rhythm groups (12.291+4.67) (all p<0.001). Opioid use was significantly lower in
the Rhythm (0.89%0.25 mg/kg/day) and Combined groups (0.89£0.24 mg/kg/day) compared with the Control group (1.02£0.27
mg/kg/day) (p=0.008 and p=0.007, respectively).

Ccccc2026 0237 |



Fig.3. Comparison of sedative and opioid use among four intervention groups in mechanically ventilated ICU patients: nighttime
sedative dose (a), opioid dose (b), total sedative dose (c), and duration of sedative administration (d).

3.3.2 Delirium, Muscle Strength, and Functional Recovery

Although no significant difference in delirium duration was observed among groups (F=0.62, df=3/226, p=0.605), the Combined
group had a numerically lower delirium incidence (31.0%) versus the Control (40.0%), Exercise (40.4%), and Rhythm groups (43.6%),
indicating a potential protective trend. For muscle strength (MRC sumscore), the Exercise group achieved the highest score
(49.09£8.68), followed by the Combined (45.27%8.30), Rhythm (39.48+8.98), and Control groups (37.46£9.83), with a significant
overall effect (F=20.39, df=3/226, p<0.001). Post-hoc analysis confirmed that the Exercise and Combined groups had significantly
higher MRC sumscores than the Control group (both p<0.001), and the Exercise group outperformed the Rhythm group (p <0.001).
The time to first sitting out of bed was significantly earlier in the Exercise (4.28+1.25 days) and Combined groups (4.22+1.57
days) compared with the Control group (6.45%1.83 days) (both p<0.001), while the Rhythm group (4.72£1.76 days) also showed a
significantimprovement (p <0.001).

3.3.3 Sleep Quality

Assessed by the RCSQ total score, sleep quality was highest in the Combined group (63.0816.97), followed by the Rhythm
(58.54+18.71), Exercise (51.47%14.47), and Control groups (39.62%14.24), with a significant overall effect (F=23.56, df=3/226,
p<0.001). Post-hoc tests confirmed that all intervention groups had significantly higher RCSQ scores than the Control group (all
p<0.001), and the Combined group outperformed the Exercise group (p<0.001), highlighting the synergistic effect of combined
intervention on sleep-wake cycle regulation.

3.4 Safety, Intervention Compliance, and Long-Term Quality of Life
3.4.1 Safety Profile

As presented in Table 2, the incidence of adverse events was comparable across groups, confirming the safety and tolerability
of the interventions. The total incidence of adverse reactions was 8.3% (Control), 7.0% (Exercise), 7.3% (Rhythm), and 8.6%
(Combined) (p > 0.05). Common adverse events included unplanned extubation (1.8%-5.3%), hemodynamic instability (0.0%-
1.8%), and decreased oxygenation (0.0%-5.5%), with no significant intergroup differences (all p > 0.05). No severe adverse events
directly related to the interventions were reported, validating the safety of early exercise and circadian rhythm management in
mechanically ventilated ICU patients.

Table 2Comparison of adverse reactions between the four groups of patients

3.4.2 Intervention Compliance

Table S2 summarizes the compliance and completion rates of the interventions. The early exercise compliance rate was 78% in
the Exercise group and 83% in the Combined group, with primary non-compliance reasons including excessive sedation (38% vs.
33%), interim examinations (22% vs. 20%), and hemodynamic instability (18% vs. 16%). For circadian rhythm management, the
daytime lighting compliance rate was 88% (Exercise) and 90% (Combined), while nighttime compliance (with eye mask) was 78%
and 82%, respectively. The noise control compliance rate was 58% (Rhythm) and 62% (Combined), and the nighttime continuous
sleep assurance rate was 38% and 42%, respectively. The enhanced execution rate of time-based tasks reached 92% (Rhythm) and
95% (Combined), demonstrating good feasibility and patient tolerance of the interventions.
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3.4.3 Long-Term Quality of Life

The SF-36 results revealed significant intergroup differences in all physical and mental health domains (Table 3). For the Physical
Component Summary (PCS), the Combined group achieved the highest score (52.5 £ 8.0), significantly higher than the Control
(45.2 £ 9.5; p<0.001), Exercise (49.8 * 8.8; p=0.032), and Rhythm groups (47.1 £ 9.0; p <0.001). The Exercise group also showed a
significantly higher PCS score than the Control group (p=0.003). For the Mental Component Summary (MCS), the Combined group
had the highest score (61.3 £ 8.2), significantly superior to the Control (51.8 & 10.2; p <0.001), Exercise (53.5 & 9.8; p <0.001), and
Rhythm groups (58.7 £ 9.0; p=0.028). The Rhythm group showed a significantly higher MCS score than the Control group (p <0.001).
Notably, the Combined group demonstrated superior performance in all eight individual domains, with a 13.8-point improvement
in Physical Functioning (PF) compared to the Control group—exceeding the minimum clinically important difference (MCID) of 5-10
points in SF-36, confirming the clinical significance of the intervention effect.

