Additional file 1
Supplementary Table S1. Predictor data dictionary and missing-data handling
	Variable
	Source
	Unit/coding
	Eligible measurement window
	Development missing
	Temporal missing
	Locked handling

	Age
	HIS
	years; (age−60)/10
	available before model index
	0 (0.0%)
	0 (0.0%)
	Median 59 if sporadically missing

	Sex
	HIS
	male=1, female=0
	available before model index
	0 (0.0%)
	0 (0.0%)
	Mode 1 if sporadically missing

	Prehospital SBP
	EMS/referring-facility record
	mmHg; (120−SBP)/10
	last valid value before ED arrival
	138 (5.9%) (117 structural; 21 sporadic)
	74 (6.2%) (60 structural; 14 sporadic)
	Structural absence → M0; sporadic M1 missing → median 121

	Prehospital GCS
	EMS/referring-facility record
	3–15; 15−GCS
	last valid value before ED arrival
	131 (5.6%) (117 structural; 14 sporadic)
	70 (5.9%) (60 structural; 10 sporadic)
	Structural absence → M0; sporadic M1 missing → median 14

	Prehospital malignant ventricular arrhythmia
	EMS/referring-facility monitoring
	binary
	any qualifying rhythm before ED arrival/index
	130 (5.5%) (117 structural; 13 sporadic)
	68 (5.7%) (60 structural; 8 sporadic)
	Structural absence → M0; sporadic M1 missing → mode 0

	First ED heart rate
	ED monitoring record
	beats/min; (HR−80)/10
	first value after arrival and before index
	22 (0.9%)
	8 (0.7%)
	Median 85

	Lactate
	LIS
	mmol/L; lactate−2
	first result available before index
	40 (1.7%)
	16 (1.3%)
	Median 1.81

	pH
	LIS
	arterial or venous; (7.40−pH)/0.1
	first result available before index
	44 (1.9%)
	17 (1.4%)
	Median 7.40

	Troponin/ULN
	LIS
	assay-normalised ratio; ln(1+x)
	first result available before index
	88 (3.7%)
	41 (3.5%)
	Median 0.704

	Potassium
	LIS
	mmol/L
	first result available before index
	49 (2.1%)
	26 (2.2%)
	Retained as raw component

	Sodium
	LIS
	mmol/L
	first result available before index
	27 (1.1%)
	16 (1.3%)
	Retained as raw component

	Ionised calcium
	LIS
	mmol/L
	first result available before index
	58 (2.5%)
	37 (3.1%)
	Retained as raw component

	Composite electrolyte abnormality
	Derived from K/Na/iCa
	binary
	before index
	0
	0
	1 if any observed abnormality; otherwise 0 under primary locked rule; alternative rules in sensitivity analysis

	24-hour cardiac arrest
	Linked clinical and resuscitation records
	binary outcome
	immediately after index through 24 h
	0
	0
	Not imputed; incomplete 24-h ascertainment excluded


HIS, hospital information system; LIS, laboratory information system; EMS, emergency medical services; SBP, systolic blood pressure; GCS, Glasgow Coma Scale.

Supplementary Table S2. Locked model specification, imputation constants, routing rule and thresholds
	Model
	Predictor
	β
	SE
	OR (95% CI)
	P value

	M0
	Intercept
	-4.040571
	0.251748
	—
	<0.001

	M0
	Age, per 10-year increase (centred at 60 years)
	0.148597
	0.060840
	1.160 (1.030–1.307)
	0.015

	M0
	Male sex
	0.203310
	0.180143
	1.225 (0.861–1.744)
	0.259

	M0
	First ED heart rate, per 10 beats/min (centred at 80)
	0.149062
	0.042743
	1.161 (1.067–1.262)
	<0.001

	M0
	Lactate, per 1 mmol/L increase (centred at 2)
	0.517446
	0.053327
	1.678 (1.511–1.863)
	<0.001

	M0
	pH, per 0.1-unit decrease (centred at 7.40)
	0.809429
	0.147819
	2.247 (1.682–3.002)
	<0.001

	M0
	ln(1 + troponin/ULN)
	0.580082
	0.236987
	1.786 (1.123–2.842)
	0.014

	M0
	Composite K/Na/ionised-Ca abnormality
	0.278772
	0.179789
	1.322 (0.929–1.880)
	0.121

	M1
	Intercept
	-4.238342
	0.273106
	—
	<0.001

	M1
	Age, per 10-year increase (centred at 60 years)
	0.145433
	0.063150
	1.157 (1.022–1.309)
	0.021

	M1
	Male sex
	0.218444
	0.188354
	1.244 (0.860–1.800)
	0.246

	M1
	First ED heart rate, per 10 beats/min (centred at 80)
	0.092941
	0.045308
	1.097 (1.004–1.199)
	0.040

	M1
	Lactate, per 1 mmol/L increase (centred at 2)
	0.462346
	0.057958
	1.588 (1.417–1.779)
	<0.001

