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Supplementary Materials for: Oliguria, renal function, hemodynamics, and acid-base abnormalities with 0-48-hour urine-fluid trajectories for mortality risk stratification in acute myocardial infarction: a retrospective MIMIC-IV study
This file contains supporting information for submission to BMC Cardiovascular Disorders, including supplementary methods, quality-control tables, trajectory analyses, landmark analyses, treatment-trajectory adjustment results, sensitivity analyses, calibration assessment, decision-curve analysis, and supplementary figures.
This supplement provides detailed definitions, quality-control tables, trajectory outcomes, landmark analyses, treatment-trajectory adjustment results, additional sensitivity analyses, calibration assessment, decision-curve analysis, and supplementary figures.
Supplementary Methods
Supplementary ORHA definition
ORHA was operationalized as a domain-based predictor framework. The four domains were: Oliguria, represented by body-weight-normalized urine output and oliguria status; Renal function, represented by creatinine, blood urea nitrogen, renal comorbidity, AKI-related variables, and renal replacement therapy context; Hemodynamics, represented by heart rate, blood pressure, mean arterial pressure, and vasopressor exposure; and Acid-base abnormalities, represented by lactate, pH, bicarbonate, base excess, anion gap, and oxygenation-related measures. No point score or manual weighting scheme was assigned. ORHA served as an interpretable feature-domain structure for prediction modeling and association analyses.
Vital signs and laboratory predictors used the ICU day-1 window from ICU admission -6 h to +24 h. Input-output and treatment variables used 0-6 h, 6-12 h, 12-24 h, and 24-48 h after ICU admission. Treatment variables included vasopressors, furosemide, CRRT, and invasive ventilation.
Urine output was normalized by cleaned body weight and window duration. Oliguria was defined as <0.5 mL/kg/h. Net fluid balance was calculated as total input minus total output. Persistent oliguria and persistent positive balance were defined as the presence of the exposure in at least two trajectory windows.
The strict 48 h landmark cohort included patients alive and hospitalized at 48 h after ICU admission. Treatment-adjusted models included age, diabetes, congestive heart failure, renal disease, vasopressor-positive window count, furosemide exposure, CRRT exposure, and invasive ventilation exposure.
Machine-learning models used preprocessing pipelines within each training fold. Continuous variables were imputed with training-fold medians and categorical variables with training-fold modes. Missingness indicators were included for continuous predictors.
Supplementary Tables
Supplementary Table S1. Input-output trajectory file QC
	Window
	Rows
	Unique stay_id
	Input sum nonmissing
	Output sum nonmissing
	Urine sum nonmissing
	Input sum median
	Output sum median
	Urine sum median

	0-6 h
	2097
	2097
	2031
	1908
	1855
	1400.00
	700.00
	475.00

	6-12 h
	2097
	2097
	1952
	1963
	1953
	593.67
	500.00
	410.00

	12-24 h
	2097
	2097
	2053
	2027
	2019
	828.40
	900.00
	745.00

	24-48 h
	2097
	2097
	1895
	1923
	1912
	1262.45
	1360.00
	1210.00



Supplementary Table S2. Window-specific urine and fluid balance by outcome
	Window
	Group
	N
	Urine output, mL/kg/h
	Oliguria <0.5 mL/kg/h
	Net fluid balance, mL
	Net fluid balance, mL/kg
	Positive fluid balance

	0-6 h
	Survivors
	1812
	1.05 (0.56, 1.76)
	334 (20.9%)
	750.0 (-85.6, 2780.3)
	9.29 (-1.10, 33.77)
	1172 (71.9%)

	0-6 h
	In-hospital deaths
	285
	0.68 (0.28, 1.21)
	103 (40.4%)
	852.6 (119.2, 2830.7)
	11.59 (1.50, 35.84)
	201 (77.6%)

	6-12 h
	Survivors
	1812
	0.89 (0.53, 1.50)
	382 (22.6%)
	83.6 (-274.5, 859.2)
	1.08 (-3.34, 10.63)
	888 (55.6%)

	6-12 h
	In-hospital deaths
	285
	0.49 (0.24, 1.01)
	131 (50.8%)
	592.5 (17.9, 1445.9)
	6.91 (0.15, 18.79)
	190 (75.7%)

	12-24 h
	Survivors
	1812
	0.81 (0.50, 1.27)
	440 (25.1%)
	-102.9 (-625.0, 465.0)
	-1.32 (-7.68, 5.84)
	763 (44.2%)

	12-24 h
	In-hospital deaths
	285
	0.44 (0.23, 0.85)
	149 (56.7%)
	777.5 (10.2, 2388.5)
	8.50 (0.10, 30.61)
	199 (75.4%)