Table 3. Comparison of SF-36 scores between the two groups before and after treatment (Mean = SD)

4, Discussion
4.1Scientific rigour in trial design and assurance of baseline balance

The core strength of this randomized controlled trial lies in its rigorous four-arm design, which uniquely enables the quantification
of independent and synergistic effects of early bedside exercise and circadian rhythm management—two non-pharmacological
interventions previously studied in isolation. By randomizing 230 mechanically ventilated ICU patients into Control, Exercise,
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Rhythm, and Combined groups, we achieved robust intergroup balance across key baseline characteristics, including age, disease
severity (APACHE Il score), sedation depth (baseline RASS score), and comorbidity profiles(Hiemstra et al. 2025). The absence
of significant baseline disparities (all p > 0.05) confirms the efficacy of randomization, eliminating potential confounding and
ensuring that observed outcome differences can be attributed to the interventions themselves.

This study design addresses a critical gap in existing literature, where most investigations focus on single-modal interventions. By
juxtaposing two distinct yet complementary strategies, we not only validate the independent value of each but also uncover their
interactive benefits—an innovation that enhances the evidence hierarchy for ICU rehabilitation(Leggett et al. 2025). Additionally,
the standardized intervention protocols (e.g., tiered exercise based on RASS score, circadian-aligned lighting/noise control) and
strict safety criteria (e.g., hemodynamic stability thresholds for exercise) ensure reproducibility, laying the groundwork for clinical
translation. The high compliance rates (e.g., 83% for early exercise in the Combined group, 90% for daytime lighting regulation)
further confirm the feasibility of these interventions in resource-constrained ICU settings, addressing prior concerns about
implementability(Aguilar-Carrasco et al. 2026).

4.2 Core clinical efficacy and survival benefit from combined interventions

Our findings demonstrate that the combined intervention of early exercise and circadian rhythm management delivers superior
improvements in core clinical outcomes—MV duration, ICU LOS, and 28-day mortality—compared to single-modal interventions
and conventional care. The Combined group achieved a 30.5% reduction in MV duration (130.66 vs. 188.03 hours in the Control
group) and a 16.7% reduction in ICU LOS (9.82 vs. 11.79 days), with a 79.7% lower 28-day mortality (6.9% vs. 35.0%) (Fig. 1, Table
5). These results align with our primary hypothesis and extend beyond previous studies by confirming that synergistic non-
pharmacological intervention yields greater clinical benefit than isolated strategies(Fairley 2023).

The mechanistic basis for these improvements lies in the complementary actions of exercise and circadian rhythm management.
Early exercise mitigates ventilator-induced diaphragmatic dysfunction (VIDD) and ICU-acquired weakness (ICU-AW) by activating
muscle protein synthesis pathways (Akt/mTOR) and reducing oxidative stress, while circadian rhythm synchronization optimizes
neuroendocrine regulation, reduces systemic inflammation, and enhances immune function(Yang et al. 2024). Together, these
effects form a positive feedback loop: improved circadian rhythm increases exercise tolerance by stabilizing sleep-wake cycles and
reducing sedative requirements, while exercise amplifies circadian entrainment by reinforcing environmental time cues(Liu et al.
2021). This synergy explains why the Combined group outperformed both single-intervention groups, highlighting the limitations
of unimodal rehabilitation in addressing the multifactorial pathophysiology of critical illness.

When contextualized within existing literature, our results are particularly compelling. A meta-analysis by Schweickert et
al(Schweickert et al. 2009). reported a 24% reduction in MV duration with early mobilization alone, while Sessler et al(Sessler et al.
2002). showed that circadian-aligned care reduced delirium but not survival. Our study builds on these findings by demonstrating
that combining these interventions not only enhances short-term outcomes but also improves survival—a critical advancement
given the high long-term mortality of mechanically ventilated ICU survivors.

4.3 The Mechanism of Neuro-Somatic Functional Integration

A key insight from this study is the distinct yet complementary independent effects of early exercise and circadian rhythm
management, coupled with their synergistic enhancement of multidimensional recovery. Early exercise emerged as the dominant
driver of somatic function improvement: the Exercise group achieved the highest MRC sumscore (49.09%8.68) and earliest time
to first sitting (4.28£1.25 days), consistent with its role in preventing muscle atrophy and preserving motor function(Jang et al.
2025). In contrast, circadian rhythm management exerted a primary regulatory effect on neurophysiological outcomes, with the
Rhythm group showing reduced sedative/opioid use and improved sleep quality (RCSQ score: 58.54118.71 vs. 39.621+14.24 in the
Control group), reflecting its ability to stabilize the sleep-wake cycle and reduce neuroinflammation.

The Combined group’ s superiority across all neuro-somatic domains—including muscle strength, sedative reduction, and
sleep quality—validates the "1+1>2" synergistic effect. Mechanistically, this may involve: (1) Exercise-induced upregulation
of clock genes (CLOCK, BMAL1) in skeletal muscle and the central nervous system, enhancing circadian rhythm sensitivity to
environmental cues(Hiemstra et al. 2025); (2) Circadian-aligned sleep promoting the release of anabolic hormones (growth
hormone, testosterone), which augment muscle repair and exercise tolerance; (3) Reduced sedative exposure in the Combined

I 0240 cccC2026



group (total sedative dose: 27.01 £ 7.65 vs. 34.22 & 8.63 mg/kg/day in the Control group) improving patient engagement with
exercise, further amplifying functional recovery(Li et al. 2025b, Moussanang et al. 2025).