	M1
	pH, per 0.1-unit decrease (centred at 7.40)
	0.694816
	0.155703
	2.003 (1.476–2.718)
	<0.001

	M1
	ln(1 + troponin/ULN)
	0.340497
	0.256248
	1.406 (0.851–2.323)
	0.184

	M1
	Composite K/Na/ionised-Ca abnormality
	0.231568
	0.187012
	1.261 (0.874–1.819)
	0.216

	M1
	Prehospital SBP, per 10-mmHg decrease (centred at 120)
	0.130393
	0.052971
	1.139 (1.027–1.264)
	0.014

	M1
	Prehospital GCS, per 1-point decrease (centred at 15)
	0.167539
	0.061948
	1.182 (1.047–1.335)
	0.007

	M1
	Prehospital malignant ventricular arrhythmia
	0.852356
	0.255951
	2.345 (1.420–3.873)
	<0.001



Locked imputation constants
	Variable
	Locked value

	Age, years
	59

	Male sex
	1

	Prehospital SBP, mmHg
	121

	Prehospital GCS
	14

	Prehospital malignant ventricular arrhythmia
	0

	First ED heart rate, beats/min
	85

	Lactate, mmol/L
	1.81

	pH
	7.40

	Troponin/ULN
	0.704

	Composite electrolyte input
	0 when primary derived value is incomplete and no abnormality is observed


M0 linear predictor: −4.040571 + 0.148597×(age−60)/10 + 0.203310×male + 0.149062×(HR−80)/10 + 0.517446×(lactate−2) + 0.809429×(7.40−pH)/0.1 + 0.580082×ln(1+troponin/ULN) + 0.278772×electrolyte input.
M1 linear predictor: −4.238342 + 0.145433×(age−60)/10 + 0.218444×male + 0.092941×(HR−80)/10 + 0.462346×(lactate−2) + 0.694816×(7.40−pH)/0.1 + 0.340497×ln(1+troponin/ULN) + 0.231568×electrolyte input + 0.130393×(120−SBP)/10 + 0.167539×(15−GCS) + 0.852356×malignant ventricular arrhythmia.
Predicted probability = 1/[1+exp(−linear predictor)]. Self-presenting patients without a usable prehospital record were routed to M0; EMS and interhospital-transfer patients with a usable prehospital record were routed to M1. Risk categories were low <5%, intermediate 5% to <15%, and high ≥15%. Formal lock: 2 January 2025, version CA24H-M0M1-v1.3.
Supplementary Table S3. Temporal-validation performance in prespecified subgroups
	Subgroup
	n/events
	AUC (95% CI)
	Brier score
	Calibration intercept
	Calibration slope
	Interpretation

	Male
	703/67
	0.843 (0.786–0.893)
	0.0640
	0.086
	0.939
	Descriptive

	Female
	484/40
	0.833 (0.766–0.894)
	0.0611
	0.131
	1.015
	Descriptive

	Age <65 years
	728/58
	0.837 (0.779–0.895)
	0.0558
	0.044
	0.937
	Descriptive

	Age ≥65 years
	459/49
	0.837 (0.774–0.893)
	0.0739
	0.178
	1.007
	Descriptive

	M1 route
	1,127/101
	0.843 (0.799–0.884)
	0.0619
	0.073
	0.979
	Primary route subgroup

	M0 route
	60/6
	0.802 (0.636–0.938)
	0.0797
	0.718
	0.888
	Very imprecise; only six events


Subgroup analyses were descriptive and were not designed to establish equivalent performance or fairness. AUC intervals were obtained by patient-level bootstrap resampling; estimates in the M0 route are unstable because of the small number of events.
Supplementary Table S4. Sensitivity analyses
Panel A. Alternative electrolyte handling in temporal validation
	Scenario
	Analysis set/model
	n
	Events
	AUC
	Brier score

	Incomplete electrolyte profiles coded 0 (primary)
	Full cohort/routing
	1,187
	107
	0.839
	0.0628

	Incomplete electrolyte profiles coded 1
	Full cohort/routing
	1,187
	107
	0.839
	0.0628

	Complete K/Na/iCa profiles only
	Full cohort/routing
	1,109
	100
	0.830
	0.0645

	Incomplete electrolyte profiles coded 0 (primary)
	M1 eligible/M1
	1,127
	101
	0.843
	0.0619

	Incomplete electrolyte profiles coded 1
	M1 eligible/M1
	1,127
	101
	0.842
	0.0620

	Complete K/Na/iCa profiles only
	M1 eligible/M1
	1,051
	95
	0.832
	0.0644


Panel B. Exclusion of events shortly after the model index time
	Cohort
	Exclusion window
	Events excluded
	Analysis n/events
	Routing AUC
	Brier score

	Development
	≤10 min
	2
	2,352/169
	0.854
	0.0521

	Development
	≤30 min
	5
	2,349/166
	0.851
	0.0519

	Temporal validation
	≤10 min
	0
	1,187/107
	0.839
	0.0628

	Temporal validation
	≤30 min
	0
	1,187/107
	0.839
	0.0628