	24-48 h
	Survivors
	1812
	0.67 (0.33, 1.12)
	604 (36.3%)
	-300.3 (-1042.8, 393.8)
	-3.54 (-12.79, 4.97)
	577 (36.8%)

	24-48 h
	In-hospital deaths
	285
	0.42 (0.12, 0.91)
	139 (56.3%)
	1153.3 (153.0, 2477.5)
	15.48 (2.29, 35.83)
	202 (80.2%)



Supplementary Table S3. Fluid balance trajectory outcomes
	Trajectory class
	N
	Deaths
	Mortality, %
	Median urine 0-48h, mL/kg/h
	Median net balance 0-48h, mL/kg

	Missing
	34
	7
	20.60
	NA
	NA

	Persistent positive balance
	1194
	219
	18.30
	0.726
	48.92

	No positive-balance windows
	97
	10
	10.30
	1.056
	NA

	Cumulative non-positive balance
	485
	32
	6.600
	1.096
	-17.48

	Transient positive balance
	287
	17
	5.900
	0.864
	20.10



Supplementary Table S4. Trajectory logistic regression
	Model
	Exposure
	N
	Events
	OR
	95% CI lower
	95% CI upper
	P value

	Unadjusted
	Persistent oliguria in >=2 windows
	2048
	271
	3.988
	3.064
	5.191
	<0.001

	Adjusted
	Persistent oliguria in >=2 windows
	2048
	271
	3.480
	2.638
	4.591
	<0.001

	Unadjusted
	Each additional oliguria window
	2097
	285
	1.729
	1.567
	1.907
	<0.001

	Adjusted
	Each additional oliguria window
	2097
	285
	1.586
	1.432
	1.756
	<0.001

	Unadjusted
	Positive balance in >=2 windows
	2063
	278
	3.270
	2.344
	4.563
	<0.001

	Adjusted
	Positive balance in >=2 windows
	2063
	278
	2.361
	1.652
	3.376
	<0.001

	Unadjusted
	Net fluid balance per 10 mL/kg
	1502
	216
	1.087
	1.065
	1.109
	<0.001

	Adjusted
	Net fluid balance per 10 mL/kg
	1502
	216
	1.068
	1.045
	1.091
	<0.001

	Unadjusted
	High-risk urine/fluid trajectory phenotype
	2097
	285
	2.829
	2.028
	3.946
	<0.001

	Adjusted
	High-risk urine/fluid trajectory phenotype
	2097
	285
	2.016
	1.410
	2.881
	<0.001



Supplementary Table S5. Early death and early discharge counts
	Total N
	Hospital deaths
	Deaths before 48 h from ICU
	Deaths before 48 h by survival_days
	Hospital exit before 48 h alive
	ICU out before 48 h alive

	2097
	285
	50
	17
	43
	700



Supplementary Table S6. Landmark cohort summary
	Cohort
	N
	In-hospital deaths after/overall landmark
	Event rate, %
	Median ICU LOS, h
	Median ICU-to-hospital-exit, h

	Full trajectory cohort
	2097
	285
	13.60
	65.50
	141.40

	Exclude deaths before 48 h
	2047
	235
	11.50
	67.70
	144.20

	Strict 48 h hospital landmark
	2004
	235
	11.70
	68.90
	145.70

	ICU-observable 48 h cohort
	1336
	224
	16.80
	98.40
	185.20



Supplementary Table S7. Strict 48 h landmark urine trajectory outcomes
	Cohort
	Trajectory class
	N
	Events
	Mortality, %
	Median urine 0-48h, mL/kg/h
	Median net balance 0-48h, mL/kg

	Strict 48 h hospital landmark
	Adequate urine output
	762
	57
	7.500
	1.205
	7.650

	Strict 48 h hospital landmark
	Late/worsening oliguria
	523
	61
	11.70
	0.622
	24.44

	Strict 48 h hospital landmark
	Missing
	44
	11
	25.00
	NA
	38.91

	Strict 48 h hospital landmark
	Oliguria recovery
	244
	33
	13.50
	0.851
	35.45

	Strict 48 h hospital landmark
	Persistent/intermittent oliguria
	239
	58
	24.30
	0.339
	54.86

	Strict 48 h hospital landmark
	Single-window oliguria
	192
	15
	7.800
	0.882
	14.72



Supplementary Table S8. Landmark logistic regression
	Cohort
	Model
	Exposure
	N
	Events
	OR
	95% CI lower
	95% CI upper
	P value
	Note

	Full cohort
	Unadjusted
	Persistent oliguria in >=2 windows
	2048
	271
	3.988
	3.064
	5.191
	<0.001
	NA

	Full cohort
	Adjusted
	Persistent oliguria in >=2 windows
	2048
	271
	3.480
	2.638
	4.591
	<0.001
	NA