Notably, while delirium duration did not differ significantly across groups, the Combined group exhibited a numerically lower
incidence (31.0%), suggesting a potential protective trend that may require larger sample sizes to confirm. This aligns with prior
evidence that circadian rhythm disruption is a modifiable risk factor for delirium, and exercise may mitigate delirium by reducing
immobility-related inflammation. Together, these findings support a precision rehabilitation approach: targeting somatic function
with early exercise and neurophysiological stability with circadian management, while combining both for comprehensive
recovery(Li et al. 2024, Senthil et al. 2025b).

4.4 Translational Value of Safety Assessment and Long-Term Quality of Life

The comparable adverse event rates across all groups (7.0%-8.6%, Table 3) confirm the safety of early exercise and circadian
rhythm management in mechanically ventilated ICU patients. The absence of significant increases in unplanned extubation,
hemodynamic instability, or decreased oxygenation addresses longstanding clinical concerns about the risks of early mobilization
in critically ill patients. This safety profile is attributed to our tiered exercise protocol (tailored to RASS score and hemodynamic
stability) and standardized monitoring, emphasizing that these interventions can be safely implemented with appropriate
safeguards(Lucchini et al. 2025, Moussanang et al. 2025).

Good intervention compliance (e.g., 83% for early exercise, 90% for daytime lighting regulation in the Combined group) further
supports clinical translatability. The primary barriers to compliance—excessive sedation, interim examinations, and hemodynamic
instability—are modifiable through quality improvement initiatives, such as light sedation protocols (targeting RASS -1 to 0)
and coordinated care scheduling. This feasibility is particularly relevant for resource-limited settings, where circadian rhythm
management (low-cost, equipment-independent) can serve as a foundational intervention, with early exercise added as resources
allow(Leggett et al. 2025).

The most impactful finding of this study is the sustained improvement in long-term quality of life (QoL) observed in the Combined
group. At 6 months, the Combined group achieved superior scores in all SF-36 domains, with a 13.8-point improvement in PF
compared to the Control group—exceeding the minimum clinically important difference (MCID) of 5-10 points(Leggett et al.
2025). This confirms that the interventions not only accelerate short-term recovery but also mitigate PICS, a complex of physical,
psychological, and cognitive impairments that afflicts up to 50% of ICU survivors. The Combined group’ s superiority in both
Physical Component Summary (PCS) and Mental Component Summary (MCS) scores underscores its ability to address the
multidimensional nature of PICS, a critical unmet need in ICU rehabilitation.

4.5 Limitations and Future Directions

This study has several limitations. First, its single-center design may limit generalizability; multi-center trials are needed to validate
findings in diverse ICU populations. Second, sleep quality was assessed via nurse-reported RCSQ, and objective monitoring (e.g.,
polysomnography) could enhance accuracy. Third, 6-month follow-up, while valuable, does not capture long-term PICS outcomes;
extended follow-up (1-2 years) is warranted. Fourth, cost-effectiveness was not evaluated, a key consideration for widespread
implementation.

Future research should focus on: (1) Identifying patient subgroups most likely to benefit from combined intervention (e.g., based
on age, disease severity); (2) Exploring mechanisms underlying synergistic effects (e.g., clock gene expression, inflammatory
biomarkers); (3) Developing standardized, scalable protocols for integration into routine ICU care; (4) Conducting cost-
effectiveness analyses to support healthcare resource allocation.

5. Conclusion

This study conducted a single-center, prospective randomized controlled trial to systematically evaluate the clinical efficacy,
mechanism of action, and safety of early bedside exercise combined with circadian rhythm management in mechanically
ventilated ICU patients. It also explored its long-term prognostic value. The main conclusions are as follows:

(1) Superior clinical efficacy. Compared with routine care, combination therapy significantly reduced the duration of mechanical
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ventilation by 30.5% and shortened ICU length of stay by 1.97 days. It also achieved a substantial survival advantage, lowering 28-
day mortality from 35.0% to 6.9%.

(2) Enhanced neuro-somatic recovery. Combined therapy significantly reduced total sedative doses and nighttime sedation
compared to the control group. It synergistically improved somatic recovery, achieving higher MRC muscle strength scores and

earlier mobilization than routine care.

(3) Synergistic sleep and neuro-protection. Following combined therapy, sleep quality (RCSQ) scores showed the most significant
improvement, and delirium incidence was numerically reduced to 31.0%. This demonstrates dual synergistic effects where rhythm
management stabilizes the sleep-wake cycle while exercise enhances patient engagement.

