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[bookmark: _Toc236250595][bookmark: _Hlk204343761]1. Supplement Explicate.
1. [bookmark: _Toc236250596]Formation of the Circulatory Model and the Blood Oxygen Unit (BOU) Concept
1.1 [bookmark: _Toc236250597]Simplified Mathematical Model Based on Physiological Characteristics
As the vascular system's fundamental functional unit, the microcirculation executes three cardinal physiological missions through its terminal arterioles-capillaries-venules continuum: (1) real-time hemodynamic modulation of organ perfusion pressure and flow distribution; (2) maintenance of tissue oxygen gradient homeostasis; and (3) bidirectional transport of metabolic substrates and waste products.
Hemodynamically, cardiac pulsatility propagates through fractal microvascular networks, generating capillary erythrocyte laminar flow (0.3–1.0 mm/s) with self-organized "platoon-like" configurations. These hydrodynamic principles underpin our operational definition of the Blood Oxygen Unit (BOU) — a cylindrical functional domain bounded by adjacent erythrocyte midlines, encapsulating an erythrocyte and its plasma envelope.
Schematic of Multiscale Circulatory-Metabolic Coupling Mechanism.
[image: ]
Notes：Macrocirculatory Layer: The Frank-Starling mechanism governs ventricular-vascular coupling to sustain systemic oxygen/nutrient delivery, while neurohumoral regulation maintains hemodynamic homeostasis. This layer provides kinetic energy for microcirculatory exchange. Microcirculatory Exchange Layer: Blood oxygen units traverse capillary networks at physiological flow velocities. Fick diffusion drives transmembrane substrate exchange (exchange phase), with subsequent cellular metabolic conversion (production phase) and efflux of functional products (circulation phase) back to macrocirculation.
1.2 [bookmark: _Toc236250598]What is a “Blood Oxygen Unit”?
[bookmark: OLE_LINK39]The hydrodynamic principles governing blood flow dynamics define the BOU as a cylindrical functional domain bounded by adjacent erythrocyte midlines, encapsulating an erythrocyte and its associated plasma envelope. This irreducible physiological entity exhibits three cardinal characteristics: (1) non-substitutability — rapid BOU regeneration is physiologically constrained without equivalent cellular or compositional alternatives; (2) holistic integration — erythrocytes, platelets, and foreign particulates coalesce into a coordinated functional matrix; and (3) dual-phase modulation — plasma expansion alters fluid dynamics rather than unit quantity.
The BOU demonstrates three intrinsic properties: hemorheological regulation (modulated by blood viscosity, vascular resistance, and pressure gradients), metabolic intermediation (delivering O₂ and nutrients while removing waste), and bidirectional exchange capacity (facilitating transmembrane transfer of cytokines, metabolites, and signaling molecules). Functionally, it operates through five paradigms: rate calibration (standardizing O₂ dissociation via hemoglobin allostery), energy transduction (ATP-coupled substrate delivery), value preservation (maintaining 90% erythrocytic functionality during 42‑day storage), delayed reciprocity (platelet-derived growth factor banking for wound repair), and interspecies compatibility (exemplified by universal O‑negative erythrocyte transfusions). These features position the BOU as a fundamental quantifier of circulatory efficacy and metabolic homeostasis.
2. [bookmark: _Toc236250599]Quantitative Framework for Perfusion-Metabolism Coupling	
At the single-capillary scale, perfusion flux (Q`) is determined by the density of BOUs (M′) and their mean flow velocity (V`):

where M represents BOU throughput, and V reflects erythrocyte deformation kinetics. Organ-scale perfusion (Qₜₒₜₐₗ) integrates microvascular network heterogeneity through parallel capillary summation:

Here, n denotes functional capillary density.
Tissue functional output arises from the spatiotemporal integration of energy metabolism and molecular exchange. Thus, the total functional output of a tissue region can be expressed as the product of functional units Y and their functional expression rate P. This yields the perfusion-metabolism coupling equation:

Y quantifies metabolically active functional units (e.g., lactate production), and P represents the metabolic rate coefficient. This framework bridges macroscale hemodynamic parameters with cellular metabolic dynamics, enabling quantitative analysis of microcirculatory efficiency.
2.1 [bookmark: _Toc236250600]Formulas and Transformation Process
Comparable metrics require homogeneity; while formulas exist, they are not universally applicable. This study classifies variables as components of the blood oxygen unit based on their ability to freely traverse membranes. Given the lack of real-time microcirculatory monitoring, clinically observable parameters were utilized for conversion.
Perfusion-Metabolism Coupling
Unit Consistency:
· M: Mean blood oxygen units undergoing capillary exchange (ideal unit: count; operationalized as erythrocyte count [×10⁹/L])
· V: Mean flow velocity through capillaries (ideal unit: m/s; measured as cardiac output [L/min])
Homogeneity Principle:
· P × Y maintains identical dimension (count/min)
· Y: Total functional output (ideal unit: count; clinical measures: ×10⁹/L, mg/L)
Unit Consistency and the Homogeneity Principle ensure that both sides of the equation remain dimensionally equivalent. Consequently, the unit of P corresponds to the inverse of the observed metabolic product's unit, multiplied by time.
It is important to emphasize that M represents the number of BOU units passing through the capillaries rather than the cardiac output value used in this study. In other words, the P value of functional units across different organs follows a discernible pattern. Assuming that total perfusion across organs remains constant — i.e., M × V is fixed — we can write:

Subscripts denote organ-specific parameters: 1, 2, … n: Distinct organ systems (e.g., hepatic, renal, cerebral); M: number of BOU flux through capillary beds; V: Systemic perfusion velocity; P: Organ-specific microcirculatory efficacy rate; Y: Organ-specific functional units
Thus, when future studies achieve the observation of functional unit expression across multiple organs, the challenge of unit standardization arises. 
The parameter P quantifies the composite rate of functional unit processing through three sequential phases:
· Exchange Phase (b): Transmembrane influx via Fickian diffusion (V∝ΔC)
· Production Phase (c): Cellular metabolic conversion
· Circulation Phase (d): Functional output egress.
2.2 [bookmark: _Toc236250601]A Fundamental Scenario
[bookmark: OLE_LINK6]For the purpose of deriving the rate constant P, we consider a unit simplification: a single blood oxygen unit (M = 1) traversing a capillary and yielding one unit of functional material (Y = 1). While the physiological system operates with high-volume fluxes, this algebraic simplification is mathematically valid because steady‑state flow is laminar and the system is linear at first approximation. The resulting expression for P can therefore be scaled linearly to macro‑scale parameters (M, V, Y) without loss of generality.
Assume that a single BOU traverses a capillary of length L₁ at velocity Vblood, facilitating the exchange of substances and yielding one unit of functional material. Nutrient transfer consists of three stages: (b) Exchange Phase, (c) Production Phase, and (d) Circulation Phase. Temporally, the influx of functional material must be completed before the BOU exits.
Given that diffusion is primarily driven by concentration gradients (Fick's law), we assume that the exchange rates during stages (b) and (d) remain constant at V₂, while the processing time in stage (c) is T₀. Under these conditions, the perfusion efficiency P is expressed as:

Here, L1 is functional capillary length (m); L2 is transendothelial diffusion path (m); V2 is effective diffusion velocity (m/s); andT0 is Mean metabolic processing time (s)
In real-world scenarios, the relationships embedded within the P value are inherently complex. When edema resolves and diffusion accelerates, P increases while Y remains unchanged or increases correspondingly; the opposite occurs under adverse conditions. A decrease in L₁ not only reduces P but also leads to a decline in Y, as seen in obstructive shock.
Fundamentally, M and Y represent cyclical behaviors of microcirculatory and cellular systems, respectively. The ratio M/Y is not constant; more complex organ functions (e.g., hepatic synthesis vs. simple diffusion) require a larger Y and thus a higher M (or lower P) to sustain the same functional output. Additionally, while microcirculation and cellular metabolism are interdependent, their coupling is frequent but not absolute. Since P is derived from theoretical equations, extreme values may emerge when these two systems become uncoupled or significantly mismatched.
Pathophysiological Modulation:
	Condition
	P Dynamics
	Y Response
	Clinical Paradigm

	Edema Resolution
	↑ (L2↓, V2↑)
	Stable/↑
	capacity optimization

	Microvascular Obstruction
	↓ (L1↓)
	↓
	Obstructive shock

	Cellular Production Impairment
	↓ (T0↑)
	↓
	Mitochondrial Uncoupling

	Metabolic Decoupling
	Extreme values
	Discordant
	Sepsis


Note: ↑/↓: Directional change in parameter;

3. [bookmark: _Toc236250602]Feature Engineering
As the core of the BOU concept, RBCs are central to functional characterization, particularly in the transport of oxygen and carbon dioxide. This function primarily depends on hemoglobin, which therefore serves as the principal observational marker at the BOU level, complemented by analysis of its downstream metabolic product—bilirubin. Based on this model, further examination of the tensions and constraints that BOUs encounter between systemic circulation and their intrinsic metabolic cycle is of critical importance.
3.1 [bookmark: OLE_LINK47][bookmark: _Toc236250603]Inflation rate
Intravenous therapy alters not only the proportions of blood components but also their concentrations. Taking the infusion of isotonic saline as an example, if a single BOU is considered to travel from the heart and return as one circulatory cycle, then once equilibrium is reached, the concentrations of metabolites and blood components within the circulation decrease proportionally.
In the short term, rapid fluid administration can cause abrupt changes in blood concentration, while the structural integrity of blood components remains relatively stable. Using the volume of red blood cells (VolRBC) as a reference (Vol denoting volume to distinguish it from rate), the hematocrit (HCT) is defined as the ratio of red blood cell volume to total blood volume:
[bookmark: OLE_LINK31]
Accordingly, plasma volume can be expressed as:

[bookmark: OLE_LINK35]Considering the mean corpuscular volume (MCV), the fluid-carrying capacity of a single blood oxygen unit (Yplasma) can be expressed as:

Rather than focusing solely on Yplasma or a single circulatory phase, our attention is directed toward changes in blood composition following fluid therapy. Using red blood cell volume as the reference, the complete formula for the Inflation Rate is defined as:

In a physiological state, red blood cell production and structure remain consistent. However, in patients with megaloblastic anemia, liver disease, myelodysplastic syndromes, or active hemolysis, the assumption of consistent RBC production and structure may not hold. In such cases, the Inflation Rate should be interpreted with caution, and additional markers (e.g., reticulocyte count, haptoglobin, lactate dehydrogenase) may be required to assess parameter validity.
Furthermore, the site of blood sampling influences circulatory assessment: arterial blood predominantly reflects the metabolic state after tissue exchange (i.e., the preceding circulatory cycle), whereas venous blood represents the cumulative metabolic output from the microcirculation (i.e., the current phase). Therefore, consistent sampling from the same site (preferably arterial for derivation, venous for validation) is essential for longitudinal comparisons.
3.2 [bookmark: _Toc236250604]Hemoglobin Turnover Rate (HTR)
The Intrinsic Metabolic Cycle of Red Blood Cells
Erythropoiesis occurs in the bone marrow, typically within "erythroblastic islands" formed by macrophages. Under the stimulation of interleukin-3 (IL-3), multipotent hematopoietic stem cells differentiate into burst-forming unit–erythroid cells (BFU-E), which subsequently develop into colony-forming unit–erythroid cells (CFU-E)[1]. Driven by the synergistic effects of erythropoietin (EPO), stem cell factor (SCF), insulin-like growth factors (IGFs), glucocorticoids, IL-3, and IL-6, CFU-E cells further differentiate into proerythroblasts[2].
Proerythroblasts sequentially mature into basophilic, polychromatic, and orthochromatic erythroblasts. With successive divisions, cell size decreases while hemoglobin content in the cytoplasm progressively increases. At the orthochromatic stage, mitosis ceases, the nucleus condenses and is eventually extruded, giving rise to reticulocytes.
Enucleated red blood cells are a hallmark of mammals. Loss of the nucleus enhances their capacity for hemoglobin storage and confers superior deformability, enabling passage through capillaries narrower than their own diameter without structural damage. The transition from BFU-E to reticulocyte requires approximately 7-9 days. Reticulocytes remain in the bone marrow for 24-48 hours before entering circulation, where they complete maturation within another 24-48 hours to become fully functional biconcave erythrocytes. Some final maturation may occur in the spleen. While incapable of further division, reticulocytes continue hemoglobin synthesis until fully matured.
Mature erythrocytes have a lifespan of about 120 days, after which they are cleared by the reticuloendothelial system of the liver, spleen, and bone marrow. Hemoglobin is degraded into indirect bilirubin, which is subsequently converted in the liver to direct bilirubin and excreted in bile[3]. Approximately 80–85% of bilirubin derives from senescent RBCs, 10–15% from immature erythroid cells in the bone marrow, and 1–5% from hepatic heme proteins[4].
Erythropoiesis is tightly regulated, with EPO serving as the key mediator, mainly secreted by the hypoxic kidney and to a lesser extent by bone marrow cells. Thyroid hormones, growth hormone, and glucocorticoids enhance EPO activity, whereas inflammatory cytokines such as IL-1 and TNF act as inhibitors.
We assume that under physiological steady-state conditions, the number of red blood cells produced equals the number removed through senescence and clearance. Accordingly, the rate of bilirubin formation can be approximated as being proportional to the rate of RBC turnover, expressed by a constant coefficient a, such that:

Integrating both sides with respect to time t, we obtain:

where C is an integration constant. Ideally, this suggests that the absolute value of hemoglobin and that of total bilirubin are linearly related.
Let the degradation rate of hemoglobin be denoted as A：

Macrocirculation
We assume that under physiological steady-state conditions, the number of red blood cells produced equals the number removed through senescence and clearance. Accordingly, the rate of bilirubin formation can be approximated as being proportional to the rate of RBC turnover, expressed by a constant coefficient Mliver with an associated blood flow rate Vliver. During circulation, bilirubin contained within BOUs is taken up and metabolized by hepatocytes. The portion removed from BOUs in this process is defined as Yliver, and the hepatic clearance efficiency of bilirubin in a given cycle, Pliver, can thus be expressed as:

Under homeostatic conditions, the total bilirubin cleared by the liver (Yliver) is proportional to the number of red blood cells undergoing senescence and clearance, with a value equal to this number divided by the growth coefficient a. Although hepatic perfusion can be partly maintained even under extreme conditions such as shock, variation in blood flow distribution and velocity across macrocirculatory cycles renders hepatic clearance efficiency (Pliver) particularly critical.
Microcirculation and Cellular Metabolism
As elaborated in Supplement Explicate 2, Pliver represents the mean functional output of all hepatocytes per unit time. Disruptions at distinct metabolic phases lead to characteristic changes in P: impaired Exchange Phase (hemolytic jaundice), impaired Production Phase (hepatocellular jaundice), and impaired Circulation Phase (cholestatic jaundice), each typically manifesting as an increase in P. For ease of discussion, subsequent analyses will disregard quantitative relationships among the substances.
Strictly speaking, a single red blood cell contains approximately 2.7-3.0 ×108 hemoglobin molecules. This can be estimated as:

where b is the reciprocal of the Mean Corpuscular Hemoglobin (MCH), and c denotes the fraction of total hemoglobin carried through the liver relative to the whole body.
By integrating the above expressions, we obtain a consolidated equation：

The Total Bilirubin extracted from arterial blood represents the residual fraction from the previous cycle after production and clearance. Meanwhile, Total Bilirubin concentration remains across cycles:

Hemoglobin is maintained at a relatively level in the body, reflecting a balance between its synthesis and degradation.

which after simplification yields the Hemoglobin Turnover Rate (HTR):

Disease Progression and Therapeutic Approaches
Current laboratory methods cannot directly capture the magnitude of changes or the associated reaction rates, making it difficult to resolve the above equation. In brief, under physiological homeostasis, the HTR is expected to remain relatively stable. When homeostasis is perturbed or under extreme conditions, HTR may fluctuate and generally increases. It should be emphasized that the derivation above assumes an idealized steady-state model; in pathological contexts such as hemolysis or sepsis, HTR dynamics become considerably more complex.
3.3 [bookmark: _Toc236250605]Derivation of Hemoglobin to Bilirubin Conversion
Each hemoglobin (Hb) molecule contains four heme prosthetic groups. During catabolism, each heme moiety is sequentially metabolized by heme oxygenase and biliverdin reductase to yield one molecule of bilirubin. Consequently, the stoichiometric relationship is that 1 mole of hemoglobin yields 4 moles of bilirubin. 
The molecular weights of the relevant substances are as follows: Hb: ～64,500 g/mol; Heme: 616.5 g/mol; Bilirubin: 584.7 g/mol. Using these values, the mass-based conversion between hemoglobin degradation and bilirubin production can be quantified as follows:
	Starting Materia
	Bilirubin Produced (Mass)

	1 mol Hb
	2,338.8 g

	1 g Hb
	36.25 mg

	1 μmol bilirubin
	0.5847 mg

	1 mg bilirubin
	1.71 μmol


3.4 [bookmark: OLE_LINK51][bookmark: _Toc236250606]Assessment of Circulatory Function in Blood-Oxygen Units
[bookmark: OLE_LINK15]Arterial oxygen content (CaO₂) represents the total oxygen carried in arterial blood, comprising both hemoglobin-bound and dissolved oxygen[5]. It is calculated as:

where Hb is hemoglobin concentration (g/dL), SaO2 is arterial oxygen saturation (%), and PaO2 is arterial partial pressure of oxygen (mmHg).
The functional expression rate of oxygen delivery per BOU can be represented as:

Aerobic respiration fundamentally depends on anaerobic metabolism; however, not all anaerobic by‑products enter the aerobic pathway. Some are released as lactate into the circulation, which can be described as:

where Lac denotes lactate concentration.
In reality, the total functional energy of cells is the sum of both aerobic and anaerobic respiration. Nevertheless, the intrinsic property of the BOU is metabolic intermediation — delivering oxygen and nutrients while removing waste. Lactate production, however, is not primarily a function of oxygen delivery; it can occur even in the absence of a functional BOU. Therefore, we are specifically interested in the level of anaerobic metabolism under varying degrees of oxygen supply.
The perfusion–metabolism coupling ratio is then defined as:

Substituting the expressions and simplifying, we obtain:

[bookmark: OLE_LINK76]Here, CaO₂ is expressed in units of 10 mL/L (to ensure dimensional consistency), and Lac is the lactate concentration in mmol/L. This ratio provides a flow‑adjusted index of anaerobic stress that is independent of systemic perfusion variability.
4. [bookmark: _Toc236250607]Analytical file
4.1 [bookmark: _Toc236250608]Data Preprocessing
Data preprocessing was performed in R using the “dplyr”, “lubridate”, and “ggplot2” packages. After clearing the workspace, baseline patient data and longitudinal laboratory records were read, time variables were converted to POSIXct format, and derived indices (e.g., BMI, Plife, Rlac) were calculated according to the integrative circulatory model. Patients were followed longitudinally, time windows were restricted, and individuals were grouped based on measurement frequency within the last seven days. The final analytic cohort consisted of patients monitored with the PiCCO system.
4.2 [bookmark: _Toc236250609]Survival Analysis and Risk Stratification
Using the “survival” and “survminer” packages, we created a four‑level risk group based on predefined cutoffs (Rlac > 1, Plife > 5). Kaplan‑Meier analysis with log‑rank tests and risk tables was performed to compare survival distributions across groups. Three Cox proportional hazards models were fitted: Model 1 (unadjusted), Model 2 (adjusted for age, sex, BMI, APACHE II scores), and Model 3 (fully adjusted for all comorbidities). Hazard ratios with 95% confidence intervals were estimated and visualized in a forest plot.
To address violations of the proportional hazards assumption for certain variables (e.g., Plife, Rlac), restricted mean survival time (RMST) analysis was performed as a complementary approach using the “survRM2” package, with results reported as RMST differences and ratios at tau = 168 hours (7 days). Subgroup analyses evaluated effect modification by baseline characteristics, with interaction p‑values calculated using likelihood ratio tests.
4.3 [bookmark: _Toc236250610]Joint Latent Class Trajectory Modeling
Using the “lcmm” package (version ≥2.0.0), we fitted joint latent class mixed models (JLCMM) to the longitudinal trajectories of Plife and Rlac. A quantile‑based I‑spline link function accommodated skewed distributions. Models with one to five latent classes were compared. The optimal number of classes was determined by the lowest Bayesian information criterion (BIC), with each class comprising >5 % of the sample, a mean posterior class‑membership probability >0.7, and concordance between longitudinal and survival classifications. Model fit statistics (AIC, BIC, entropy, ICL) were summarized and compared. Predicted trajectory plots with 95 % confidence bands were generated for the selected three‑class solution. Baseline characteristics were “summarised” across the three latent classes using the “tableone” package.
4.4 [bookmark: _Toc236250611]Machine Learning and External Validation
Using the “xgboost” package, we trained XGBoost models for mortality prediction. The dataset was randomly split into training (60 %) and testing (40 %) sets by patient ID with a fixed random seed (2026) for reproducibility. SHAP values were computed using the “shapviz” package to interpret feature importance, visualized via bar plots (mean absolute SHAP) and bee‑swarm plots.
To assess robustness to feature selection, three alternative XGBoost models were trained using 2, 3, and 9 clinically accessible features. The 9‑feature model achieved the highest discriminative ability for 1‑day mortality (AUC = 0.850).
External validation was performed using the MIMIC‑IV database. For the primary analysis, patients with missing data for any key variable were excluded (complete case analysis). A sensitivity analysis using 3‑day forward imputation of missing values was performed to assess robustness.
4.5 [bookmark: _Toc236250612]Mediation and Time‑Dependent Analyses
Joint model mediation analysis was conducted to evaluate whether the protective effects of hemoglobin and red blood cell count on mortality were mediated by Plife and Rlac. Bayesian Markov chain Monte Carlo (MCMC) methods were used with 20,000 iterations, 5,000 burn‑in, and 2 chains; convergence was assessed using effective sample size.
Time‑dependent analyses were performed to evaluate the prognostic value of Rlac and Plife over time. Univariable Cox regression identified optimal prediction windows, time‑dependent AUC analysis evaluated discriminative ability at days 1, 3, 7, 10, and 14, and time‑dependent Cox models estimated the association of dynamic biomarker changes with mortality risk.
4.6 [bookmark: _Toc236250613]Descriptive Statistics and Software
Continuous variables are presented as mean ± standard deviation (SD) or median with interquartile range (IQR), and categorical variables as counts (percentages). Group comparisons were performed using one‑way ANOVA, the Wilcoxon rank‑sum test, or the chi‑square test, as appropriate. A two‑sided p < 0.05 was considered statistically significant.
All statistical analyses were conducted using R software version 4.3.2 (R Foundation for Statistical Computing, Vienna, Austria). Key packages included “survival” (3.5‑5), “tableone” (0.13.0), “lcmm” (2.0.0), “xgboost” (1.7.3), “pROC” (1.18.0), “timeROC” (0.4), and “ggplot2” (3.4.2).