	Full cohort
	Unadjusted
	Each additional oliguria window
	2097
	285
	1.729
	1.567
	1.907
	<0.001
	NA

	Full cohort
	Adjusted
	Each additional oliguria window
	2097
	285
	1.586
	1.432
	1.756
	<0.001
	NA

	Full cohort
	Unadjusted
	Positive balance in >=2 windows
	2063
	278
	3.270
	2.344
	4.563
	<0.001
	NA

	Full cohort
	Adjusted
	Positive balance in >=2 windows
	2063
	278
	2.361
	1.652
	3.376
	<0.001
	NA

	Full cohort
	Unadjusted
	Net fluid balance per 10 mL/kg
	1502
	216
	1.087
	1.065
	1.109
	<0.001
	NA

	Full cohort
	Adjusted
	Net fluid balance per 10 mL/kg
	1502
	216
	1.068
	1.045
	1.091
	<0.001
	NA

	Full cohort
	Unadjusted
	High-risk urine/fluid trajectory phenotype
	2097
	285
	2.829
	2.028
	3.946
	<0.001
	NA

	Full cohort
	Adjusted
	High-risk urine/fluid trajectory phenotype
	2097
	285
	2.016
	1.410
	2.881
	<0.001
	NA

	Exclude deaths before 48 h
	Unadjusted
	Persistent oliguria in >=2 windows
	2001
	224
	3.581
	2.695
	4.757
	<0.001
	NA

	Exclude deaths before 48 h
	Adjusted
	Persistent oliguria in >=2 windows
	2001
	224
	3.140
	2.330
	4.233
	<0.001
	NA

	Exclude deaths before 48 h
	Unadjusted
	Each additional oliguria window
	2047
	235
	1.662
	1.494
	1.848
	<0.001
	NA

	Exclude deaths before 48 h
	Adjusted
	Each additional oliguria window
	2047
	235
	1.536
	1.375
	1.715
	<0.001
	NA

	Exclude deaths before 48 h
	Unadjusted
	Positive balance in >=2 windows
	2013
	228
	3.483
	2.400
	5.055
	<0.001
	NA

	Exclude deaths before 48 h
	Adjusted
	Positive balance in >=2 windows
	2013
	228
	2.642
	1.774
	3.934
	<0.001
	NA

	Exclude deaths before 48 h
	Unadjusted
	Net fluid balance per 10 mL/kg
	1476
	190
	1.086
	1.063
	1.108
	<0.001
	NA

	Exclude deaths before 48 h
	Adjusted
	Net fluid balance per 10 mL/kg
	1476
	190
	1.069
	1.045
	1.094
	<0.001
	NA

	Exclude deaths before 48 h
	Unadjusted
	High-risk urine/fluid trajectory phenotype
	2047
	235
	2.932
	2.029
	4.236
	<0.001
	NA

	Exclude deaths before 48 h
	Adjusted
	High-risk urine/fluid trajectory phenotype
	2047
	235
	2.192
	1.479
	3.249
	<0.001
	NA

	Strict 48 h hospital landmark
	Unadjusted
	Persistent oliguria in >=2 windows
	1960
	224
	3.533
	2.659
	4.695
	<0.001
	NA

	Strict 48 h hospital landmark
	Adjusted
	Persistent oliguria in >=2 windows
	1960
	224
	3.135
	2.326
	4.227
	<0.001
	NA

	Strict 48 h hospital landmark
	Unadjusted
	Each additional oliguria window
	2004
	235
	1.650
	1.484
	1.835
	<0.001
	NA

	Strict 48 h hospital landmark
	Adjusted
	Each additional oliguria window
	2004
	235
	1.534
	1.374
	1.713
	<0.001
	NA

	Strict 48 h hospital landmark
	Unadjusted
	Positive balance in >=2 windows
	1971
	228
	3.361
	2.315
	4.879
	<0.001
	NA

	Strict 48 h hospital landmark
	Adjusted
	Positive balance in >=2 windows
	1971
	228
	2.603
	1.748
	3.877
	<0.001
	NA

	Strict 48 h hospital landmark
	Unadjusted
	Net fluid balance per 10 mL/kg
	1462
	190
	1.085
	1.062
	1.107
	<0.001
	NA

	Strict 48 h hospital landmark
	Adjusted
	Net fluid balance per 10 mL/kg
	1462
	190
	1.069
	1.045
	1.094
	<0.001
	NA

	Strict 48 h hospital landmark
	Unadjusted
	High-risk urine/fluid trajectory phenotype
	2004
	235
	2.809
	1.943
	4.060
	<0.001
	NA

	Strict 48 h hospital landmark
	Adjusted
	High-risk urine/fluid trajectory phenotype
	2004
	235
	2.151
	1.451
	3.190
	<0.001
	NA