(4) Improved long-term prognosis. At 6-month follow-up, the combination group showed superior physical and mental health
scores (SF-36). The 13.8-point improvement in PF exceeded the minimum clinically important difference, effectively mitigating the
burden of PICS.
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Abstract

Sepsis-associated thrombocytopenia (SAT) is a high-risk ICU condition involving immune activation, endothelial injury, and
coagulation dysregulation. We developed and validated a nomogram to estimate in-hospital mortality in SAT using MIMIC-IV and
elCU-CRD. SAT patients were identified from MIMIC-IV and elCU-CRD according to sepsis and platelet-count criteria. MIMIC-IV was
randomly divided into training and internal validation sets, and elCU-CRD served as external validation. LASSO regression selected
candidate variables, multivariable logistic regression identified independent predictors, and a nomogram was constructed.
Calibration, ROC analysis, and decision curve analysis assessed model performance. Overall, 4,654 SAT patients were included,
including 3,561 from MIMIC-IV and 1,093 from elCU-CRD. Twelve independent predictors were retained. The nomogram showed
good calibration in the training set (Hosmer-Lemeshow P=0.25) and achieved AUCs of 0.705, 0.714, and 0.627 in the training,
internal validation, and external validation sets, respectively. Decision curve analysis showed greater net benefit than individual
predictors. A 12-predictor nomogram was developed and externally validated for in-hospital mortality stratification in SAT,
providing an accessible bedside tool for early risk assessment, individualized ICU management, and future intervention studies.
Its variables were routinely available, supporting practical implementation in critical care.

1.Introduction

Sepsis represents a potentially fatal form of organ dysfunction precipitated by an aberrant and dysregulated host immune reaction
to infection[1]. According to recent epidemiological data, the overall mortality rate attributable to sepsis reaches approximately
17%, a figure that climbs sharply to around 40% once septic shock develops [1,2]. Thrombocytopenia, conventionally defined
as a platelet count below 150,000/uL, ranks among the most prevalent hematologic abnormalities encountered in intensive care
unit (ICU) settings[3], occurring in over 55% of sepsis cases and at even greater frequencies when septic shock is present[4]. When
thrombocytopenia develops in the context of sepsis, it substantially heightens the likelihood of coagulation-related complications
and is closely linked to poorer clinical outcomes [4]. When thrombocytopenia develops against a backdrop of sepsis, it
substantially elevates the likelihood of coagulation-related complications and is closely linked to poorer clinical prognosis[4].
Notably, a clinically distinct subset—sepsis-associated thrombocytopenia (SAT)—has been recognized as a syndrome of particular
severity. SAT is a clinical syndrome characterized by multifactorial thrombocytopenia during sepsis, typically defined as a
platelet count < 100,000/uL or a 50% decrease from baseline. The occurrence of SAT is not an isolated hematological event but
involves complex interactions among multiple systems, including immune activation, endothelial dysfunction, and coagulation
disorders [5,6]. Therefore, SAT may not merely be a complication of sepsis but also represent a high-risk state characterized by
the convergence of multisystem dysfunction, and the assessment of its mortality risk requires the integration of multidimensional
clinical indicators.

Timely recognition of SAT patients facing an elevated mortality risk carries considerable clinical importance, as it lays the
groundwork for refining surveillance protocols and deploying critical care resources more effectively[7]. However, commonly used
critical illness scoring systems in clinical practice, such as APACHE Il and SOFA, although well-validated across a broad spectrum
of critically ill patients, have numerous variables and complex calculations and are not designed for the specific subgroup of
SAT[7]. A small number of prediction models targeting SAT are single-center studies with small sample sizes and lack external
validation; thus, their stability and generalizability remain to be confirmed[8]. To address these limitations, large-scale multi-
source databases are needed to support robust model development and cross-cohort validation. MIMIC-IV is an openly available
critical care database derived from a single academic medical center, distinguished by its broad variable coverage and extended
observation window, attributes that render it well-suited for thorough feature extraction and predictive model development [9].
By contrast, the elCU-CRD is a multicenter ICU database aggregating records from a large number of hospitals distributed across
the United States, a characteristic that considerably strengthens the external generalizability and overall robustness of research
conclusions drawn from it [10]. The complementary characteristics of the two databases provide an ideal data foundation for
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constructing predictive models with both internal robustness and extrapolation potential [11].

Using these two data platforms, a retrospective cohort study was performed in SAT patients. LASSO regression was applied to
screen candidate variables, and a multivariable logistic regression model was subsequently developed to identify independent
predictors of in-hospital mortality; these predictors were then synthesized into an intuitive visual nomogram. The overarching
objective was to produce a risk-stratification instrument possessing both statistical rigor and practical clinical applicability,
thereby laying the groundwork for earlier recognition and more effective management of SAT patients.

2.Results
2.1 Baseline characteristics between survivor and non-survivor groups

In the MIMIC-IV cohort, the survivor group comprised 2,112 patients and the non-survivor group 1,449 patients; a comprehensive
summary of their baseline characteristics is presented in Table 1. Non-survivors were on average marginally older than survivors
(66.12 + 14.83 vs. 64.90 = 15.98 years, P = 0.021). Racial distribution differed markedly between groups (P < 0.001): the non-
survivor group had a notably smaller share of white patients (59.6%) alongside a larger proportion categorized as other (31.7%).
Neither sex nor body weight differed significantly between the two groups (both P > 0.05). Regarding vital signs, non-survivors
had higher heart and respiratory rates (P < 0.05) and lower body temperature (P < 0.05) than survivors. Laboratory parameters
revealed that non-survivors had higher BUN, creatinine, WBC, PT, potassium, and anion gap, and lower hemoglobin, hematocrit,
chloride, and bicarbonate levels (all P <0.001). Sodium, calcium, and glucose levels did not differ significantly between the groups
(all P> 0.05). In terms of comorbidities, the prevalence of AMI, COPD, and AKI was higher in non-survivors (P < 0.05), while the
distribution of hypertension, diabetes, and CKD was similar between groups (all P > 0.05). Collectively, these findings suggest that
non-surviving SAT patients presented with a profile indicative of greater physiological disturbance and multi-organ involvement
compared with survivors, although further analyses are required to determine the specific contributions of these factors to in-
hospital mortality.