[bookmark: _Toc236250614]2. Supplement Table
1. [bookmark: OLE_LINK69][bookmark: OLE_LINK43][bookmark: OLE_LINK40][bookmark: _Toc236250615]Baseline demographics and characteristics
	
	Survivors
N = 71
	Non‑survivors
N = 90
	p

	Demographics
	
	
	

	[bookmark: OLE_LINK91]Gender, Male (%)
	43 (60.56)
	67 (74.44)
	0.0874

	Age, years
	64.89 (15.61)
	73.54 (12.39)
	0.0001

	Height, cm
	165.49 (7.33)
	165.71 (7.51)
	0.8535

	Weight, kg
	62.63 (13.24)
	59.76 (11.99)
	0.1637

	BMI, kg/m2
	22.88 (4.14)
	21.69 (3.84)
	0.0684

	APACHE II score
	22.48 (8.47)
	27.01 (9.00)
	0.0014

	Comorbidities
	
	
	

	Cardiopulmonary Arrest (%)
	9 (12.68)
	14 (15.56)
	0.7706

	Cardiac Dysfunction (Grade 1-2) (%)
	23 (32.39)
	20 (22.22)
	0.2044

	Cardiac Dysfunction (Grade 3-4) (%)
	25 (35.21)
	33 (36.67)
	0.9795

	Arrhythmia (%)
	19 (26.76)
	29 (32.22)
	0.5628

	Valvular Heart Disease (%)
	15 (21.13)
	13 (14.44)
	0.3674

	Aortic Stenosis (%)†
	1 (1.41)
	1 (1.11)
	1

	Aortic Regurgitation (%)†
	3 (4.23)
	2 (2.22)
	0.6552

	[bookmark: OLE_LINK97]Both (%)†
	0 (0.00)
	1 (1.11)
	1

	Other Valvular Disease (%)
	14 (19.72)
	11 (12.22)
	0.273

	Peripheral Artery Disease (%)
	18 (25.35)
	21 (23.33)
	0.8535

	Hepatic Dysfunction (%)
	9 (12.68)
	10 (11.11)
	0.9525

	Diabetes Mellitus (%)
	11 (15.49)
	25 (27.78)
	0.0955

	Hypertension (%)
	29 (40.85)
	50 (55.56)
	0.0901

	Laboratory Parameters
	
	
	

	Temperature, °C 
	37.10 [36.50, 37.70]
	36.80 [36.30, 37.30]
	0.0342

	Heart rate, beats/min
	89.00 [78.00, 103.50]
	100.50 [89.25, 113.00]
	0.0009

	Systolic blood pressure, mmHg
	122.00 [106.50, 139.00]
	122.50 [101.75, 133.00]
	0.5056

	Diastolic blood pressure, mmHg
	63.50 [54.00, 71.00]
	61.50 [50.00, 70.00]
	0.1614

	Mean arterial pressure, mmHg
	82.83 [76.67, 91.17]
	80.83 [71.00, 89.92]
	0.2578

	Lactate, mmol/L
	2.10 [1.55, 3.70]
	4.200 [2.10, 8.40]
	0.0001

	Mean corpuscular volume, fL
	91.05 [87.73, 94.60]
	93.300 [90.50, 97.30]
	0.0048

	Mean corpuscular hemoglobin concentration, g/L
	331.00 [320.75, 339.75]
	327.00 [319.00, 338.00]
	0.3856

	Mean corpuscular hemoglobin, pg
	30.35 [28.90, 31.48]
	30.60 [29.50, 32.00]
	0.1192

	Red blood cell count, ×1012/L
	3.08 [2.47, 3.83]
	2.74 [2.25, 3.32]
	0.0123

	Hemoglobin, g/dL
	9.25 [7.30, 11.50]
	8.15 [7.00, 9.83]
	0.0268

	Partial pressure of oxygen, mmHg
	117.00 [95.00, 151.50]
	100.00 [77.00, 137.00]
	0.0073

	Arterial oxygen saturation, %
	98.70 [97.60, 99.30]
	97.60 [93.00, 99.10]
	0.0016

	Total bilirubin, μmol/L
	1.32 [0.88, 2.44]
	1.97 [1.04, 3.54]
	0.0289

	Hemodynamic parameters
	
	
	

	[bookmark: _Hlk231931691]Cardiac function index, 1/min
	3.80 [2.80, 5.15]
	3.60 [2.50, 4.75]
	0.121

	Cardiac index, L/min/m²
	3.04 [2.10, 3.59]
	2.66 [2.00, 3.61]
	0.487

	Central venous pressure, mmHg
	10.00 [7.00, 14.00]
	12.00 [8.00, 17.00]
	0.0249

	Extravascular lung water index, mL/kg
	9.00 [6.00, 12.00]
	10.50 [8.00, 15.00]
	0.0246

	Extravascular lung water, mL
	543.00 [384.00, 783.00]
	664.00 [439.00, 883.00]
	0.0825

	Global end-diastolic volume index, mL/m2
	761.50 [633.00, 933.00]
	775.50 [637.50, 994.00]
	0.9513

	Global end-diastolic volume, mL
	1271.00 [1043.00, 1546.00]
	1292.00 [986.00, 1590.00]
	0.6894

	Global ejection fraction, %
	17.00 [12.00, 23.00]
	13.00 [9.00, 18.00]
	0.0026

	Intrathoracic blood volume, mL
	1639.00 [1330.00, 1969.00]
	1487.00 [1210.00, 1983.50]
	0.4372

	Cardiac Output, L/min
	4.87 [3.35, 6.16]
	4.36 [3.46, 5.71]
	0.5977

	Stroke volume, mL
	55.00 [37.00, 69.25]
	46.00 [32.00, 58.00]
	0.0168

	Stroke volume index, mL/m2
	34.00 [20.00, 39.00]
	27.00 [18.25, 33.75]
	0.0097

	[bookmark: OLE_LINK94]Systemic vascular resistance, dyn·s·cm-5
	1260.00 [910.00, 1850.00]
	1310.00 [930.00, 1675.00]
	0.6124

	Systemic vascular resistance index, dyn·s·cm-5·m2
	2253.50 [1523.00, 2975.75]
	2088.00 [1439.50, 2763.50]
	0.4414

	Stroke volume variation, %
	12.50 [8.00, 21.00]
	17.00 [11.00, 27.00]
	0.0023

	Maximum dP/dt, mmHg/s
	1350.00 [990.00, 1658.00]
	1324.000 [1007.00, 1777.00]
	0.7676

	Calculated parameters
	
	
	

	[bookmark: OLE_LINK95]CaO2, mL/dL 
	11.85 [10.21, 16.75]
	10.00 [8.09, 12.74]
	0.0472

	DO2, mL/min
	652.51 [442.44, 837.63]
	364.52 [221.45, 549.18]
	0.0029

	[bookmark: _Hlk231931036]Inflation Rate
	2.75 [1.71, 3.35]
	2.80 [2.39, 4.59]
	0.2482

	Cardiac Output over Inflation Rate 
	1.98 [1.39, 2.52]
	1.10 [0.76, 1.62]
	0.0144

	HTR 
	0.00 [0.00, 0.01]
	0.00 [0.00, 0.01]
	0.2961

	Pone 
	0.06 [0.04, 0.08]
	0.03 [0.02, 0.05]
	0.0194

	Plife 
	15.75 [6.74, 29.04]
	5.80 [2.28, 17.23]
	0.0543

	RLac 
	0.33 [0.21, 0.53]
	1.84 [0.51, 4.00]
	0.0007

	[bookmark: OLE_LINK90]Total Vasoactive Score
	7.75 [3.60, 93.70]
	159.14 [20.15, 352.84]
	0.0317

	SOFA Score
	6.00 [3.75, 9.75]
	9.00 [6.25, 12.00]
	0.0895

	Outcome
	
	
	

	LOS, hours 
	447.30 (626.45)
	344.15 (665.85)
	0.6322

	Admission time, hours
	457.32 (626.28)
	354.66 (665.98)
	0.6338


[bookmark: OLE_LINK26]Note: Data are presented as mean ± SD for normally distributed variables, median [IQR] for non-normally distributed variables, and n (%) for categorical variables.
† Fisher's exact test was used when expected cell frequency < 5.

2. [bookmark: _Toc236250616][bookmark: OLE_LINK70]Baseline demographics and characteristics in the single‑time‑point subset
	
	Survivors
N = 16
	[bookmark: OLE_LINK7]Non‑survivors
N = 29
	p

	Demographics
	
	
	

	[bookmark: OLE_LINK79]Gender, Male (%)
	10 (71.43)
	18 (64.29)
	0.9079

	Age, years
	67.143 (17.12)
	78.250 (11.40)
	0.0163

	Height, cm
	167.786 (6.46)
	163.571 (7.79)
	0.0889

	Weight, kg
	63.750 (13.537)
	56.870 (14.083)
	0.141

	BMI, kg/m2
	22.514 (3.696)
	21.034 (4.148)
	0.2684

	[bookmark: OLE_LINK80]APACHE II score
	23.143 (7.989)
	31.357 (8.786)
	0.0054

	Comorbidities
	
	
	

	Cardiopulmonary Arrest (%)
	0 (0.00)
	5 (17.86)
	0.2383

	[bookmark: _Hlk232005689]Cardiac Dysfunction (Grade 1-2) (%)
	5 (35.71)
	4 (14.29)
	0.2315

	Cardiac Dysfunction (Grade 3-4) (%)
	5 (35.71)
	12 (42.86)
	0.9115

	[bookmark: OLE_LINK88]Arrhythmia (%)
	3 (21.43)
	11 (39.29)
	0.4179

	Valvular Heart Disease (%)
	0 (0.00)
	3 (10.71)
	0.5251

	Aortic Stenosis (%)†
	0 (0.00)
	0 (0.00)
	NA

	Aortic Regurgitation (%)†
	0 (0.00)
	1 (3.57)
	1

	Both (%)†
	0 (0.00)
	0 (0.00)
	NA

	Other Valvular Disease (%)
	0 (0.00)
	2 (7.14)
	0.5447

	Peripheral Artery Disease (%)
	4 (28.57)
	9 (32.14)
	1

	Hepatic Dysfunction (%)
	2 (14.29)
	3 (10.71)
	1

	[bookmark: OLE_LINK89]Diabetes Mellitus (%)
	2 (14.29)
	7 (25.00)
	0.69

	Hypertension (%)
	8 (57.14)
	18 (64.29)
	0.9106

	Laboratory Parameters
	
	
	

	Temperature, °C 
	37.20 [36.38, 37.95]
	36.45 [36.00, 37.00]
	0.0384

	Heart rate, beats/min
	83.50 [72.50, 100.25]
	99.50 [85.50, 112.25]
	0.0498

	Systolic blood pressure, mmHg
	126.50 [114.25, 134.50]
	113.50 [96.00, 124.25]
	0.0563