	ICU-observable 48 h cohort
	Unadjusted
	Persistent oliguria in >=2 windows
	1299
	213
	3.409
	2.521
	4.610
	<0.001
	NA

	ICU-observable 48 h cohort
	Adjusted
	Persistent oliguria in >=2 windows
	1299
	213
	3.133
	2.285
	4.297
	<0.001
	NA

	ICU-observable 48 h cohort
	Unadjusted
	Each additional oliguria window
	1336
	224
	1.563
	1.405
	1.738
	<0.001
	NA

	ICU-observable 48 h cohort
	Adjusted
	Each additional oliguria window
	1336
	224
	1.498
	1.341
	1.674
	<0.001
	NA

	ICU-observable 48 h cohort
	Unadjusted
	Positive balance in >=2 windows
	1308
	217
	2.920
	1.945
	4.381
	<0.001
	NA

	ICU-observable 48 h cohort
	Adjusted
	Positive balance in >=2 windows
	1308
	217
	2.383
	1.552
	3.659
	<0.001
	NA

	ICU-observable 48 h cohort
	Unadjusted
	Net fluid balance per 10 mL/kg
	1089
	183
	1.068
	1.046
	1.091
	<0.001
	NA

	ICU-observable 48 h cohort
	Adjusted
	Net fluid balance per 10 mL/kg
	1089
	183
	1.055
	1.032
	1.079
	<0.001
	NA

	ICU-observable 48 h cohort
	Unadjusted
	High-risk urine/fluid trajectory phenotype
	1336
	224
	2.453
	1.659
	3.627
	<0.001
	NA

	ICU-observable 48 h cohort
	Adjusted
	High-risk urine/fluid trajectory phenotype
	1336
	224
	1.949
	1.286
	2.954
	0.0017
	NA



Supplementary Table S9. Treatment trajectory file QC
	Window
	Rows
	Unique stay_id
	Vasopressor any, n
	Furosemide any, n
	CRRT any, n
	Invasive ventilation any, n
	phenylephrine any, n
	vasopressin any, n
	dopamine any, n
	epinephrine any, n
	norepinephrine any, n

	0-6 h
	2097
	2097
	814
	476
	129
	957
	578
	47
	121
	108
	229

	6-12 h
	2097
	2097
	908
	563
	129
	987
	620
	79
	152
	153
	307

	12-24 h
	2097
	2097
	983
	846
	129
	877
	665
	109
	176
	173
	355

	24-48 h
	2097
	2097
	1037
	1139
	130
	684
	712
	141
	180
	185
	398



Supplementary Table S10. Treatment exposure by outcome
	Group
	Variable
	Value

	Survivors
	Any vasopressor 0-48 h
	886 (48.9%)

	Survivors
	Norepinephrine 0-48 h
	275 (15.2%)

	Survivors
	Phenylephrine 0-48 h
	657 (36.3%)

	Survivors
	Vasopressin 0-48 h
	90 (5.0%)

	Survivors
	Dopamine 0-48 h
	154 (8.5%)

	Survivors
	Epinephrine 0-48 h
	165 (9.1%)

	Survivors
	Furosemide 0-48 h
	1026 (56.6%)

	Survivors
	CRRT 0-48 h
	76 (4.2%)

	Survivors
	Invasive ventilation 0-48 h
	935 (51.6%)

	Survivors
	Vasopressor-positive windows
	0.0 (0.0, 4.0)

	Survivors
	Furosemide-positive windows
	1.0 (0.0, 3.0)

	Survivors
	CRRT duration, min
	0.0 (0.0, 0.0)

	Survivors
	Invasive ventilation hours
	3.0 (0.0, 20.0)

	In-hospital deaths
	Any vasopressor 0-48 h
	197 (69.1%)

	In-hospital deaths
	Norepinephrine 0-48 h
	150 (52.6%)

	In-hospital deaths
	Phenylephrine 0-48 h
	91 (31.9%)

	In-hospital deaths
	Vasopressin 0-48 h
	58 (20.4%)

	In-hospital deaths
	Dopamine 0-48 h
	60 (21.1%)

	In-hospital deaths
	Epinephrine 0-48 h
	36 (12.6%)

	In-hospital deaths
	Furosemide 0-48 h
	147 (51.6%)

	In-hospital deaths
	CRRT 0-48 h
	54 (18.9%)

	In-hospital deaths
	Invasive ventilation 0-48 h
	216 (75.8%)

	In-hospital deaths
	Vasopressor-positive windows
	3.0 (0.0, 4.0)

	In-hospital deaths
	Furosemide-positive windows
	1.0 (0.0, 3.0)

	In-hospital deaths
	CRRT duration, min
	0.0 (0.0, 0.0)