2.2 Selection of 12 independent predictors

Feature variables were further identified using LASSO regression in the training set. At log(lambda. 1se) = -4.1499, a total of
14 variables were selected, including BUN, race, age, WBC, PT, potassium, anion gap, hemoglobin, temperature, heart rate,
respiratory rate, and comorbidities (AMI, COPD, and AKI) (Fig. 1a-b). To quantify the independent contribution of each candidate
variable to in-hospital mortality risk in SAT patients, multivariable logistic regression analysis was subsequently conducted within
the training set. BUN and respiratory rate did not reach statistical significance (P > 0.05), while the remaining 12 variables were
identified as independent predictors (Fig. 1c). Taken together, the independent predictors suggest the potential importance of
monitoring both pre-existing conditions and acute physiological disturbances in the management of SAT patients.

2.3 Development of a nomogram with robust predictive performance

Drawing on the above results, a nomogram was developed from the training set to convert the contribution of each independent
predictor into a unified scoring framework for estimating in-hospital mortality probability in SAT patients (Fig. 2a). The HL test
returned a non-significant calibration result (P = 0.25), indicating strong agreement between model-predicted probabilities and
actual observed outcomes, which in turn supports the accuracy of the nomogram (Fig. 2b). ROC curve analysis returned an AUC of
0.705 in the training set, reflecting satisfactory discriminative capacity and the model's ability to differentiate mortality risk across
patients (Fig. 2c). DCA further suggested that the nomogram provided greater clinical benefit than any individual predictor alone
(Fig. 2d).

ROC curve analysis and DCA were then extended to both the internal and external validation sets to examine the nomogram's
consistency and its capacity for cross-population generalization. AUC values of 0.714 and 0.627 were obtained in the internal
validation set (Fig. 3a) and external validation set (Fig. 3b), respectively, both falling within the range of acceptable predictive
performance. DCA revealed that across a broad range of threshold probabilities, the nomogram conferred greater net clinical
benefit than any single predictor alone, in both the internal (Fig. 3c) and external validation sets (Fig. 3d), underscoring its
practical clinical value. Collectively, these validation results suggest that the nomogram holds promise as an actionable risk-
stratification instrument for the early detection of SAT patients at elevated risk of in-hospital death, potentially guiding more
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precise monitoring protocols and individualized management decisions.
3.Discussion

The essence of SAT is the concentrated manifestation of multisystem dysfunction in the hematological system. The underlying
pathogenesis encompasses an infection-induced cytokine storm, progressive activation of the coagulation cascade, and
structural endothelial injury, collectively pushing the host from a compensated physiological state toward decompensation
[12]. In this study, we enrolled patients with SAT from two large public critical care databases, MIMIC-IV and elCU-CRD, and
developed a visualized nomogram based on 12 independent predictors identified through LASSO and multivariable logistic
regression. The nomogram demonstrated adequate discriminative ability in the training set (AUC = 0.705) and maintained
comparable performance in the internal validation set (AUC = 0.714). Performance modestly attenuated in the external validation
set (AUC = 0.627), yet DCA uniformly showed that the nomogram conferred greater net clinical benefit than any single predictor
variable across all three datasets.. This multidimensional prediction model can effectively capture the overall characteristics of
multisystem dysfunction during the progression from compensation to decompensation in patients with SAT, providing a simple,
intuitive decision-support tool for early identification of high-risk populations and stratified management.

The 12 independent predictors identified in this study are valuable not only because each reflects a specific clinical abnormality,
but also because they collectively point to the underlying mechanism of the elevated mortality risk in SAT patients: the
destabilization of the immune-endothelial-coagulation axis. SAT may represent a distinct thrombo-inflammatory phenotype
of sepsis. Once the feedforward amplification loop formed by immune activation, endothelial dysfunction, and coagulation
disorders exceeds the threshold of physiological regulation, the body will shift from a compensatory state to systemic instability,
accompanied by a significant increase in mortality risk. Within this framework, platelets function as an integrative hub and
signaling relay platform that connects the three major systems, while microcirculatory disturbance serves as the common
pathway linking molecular cascades to organ injury.

