Supplementary Material
Figure S1. Crude mortality across phenotypes in the validation cohort
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A-B shows ICU mortality and hospital mortality in the eICU validation cohort
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Table S1. eICU baseline characteristics
	Variable
	Overall
	Reference
	Isolated hyperlactatemia
	Hemodynamic hypoperfusion
	Combined hypoperfusion
	P value

	N
	10756
	1969
	748
	4999
	3040
	

	Demographics
	
	
	
	
	
	

	Age, median (IQR)
	67.0 [56.0, 78.0]
	63.0 [52.0, 74.0]
	66.0 [54.0, 77.2]
	68.0 [57.0, 78.0]
	69.0 [57.0, 80.0]
	<0.001

	Male, n (%)
	5489 (51.0%)
	1115 (56.6%)
	436 (58.3%)
	2409 (48.2%)
	1529 (50.3%)
	<0.001

	Female, n (%)
	5267 (49%)
	854 (43.4%)
	312 (41.7%)
	2590 (51.8%)
	1511 (49.7%)
	<0.001

	Early physiologic profile (first 24 h)
	
	
	
	
	
	

	SOFA score, median (IQR)
	8.0 [5.0, 11.0]
	6.0 [4.0, 8.0]
	7.0 [5.0, 10.0]
	7.0 [5.0, 10.0]
	10.0 [7.0, 13.0]
	<0.001

	pH, median (IQR)
	7.3 [7.2, 7.4]
	7.4 [7.3, 7.4]
	7.3 [7.3, 7.4]
	7.3 [7.2, 7.4]
	7.3 [7.1, 7.3]
	<0.001

	ICU LOS, median (IQR)
	2.0 [1.0, 4.0]
	1.0 [0.0, 3.0]
	2.0 [0.0, 4.0]
	2.0 [1.0, 4.0]
	2.0 [1.0, 5.0]
	<0.001

	Hospital LOS, median (IQR)
	6.0 [3.0, 11.0]
	6.0 [3.0, 10.0]
	6.0 [3.0, 11.0]
	6.0 [4.0, 11.0]
	5.0 [1.0, 11.0]
	<0.001

	Perfusion-related variables
	
	
	
	
	
	

	Lactate, median (IQR)
	1.6 [1.0, 2.4]
	1.2 [0.9, 1.5]
	2.6 [2.2, 3.5]
	1.2 [0.9, 1.5]
	3.0 [2.4, 4.7]
	<0.001

	MAP, median (IQR)
	57.7 [50.3, 65.3]
	72.3 [68.0, 78.7]
	71.7 [67.7, 78.7]
	55.0 [49.0, 59.7]
	52.7 [44.7, 58.3]
	<0.001

	Vasopressor use, n (%)
	585 (5.4%)
	0 (0.0%)
	0 (0.0%)
	326 (6.5%)
	259 (8.5%)
	<0.001

	Fluid balance, median (IQR)
	50.6 [-1320.0, 4983.7]
	-175.0 [-1718.0, 2800.0]
	136.7 [-1235.0, 4178.3]
	0.0 [-1524.0, 5021.5]
	874.0 [-730.0, 6742.5]
	<0.001

	Renal-related variables
	
	
	
	
	
	

	Creatinine, median (IQR)
	1.3 [0.8, 2.2]
	1.0 [0.7, 1.6]
	1.2 [0.8, 1.9]
	1.2 [0.8, 2.1]
	1.7 [1.1, 2.6]
	<0.001

	BUN, median (IQR)
	27.0 [16.0, 43.0]
	21.0 [13.0, 33.0]
	26.0 [16.0, 40.0]
	26.0 [16.0, 43.0]
	32.0 [21.0, 48.0]
	<0.001


Continuous variables are presented as median [interquartile range], and categorical variables are presented as n (%). P values were calculated using appropriate tests for between-group comparisons. IQR, interquartile range; SOFA, Sequential Organ Failure Assessment; ICU LOS, intensive care unit length of stay; Hospital LOS, hospital length of stay; MAP, mean arterial pressure; BUN, blood urea nitrogen.
Table S2. Multivariable Logistic Regression Analyses for Clinical Outcomes
	Outcome
	Phenotype
	Model 1
	Model 2
	Model 3

	
	
	OR (95% CI)
	P value
	OR (95% CI)
	P value
	OR (95% CI)
	P value

	MIMIC
	
	
	