	Diastolic blood pressure, mmHg
	65.00 [55.25, 68.75]
	53.00 [44.00, 64.25]
	0.0438

	Mean arterial pressure, mmHg
	84.83 [79.25, 86.17]
	75.83 [61.33, 87.75]
	0.0901

	Lactate, mmol/L
	2.00 [1.25, 2.48]
	7.00 [2.55, 17.00]
	0.0004

	Mean corpuscular volume, fL
	94.20 [90.90, 97.02]
	92.70 [89.80, 98.10]
	0.4414

	Mean corpuscular hemoglobin concentration, g/L
	334.50 [319.75, 343.75]
	327.00 [318.00, 338.50]
	0.296

	Mean corpuscular hemoglobin, pg
	31.50 [30.50, 33.30]
	30.40 [28.95, 32.35]
	0.1107

	Red blood cell count, ×1012/L
	2.71 [2.28, 3.99]
	2.87 [2.06, 3.24]
	0.357

	Hemoglobin, g/dL
	8.45 [7.38, 12.75]
	8.80 [7.10, 10.15]
	0.3428

	Partial pressure of oxygen, mmHg
	113.00 [84.25, 145.25]
	100.00 [66.50, 123.50]
	0.2538

	Arterial oxygen saturation, %
	98.55 [96.60, 99.20]
	97.00 [89.05, 98.60]
	0.0761

	Total bilirubin, μmol/L
	1.18 [0.89, 1.50]
	1.13 [0.86, 2.63]
	0.6501

	Hemodynamic parameters
	
	
	

	Cardiac function index, 1/min
	3.60 [2.70, 5.00]
	3.00 [2.20, 4.15]
	0.2676

	Cardiac index, L/min/m²
	2.80 [2.28, 3.30]
	2.10 [1.68, 3.26]
	0.2097

	Central venous pressure, mmHg
	11.00 [8.00, 15.00]
	10.00 [8.00, 17.00]
	0.8769

	Extravascular lung water index, mL/kg
	7.50 [6.75, 15.25]
	11.50 [7.75, 15.25]
	0.4588

	Extravascular lung water, mL
	580.00 [419.00, 1081.00]
	696.00 [457.00, 889.50]
	0.9853

	Global end-diastolic volume index, mL/m2
	765.50 [704.00, 835.75]
	674.00 [559.50, 871.75]
	0.1637

	Global end-diastolic volume, mL
	1311.00 [1237.50, 1500.00]
	1136.00 [886.00, 1531.50]
	0.2041

	Global ejection fraction, %
	17.00 [10.50, 28.00]
	11.00 [7.00, 17.00]
	0.1439

	Intrathoracic blood volume, mL
	1627.50 [1434.25, 1977.00]
	1419.00 [1161.00, 1753.00]
	0.4014

	Cardiac Output, L/min
	4.61 [3.69, 6.26]
	3.72 [2.75, 4.66]
	0.0877

	Stroke volume, mL
	57.10 [38.25, 80.50]
	34.00 [25.00, 53.50]
	0.0209

	Stroke volume index, mL/m2
	32.00 [19.25, 49.00]
	20.00 [14.10, 27.50]
	0.0144

	Systemic vascular resistance, dyn·s·cm-5
	1215.00 [877.50, 1667.50]
	1340.00 [1240.00, 1880.00]
	0.2237

	Systemic vascular resistance index, dyn·s·cm-5·m2
	2449.50 [1805.50, 3023.75]
	2476.00 [1620.00, 3518.00]
	0.5592

	Stroke volume variation, %
	10.00 [8.00, 14.00]
	17.00 [11.50, 25.50]
	0.0152

	Maximum dP/dt, mmHg/s
	890.00 [719.00, 1032.50]
	1324.00 [990.00, 1770.00]
	0.0043

	Calculated parameters
	
	
	

	CaO2, mL/dL 
	12.33 [10.05, 15.54]
	10.33 [8.85, 13.00]
	0.0005

	DO2, mL/min
	581.53 [424.27, 837.63]
	478.61 [338.93, 590.01]
	0.0105

	Inflation Rate
	2.61 [1.88, 3.41]
	2.968 [2.32, 3.72]
	0.0279

	Cardiac Output over Inflation Rate 
	1.78 [1.31, 2.64]
	1.51 [1.05, 2.10]
	0.042

	HTR 
	0.01 [0.01, 0.01]
	0.01 [0.01, 0.01]
	0.0052

	Pone 
	0.06 [0.04, 0.09]
	0.05 [0.03, 0.07]
	0.0291

	Plife 
	13.44 [4.54, 34.00]
	6.26 [2.76, 16.36]
	0.0014

	RLac 
	0.42 [0.25, 0.64]
	0.87 [0.38, 2.15]
	<0.0001

	Total Vasoactive Score
	26.46 [4.88, 120.00]
	91.89 [15.78, 243.82]
	0.0064

	SOFA Score
	7.00 [6.00, 9.00]
	8.50 [6.00, 11.00]
	0.0769

	Outcome
	
	
	

	LOS, hours 
	494.054 (618.086)
	414.443 (706.410)
	0.4545

	Admission time, hours
	567.866 (1061.876)
	425.096 (706.459)
	0.3087


Note: Data are presented as mean ± SD for normally distributed variables, median [IQR] for non-normally distributed variables, and n (%) for categorical variables.
† Fisher's exact test was used when expected cell frequency < 5.

3. [bookmark: OLE_LINK11][bookmark: _Toc236250617]Longitudinal changes from first to last measurement in survivors
	
	First
N = 56
	Last
N = 56
	p

	[bookmark: OLE_LINK2]Laboratory Parameters
	
	
	

	[bookmark: _Hlk231970000]Temperature, °C 
	  37.05 [36.50, 37.52]
	  37.05 [36.68, 37.50]
	0.882

	Heart rate, beats/min
	  91.50 [79.75, 104.00]
	  92.50 [80.75, 101.25]
	0.963

	Systolic blood pressure, mmHg
	 121.50 [103.75, 141.25]
	 129.00 [119.00, 146.00]
	0.027

	Diastolic blood pressure, mmHg
	  63.00 [54.00, 71.00]
	  67.00 [54.00, 75.00]
	0.141

	Mean arterial pressure, mmHg
	  82.00 [76.50, 93.00]
	  88.33 [77.58, 96.83]
	0.047

	Lactate, mmol/L
	   2.30 [1.67, 3.80]
	   1.70 [1.20, 2.52]
	0.003

	Mean corpuscular volume, fL
	  90.30 [86.60, 92.80]
	  90.90 [88.05, 93.97]
	0.538

	Mean corpuscular hemoglobin concentration, g/L
	 330.00 [323.00, 339.00]
	 329.00 [320.00, 337.00]
	0.669

	Mean corpuscular hemoglobin, pg
	  30.30 [28.40, 31.30]
	  30.25 [28.55, 31.22]
	0.979

	Red blood cell count, ×1012/L
	   3.15 [2.50, 3.82]
	   2.86 [2.46, 3.25]
	0.04

	Hemoglobin, g/dL
	   9.30 [7.25, 11.40]
	   8.10 [6.97, 9.75]
	0.032

	Partial pressure of oxygen, mmHg
	 118.00 [95.00, 151.50]
	 106.50 [92.50, 134.00]
	0.064

	Arterial oxygen saturation, %
	  98.65 [97.77, 99.32]
	  98.60 [97.27, 99.10]
	0.432

	Total bilirubin, μmol/L
	   1.37 [0.87, 2.82]
	   1.13 [0.84, 2.80]
	0.728

	[bookmark: _Hlk231970011]Hemodynamic parameters
	
	
	

	Cardiac function index, 1/min
	   3.85 [2.88, 5.23]
	   4.20 [3.30, 5.50]
	0.54

	Cardiac index, L/min/m²
	   3.05 [2.07, 3.66]
	   3.08 [2.70, 3.76]
	0.246

	Central venous pressure, mmHg
	  10.00 [7.00, 13.50]
	   9.00 [7.00, 12.00]
	0.446

	Extravascular lung water index, mL/kg
	   9.00 [6.00, 12.00]
	   8.00 [6.00, 12.00]
	0.735

	Extravascular lung water, mL
	 543.00 [377.00, 653.00]
	 538.00 [399.00, 687.00]
	0.622

	Global end-diastolic volume index, mL/m2
	 756.00 [611.50, 951.00]
	 790.00 [657.75, 920.25]
	0.848

	Global end-diastolic volume, mL
	1205.00 [981.00, 1539.00]
	1268.00 [1077.00, 1473.00]
	0.507

	Global ejection fraction, %
	  17.00 [12.00, 23.00]
	  18.00 [16.00, 24.00]
	0.165

	Intrathoracic blood volume, mL
	1657.00 [1330.00, 1924.00]
	1600.00 [1358.50, 1848.00]
	0.898

	Cardiac Output, L/min
	   4.90 [3.29, 6.12]
	   5.16 [4.14, 6.23]
	0.155

	Stroke volume, mL
	  53.00 [32.00, 67.00]
	  59.00 [42.00, 73.00]
	0.278

	Stroke volume index, mL/m2
	  34.00 [20.25, 38.00]
	  35.00 [26.00, 43.00]
	0.265

	Systemic vascular resistance, dyn·s·cm-5
	1280.00 [930.00, 2027.50]
	1265.00 [905.00, 1512.75]
	0.402

	Systemic vascular resistance index, dyn·s·cm-5·m2
	2217.00 [1517.00, 2930.50]
	2093.50 [1557.50, 2548.25]
	0.468

	Stroke volume variation, %
	  15.00 [8.75, 22.00]
	  13.00 [9.00, 18.25]
	0.521

	Maximum dP/dt, mmHg/s
	1390.00 [1060.00, 1784.00]
	1457.00 [1010.00, 1667.00]
	0.332

	[bookmark: OLE_LINK13]Calculated parameters
	
	
	

	CaO2, mL/dL 
	  12.60 [10.01, 15.12]
	  10.90 [9.16, 13.20]
	0.01

	DO2, mL/min
	 571.35 [413.36, 837.77]
	 573.35 [431.10, 778.19]
	0.998

	Inflation Rate
	   2.60 [1.89, 3.43]
	   2.88 [2.36, 3.62]
	0.066

	Cardiac Output over Inflation Rate 
	   1.76 [1.30, 2.77]
	   1.73 [1.35, 2.48]
	0.937

	HTR 
	   0.00 [0.00, 0.01]
	   0.00 [0.00, 0.01]
	0.656

	Pone 
	   0.06 [0.04, 0.09]
	   0.06 [0.04, 0.09]
	0.904

	Plife 
	  13.15 [4.14, 35.33]
	  12.90 [5.84, 33.16]
	0.929

	RLac 
	   0.43 [0.28, 0.66]
	   0.36 [0.25, 0.50]
	0.127

	Total Vasoactive Score
	  34.83 [7.09, 120.00]
	   8.56 [3.97, 29.76]
	0.007

	SOFA Score
	   7.00 [6.00, 9.00]
	   7.00 [5.00, 9.00]
	0.413


Note: Data are presented as mean ± SD for normally distributed variables, median [IQR] for non-normally distributed variables, and n (%) for categorical variables.