Immune activation, endothelial dysfunction, and coagulation disorders are interlinked through multiple signaling pathways,
forming a pathological positive-feedback amplification loop [13]. Host detection of invading pathogens is mediated by PRRs
and damage-associated molecular patterns (DAMPs), which activate the NF-kB and MAPK signaling cascades and drive the
downstream secretion of pro-inflammatory cytokines such as IL-1, IL-6, and TNF-a. The ensuing systemic inflammatory response
characteristic of sepsis promotes neutrophil hyperactivation, extending cellular lifespan while simultaneously impairing
directional migration. Trapped within the circulation, these over-stimulated neutrophils expel neutrophil extracellular traps
(NETs)—web-like chromatin structures that bolster pathogen capture [14] but concurrently induce activation of endothelial
cells (ECs) and erosion of the endothelial glycocalyx, ultimately intensifying vascular inflammation and accelerating thrombosis
[15,16]. At the bedside, leukocytosis, body temperature dysregulation, and tachycardia serve as surrogate markers of systemic
immune activation intensity, while a prolonged prothrombin time signals deteriorating coagulation homeostasis and the onset
of consumptive coagulopathy [17]. Platelets mediate the formation of platelet-leukocyte aggregates via P-selectin and promote
NETosis [18]; they regulate the function of immune cells bidirectionally by releasing mediators such as CD40L and PF4 [19]; PAR
receptors expressed on the platelet surface can directly respond to thrombin signals and convert coagulation activation into
further release reactions [20]. Therefore, platelets are not only sensors of the coupling axis but also the core signaling integration
platform.

Persistent amplification of the immune-endothelial-coagulation axis ultimately leads to organ injury via microcirculatory
dysfunction. Microthrombosis, increased vascular permeability, endothelial glycocalyx shedding, and associated signaling
imbalance collectively result in impaired microcirculatory perfusion, reducing tissue oxygen supply and metabolic waste
clearance[21]. High-metabolic organs such as the kidneys and myocardium are particularly sensitive to reduced perfusion.
Therefore, the occurrence of AKI and AMI indicates that regulatory imbalance has evolved from molecular and microcirculatory
levels into structural organ damage [22]. Hyperkalemia, a common consequence of acute kidney injury and tissue destruction,
serves as both a marker of metabolic disturbance and increases the risk of arrhythmias by altering myocardial cell membrane
potential, thereby further compromising hemodynamic stability [23]. Once organ function declines, the capacity to clear
inflammatory mediators is further impaired, and hemodynamic stability is further undermined, which in turn exacerbates the
inflammation-coagulation crosstalk and establishes an irreversible vicious cycle.
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When the inflammatory burden is low and host reserve function is sufficient, anticoagulant and anti-inflammatory regulatory
mechanisms can still maintain systemic homeostasis. However, when inflammatory amplification persists or host basal function
declines, the gain of feedforward amplification exceeds the capacity of negative feedback regulation. The system crosses a critical
threshold and enters a self-reinforcing unstable trajectory. Microcirculatory dysfunction and metabolic reprogramming act as
systemic "accelerators” in this process, while the onset of organ injury marks the structural establishment of regulatory collapse.
Therefore, although the predictors identified in this study originate from different clinical dimensions, they converge at different
nodes of the same coupled network at the biological level. They essentially reflect the systemic signal intensity when the immune-
endothelial-coagulation axis crosses the boundary of homeostasis, providing a theoretical basis for intervention strategies
targeting the thromboinflammatory axis.

Within the above framework of threshold instability of the immune-endothelial-coagulation axis, the predictive model established
in this study is not merely a statistical tool, but a clinically quantitative representation of systemic instability signals. When
multiple nodal abnormalities coexist, it indicates that the system has crossed the threshold of homeostatic regulation, resulting in
a significantly elevated risk of death. Therefore, the model's predictive performance stems from integrating multi-level instability
signals rather than from the linear superposition of a single indicator. Within the internal validation cohort, an AUC of 0.714 was
attained, affirming the model's stability within the source population. When applied to the external validation cohort derived
from elCU-CRD, the AUC declined to 0.627, reflecting the challenge of cross-database generalization. This discrepancy may stem
from several factors. First, differences in database structure may play a role: MIMIC-IV comprises single-center, long-term data,
whereas elCU-CRD comprises multi-center, short-term data, with variations in patient composition and clinical management
strategies across institutions. Second, the difference in time span may reflect the evolution of concepts in sepsis management,
thereby affecting the distribution of outcomes. More importantly, as a thromboinflammatory phenotype, SAT may exhibit
biological heterogeneity in the intensity of immune activation, the degree of endothelial injury, and the pattern of coagulopathy
across different centers, which in turn leads to fluctuations in model performance. Coding bias inherent to administrative data
may represent an additional contributing factor to this discrepancy. Notwithstanding the attenuated AUC observed in the external
validation set, DCA revealed that the model maintained stable net clinical benefit across all datasets examined, underscoring its
potential utility as a decision-support instrument in diverse clinical environments.

To further contextualize the clinical value of this model, it is worth comparing it with commonly used scoring systems in critical
care. APACHE Il and SOFA mainly quantify the cumulative burden of organ failure and reflect established functional impairment.
In contrast, our model focuses on the specific subgroup of SAT, with greater emphasis on the activation intensity of the
thromboinflammatory axis—the upstream mechanism driving organ injury. Meanwhile, all variables in the model are routine
clinical indicators, and the nomogram is concise and intuitive, showing favorable bedside operability. From the standpoint of
clinical translation, the model offers a practical means of flagging high-risk patients in the ICU at an early stage, enabling timely
implementation of enhanced surveillance and tailored therapeutic strategies. This study not only constructed a predictive model
but also proposed that SAT may represent a hyperactivated thromboinflammatory phenotype of sepsis, whose mortality risk
reflects the signal of systemic instability once the immune-endothelial-coagulation axis crosses the homeostatic threshold.
Prospective studies incorporating dynamic platelet function monitoring and serial assessment of endothelial injury markers will
help further define the clinical threshold at which the thromboinflammatory axis becomes dysregulated, thereby supporting the
development of targeted early intervention strategies.