	
	
	
	

	28-day mortality
	Reference
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	Isolated hyperlactatemia
	2.39 (1.68–3.40)
	<0.001
	2.37 (1.66–3.38)
	<0.001
	2.45 (1.70–3.52)
	<0.001

	
	Hemodynamic hypoperfusion
	2.53 (2.05–3.12)
	<0.001
	2.20 (1.78–2.72)
	<0.001
	1.67 (1.34–2.07)
	<0.001

	
	Combined hypoperfusion
	3.98 (3.19–4.95)
	<0.001
	3.38 (2.71–4.21)
	<0.001
	2.10 (1.66–2.64)
	<0.001

	ICU mortality
	Reference
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	Isolated hyperlactatemia
	2.71 (1.38–5.31)
	0.004
	2.69 (1.37–5.28)
	0.004
	2.65 (1.32–5.34)
	0.006

	
	Hemodynamic hypoperfusion
	7.89 (5.11–12.17)
	<0.001
	7.39 (4.78–11.41)
	<0.001
	4.32 (2.77–6.73)
	<0.001

	
	Combined hypoperfusion
	17.03 (10.99–26.40)
	<0.001
	15.79 (10.18–24.50)
	<0.001
	7.02 (4.48–11.02)
	<0.001

	Hospital mortality
	Reference
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	Isolated hyperlactatemia
	2.64 (1.79–3.91)
	<0.001
	2.62 (1.77–3.88)
	<0.001
	2.80 (1.86–4.22)
	<0.001

	
	Hemodynamic hypoperfusion
	3.20 (2.51–4.08)
	<0.001
	2.90 (2.27–3.70)
	<0.001
	1.93 (1.50–2.48)
	<0.001

	
	Combined hypoperfusion
	6.61 (5.16–8.48)
	<0.001
	5.91 (4.61–7.59)
	<0.001
	3.16 (2.43–4.10)
	<0.001

	eICU
	
	
	
	
	
	
	

	ICU mortality
	Reference
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	Isolated hyperlactatemia
	2.31 (1.55-3.45)
	<0.001
	2.24 (1.50-3.35)
	<0.001
	1.69 (1.11-2.57)
	0.014

	
	Hemodynamic hypoperfusion
	1.69 (1.25-2.28)
	<0.001
	1.63 (1.21-2.21)
	0.001
	1.05 (0.77-1.44)
	0.759

	
	Combined hypoperfusion
	8.33 (6.26-11.09)
	<0.001
	8.04 (6.04-10.71)
	<0.001
	3.11 (2.29-4.22)
	<0.001

	Hospital mortality
	Reference
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	Isolated hyperlactatemia
	2.45 (1.76-3.40)
	<0.001
	2.34 (1.68-3.26)
	<0.001
	1.88 (1.34-2.66)
	<0.001

	
	Hemodynamic hypoperfusion
	1.72 (1.35-2.20)
	<0.001
	1.63 (1.28-2.08)
	<0.001
	1.11 (0.87-1.43)
	0.402

	
	Combined hypoperfusion
	7.41 (5.86-9.38)
	<0.001
	7.07 (5.58-8.95)
	<0.001
	3.15 (2.45-4.06)
	<0.001


Model 1 was unadjusted. Model 2 was adjusted for age and sex. Model 3 was adjusted for age, sex, SOFA score, creatinine, and pH. Odds ratios (ORs) are presented with 95% confidence intervals (CIs). OR, odds ratio; CI, confidence interval; SOFA, Sequential Organ Failure Assessment; ICU, intensive care unit. 
Exploratory kidney-related analyses. As prespecified exploratory analyses, we examined the cross-sectional association between early hypoperfusion phenotypes and concurrent early sepsis-associated acute kidney injury (SA-AKI) in the MIMIC-IV derivation cohort, with both phenotype classification and SA-AKI assessment based on data from the first 24 hours after ICU admission. SA-AKI was defined according to KDIGO criteria using serum creatinine and/or urine output. Because the phenotype assessment window overlapped with the kidney outcome window, this analysis was cross-sectional and was not designed to evaluate temporal prediction or causality. In the eICU validation cohort, a harmonized KDIGO-based SA-AKI endpoint could not be reconstructed; the available AKI diagnosis flag was therefore used only as a supplementary proxy AKI endpoint. The eICU proxy analysis was non-confirmatory and should not be interpreted as external validation of the MIMIC SA-AKI findings. Crude and adjusted associations are reported in Tables S3–S5.
Table S3. Exploratory multivariable association with SA-AKI in MIMIC-IV
	Outcome
	Phenotype
	Model 1
	Model 2
	Model 3