	In-hospital deaths
	Invasive ventilation hours
	35.2 (2.1, 47.3)



Supplementary Table S11. Window-specific treatment exposure by outcome
	Window
	Group
	Vasopressor any
	Furosemide any
	CRRT any
	Invasive ventilation any
	Vasopressor drug count

	0-6 h
	Survivors
	701 (38.7%)
	407 (22.5%)
	76 (4.2%)
	776 (42.8%)
	0.0 (0.0, 1.0)

	0-6 h
	In-hospital deaths
	113 (39.6%)
	69 (24.2%)
	53 (18.6%)
	181 (63.5%)
	0.0 (0.0, 1.0)

	6-12 h
	Survivors
	756 (41.7%)
	474 (26.2%)
	76 (4.2%)
	795 (43.9%)
	0.0 (0.0, 1.0)

	6-12 h
	In-hospital deaths
	152 (53.3%)
	89 (31.2%)
	53 (18.6%)
	192 (67.4%)
	1.0 (0.0, 1.0)

	12-24 h
	Survivors
	811 (44.8%)
	742 (40.9%)
	76 (4.2%)
	682 (37.6%)
	0.0 (0.0, 1.0)

	12-24 h
	In-hospital deaths
	172 (60.4%)
	104 (36.5%)
	53 (18.6%)
	195 (68.4%)
	1.0 (0.0, 2.0)

	24-48 h
	Survivors
	851 (47.0%)
	1001 (55.2%)
	76 (4.2%)
	497 (27.4%)
	0.0 (0.0, 1.0)

	24-48 h
	In-hospital deaths
	186 (65.3%)
	138 (48.4%)
	54 (18.9%)
	187 (65.6%)
	1.0 (0.0, 2.0)



Supplementary Table S12. Treatment-trajectory adjusted logistic regression
	Cohort
	Model
	Exposure
	N
	Events
	OR
	95% CI lower
	95% CI upper
	P value
	Note

	Full cohort
	Clinical adjusted
	Persistent oliguria in >=2 windows
	2048
	271
	3.817
	2.913
	5.001
	<0.001
	NA

	Full cohort
	Clinical + treatment-trajectory adjusted
	Persistent oliguria in >=2 windows
	2048
	271
	2.899
	2.167
	3.878
	<0.001
	NA

	Full cohort
	Clinical adjusted
	Each additional oliguria window
	2097
	285
	1.681
	1.520
	1.859
	<0.001
	NA

	Full cohort
	Clinical + treatment-trajectory adjusted
	Each additional oliguria window
	2097
	285
	1.463
	1.314
	1.630
	<0.001
	NA

	Full cohort
	Clinical adjusted
	Positive balance in >=2 windows
	2063
	278
	3.312
	2.365
	4.639
	<0.001
	NA

	Full cohort
	Clinical + treatment-trajectory adjusted
	Positive balance in >=2 windows
	2063
	278
	2.174
	1.509
	3.133
	<0.001
	NA

	Full cohort
	Clinical adjusted
	Net fluid balance per 10 mL/kg
	1502
	216
	1.086
	1.064
	1.108
	<0.001
	NA

	Full cohort
	Clinical + treatment-trajectory adjusted
	Net fluid balance per 10 mL/kg
	1502
	216
	1.053
	1.029
	1.078
	<0.001
	NA

	Full cohort
	Clinical adjusted
	High-risk urine/fluid trajectory phenotype
	2097
	285
	2.891
	2.064
	4.050
	<0.001
	NA

	Full cohort
	Clinical + treatment-trajectory adjusted
	High-risk urine/fluid trajectory phenotype
	2097
	285
	1.922
	1.336
	2.767
	<0.001
	NA

	Strict 48 h landmark cohort
	Clinical adjusted
	Persistent oliguria in >=2 windows
	1960
	224
	3.397
	2.538
	4.545
	<0.001
	NA

	Strict 48 h landmark cohort
	Clinical + treatment-trajectory adjusted
	Persistent oliguria in >=2 windows
	1960
	224
	2.464
	1.793
	3.387
	<0.001
	NA

	Strict 48 h landmark cohort
	Clinical adjusted
	Each additional oliguria window
	2004
	235
	1.611
	1.445
	1.795
	<0.001
	NA

	Strict 48 h landmark cohort
	Clinical + treatment-trajectory adjusted
	Each additional oliguria window
	2004
	235
	1.376
	1.223
	1.548
	<0.001
	NA

	Strict 48 h landmark cohort
	Clinical adjusted
	Positive balance in >=2 windows
	1971
	228
	3.444
	2.363
	5.019
	<0.001
	NA

	Strict 48 h landmark cohort
	Clinical + treatment-trajectory adjusted
	Positive balance in >=2 windows
	1971
	228
	2.348
	1.563
	3.529
	<0.001
	NA