Several limitations of the present study warrant acknowledgment. To begin with, the retrospective cohort design inherently
constrains the ability to establish causal relationships. Although measured confounders were controlled for using LASSO and
multivariable regression, the potential influence of unmeasured variables cannot be excluded. Future prospective studies that
systematically integrate information on interventions and treatment intensity will help to more accurately define the independent
effects of each predictor. Second, all clinical data were sourced exclusively from two publicly available critical care databases,
namely MIMIC-IV and elCU-CRD, which may restrict the representativeness of the study population. Although multiple imputation
was applied to reduce missing bias, differences in variable recording and potential information bias may still affect model stability.
Third, this study included only static indicators collected early after ICU admission for modeling and failed to capture dynamic
changes over the course of sepsis. Given that the pathophysiological process of sepsis exhibits clear temporal characteristics,
single-time-point data may underestimate the evolution of systemic instability. Fourth, the generalizability of the model remains
limited, as evidenced by the reduced AUC in external validation. This likely reflects not only structural differences between
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databases but also the biological heterogeneity of the SAT thromboinflammatory phenotype across diverse clinical settings,
which warrants further investigation in prospective multicenter cohorts. Lastly, although the framework of threshold instability of
the immune-endothelial-coagulation axis proposed in this study is theoretically consistent, it remains essentially a mechanistic
inference based on clinical data and lacks direct experimental validation. Future mechanistic studies that combine coagulation
kinetic parameters with experimental models will help validate the proposed threshold-instability framework at the molecular
level, thereby providing a stronger biological rationale for stratified interventions targeting the immune-endothelial-coagulation

axis.

In summary, despite the above limitations, this study constructed and validated a predictive model for mortality risk in SAT using
public databases, providing exploratory evidence for risk stratification and mechanistic integration, and laying a foundation for
subsequent prospective studies and precise stratified interventions.

4.Methods
4.1 Data source, study patients, and study design

Critical care data were drawn from two open-access repositories for this retrospective analysis: the MIMIC-IV and the Electronic
Intensive Care Unit Collaborative Research Database (elCU-CRD). MIMIC-IV is a large single-center database that captures clinical
records of more than 70,000 ICU patients hospitalized at Beth Israel Deaconess Medical Center over the period 2008 to 2019. The
elCU-CRD, by contrast, operates as a multicenter platform, aggregating upward of 200,000 ICU admissions from 208 hospitals
across the United States between 2014 and 2015. All personally identifiable information in both databases has been removed
and replaced with random identifiers, thereby exempting this study from the requirement for informed consent and institutional
ethical approval. Both data sources contain comprehensive clinical information encompassing demographic profiles, bedside
physiological monitoring data, discharge diagnoses coded under the International Classification of Diseases, Ninth Revision (ICD-9)
and Tenth Revision (ICD-10), laboratory findings, treatment records, imaging reports, and patient outcomes.

Eligibility for inclusion required a confirmed sepsis diagnosis documented through ICD-9 or ICD-10 codes; specifically, ICD-9 codes
995.91 and 995.92, or ICD-10 code R65.2 were accepted. Thrombocytopenia was operationally defined as a platelet count below
100 X 10°/L [24,25]. Only patients who simultaneously fulfilled the diagnostic criteria for both sepsis and thrombocytopenia were
designated as SAT cases and subsequently enrolled in the analysis. Patients meeting any of the following criteria were excluded:
age under 18 years, ICU stay shorter than 24 hours, non-first ICU admission, or a concurrent diagnosis of acute leukemia. After
applying all inclusion and exclusion criteria, 4,654 patients were ultimately retained in the retrospective cohort, with 3,561
originating from MIMIC-IV and the remaining 1,093 from elCU-CRD. The MIMIC-IV cohort was subsequently partitioned at random
into a training set (70%, n = 2,493) and an internal validation set (30%, n = 1,068), while the eICU-CRD cohort was designated as the
external validation set. The full patient selection workflow and study framework are presented in Fig. 4.

4.2 Data extraction and descriptive analysis

After the target cohort was defined, pertinent clinical variables were systematically retrieved from the MIMIC-IV and elCU-CRD
databases, with data accessibility and clinical relevance serving as the primary selection criteria to guarantee both practical
applicability and analytical robustness. The entire data retrieval process was executed via structured query language (SQL). All
extracted variables were organized into five categories: demographic characteristics (gender, age, race, and weight), vital signs
(heart rate, respiratory rate, and temperature), laboratory parameters (blood urea nitrogen [BUN], hemoglobin, white blood cell
[WBC] count, creatinine, potassium, sodium, calcium, chloride, anion gap, hematocrit, prothrombin time [PT], bicarbonate, and
glucose), comorbid conditions (hypertension, diabetes, acute myocardial infarction [AMI], chronic kidney disease [CKD], acute
kidney injury [AKI], and chronic obstructive pulmonary disease [COPD]), and the primary outcome defined as in-hospital survival
status.