	
	
	OR (95% CI)
	P value
	OR (95% CI)
	P value
	OR (95% CI)
	P value

	SA-AKI
	Reference
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	Isolated hyperlactatemia
	0.73 (0.57–0.94)
	0.016
	0.72 (0.56–0.93)
	0.011
	0.76 (0.59–0.99)
	0.044

	
	Hemodynamic hypoperfusion
	3.14 (2.77–3.58)
	<0.001
	2.91 (2.56–3.32)
	<0.001
	2.52 (2.20–2.88)
	<0.001

	
	Combined hypoperfusion
	2.07 (1.79–2.39)
	<0.001
	1.87 (1.61–2.16)
	<0.001
	1.60 (1.38–1.87)
	<0.001


Model 1 was unadjusted. Model 2 was adjusted for age and sex. Model 3 was adjusted for age, sex, SOFA score, creatinine, and pH. Odds ratios (ORs) are presented with 95% confidence intervals (CIs), using the reference phenotype as the comparator. SA-AKI, sepsis-associated acute kidney injury; OR, odds ratio; CI, confidence interval; SOFA, Sequential Organ Failure Assessment. Because creatinine is included in the KDIGO-based SA-AKI definition, the fully adjusted kidney model including creatinine was considered exploratory and potentially susceptible to overadjustment.

Table S4. Exploratory crude distribution of proxy AKI across early hypoperfusion phenotypes in the eICU cohort
	Phenotype
	Total N
	N with available AKI data
	N with proxy AKI
	Proxy AKI (%)

	Overall
	10,756
	10,551
	472
	4.4%

	Reference
	1,969
	1,929
	64
	3.3%

	Isolated hyperlactatemia
	748
	742
	36
	4.8%

	Hemodynamic hypoperfusion
	4,999
	4,887
	211
	4.2%

	Combined hypoperfusion
	3,040
	2,993
	161
	5.3%


Data are presented as n or %. Proxy AKI percentage was calculated among patients with non-missing AKI flag data in the eICU cohort. Because a harmonized KDIGO-based SA-AKI endpoint could not be reconstructed, this analysis was considered supplementary and exploratory.

Table S5. Exploratory multivariable association with proxy AKI in eICU
	Outcome
	Phenotype
	Model 1
	Model 2
	Model 3

	
	
	OR (95% CI)
	P value
	OR (95% CI)
	P value
	OR (95% CI)
	P value

	Proxy AKI
	Reference
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	Isolated hyperlactatemia
	1.66 (1.23-2.23)
	<0.001
	1.60 (1.19-2.16)
	0.002
	1.18 (0.76-1.85)
	0.453

	
	Hemodynamic hypoperfusion
	1.31 (0.99-1.75)
	0.060
	1.28 (0.96-1.71)
	0.089
	1.05 (0.69-1.60)
	0.815

	
	Combined hypoperfusion
	1.49 (0.98-2.26)
	0.063
	1.45 (0.95-2.20)
	0.082
	1.84 (1.07-3.19)
	0.029


Model 1 was unadjusted. Model 2 was adjusted for age and sex. Model 3 was adjusted for age, sex, SOFA score, creatinine, and pH. Odds ratios (ORs) are presented with 95% confidence intervals (CIs), using the reference phenotype as the comparator. Proxy AKI, proxy acute kidney injury endpoint derived from the available AKI diagnosis flag in eICU; OR, odds ratio; CI, confidence interval; SOFA, Sequential Organ Failure Assessment.
Table S6. Sensitivity analysis in eICU using MAP <65 mm Hg alone to define hemodynamic hypoperfusion
A. Phenotype reclassification (primary vs. sensitivity definition)
	Primary phenotype
	Reference
	Isolated hyperlactatemia
	Hemodynamic
	Combined