	Strict 48 h landmark cohort
	Clinical adjusted
	Net fluid balance per 10 mL/kg
	1462
	190
	1.085
	1.063
	1.108
	<0.001
	NA

	Strict 48 h landmark cohort
	Clinical + treatment-trajectory adjusted
	Net fluid balance per 10 mL/kg
	1462
	190
	1.054
	1.028
	1.080
	<0.001
	NA

	Strict 48 h landmark cohort
	Clinical adjusted
	High-risk urine/fluid trajectory phenotype
	2004
	235
	2.910
	2.005
	4.224
	<0.001
	NA

	Strict 48 h landmark cohort
	Clinical + treatment-trajectory adjusted
	High-risk urine/fluid trajectory phenotype
	2004
	235
	2.016
	1.349
	3.014
	<0.001
	NA



Supplementary Table S13. Model performance after treatment-trajectory adjustment
	Cohort
	Model
	N
	Events
	Features
	AUROC
	AUPRC
	Brier score

	Full cohort
	Static ORHA + urine-fluid trajectory
	2097
	285
	129
	0.885
	0.542
	0.090

	Full cohort
	Static ORHA + trajectory + treatment trajectory
	2097
	285
	189
	0.876
	0.526
	0.094

	Full cohort
	Static ORHA + trajectory + treatment + scores
	2097
	285
	199
	0.899
	0.572
	0.083

	Strict 48 h landmark cohort
	Static ORHA + urine-fluid trajectory
	2004
	235
	129
	0.869
	0.482
	0.087

	Strict 48 h landmark cohort
	Static ORHA + trajectory + treatment trajectory
	2004
	235
	189
	0.868
	0.461
	0.090

	Strict 48 h landmark cohort
	Static ORHA + trajectory + treatment + scores
	2004
	235
	199
	0.891
	0.498
	0.081



Supplementary Table S14. Baseline characteristics by outcome
	Characteristic
	Survivors
	In-hospital deaths
	SMD

	Age, years
	70.1 (61.4, 79.1)
	75.8 (66.0, 83.8)
	0.350

	Male sex
	1172 (64.7%)
	158 (55.4%)
	-0.189

	Diabetes
	749 (41.3%)
	130 (45.6%)
	0.086

	Congestive heart failure
	864 (47.7%)
	164 (57.5%)
	0.198

	Chronic renal disease
	477 (26.3%)
	113 (39.6%)
	0.283

	Chronic pulmonary disease
	471 (26.0%)
	114 (40.0%)
	0.298

	Cerebrovascular disease
	222 (12.3%)
	48 (16.8%)
	0.130

	SAPS II
	35.0 (28.0, 43.0)
	51.0 (40.0, 63.0)
	1.136

	SOFA
	5.0 (2.0, 8.0)
	11.0 (8.0, 14.0)
	1.393

	Charlson comorbidity index
	6.0 (4.0, 8.0)
	8.0 (6.0, 9.0)
	0.650

	Creatinine, average
	1.0 (0.8, 1.5)
	1.7 (1.1, 2.8)
	0.418

	BUN, average
	19.5 (14.5, 30.0)
	34.0 (23.5, 52.0)
	0.685

	Lactate, average
	1.7 (1.3, 2.3)
	2.7 (1.6, 4.4)
	0.758

	pH, average
	7.4 (7.3, 7.4)
	7.3 (7.3, 7.4)
	-0.466

	Base excess, average
	-0.6 (-2.7, 0.9)
	-4.0 (-7.0, -1.0)
	-0.660

	Day-1 urine output, mL/kg/h
	0.9 (0.6, 1.4)
	0.6 (0.2, 1.0)
	-0.460

	Day-1 oliguria
	305 (16.8%)
	118 (41.4%)
	0.541

	Day-1 positive fluid balance
	1198 (66.1%)
	219 (76.8%)
	0.238

	0-48 h vasopressor exposure
	886 (48.9%)
	197 (69.1%)
	0.411

	0-48 h furosemide exposure
	1026 (56.6%)
	147 (51.6%)
	-0.101

	0-48 h CRRT exposure
	76 (4.2%)
	54 (18.9%)
	0.461

	0-48 h invasive ventilation
	935 (51.6%)
	216 (75.8%)
	0.503



Supplementary Table S15. Cross-validated model performance with bootstrap confidence intervals
	Cohort
	Model
	N
	Events
	Features
	AUROC
	AUROC 95% CI
	AUPRC
	AUPRC 95% CI
	Brier score
	Brier 95% CI
	Calibration intercept
	Calibration slope
	Observed/expected

	Full cohort
	Static ORHA
	2097
	285
	84
	0.876
	0.857-0.892
	0.530
	0.470-0.594
	0.095
	0.086-0.103
	-0.733
	0.765
	0.748