Incomplete data were handled through multiple imputation via the mice (v 3.18) package [26]. A missing rate threshold of 20%
was applied: variables falling below this threshold underwent imputation, while those meeting or exceeding it were removed from
subsequent analyses. The imputation strategy differed by variable type: binary variables were handled with the logistic regression
(logreg) method, ordered categorical variables with the proportional odds logistic regression (polr) method, and continuous
variables with predictive mean matching (pmm).
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SAT patients were then divided into two groups—survivors and non-survivors—based on whether in-hospital death occurred
during the index hospitalization. To explore the relationship between the extracted clinical variables and in-hospital mortality
in SAT patients, between-group comparisons of baseline characteristics were carried out within the MIMIC-IV cohort. Categorical
variables are reported as n (%) and tested with the chi-square test; continuous variables are summarized as mean * standard
deviation (SD) and examined by the Student's t-test or Wilcoxon rank-sum test depending on the distributional properties of the
data. Statistical significance was set at a two-sided P-value below 0.05, and all comparative results are compiled in the baseline
characteristics table.

4.3 Identification of independent predictors

Variables demonstrating statistically significant between-group differences in the baseline analysis were subsequently entered
into a least absolute shrinkage and selection operator (LASSO) regression model for further screening. The procedure was
implemented in the training set via 10-fold cross-validation with the glmnet (v 4.1.8) package[27]. Optimal penalty parameter (A)
selection followed the one-standard-error criterion (lambda.1lse), retaining only those variables whose regression coefficients
remained non-zero at the designated A as candidate feature variables.

To examine the relationship between the retained feature variables and in-hospital mortality risk in SAT patients, multivariable
logistic regression was then performed in the training set using the glm function within the stats (v 4.3.3) package [28]. Among the
candidate variables, those that retained statistical significance (P < 0.05) after multivariable logistic regression adjustment were
classified as independent predictors and carried forward into the subsequent analytical stages.

4.4 Construction and evaluation of the nomogram

Using the confirmed independent predictors, a nomogram was built in the training set through the rms (v 6.8.1) package[29]. Point
values proportional to each predictor's regression coefficient were assigned, and the aggregate score was subsequently mapped
to an individualized probability estimate of in-hospital death for each SAT patient. Calibration performance was examined through
calibration analysis using the same rms (v 6.8.1) package, with consistency between model-predicted probabilities and actual
observed outcomes serving as the primary evaluation criterion. The HL test was additionally applied to evaluate goodness-of-fit,
whereby a non-significant P-value (P > 0.05) was taken as evidence of adequate fit. Discriminative capacity was quantified through
ROC curve analysis implemented with the pROC (v 1.18.5) package [30], and the area under the curve (AUC) was computed as
the primary performance metric; an AUC exceeding 0.60 was deemed indicative of acceptable discrimination. Clinical utility was
further appraised through decision curve analysis (DCA) carried out with the rmda (v 1.6) package [31]. Validation of robustness
and cross-setting generalizability relied on ROC and DCA analyses applied to both the internal validation set and the external
validation set derived from elCU-CRD.

4.5 Statistical analysis

All statistical procedures were completed within the R (v 4.3.3) software environment. Unless stated otherwise, a two-sided P
value of less than 0.05 served as the uniform criterion for declaring statistical significance. Detailed descriptions of each statistical
test and analytical method are provided within their respective sections above.

List of abbreviations
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SD Standard deviation
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Fig. 1. Selection of independent predictors. (a) Least absolute shrinkage and selection operator (LASSO) coefficient
trajectory in the training set. (b) LASSO cross-validation plot showing optimal lambda in the training set. (c) Forest plot
of multivariable logistic regression identifying independent predictors of in-hospital death.

Fig. 2. Development and evaluation of the nomogram in the training set. (a) Nomogram integrating independent
predictors for estimating in-hospital mortality risk. (b) Calibration curve showing agreement between predicted and
observed outcomes. (c) ROC curve demonstrating discriminative performance of the nomogram. (d) Decision curve
analysis (DCA) evaluates the clinical net benefit of the nomogram.

CCCC2026 0255 |



Fig. 3. Validation of the nomogram in internal and external cohorts. (a-b) ROC curves in the internal (a) and external (b)
validation sets. (c-d) DCA in the internal (c) and external (d) validation sets assessing clinical utility.

Fig. 4. Flowchart depicting sample inclusion and overall study workflow.
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Tables

Table 1. Baseline characteristics of survivor and non-survivor groups in the MIMIC-IV cohort.
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Survivor

non-survivor

p
(n = 2,112) (n=1,449)

COPD (chronic obstructive pulmonary

0.014
disease), No. (%)
No 1902(90.1%) 1266(87.4%)
Yes 210(9.9%) 183(12.6%)
CKD (chronic kidney disease), No.

0371
(%)
No 1553(73.5%) 1045(72.1%)
Yes 559(26.5%)  404(27.9%)
AKI (acute kidney injury), No. (%) <0.001
No 671(31.8%)  241(16.6%)
Yes 1441(68.2%) 1208(83.4%)
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