Supplementary tables
Table S1. Missingness and early organ-severity source variables
	Variable
	Missing
	Prespecified handling

	Maximum bilirubin, 0–24 h
	57.1%
	Component-level imputation; no aggregate SOFA

	Minimum MAP, 0–24 h
	34.4%
	Component-level imputation

	BMI
	22.0%
	First-day height/weight window; component-level imputation

	PaO2/FiO2 ratio
	21.1%
	Component-level imputation; 2-h/6-h pairing sensitivity

	Minimum platelet count, 0–24 h
	1.2%
	Component-level imputation

	Maximum creatinine, 0–24 h
	1.0%
	Component-level imputation

	Minimum GCS motor score, 0–24 h
	0.0%
	Observed source variable

	APACHE IV (eICU)
	6.0%
	30-draw imputation GEE; complete-case sensitivity


Note: PaO2, arterial oxygen tension; FiO2, inspired oxygen fraction; MAP, mean arterial pressure; GCS, Glasgow Coma Scale; SOFA, Sequential Organ Failure Assessment. The local MIMIC-IV source files did not contain outputevents; therefore, a complete urine-output-based SOFA score was not constructed. Organ-severity variables were imputed and modelled separately. BMI, body mass index; APACHE IV, Acute Physiology and Chronic Health Evaluation IV; GEE, generalised estimating equation; RASS, Richmond Agitation–Sedation Scale.


Table S2. Model specifications and sensitivity analyses
	Analysis
	n / deaths
	Risk set
	Exposure and model
	Adjustment or handling

	MIMIC-IV primary
	2252 / 541
	72-h landmark; ≥3 RASS windows
	Deep-RASS burden per 10 percentage points; logistic regression
	60 component-level posterior-draw imputations; age, sex, BMI, Charlson-no-age, RASS density, vasoactive indicator, six early source variables, disease group, and anchor-year group

	MIMIC-IV 48-h sensitivity
	2696 / 674
	48-h landmark; ≥3 RASS windows
	Deep-RASS burden per 10 percentage points; logistic regression
	Same covariate structure and 60 imputations

	MIMIC-IV density sensitivity
	2231 / 536
	72-h landmark; ≥6 RASS windows
	Deep-RASS burden per 10 percentage points; logistic regression
	Same covariate structure and 60 imputations

	MIMIC-IV density sensitivity
	2136 / 508
	72-h landmark; ≥9 RASS windows
	Deep-RASS burden per 10 percentage points; logistic regression
	Same covariate structure and 60 imputations

	MIMIC-IV non-linearity diagnostic
	2252 / 541
	72-h landmark; ≥3 RASS windows
	Natural cubic spline, 4 degrees of freedom
	Compared with the prespecified linear exposure term across 60 completed datasets

	MIMIC-IV bootstrap diagnostic
	2252 / 541
	72-h landmark; ≥3 RASS windows
	Patient-level bootstrap, 500 resamples
	One deterministic completed dataset; Rubin MI interval remained primary

	eICU strict replication
	250 / 46
	72-h landmark; ≥3 explicit RASS windows
	Hospital-clustered exchangeable GEE
	30 APACHE IV posterior-draw imputations; age, sex, APACHE IV, RASS density, disease group

	eICU leave-one-hospital-out
	163–234 / 25–42
	72-h strict risk set
	Hospital-clustered exchangeable GEE
	30 APACHE IV imputations in each exclusion analysis


Note: Deep-RASS burden was the proportion of valid 4-h windows with RASS ≤−3, reported per 10-percentage-point increase. BMI, body mass index; GEE, generalized estimating equations; MI, multiple imputation; OR, odds ratio; RASS, Richmond Agitation–Sedation Scale.


Table S3. Characteristics of the eICU-CRD strict-RASS replication cohort
	Variable
	Statistic
	Description

	Strict RASS landmark cohort, n
	250
	250 patients; 46 subsequent hospital deaths; 12 hospitals

	APACHE IV complete cases, n
	235
	235 patients; 42 deaths; 11 hospitals

	Age, years
	57.0 (38.3–69.0)
	Ages >89 coded as 90

	Male sex, n (%)
	144 (57.6%)
	Strict layer

	APACHE IV
	68.0 (53.0–86.0)
	Complete cases; MI sensitivity

	Deep-RASS windows, %
	22.9 (5.6–65.6)
	Explicit RASS/SEDATION SCORE only

	Rebuilt RASS windows, n
	18.0 (14.0–18.0)
	At least 3 required

	Subsequent in-hospital death, n (%)
	46 (18.4%)
	Outcome after 72-h landmark


Note: The strict eICU-CRD layer included only records explicitly labelled RASS or SEDATION SCORE; the generic Sedation Scale pathway was excluded because it contained no negative values. Continuous variables are presented as median (interquartile range) and categorical variables as n (%). APACHE IV, Acute Physiology and Chronic Health Evaluation IV; GEE, generalized estimating equations; ICU, intensive care unit; MI, multiple imputation; RASS, Richmond Agitation–Sedation Scale.


Table S4. eICU leave-one-hospital-out analyses after APACHE IV imputation
	Excluded hospital
	Successful imputations
	OR
	95% CI lower
	95% CI upper
	n
	Deaths

	248
	30
	1.260
	1.173
	1.353
	210
	39

	249
	30
	1.285
	1.201
	1.374
	234
	41

	252
	30
	1.302
	1.202
	1.412
	163
	25

	253
	30
	1.249
	1.176
	1.326
	231
	39

	300
	30
	1.238
	1.180
	1.300
	175
	31

	307
	30
	1.263
	1.193
	1.337
	224
	42

	310
	30
	1.252
	1.183
	1.326
	232
	42

	331
	30
	1.269
	1.192
	1.351
	234
	42

	336
	30
	1.253
	1.181
	1.329
	230
	41

	338
	30
	1.277
	1.172
	1.392
	186
	36

	345
	30
	1.264
	1.191
	1.342
	231
	42


Note: Each exclusion analysis used 30 APACHE IV posterior-draw imputations and a hospital-clustered exchangeable GEE. ORs are reported per 10-percentage-point increase in strict-layer deep-RASS burden. CI, confidence interval; GEE, generalized estimating equations; OR, odds ratio; RASS, Richmond Agitation–Sedation Scale.