	Full cohort
	Static ORHA + urine-fluid trajectories
	2097
	285
	129
	0.884
	0.865-0.900
	0.549
	0.479-0.609
	0.091
	0.083-0.099
	-0.684
	0.792
	0.764

	Full cohort
	Static ORHA + trajectories + scores
	2097
	285
	139
	0.898
	0.879-0.915
	0.575
	0.511-0.640
	0.084
	0.077-0.093
	-0.665
	0.792
	0.782



Supplementary Table S16. Fold-level model performance
	Cohort
	Model
	Fold
	N
	Events
	AUROC
	AUPRC
	Brier score

	Full cohort
	Static ORHA
	1
	420
	57
	0.884
	0.578
	0.095

	Full cohort
	Static ORHA
	2
	420
	57
	0.857
	0.454
	0.101

	Full cohort
	Static ORHA
	3
	419
	57
	0.884
	0.542
	0.096

	Full cohort
	Static ORHA
	4
	419
	57
	0.881
	0.530
	0.093

	Full cohort
	Static ORHA
	5
	419
	57
	0.881
	0.621
	0.088

	Full cohort
	Static ORHA + urine-fluid trajectories
	1
	420
	57
	0.885
	0.543
	0.097

	Full cohort
	Static ORHA + urine-fluid trajectories
	2
	420
	57
	0.861
	0.444
	0.102

	Full cohort
	Static ORHA + urine-fluid trajectories
	3
	419
	57
	0.907
	0.567
	0.084

	Full cohort
	Static ORHA + urine-fluid trajectories
	4
	419
	57
	0.889
	0.582
	0.087

	Full cohort
	Static ORHA + urine-fluid trajectories
	5
	419
	57
	0.889
	0.652
	0.083

	Full cohort
	Static ORHA + trajectories + scores
	1
	420
	57
	0.890
	0.573
	0.088

	Full cohort
	Static ORHA + trajectories + scores
	2
	420
	57
	0.865
	0.472
	0.096

	Full cohort
	Static ORHA + trajectories + scores
	3
	419
	57
	0.924
	0.639
	0.076

	Full cohort
	Static ORHA + trajectories + scores
	4
	419
	57
	0.906
	0.562
	0.084

	Full cohort
	Static ORHA + trajectories + scores
	5
	419
	57
	0.909
	0.675
	0.075



Supplementary Table S17. Calibration by risk decile
	Model
	Risk decile
	N
	Mean predicted risk
	Observed mortality
	Events

	Static ORHA
	1
	210
	0.009
	0.000
	0

	Static ORHA
	2
	210
	0.012
	0.005
	1

	Static ORHA
	3
	209
	0.016
	0.005
	1

	Static ORHA
	4
	210
	0.023
	0.005
	1

	Static ORHA
	5
	210
	0.037
	0.033
	7

	Static ORHA
	6
	209
	0.067
	0.086
	18

	Static ORHA
	7
	210
	0.125
	0.148
	31

	Static ORHA
	8
	209
	0.244
	0.230
	48

	Static ORHA
	9
	210
	0.476
	0.276
	58

	Static ORHA
	10
	210
	0.808
	0.571
	120

	Static ORHA + urine-fluid trajectories
	1
	210
	0.009
	0.000
	0

	Static ORHA + urine-fluid trajectories
	2
	210
	0.012
	0.000
	0

	Static ORHA + urine-fluid trajectories
	3
	209
	0.016
	0.005
	1

	Static ORHA + urine-fluid trajectories
	4
	210
	0.023
	0.014
	3

	Static ORHA + urine-fluid trajectories
	5
	210
	0.034
	0.038
	8

	Static ORHA + urine-fluid trajectories
	6
	209
	0.062
	0.048
	10

	Static ORHA + urine-fluid trajectories
	7
	210
	0.117
	0.162
	34

	Static ORHA + urine-fluid trajectories
	8
	209
	0.235
	0.196
	41

	Static ORHA + urine-fluid trajectories
	9
	210
	0.468
	0.286
	60

	Static ORHA + urine-fluid trajectories
	10
	210
	0.802
	0.610
	128

	Static ORHA + trajectories + scores
	1
	210
	0.009
	0.000
	0

	Static ORHA + trajectories + scores
	2
	210
	0.010
	0.014
	3

	Static ORHA + trajectories + scores
	3
	209
	0.013
	0.000
	0

	Static ORHA + trajectories + scores
	4
	210
	0.018
	0.014
	3

	Static ORHA + trajectories + scores
	5
	210
	0.027
	0.029
	6

	Static ORHA + trajectories + scores
	6
	209
	0.047
	0.029
	6

	Static ORHA + trajectories + scores
	7
	210
	0.095
	0.124
	26

	Static ORHA + trajectories + scores
	8
	209
	0.210
	0.158
	33

	Static ORHA + trajectories + scores
	9
	210
	0.480
	0.352
	74

	Static ORHA + trajectories + scores
	10
	210
	0.829
	0.638
	134



Supplementary Table S18. Net fluid balance threshold sensitivity analysis
	Cohort
	Exposure
	N
	Events
	OR
	95% CI lower
	95% CI upper
	P value