4. [bookmark: _Toc236250618]Longitudinal changes from first to last measurement in non-survivors
	
	First
N = 60
	Last
N = 60
	p

	Laboratory Parameters
	
	
	

	Temperature, °C 
	  36.80 [36.50, 37.42]
	  36.85 [36.40, 37.20]
	0.581

	Heart rate, beats/min
	 101.50 [89.75, 114.00]
	  96.50 [83.50, 110.00]
	0.443

	Systolic blood pressure, mmHg
	 123.50 [108.25, 133.75]
	 124.00 [108.75, 144.25]
	0.443

	Diastolic blood pressure, mmHg
	  64.00 [50.75, 70.25]
	  62.50 [52.00, 70.00]
	0.898

	Mean arterial pressure, mmHg
	  81.83 [73.58, 90.42]
	  85.83 [73.08, 91.83]
	0.747

	Lactate, mmol/L
	   3.70 [2.00, 5.82]
	   3.10 [1.80, 6.78]
	0.801

	Mean corpuscular volume, fL
	  93.60 [90.85, 97.08]
	  93.50 [90.20, 97.30]
	0.769

	Mean corpuscular hemoglobin concentration, g/L
	 327.00 [320.00, 338.00]
	 325.00 [320.50, 332.75]
	0.579

	Mean corpuscular hemoglobin, pg
	  30.60 [29.67, 32.02]
	  30.45 [29.48, 31.60]
	0.401

	Red blood cell count, ×1012/L
	   2.72 [2.37, 3.34]
	   2.58 [2.31, 2.99]
	0.33

	Hemoglobin, g/dL
	   8.10 [7.20, 9.85]
	   7.80 [6.70, 8.90]
	0.212

	Partial pressure of oxygen, mmHg
	  99.00 [79.00, 138.75]
	  90.50 [75.50, 114.75]
	0.09

	Arterial oxygen saturation, %
	  98.05 [94.35, 99.12]
	  96.95 [95.10, 98.53]
	0.193

	Total bilirubin, μmol/L
	   2.05 [1.30, 4.01]
	   2.93 [1.61, 6.11]
	0.097

	Hemodynamic parameters
	
	
	

	Cardiac function index, 1/min
	   3.70 [2.50, 4.80]
	   3.60 [2.60, 5.10]
	0.963

	Cardiac index, L/min/m²
	   2.69 [2.28, 3.78]
	   2.76 [2.09, 3.57]
	0.729

	Central venous pressure, mmHg
	  12.00 [9.50, 17.00]
	  13.00 [10.00, 16.25]
	0.678

	Extravascular lung water index, mL/kg
	  10.00 [8.00, 15.25]
	  12.00 [9.00, 19.00]
	0.16

	Extravascular lung water, mL
	 673.50 [466.00, 889.00]
	 738.00 [492.25, 1175.50]
	0.108

	Global end-diastolic volume index, mL/m2
	 803.50 [654.50, 1046.75]
	 813.50 [664.50, 935.50]
	0.658

	Global end-diastolic volume, mL
	1357.00 [1098.75, 1704.00]
	1293.00 [1129.00, 1536.75]
	0.572

	Global ejection fraction, %
	  14.00 [10.00, 18.00]
	  13.00 [10.25, 18.00]
	0.651

	Intrathoracic blood volume, mL
	1508.00 [1299.50, 2135.50]
	1598.50 [1354.50, 1862.25]
	0.902

	Cardiac Output, L/min
	   4.74 [3.88, 6.28]
	   4.64 [3.57, 5.68]
	0.495

	Stroke volume, mL
	  47.00 [37.75, 58.25]
	  46.00 [36.75, 60.50]
	0.68

	Stroke volume index, mL/m2
	  29.00 [22.00, 34.20]
	  27.00 [22.25, 37.75]
	0.949

	Systemic vascular resistance, dyn·s·cm-5
	1180.00 [905.00, 1645.00]
	1225.00 [850.00, 1430.00]
	0.979

	Systemic vascular resistance index, dyn·s·cm-5·m2
	1960.50 [1422.50, 2490.25]
	2089.50 [1426.50, 2503.75]
	0.9

	Stroke volume variation, %
	  18.00 [10.50, 27.50]
	  18.00 [8.75, 24.25]
	0.242

	Maximum dP/dt, mmHg/s
	1326.00 [1036.00, 1797.50]
	1433.50 [1022.50, 1832.50]
	0.53

	Calculated parameters
	
	
	

	CaO2, mL/dL 
	  10.44 [9.11, 13.24]
	  10.23 [8.88, 11.68]
	0.276

	DO2, mL/min
	 513.11 [376.66, 703.78]
	 469.77 [365.76, 633.95]
	0.23

	Inflation Rate
	   2.99 [2.25, 3.51]
	   3.16 [2.59, 3.60]
	0.223

	Cardiac Output over Inflation Rate 
	   1.68 [1.27, 2.44]
	   1.54 [1.13, 2.03]
	0.124

	HTR 
	   0.01 [0.00, 0.01]
	   0.01 [0.01, 0.03]
	0.081

	Pone 
	   0.06 [0.04, 0.08]
	   0.05 [0.04, 0.07]
	0.152

	Plife 
	   7.10 [2.97, 16.57]
	   4.65 [2.06, 8.62]
	0.038

	RLac 
	   0.62 [0.38, 1.23]
	   0.61 [0.41, 1.28]
	0.865

	Total Vasoactive Score
	  64.04 [13.30, 240.00]
	  89.09 [10.80, 287.13]
	0.654

	SOFA Score
	   8.00 [5.75, 11.00]
	  10.00 [7.00, 13.00]
	0.022


Note: Data are presented as mean ± SD for normally distributed variables, median [IQR] for non-normally distributed variables, and n (%) for categorical variables.

5. [bookmark: _Toc236250619]Mortality risk across Plife quartiles and P for trend
	
	Q1
	Q2
	Q3
	Q4
	P trend
	Per 25% increase

	All

	Median score
	<2.69
	≥2.69&<6.45
	≥6.45&<19.50
	≥19.50
	
	

	Person-hours of follow 
	13.85
	30.55
	154.18
	179.58
	
	

	Num
	36
	36
	35
	36
	
	

	Death
	30
	20
	18
	13
	
	

	[bookmark: _Hlk231980205]model1
	[bookmark: OLE_LINK4]1(refrence)
	0.5649(0.3183-1.0026)
	0.35(0.1931-0.6346)
	0.2266(0.1153-0.4453)
	<0.001
	0.5239(0.3711-0.7398)

	model2
	1(refrence)
	0.5605(0.3129-1.004)
	0.3511(0.1928-0.6396)
	0.2257(0.1128-0.4517)
	<0.001
	0.5314(0.3746-0.7537)

	model3
	1(refrence)
	0.7852(0.4168-1.4794)
	0.334(0.1775-0.6288)
	0.2587(0.1247-0.537)
	<0.001
	0.5044(0.3499-0.7271)

	Non- hepatic dysfunction group

	Median score
	<3.29
	≥3.29&<7.23
	≥7.23&<19.57
	≥19.57
	
	

	Person-hours of follow 
	19.1
	30.77
	128.58
	211.23
	
	

	Num
	32
	31
	31
	32
	
	

	Death
	25
	17
	16
	13
	
	

	model1
	1(refrence)
	0.667(0.3591-1.239)
	0.4881(0.2589-0.92)
	0.314(0.1572-0.6271)
	<0.001
	0.6009(0.435-0.8302)

	model2
	1(refrence)
	0.6931(0.3703-1.2971)
	0.5115(0.2699-0.9694)
	0.3263(0.1604-0.6639)
	<0.001
	0.6077(0.4384-0.8423)

	model3
	1(refrence)
	1.1529(0.5622-2.3641)
	0.5521(0.2777-1.0979)
	0.3935(0.1861-0.8319)
	<0.001
	0.5958(0.4281-0.8291)


Notes: Model 1: unadjusted. Model 2: adjusted for age, sex, APACHE II score, and BMI. Model 3: fully adjusted for all covariates (cardiopulmonary arrest, cardiac dysfunction, arrhythmia, hepatic dysfunction, diabetes mellitus, and hypertension).

6. [bookmark: _Toc236250620]Mortality risk across Rlac quartiles and P for trend
	
	Q1
	Q2
	Q3
	Q4
	P trend
	Per 25% increase

	All

	Median score
	<0.30
	≥0.30&<0.50
	≥0.50&<1.14
	≥1.14
	
	

	Person-hours of follow 
	210.51
	208.3
	29.3
	8.13
	
	

	Num
	36
	36
	35
	36
	
	

	Death
	12
	14
	24
	31
	
	

	model1
	1(refrence)
	1.1809(0.5354-2.6042)
	3.4263(1.6739-7.0134)
	7.0758(3.504-14.2883)
	<0.001
	1.3333(1.1783-1.5087)

	model2
	1(refrence)
	1.3898(0.6265-3.0831)
	4.123(1.9895-8.5442)
	8.9053(4.2761-18.5458)
	<0.001
	1.3484(1.188-1.5303)

	model3
	1(refrence)
	0.9553(0.411-2.2203)
	3.3089(1.5333-7.1409)
	9.4377(4.2162-21.1259)
	<0.001
	1.3848(1.1862-1.6165)

	Non-hepatic dysfunction group

	Median score
	<0.28
	≥0.28&<0.48
	≥0.48&<1.09
	≥1.09
	
	

	Person-hours of follow 
	237.87
	247.62
	103.67
	9.53
	
	

	Num
	32
	31
	31
	32
	
	

	Death
	11
	14
	19
	27
	
	

	[bookmark: _Hlk232005031]model1
	1(refrence)
	1.0758(0.4806-2.4081)
	2.4385(1.1586-5.1323)
	6.0129(2.9251-12.3602)
	<0.001
	3.9987(2.6899-5.9442)

	model2
	1(refrence)
	1.1438(0.5093-2.5692)
	2.8545(1.3451-6.058)
	7.3509(3.4779-15.5367)
	<0.001
	4.1766(2.6907-6.4833)

	model3
	1(refrence)
	0.8696(0.3688-2.0505)
	2.4027(1.0768-5.3613)
	7.7723(3.2611-18.5239)
	<0.001
	4.2971(2.4468-7.5466)


Notes: Model 1: unadjusted. Model 2: adjusted for age, sex, APACHE II score, and BMI. Model 3: fully adjusted for all covariates (cardiopulmonary arrest, cardiac dysfunction, arrhythmia, hepatic dysfunction, diabetes mellitus, and hypertension).