	Reference (n = 1,969)
	1,969
	0
	0
	0

	Isolated hyperlactatemia (n = 748)
	0
	748
	0
	0

	Hemodynamic hypoperfusion (n = 4,999)
	52
	0
	4,947
	0

	Combined hypoperfusion (n = 3,040)
	0
	26
	0
	3,014


Concordance: 10,678 of 10,756 (99.3%). Counts on the diagonal denote patients retaining the same phenotype under both definitions. Off-diagonal counts indicate movement to the sensitivity-defined phenotype: 52 patients moved from the hemodynamic hypoperfusion group to reference, and 26 patients moved from the combined hypoperfusion group to isolated hyperlactatemia.
B. Crude mortality under the sensitivity definition (MAP <65 mm Hg alone)
	Phenotype
	N
	ICU deaths, n (%)
	Hospital deaths, n (%)
	Reclassified vs primary, n

	Reference
	2,021
	77 (3.8)
	161 (8.0)
	+52 (from hemodynamic)

	Isolated hyperlactatemia
	774
	78 (10.1)
	141 (18.3)
	+26 (from combined)

	Hemodynamic hypoperfusion
	4,947
	349 (7.1)
	624 (12.7)
	−52

	Combined hypoperfusion
	3,014
	916 (30.4)
	1,213 (40.5)
	−26



C. Adjusted associations between hypoperfusion phenotypes and mortality: primary vs. sensitivity definition
	Phenotype
	Primary definition (MAP <65 OR vasopressor)
	Sensitivity definition (MAP <65 alone)

	
	Model 1
	Model 2
	Model 3
	Model 1
	Model 2
	Model 3

	ICU mortality
	
	
	
	
	

	Reference
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)

	Isolated hyperlactatemia
	2.77 (1.99–3.87); <0.001
	2.69 (1.93–3.76); <0.001
	1.69 (1.11–2.57); 0.014
	2.83 (2.04–3.92); <0.001
	2.75 (1.98–3.81); <0.001
	1.66 (1.10–2.50); 0.016

	Hemodynamic hypoperfusion
	1.91 (1.48–2.46); <0.001
	1.84 (1.42–2.38); <0.001
	1.05 (0.77–1.44); 0.759
	1.92 (1.49–2.47); <0.001
	1.85 (1.44–2.38); <0.001
	1.07 (0.79–1.46); 0.658

	Combined hypoperfusion
	10.96 (8.59–13.98); <0.001
	10.52 (8.24–13.43); <0.001
	3.11 (2.29–4.22); <0.001
	11.02 (8.67–14.02); <0.001
	10.59 (8.32–13.48); <0.001
	3.19 (2.36–4.31); <0.001

	Hospital mortality
	
	
	
	
	

	Reference
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)

	Isolated hyperlactatemia
	2.59 (2.02–3.32); <0.001
	2.48 (1.93–3.19); <0.001
	1.88 (1.34–2.66); <0.001
	2.58 (2.02–3.29); <0.001
	2.47 (1.93–3.15); <0.001
	1.83 (1.31–2.55); <0.001

	Hemodynamic hypoperfusion
	1.72 (1.43–2.07); <0.001
	1.61 (1.34–1.94); <0.001
	1.11 (0.87–1.43); 0.402
	1.67 (1.39–2.00); <0.001
	1.57 (1.30–1.88); <0.001
	1.05 (0.82–1.35); 0.683

	Combined hypoperfusion
	8.00 (6.68–9.58); <0.001
	7.52 (6.27–9.01); <0.001
	3.15 (2.45–4.06); <0.001
	7.82 (6.55–9.33); <0.001
	7.35 (6.15–8.78); <0.001
	3.02 (2.36–3.86); <0.001


Values are odds ratios (95% confidence interval); P. Reference phenotype was the comparator in all models. Model 1: unadjusted. Model 2: adjusted for age and sex (N = 10,755 for ICU mortality, 10,691 for hospital mortality). Model 3: additionally adjusted for SOFA score, creatinine, and pH (N = 4,968 for ICU mortality, 4,944 for hospital mortality; reduced sample size reflects missing pH values, as already noted in the primary analysis). Definitions: hyperlactatemia, lactate ≥2 mmol/L; hemodynamic hypoperfusion (primary), MAP <65 mm Hg or recorded vasopressor-category treatment; hemodynamic hypoperfusion (sensitivity), MAP <65 mm Hg only. MAP, mean arterial pressure; OR, odds ratio; CI, confidence interval; SOFA, Sequential Organ Failure Assessment.
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