	Full cohort
	Cumulative net fluid balance >30 mL/kg
	2097
	285
	1.471
	1.089
	1.986
	0.0118

	Full cohort
	Cumulative net fluid balance >40 mL/kg
	2097
	285
	1.603
	1.187
	2.164
	0.0021

	Full cohort
	Cumulative net fluid balance >50 mL/kg
	2097
	285
	1.733
	1.276
	2.354
	<0.001

	Full cohort
	Cumulative net fluid balance >60 mL/kg
	2097
	285
	2.007
	1.466
	2.749
	<0.001

	Strict 48 h landmark
	Cumulative net fluid balance >30 mL/kg
	2004
	235
	1.862
	1.339
	2.589
	<0.001

	Strict 48 h landmark
	Cumulative net fluid balance >40 mL/kg
	2004
	235
	1.962
	1.413
	2.724
	<0.001

	Strict 48 h landmark
	Cumulative net fluid balance >50 mL/kg
	2004
	235
	2.263
	1.622
	3.158
	<0.001

	Strict 48 h landmark
	Cumulative net fluid balance >60 mL/kg
	2004
	235
	2.505
	1.784
	3.517
	<0.001



Supplementary Table S19. CRRT-exclusion and no-furosemide sensitivity analyses
	Sensitivity cohort
	Exposure
	N
	Events
	OR
	95% CI lower
	95% CI upper
	P value

	Exclude 0-48 h CRRT
	Persistent oliguria in >=2 windows
	1928
	222
	3.208
	2.368
	4.345
	<0.001

	Exclude 0-48 h CRRT
	Each additional oliguria window
	1967
	231
	1.545
	1.374
	1.737
	<0.001

	Exclude 0-48 h CRRT
	Positive balance in >=2 windows
	1941
	228
	2.325
	1.583
	3.416
	<0.001

	Exclude 0-48 h CRRT
	Net fluid balance per 10 mL/kg
	1413
	179
	1.055
	1.028
	1.084
	<0.001

	Exclude 0-48 h CRRT
	High-risk urine/fluid phenotype
	1967
	231
	2.192
	1.472
	3.264
	<0.001

	No 0-48 h furosemide exposure
	Persistent oliguria in >=2 windows
	879
	125
	2.448
	1.547
	3.875
	<0.001

	No 0-48 h furosemide exposure
	Each additional oliguria window
	924
	138
	1.276
	1.099
	1.482
	0.0014

	No 0-48 h furosemide exposure
	Positive balance in >=2 windows
	894
	132
	1.637
	0.910
	2.944
	0.0999

	No 0-48 h furosemide exposure
	Net fluid balance per 10 mL/kg
	595
	101
	1.008
	0.987
	1.030
	0.4397

	No 0-48 h furosemide exposure
	High-risk urine/fluid phenotype
	924
	138
	1.467
	0.832
	2.588
	0.1854

	Strict landmark excluding CRRT
	Persistent oliguria in >=2 windows
	1844
	178
	2.791
	2.000
	3.894
	<0.001

	Strict landmark excluding CRRT
	Each additional oliguria window
	1878
	184
	1.463
	1.285
	1.666
	<0.001

	Strict landmark excluding CRRT
	Positive balance in >=2 windows
	1853
	181
	2.587
	1.675
	3.998
	<0.001

	Strict landmark excluding CRRT
	Net fluid balance per 10 mL/kg
	1375
	155
	1.056
	1.027
	1.086
	<0.001

	Strict landmark excluding CRRT
	High-risk urine/fluid phenotype
	1878
	184
	2.421
	1.543
	3.799
	<0.001



Supplementary Figures
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Supplementary Figure S1. 0-48 h urine output trajectory by outcome.
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Supplementary Figure S2. 0-48 h net fluid balance trajectory by outcome.
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Supplementary Figure S3. Strict 48 h landmark ROC comparison.
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Supplementary Figure S4. Treatment-trajectory adjustment ROC comparison in the full cohort.
[image: ]
Supplementary Figure S5. Treatment-trajectory adjustment ROC comparison in the strict 48 h landmark cohort.
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Supplementary Figure S6. Top predictors in the static ORHA model.
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Supplementary Figure S7. Decision-curve analysis in the full cohort.
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