7. [bookmark: _Toc236250621][bookmark: OLE_LINK22]Multivariable Cox regression analysis for mortality risk associated with Rlac‑Plife risk groups
	Variable
	Model 1
	Model 2
	Model 3

	
	HR (95% CI)
	p
	HR (95% CI)
	p
	HR (95% CI)
	p

	Rlac‑Plife group
	
	
	
	
	
	

	Q1 (low Rlac & low Plife)
	
	
	
	
	
	

	Q2 (high Rlac & low Plife)
	1.95 (1.02-3.73)
	0.043
	2.29 (1.16-4.55)
	0.017
	3.18 (1.51-6.68)
	0.002

	Q3 (low Rlac & high Plife)
	0.40 (0.21-0.76)
	0.005
	0.44 (0.23-0.84)
	0.012
	0.45 (0.23-0.90)
	0.024

	Q4 (high Rlac & high Plife)
	7.74 (3.22-18.62)
	<0.001
	7.34 (2.86-18.78)
	<0.001
	8.67 (3.02-24.87)
	<0.001

	Covariates
	
	
	
	
	
	

	Gender, Male
	
	
	1.46 (0.85-2.51)
	0.17
	1.67 (0.90-3.09)
	0.103

	APACHE II score
	
	
	1.01 (0.99-1.04)
	0.311
	1.00 (0.96-1.03)
	0.8

	BMI
	
	
	0.99 (0.93-1.05)
	0.768
	0.96 (0.90-1.03)
	0.288

	Age
	
	
	1.02 (1.00-1.04)
	0.019
	1.02 (1.00-1.05)
	0.03

	Cardiopulmonary Arrest
	
	
	
	
	1.39 (0.58-3.35)
	0.458

	Cardiac Dysfunction (Grade 1-2) 
	
	
	
	
	0.65 (0.34-1.23)
	0.184

	Cardiac Dysfunction (Grade 3-4)
	
	
	
	
	0.70 (0.42-1.17)
	0.169

	Arrhythmia
	
	
	
	
	1.49 (0.82-2.69)
	0.191

	Hepatic Dysfunction
	
	
	
	
	1.97 (0.91-4.26)
	0.087

	Diabetes Mellitus
	
	
	
	
	2.24 (1.24-4.05)
	0.008

	Hypertension
	
	
	
	
	1.19 (0.68-2.08)
	0.533


Notes: Model 1: unadjusted. Model 2: adjusted for age, sex, APACHE II score, and BMI. Model 3: fully adjusted for all covariates (cardiopulmonary arrest, cardiac dysfunction, arrhythmia, hepatic dysfunction, diabetes mellitus, and hypertension).

8. [bookmark: _Toc236250622]Additive interaction between high Rlac and high Plife on mortality risk
	[bookmark: OLE_LINK21]Perspective
	Estimate
	95% CI
	P value
	Mediation Proportion

	High Plife → via Rlac
	
	
	
	80.4%

	[bookmark: _Hlk232258521]Exposure → Mediator
	−0.3798
	(−0.5384, −0.2061)
	<0.001
	

	Mediator → Outcome
	1.7432
	(1.1091, 2.9178)
	0.0002
	

	Indirect Effect
	−0.662
	(−1.2275, −0.3598)
	0.0035
	

	Direct Effect
	−0.161
	(−0.9695, 0.6347)
	0.6927
	

	Total Effect
	−0.9488
	(−1.6364, −0.349)
	0.0035
	

	High Rlac → via Plife
	
	
	
	4.2%

	Exposure → Mediator
	−0.4738
	(−0.6416, −0.2649)
	<0.001
	

	Mediator → Outcome
	−0.161
	(−0.9695, 0.6347)
	0.6927
	

	Indirect Effect
	0.0763
	(−0.285, 0.5227)
	0.7068
	

	Direct Effect
	1.7432
	(1.1091, 2.9178)
	0.0002
	

	Total Effect
	1.8538
	(1.4487, 2.9121)
	<<0.001
	


Notes: Estimates are on the log‑hazard ratio scale. Bootstrap with 1,000 resamples was used to estimate 95% confidence intervals (percentile method). P values were calculated based on normal approximation. Mediation proportion = (indirect effect / total effect) × 100%.

9. [bookmark: _Toc236250623]Additive interaction between high Rlac and high Plife on mortality risk
	Measure
	Estimate
	95% CI

	Main effects
	
	

	High Plife (vs. low)
	HR = 0.455
	—

	High Rlac (vs. low)
	HR = 3.177
	—

	Additive interaction
	
	

	RERI
	6.035
	(0.743, 32.240)

	AP
	0.696
	(0.169, 0.939)

	SI
	4.699
	(-20.014, 37.143)


RERI: Relative Excess Risk due to Interaction; AP: Attributable Proportion; SI: Synergy Index.

10. [bookmark: _Toc236250624]Proportional hazards (PH) assumption test in Cox models.
	Variable
	Model
	HR (95% CI)
	Concordance
	PH χ²
	p (PH)

	Rlac
	Continuous (per unit)
	1.062 (1.035–1.090)
	0.772
	2.75
	0.097

	
	Categorical (Q4 vs Q1)
	7.08 (3.50–14.29)
	0.749
	7.97
	0.047

	Plife
	Continuous (per unit)
	0.962 (0.942–0.982)
	0.697
	10.7
	0.001

	
	[bookmark: OLE_LINK98]Categorical (Q4 vs Q1)
	0.16 (0.04–0.69)
	0.527
	7.97
	0.047

	[bookmark: OLE_LINK99]Rlac +Plife
	Categorical (Q4 vs Q1)
	7.74 (3.22–18.62)
	0.75
	12.2
	0.007



11. [bookmark: OLE_LINK96][bookmark: _Toc236250625]RMST analysis for Rlac and Plife quartiles
	Comparison
	RMST difference (days)	
	RMST ratio
	p

	Rlac
	
	
	

	Q2 vs Q1
	-0.43 (-1.4-0.53)
	0.93 (0.79-1.09)
	0.3788

	Q3 vs Q1
	-2.72 (-4--1.44)
	0.57 (0.41-0.79)
	<0.001

	Q4 vs Q1
	-5.19 (-6.1--4.28)
	0.18 (0.1-0.33)
	<0.001

	Q3 vs Q2
	-2.28 (-3.63--0.93)
	0.61 (0.44-0.86)
	<0.001

	Q4 vs Q2
	-4.76 (-5.76--3.75)
	0.19 (0.11-0.35)
	<0.001

	Q4 vs Q3
	-2.47 (-3.78--1.16)
	0.32 (0.16-0.62)
	<0.001

	Plife
	
	
	

	Q2 vs Q1
	2.18 (0.79-3.57)
	2.18 (1.27-3.74)
	0.0021

	Q3 vs Q1
	3.24 (1.95-4.53)
	2.75 (1.66-4.55)
	<0.001

	Q4 vs Q1
	4.42 (3.32-5.52)
	3.39 (2.1-5.48)
	<0.001

	Q3 vs Q2
	1.06 (-0.39-2.51)
	1.26 (0.91-1.75)
	0.1522

	Q4 vs Q2
	2.24 (0.95-3.52)
	1.55 (1.16-2.08)
	<0.001

	Q4 vs Q3
	1.18 (0-2.36)
	1.23 (0.99-1.53)
	0.0497

	Rlac‑Plife risk groups
	
	
	

	Q2 vs Q1
	2.18 (0.79-3.57)
	2.18 (1.27-3.74)
	0.0021

	Q3 vs Q1
	3.24 (1.95-4.53)
	2.75 (1.66-4.55)
	<0.001

	Q4 vs Q1
	4.42 (3.32-5.52)
	3.39 (2.1-5.48)
	<0.001

	Q3 vs Q2
	1.06 (-0.39-2.51)
	1.26 (0.91-1.75)
	0.1522

	Q4 vs Q2
	2.24 (0.95-3.52)
	1.55 (1.16-2.08)
	<0.001

	Q4 vs Q3
	1.18 (0-2.36)
	1.23 (0.99-1.53)
	0.0497


RMST calculated at tau = 168 hours (7 days).

12. [bookmark: _Toc236250626]Model fit statistics for latent class analysis
	G
	loglik
	npm
	AIC
	BIC
	SABIC
	entropy
	ICL1
	ICL2
	Class Distribution (%)

	1
	−1636.52
	23
	3319.05
	3374.4
	3301.86
	1
	3374.4
	3374.4
	100 (1 class)

	2
	−1617.68
	30
	3295.36
	3367.56
	3272.94
	0.648
	3387.58
	3388.2
	50 / 50

	2
	−1622.72
	30
	3305.44
	3377.64
	3283.02
	0.672
	3396.28
	3395.68
	56.1 / 43.9

	2
	−1619.37
	30
	3298.74
	3370.94
	3276.33
	0.744
	3385.51
	3384.38
	59.8 / 40.2

	3
	−1611.93
	37
	3297.86
	3386.91
	3270.21
	0.604
	3422.54
	3422.23
	43.9 / 50 / 6.1

	3
	−1611.93
	37
	3297.86
	3386.91
	3270.21
	0.608
	3422.2
	3421.74
	50 / 43.9 / 6.1

	3
	−1636.41
	37
	3346.82
	3435.86
	3319.17
	1
	3435.86
	3435.86
	100 (1 class)

	4
	−1606.45
	44
	3300.91
	3406.8
	3268.03
	0.639
	3447.79
	3448.47
	14.6 / 42.7 / 20.7 / 21.9

	4
	−1608.62
	44
	3305.24
	3411.14
	3272.36
	0.589
	3457.81
	3459.12
	29.3 / 14.6 / 14.6 / 41.5

	4
	−1622.35
	44
	3332.71
	3438.6
	3299.83
	0.783
	3463.24
	3460.73
	2.4 / 52.4 / 45.1 / 0

	5
	−1602.70
	51
	3307.41
	3430.15
	3269.3
	0.598
	3483.19
	3484.55
	18.3 / 32.9 / 17.1 / 4.9 / 26.8

	5
	−1601.21
	51
	3304.42
	3427.17
	3266.31
	0.617
	3477.67
	3484.41
	13.4 / 48.8 / 3.7 / 21.9 / 12.2

	5
	−1604.42
	51
	3310.84
	3433.58
	3272.73
	0.684
	3475.26
	3479.83
	11.0 / 14.6 / 22.0 / 50 / 2.4



13. [bookmark: _Toc236250627]Characteristics of the three latent trajectory classes
	Variable
	Class 1
N = 41
	Class 2
N = 36
	Class 2
N = 5
	p


	Death (%)
	28 (68.29)
	10 (27.78)
	2 (40.00)
	0.0017

	Follow‑up days
	5.54 (3.27)
	5.78 (3.27)
	10.80 (3.56)
	0.0044

	Plife
	
	
	
	

	First
	4.42 [2.65, 11.66]
	22.25 [8.87, 35.83]
	11.38 [10.75, 14.16]
	0.0002

	Last
	3.13 [1.65, 6.00]
	21.07 [10.48, 34.88]
	9.21 [9.00, 16.78]
	<0.0001

	Change
	-0.99 [-7.84, -0.17]
	0.89 [-3.40, 10.60]
	-1.75 [-4.95, 2.23]
	0.0101

	Rlac
	
	
	
	

	First
	0.62 [0.43, 1.12]
	0.34 [0.22, 0.58]
	0.31 [0.30, 0.42]
	0.0003

	Last
	0.73 [0.47, 1.19]
	0.27 [0.21, 0.36]
	0.47 [0.45, 0.50]
	<0.0001

	Change
	0.14 [-0.04, 0.49]
	-0.11 [-0.29, 0.00]
	0.14 [0.01, 0.17]
	0.0009



14. [bookmark: _Toc236250628]Model performance comparison for 1‑, 3‑, and 7‑day mortality prediction
	Model
	Train AUC
	Test AUC
	df
	LogLik
	AIC
	BIC
	△AIC

	Day1
	
	
	
	
	
	
	

	Base
	0.824
	0.7696
	3
	-81.03
	168.06
	179.13
	

	HTR
	0.674
	0.6736
	2
	-96.65
	197.3
	204.68
	 29.24 

	Group
	0.825
	0.7775
	4
	-80.98
	169.95
	184.72
	 1.89 

	Group2
	0.8243
	0.7732
	4
	-80.12
	168.23
	182.99
	 0.17 

	Class
	0.8007
	0.7232
	4
	-80.11
	168.22
	182.98
	 0.16 

	Combined
	0.8009
	0.7268
	5
	-80.1
	170.21
	188.66
	 2.15 

	Diff1
	0.8181
	0.7819
	6
	-79.75
	171.5
	193.65
	 3.44 

	Diff2
	0.8009
	0.7268
	7
	-80.1
	170.21
	188.66
	 2.15 

	Full
	0.8084
	0.7427
	7
	-79.05
	172.09
	197.92
	 4.03 

	Tro
	0.859
	0.7334
	2
	-79.63
	163.27
	170.65
	 -4.79 

	Day3
	
	
	
	
	
	
	

	Base
	0.8235
	0.762
	3
	-112.23
	230.46
	241.53
	

	HTR
	0.6996
	0.6737
	2
	-136.86
	277.73
	285.11
	 47.27 

	Group
	0.8212
	0.7716
	6
	-111.82
	231.65
	246.41
	 1.19 

	Group2
	0.8245
	0.7608
	4
	-111.34
	230.68
	245.44
	 0.22 

	Class
	0.8212
	0.7609
	4
	-112.23
	232.46
	247.22
	 2.00 

	Combined
	0.8219
	0.7719
	7
	-111.82
	233.64
	252.1
	 3.18 

	Diff1
	0.8191
	0.7756
	8
	-111.49
	234.98
	257.12
	 4.52 

	Diff2
	0.8219
	0.7719
	9
	-111.82
	233.64
	252.1
	 3.18 

	Full
	0.8202
	0.7752
	9
	-111.48
	236.97
	262.8
	 6.51 

	Tro
	0.8176
	0.702
	2
	-114.69
	233.38
	240.76
	 2.92 

	[bookmark: OLE_LINK19]Day7
	
	
	
	
	
	
	

	Base
	0.7752
	0.7495
	3
	-144.29
	294.58
	305.65
	 

	HTR
	0.6722
	0.7087
	2
	-165.23
	334.45
	341.83
	 39.87 

	Group
	0.7771
	0.7538
	4
	-144.15
	296.29
	311.05
	 1.71 

	Group2
	0.7747
	0.7477
	4
	-144.26
	296.52
	311.28
	 1.94 

	Class
	0.7723
	0.7566
	4
	-143.86
	295.72
	310.48
	 1.14 

	Combined
	0.7743
	0.7594
	5
	-143.77
	297.53
	315.98
	 2.95 

	Diff1
	0.7778
	0.7337
	6
	-143.55
	299.11
	321.25
	 4.53 

	Diff2
	0.7743
	0.7594
	7
	-143.77
	297.53
	315.98
	 2.95 

	Full
	0.7771
	0.7392
	7
	-143.23
	300.46
	326.29
	 5.88 

	Tro
	0.732
	0.6999
	2
	-149.99
	303.98
	311.36
	 9.40 


Notes: The Base model included only Rlac and Plife. HTR and Tro served as simplified benchmarks using single variables (HTR or lactate alone). Group and Class added the four‑level risk group or trajectory classification to the Base model. Group2 tested the interaction between Rlac and Plife. Combined incorporated both risk group and trajectory class. Diff1 and Diff2 introduced absolute or percentage changes from previous measurements, while Full combined all static and dynamic variables.

15. [bookmark: _Toc236250629]Likelihood ratio tests for model comparisons
	Comparison
	df
	Day1
	Day3
	Day7

	
	
	LR χ²
	p
	LR χ²
	p
	LR χ²
	p

	Base vs Full
	6
	9.6
	 0.1425 
	6.31
	 0.3894 
	24.78
	 0.0004 

	Base vs + lac_life_group
	3
	6.27
	 0.0992 
	4.1
	 0.2509 
	11.51
	 0.0093 

	Base vs + class
	1
	1.07
	 0.3009 
	1.73
	 0.1884 
	11.61
	 0.0007 

	Base vs Combined
	4
	7.2
	 0.1257 
	5.88
	 0.2083 
	24.01
	 0.0001 

	Combined vs lac_life_group
	1
	0.94
	 0.3323 
	1.78
	 0.1821 
	12.51
	 0.0004 

	Combined vs class
	3
	6.14
	 0.1050 
	4.15
	 0.2457 
	12.4
	 0.0061 

	Combined vs + diff (Diff1)
	1
	1.58
	 0.2088 
	-1.28
	 1.0000 
	-11.7
	 1.0000 

	Combined vs + diff (Diff2)
	2
	0
	 1.0000 
	0
	 1.0000 
	0
	 1.0000 

	Combined vs Full
	2
	2.39
	 0.3027 
	0.43
	 0.8065 
	0.77
	 0.6805 



16. [bookmark: _Toc236250630]Baseline characteristics of the training and validation cohorts
	
	Training
N = 80
	Validation
N = 54
	p

	Demographics
	
	
	

	Gender, Male (%)
	54 (67.50)
	40 (74.07)
	0.5331

	Age, years
	68.31 (14.59)
	72.98 (14.42)
	0.0702

	BMI, kg/m2
	22.86 (3.71)
	21.38 (4.42)
	0.0387

	APACHE II score
	24.60 (9.74)
	25.31 (9.26)
	0.6715

	Comorbidities
	
	
	

	Cardiopulmonary Arrest (%)
	12 (15.00)
	5 (9.26)
	0.4307

	Cardiac Dysfunction (Grade 1-2) (%)
	17 (21.25)
	15 (27.78)
	0.4139

	Cardiac Dysfunction (Grade 3-4) (%)
	22 (27.50)
	21 (38.89)
	0.2315

	Arrhythmia (%)
	21 (26.25)
	17 (31.48)
	0.6429

	Hepatic Dysfunction (%)
	11 (13.75)
	7 (12.96)
	1

	Diabetes Mellitus (%)
	19 (23.75)
	12 (22.22)
	1

	Hypertension (%)
	34 (42.50)
	29 (53.70)
	0.2722

	Laboratory Parameters
	
	
	

	Temperature, °C 
	36.90 [36.30, 37.50]
	37.05 [36.42, 37.50]
	0.6286

	Heart rate, beats/min
	94.70 [79.00, 107.25]
	95.50 [80.00, 112.75]
	0.4805

	Mean arterial pressure, mmHg
	83.83 [75.08, 90.67]
	83.17 [73.42, 94.33]
	0.9313

	Lactate, mmol/L
	3.00 [1.70, 5.12]
	2.80 [2.00, 5.65]
	0.5238

	Red blood cell count, ×1012/L
	3.00 [2.37, 3.70]
	2.80 [2.39, 3.56]
	0.6355

	Hemoglobin, g/dL
	8.55 [7.10, 11.20]
	8.70 [7.30, 10.97]
	0.8899

	Partial pressure of oxygen, mmHg
	113.00 [89.75, 141.75]
	97.00 [71.00, 137.75]
	0.1181

	Hemodynamic parameters
	
	
	

	Central venous pressure, mmHg
	11.00 [8.00, 15.00]
	10.00 [7.25, 16.75]
	0.3898

	Global end-diastolic volume index, mL/m2
	11.00 [8.00, 15.00]
	10.00 [7.25, 16.75]
	0.3898

	Cardiac Output, L/min
	4.96 [3.69, 6.26]
	3.98 [3.37, 5.82]
	0.2081

	Systemic vascular resistance, dyn·s·cm-5
	1170.00 [917.50, 1722.50]
	1310.00 [921.25, 1757.50]
	0.84

	Maximum dP/dt, mmHg/s
	1355.00 [943.00, 1781.00]
	1322.00 [1003.00, 1596.50]
	0.8436

	Calculated parameters
	
	
	

	CaO2, mL/dL 
	11.40 [9.47, 14.90]
	11.33 [9.10, 13.88]
	0.5862

	Inflation Rate
	2.72 [2.00, 3.74]
	2.80 [2.08, 3.30]
	0.8864

	Cardiac Output over Inflation Rate 
	1.82 [1.10, 2.63]
	1.62 [1.22, 2.03]
	0.4194

	HTR 
	0.01 [0.00, 0.01]
	0.01 [0.00, 0.01]
	0.8828

	Pone 
	0.06 [0.04, 0.09]
	0.06 [0.04, 0.07]
	0.3938

	Plife 
	9.24 [3.55, 26.61]
	10.34 [3.56, 23.19]
	0.7612

	RLac 
	0.56 [0.33, 1.06]
	0.51 [0.39, 1.20]
	0.5463

	Total Vasoactive Score
	57.14 [10.25, 196.99]
	42.52 [5.13, 141.32]
	0.3679

	Outcome
	
	
	

	[bookmark: OLE_LINK37][bookmark: _Hlk232150893]1‑day mortality, n (%)
	24 (30.00)
	18 (33.33)
	0.8273

	3‑day mortality, n (%)
	12 (15.00)
	8 (14.81)
	1

	7‑day mortality, n (%)
	21 (26.25)
	13 (24.07)
	0.935

	In‑hospital mortality, n (%)
	40 (50.00)
	34 (62.96)
	0.1926



17. [bookmark: _Toc236250631]Comparative Discrimination and Reclassification Metrics of Conventional Logistic Regression versus Machine Learning Algorithms Across Early Prediction Windows
	Model
	AUC
	△AUC
	NRI
	IDI
	[bookmark: OLE_LINK8]P (vs. Base)
	P (vs. XGBoost)

	Day 1
	
	
	
	
	
	

	Logit_Base
	0.7696
	
	
	
	
	

	Logit_Class
	0.7232
	-0.0463
	0.01
	-0.0078
	0.22429
	

	Logit_Combined
	0.7268
	-0.0428
	0.01
	-0.0075
	0.91299
	

	Logit_Full
	0.7427
	-0.0269
	-0.0115
	0.0063
	[bookmark: OLE_LINK12]0.18129
	

	XGBoost
	0.8134
	0.0438
	0.3763
	0.1676
	0.04423
	

	RandomForest
	0.7746
	0.005
	0.1214
	0.029
	0.02676
	

	SVM
	0.659
	-0.1106
	-0.0307
	-0.0011
	0.01159
	

	XGBoost_9f
	0.8504
	
	
	
	0.03271
	0.06822

	XGBoost_3f
	0.8259
	
	
	
	0.082
	0.66967

	XGBoost_2f
	0.7184
	
	
	
	0.09934
	0.06196

	[bookmark: OLE_LINK20][bookmark: OLE_LINK18]Day 3
	
	
	
	
	
	

	Logit_Base
	0.762
	
	
	
	
	

	Logit_Class
	0.7609
	-0.0012
	-0.0061
	-1.00E-04
	0.65891
	

	Logit_Combined
	0.7719
	0.0098
	0.0593
	0.0035
	0.34099
	

	Logit_Full
	0.7752
	0.0131
	0.161
	0.0117
	0.2832
	

	XGBoost
	0.7772
	0.0152
	0.2684
	0.0811
	0.47988
	

	RandomForest
	0.7266
	-0.0355
	0.0156
	-0.005
	0.22576
	

	SVM
	0.6766
	-0.0854
	0.0247
	0.0112
	0.02988
	

	XGBoost_9f
	0.7346
	
	
	
	0.5083
	0.15513

	XGBoost_3f
	0.7432
	
	
	
	0.60689
	0.37116

	XGBoost_2f
	0.6991
	
	
	
	0.06045
	0.09984

	Day 7
	
	
	
	
	
	

	Logit_Base
	0.7495
	
	
	
	
	

	Logit_Class
	0.7566
	0.0072
	-0.0202
	0.0088
	0.31957
	

	Logit_Combined
	0.7594
	0.01
	0.0289
	0.0102
	0.47761
	

	Logit_Full
	0.7392
	-0.0103
	-0.0385
	0.0066
	0.80601
	

	XGBoost
	0.6997
	-0.0498
	-0.0654
	0.0359
	0.47979
	

	RandomForest
	0.755
	0.0056
	-0.0125
	0.0169
	0.11124
	

	SVM
	0.6622
	-0.0872
	-0.1018
	-0.0107
	0.00676
	

	XGBoost_9f
	0.6879
	
	
	
	0.11924
	0.15513

	XGBoost_3f
	0.7065
	
	
	
	0.17131
	0.37116

	XGBoost_2f
	0.667
	
	
	
	0.00371
	0.09984



18. [bookmark: _Toc236250632]Baseline demographics and characteristics (MIMIC dataset)
	
	Survived
N= 59
	Non‑survivors
N = 92
	p

	Rlac
	0.34 [0.21, 0.61]
	0.45 [0.26, 0.67]
	0.1058

	Plife
	3.47 [1.69, 6.56]
	1.06 [0.44, 2.57]
	0.0036

	LOS, hours
	449.62 [326.14, 608.22]
	321.03 [79.43, 1807.15]
	0.4525

	VIS scores 
	NA
	NA
	NA

	
	[bookmark: OLE_LINK9]N= 47 (miss = 12)
	[bookmark: OLE_LINK16]N= 65 (miss = 27)
	

	Plife
	
	
	

	First
	2.73 [1.66, 6.05]
	1.46 [0.45, 3.39]
	0.0476

	Last
	1.39 [0.52, 3.69]
	1.35 [0.49, 3.03]
	0.952

	Change
	-0.55 [-1.55, -0.30]
	-0.14 [-0.54, 0.04]
	0.0692

	Rlac
	
	
	

	First
	0.32 [0.21, 0.61]
	0.45 [0.26, 0.64]
	0.1998

	Last
	0.27 [0.18, 0.35]
	0.33 [0.21, 0.54]
	0.1174

	Change
	-0.08 [-0.42, -0.01]
	-0.06 [-0.17, 0.05]
	0.0349


Notes: VIS scores were missing in this patient population.

19. [bookmark: _Toc236250633]External Validation of Predictive Models for All-Cause Mortality in the MIMIC-IV Cohort
	Model
	AUC
	△AUC
	NRI
	IDI
	AUC 
(3‑day imputation)
	△AUC
(3‑day imputation)

	Day 1
	
	
	
	
	
	

	[bookmark: _Hlk232146980]Logit_Base
	0.905
	
	
	
	0.969
	

	Logit_Class
	0.901
	-0.004
	0
	-0.0001
	0.931
	-0.124

	Logit_Combined
	0.906
	0.001
	0
	0.0001
	0.935
	-0.114

	Day 3
	
	
	
	
	
	

	Logit_Base
	0.912
	
	
	
	0.944
	

	Logit_Class
	0.895
	-0.017
	[bookmark: OLE_LINK23]0
	[bookmark: OLE_LINK24]-0.0001
	0.943
	-0.002

	Logit_Combined
	0.899
	-0.013
	-0.0511
	0.0015
	0.94
	-0.004

	Day 7
	
	
	
	
	
	

	Logit_Base
	0.805
	
	
	
	0.866
	

	Logit_Class
	0.803
	-0.002
	-0.1212
	-0.011
	0.84
	-0.029

	Logit_Combined
	0.786
	-0.019
	-0.0606
	-0.0133
	0.835
	-0.039


[bookmark: OLE_LINK5]Notes: Sensitivity analysis was performed using 3‑day forward imputation of missing values (3-day imputation).

20. [bookmark: _Toc236250634]Time-Dependent Cox Regression and Discriminative Performance by Prediction Day
	Variable
	HR
	95% CI
	p
	PH χ²
	p (PH)

	[bookmark: _Hlk232717024]Plife
	0.989
	0.987–0.990
	0.247
	0.863
	0.35

	Rlac
	1.218
	1.189–1.237
	0.126
	1.131
	0.29

	Model fit
	
	
	
	
	

	Likelihood ratio test
	χ² = 5.00
	df = 2
	0.082
	
	0.24

	Time-Dependent AUC by Prediction Day
	1
	3
	7
	10
	14

	Plife
	0.361
	0.357
	0.622
	0.785
	0.613

	Rlac
	0.733
	0.694
	0.646
	0.525
	0.381



21. [bookmark: _Toc236250635]Mediation analysis for Hb and RBC on mortality via Plife and Rlac
	Perspective
	Estimate
	95% CI
	P value
	Mediation Proportion

	RBC → Plife → Death
	
	
	
	47.1%

	[bookmark: _Hlk232258565]Exposure → Mediator
	0.446
	(0.351, 0.536)
	<0.001
	

	Mediator → Outcome
	−0.394
	(−0.770, −0.095)
	0.001
	

	Indirect Effect
	−0.175
	(−0.353, −0.042)
	0.001
	

	Direct Effect
	−0.235
	(−0.530, 0.033)
	0.106
	

	Total Effect
	−0.410
	(−0.748, −0.087)
	0.009
	

	RBC → Rlac → Death
	
	
	
	0.3%

	[bookmark: _Hlk232155500]Exposure → Mediator
	−0.056
	(−0.122, 0.009)
	0.116
	

	Mediator → Outcome
	0.001
	(−0.032, 0.035)
	0.943
	

	Indirect Effect
	−0.00007
	(−0.002, 0.002)
	0.949
	

	Direct Effect
	−0.235
	(−0.530, 0.033)
	0.106
	

	Total Effect
	−0.235
	(−0.530, 0.033)
	0.106
	

	Hb→ Plife → Death
	
	
	
	60.7%

	Exposure → Mediator
	0.428
	(0.331, 0.523)
	<0.001
	

	Mediator → Outcome
	−0.436
	(−0.861, −0.081)
	0.008
	

	Indirect Effect
	−0.188
	(−0.402, −0.035)
	0.008
	

	Direct Effect
	−0.169
	(−0.463, 0.115)
	0.282
	

	Total Effect
	−0.357
	(−0.689, −0.026)
	0.032
	

	Hb → Rlac → Death
	
	
	
	1.0%

	Exposure → Mediator
	−0.102
	(−0.158, −0.048)
	<0.001
	

	Mediator → Outcome
	0.003
	(−0.033, 0.040)
	0.855
	

	Indirect Effect
	−0.0003
	(−0.004, 0.004)
	0.855
	

	Direct Effect
	−0.169
	(−0.463, 0.115)
	0.282
	

	Total Effect
	−0.169
	(−0.464, 0.115)
	0.278
	


Notes: Estimates are on the log‑hazard ratio scale. Bootstrap with 1,000 resamples was used to estimate 95% confidence intervals (percentile method). P values were calculated based on normal approximation. Mediation proportion = (indirect effect / total effect) × 100%.






[bookmark: _Toc236250636]3. Supplement Figure
1. [bookmark: _Toc236250637]Depicts the flow of participants throughout the study.
[image: ]

2. [bookmark: _Toc236250638] Impact of Plife and Rlac on all‑cause mortality
[image: ]
[bookmark: OLE_LINK1]Notes: Model 1 represents the crude baseline model without covariate adjustment
Notes: Model 2 was adjusted for age, sex, APACHE II score, and body mass index (BMI).

3. [bookmark: _Toc236250639]Kaplan‑Meier curves for all‑cause mortality
[image: ]
Notes: Kaplan‑Meier survival curves stratified by quartiles of Plife and Rlac. Patients were divided into four groups based on the quartiles of Plife and Rlac separately. The p‑value from the log‑rank test is shown for each cohort.

4. [bookmark: OLE_LINK3][bookmark: _Toc236250640]Forest Plot of Subgroup Analyses in Cox Proportional Hazards Model
[image: ]

5. [bookmark: _Toc236250641]Calibration curves and decision curve analysis (DCA) for 1‑, 3‑, and 7‑day mortality prediction
[image: ]
Notes: Calibration curves for logistic regression (Logit_Base, Logit_Class, Logit_Combined) and machine learning models (XGBoost, Random Forest, SVM) at 1‑day, 3‑day, and 7‑day time points. The x‑axis represents predicted probability, and the y‑axis represents observed probability. The diagonal dashed line indicates perfect calibration (predicted = observed). Points close to the diagonal suggest good calibration; points above/below indicate underestimation/overestimation of risk. Decision curve analysis at 1‑day, 3‑day, and 7‑day time points. The y‑axis represents net benefit, and the x‑axis represents threshold probability. The "Treat All" and "Treat None" lines serve as reference strategies

6. [bookmark: _Toc236250642]Calibration curves and decision curve analysis for external validation (MIMIC‑IV)
[image: ]
Notes: Calibration curves for logistic regression models (Logit_Base, Logit_Class, Logit_Combined) at 1‑, 3‑, and 7‑day mortality prediction in the MIMIC‑IV external validation cohort. The x‑axis represents predicted probability, and the y‑axis represents observed probability. The diagonal dashed line indicates perfect calibration. Points below the diagonal suggest overestimation; points above suggest underestimation. Shaded bands represent 95% confidence intervals. Decision curve analysis (DCA) at 1‑, 3‑, and 7‑day time points. Net benefit is plotted against threshold probability. The "Treat All" and "Treat None" lines serve as reference strategies.

7. [bookmark: OLE_LINK71][bookmark: _Toc236250643]Mediation analysis was performed to evaluate the pathways through which hemoglobin (Hb) and red blood cell count (RBC) influence mortality
[image: ]
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Path C2
p=-0.169, P=0.278
(95% CI=-0.463, 0.115)

Path B2
f=0.003, P=0.855
(95% CI=1.215, 4.800)

Relative Lactate Level

Path A2B2
p=-0.003, P=0.855
(95% CI=-0.004, 0.004)

95% CI=-0.970, 0.635)

B Path A1B1
B=-0.662, P=0.693

(95% CI=-0.970, 0.635)

High Lactate Level

Path Al
f=-0.380, P=<0.001
(95% CI=-0.538, 0.206

High Cyclic Score Status ] Path C
J B=-0.161, P=0.693

(95% CI=-0.970, 0.635)

Path C1
B= -0.949, P=0.004
(95% CI= -1.636, -0.349)

Path B1
B= 1.743, P= <0.001
(95% CI= 1.109, 2.918)

Total Mortality }

D Path A1B1
B=-0.175, P=0.001
(95% CI=-0.353, 0.042)

The Cyclic Score

Path Al
B= 0.446, P= <0.001
(95% CI= 0.351, 0.536

Red Blood Cell Count 1 Path C
J B=-0.235, P=0.106

(95% CI=-0.530, 0.033)

Path C1
B=-0.410, P=0.009
(95% CI= -0.748, -0.087)

Path B1
B=-0.394, P=0.001
95% CI= -0.770, -0.095)

Total Mortality J

Path A2
B=-0.056, P=0.116
(95% CI=-0.122, 0.009)

Path C2
B=-0.235, P=0.106
(95% CI=-0.530, 0.033)

Path B2
p=0.001, P= 0.943
(95% CI=-0.032, 0.035)

Relative Lactate Level

Path A2B2
p=-0.001, P=0.949
(95% CI=-0.002, 0.002)
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