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Supplementary Methods
1. Study design, ethics, and analysis sequence
MIMIC-IV v3.1 (Boston, 2008–2022) was used for development and SICdb v1.0.8 (four Salzburg ICUs, 2013–2021) for external evaluation. Both require credentialed access. Access followed the respective data-use agreements. Fengfeng Lu completed the CITI Program “Data or Specimens Only Research” refresher course (Record ID: 68221589). Source-data ethical approvals and consent waivers are described in the main manuscript; no additional institutional review was required for this secondary analysis. The original analysis compared a first-hour snapshot with 12-hour summary and sequence representations and included a same-patient SICdb resolution experiment. Direct summary-versus-snapshot contrasts and an unweighted recurrent-model sensitivity were added after the initial results review. The same-window median-level comparator was added during manuscript preparation after earlier external results had been examined. It was fitted and tuned only in MIMIC-IV, then evaluated in SICdb without refitting. Cohorts, outcomes, earlier model predictions, and resolution definitions were unchanged.
2. Cohort and mortality ascertainment
Eligible adults underwent qualifying upper gastrointestinal, intestinal/colorectal, or hepatobiliary/pancreatic surgery and remained alive and in ICU at 12 hours. Only the first eligible stay per patient was retained. MIMIC-IV procedure-code rules were combined with postoperative care-unit evidence or surgical-service/date alignment. SICdb used SurgicalSite and SurgicalAdmissionType with ICUOffset defining ICU entry. Database-specific rules are given in Table S1 and the extraction code. Predictors were collected during [t0, t0 + 12 h), where t0 is ICU admission; death was assessed after that landmark through t0 + 28 days. MIMIC-IV used hospital death times and linked death dates, with one ambiguous date-only boundary record excluded. SICdb used OffsetOfDeath relative to ICUOffset: death28 was positive when ICUOffset + 43200 < OffsetOfDeath ≤ ICUOffset + 28 × 86400 (seconds). Eligible records not meeting this condition, including records with a missing OffsetOfDeath, were coded as non-events. SICdb mortality ascertainment combines sources including governmental mortality data and out-of-hospital deaths, as described in the database documentation (main manuscript, reference 18). Discharge did not substitute for the mortality endpoint. These rules are implemented in SQL/extract_formal_data.ps1 in the versioned code release.
3. Clinical-description variables and their limits
Clinical-description variables were extracted separately from the model predictors. Laboratory values are the first valid measurements in the initial 12 hours. MIMIC-IV comorbidities were derived from index-hospital diagnoses, without universal present-on-admission confirmation; SICdb used processed precondition fields. They describe recorded diagnoses rather than uniformly adjudicated pre-existing disease. Multiple surgical families could be identified in MIMIC-IV, whereas SICdb had no directly corresponding category. Ventilation and urgency definitions also differed. Source definitions, units, and availability are reported in Tables S1B–S1D. Complete availability of a derived binary indicator does not establish complete ascertainment of the underlying condition.
4. Signal extraction and representations
The modeled signals were heart rate, MAP, and SpO₂, with plausibility ranges of 20–250 beats/min, 20–200 mmHg, and 50–100%, respectively. Primary and fallback sources were applied in the order specified in Table S1. Hourly values were within-bin medians, with no carry-forward across hours. The snapshot comprised the first hourly bin, age, sex, and missingness flags. Full summaries comprised age and sex plus seven features per signal: median, extreme, standard deviation, slope, threshold burden, valid-hour fraction, and longest missing streak. Heart rate used its maximum; MAP and SpO₂ used minima. Standard deviation and slope required at least two available bins. Burden was the fraction of valid bins with heart rate >100 beats/min, MAP <65 mmHg, or SpO₂ <92%. Missingness indicators were appended to tabular features. Imputation medians and linear-model centering/scaling were estimated within training partitions; an entirely unobserved training feature used a zero fallback. Table S2 lists the ordered features.
5. Model development and internal evaluation
The snapshot used L2-penalized logistic regression. Full summaries used elastic-net-family logistic regression or XGBoost. GRU-D received signal values, observation masks, and time since observation, with age and sex at the output layer. Internal evaluation used five repeats of stratified five-fold outer cross-validation, common patient-level folds, and probabilities averaged across out-of-fold repeats. Tabular models used inner three-fold cross-validation; recurrent models used a validation subset within the outer training partition and early stopping. Selection minimized validation log loss, then Brier score and complexity. Final settings were the most frequently selected outer-fold settings, with tied frequencies resolved by validation performance and complexity. Candidate grids, final settings, and tuning frequencies are in Table S4 and the source code. The final full-summary regression selected mixing = 1.0, the L1 boundary of the search family. Individual internal fits could select other mixing values.
6. Same-window median-level comparator
The median-level comparator included age, sex, HR_median, MAP_median, SpO2_median, and their missingness flags. Each median summarized the hourly bins across the first 12 hours; this was not a last-observation-at-landmark model. It used the same candidate grid as full-summary regression: C = 0.01, 0.1, 1.0, or 10.0, crossed with mixing = 0.0, 0.5, or 1.0. The same 25 outer folds and partition-specific preprocessing were used. The final setting was C = 0.1 and mixing = 0.5. One fit on all MIMIC-IV development data was applied to SICdb without refitting. Patient-paired differences compared its predictions with the full-summary predictions (Table S11).
7. Metrics, resampling, and calibration
Discrimination was assessed by AUROC and average precision; the latter is the implementation used for AUPRC. Brier score and log loss assess probability accuracy. Calibration-in-the-large was estimated using the prediction logit as an offset; calibration slope used a free intercept. For repeated-cross-validation evaluations, each patient’s out-of-fold probabilities were averaged across the five repeats before performance assessment and resampling. Bootstrap intervals used 2000 patient-level replicates, with common indices for paired contrasts. Models were not refitted in the resamples, so the intervals do not include model-development uncertainty. Paired differences and their intervals were calculated directly, not by subtracting marginal confidence limits. Original absolute-performance intervals were retained across reporting stages. SICdb intercept-only and intercept/slope recalibration were assessed in the same cohort as diagnostic fits. Decision-curve thresholds of 0.02–0.25 were exploratory; no clinical action rule was evaluated. Intervals are pointwise and not adjusted for the multiple reported comparisons.
8. High-density and sparse-sampling experiments
Dense-core eligibility required each signal to have at least 45 observed minutes in at least 8 of the initial 12 hours (N = 2061). Nonoverlapping 5-, 15-, and 60-minute median bins required at least 3, 8, and 30 observed minutes. The same patients and repeated cross-validation folds were used at every resolution. Model complexity was held fixed, but models were fitted within SICdb at each resolution. One-minute data served as the measurement reference. Separate fixed-phase analyses sampled at minutes 00, 15, 30, 45, and 59 of each hour; every phase was evaluated. These analyses did not select a phase on the basis of outcome performance.
For the resolution models, time coordinates were bin midpoints in hours from ICU admission. Slopes were expressed per hour, and the longest missing streak was converted from a bin count to hours. GRU-D elapsed-time inputs were also expressed in hours. Abnormal-value burden used valid bins as its denominator; the valid-bin fraction used all bins at the specified resolution. These tabular features were constructed by summary_at_resolution in src/run_resolution_experiment.py, and sequence elapsed times were scaled by the bin width in src/prepare_features.py. Thus, time units were consistent across resolutions, while the observation-support requirements remained those stated above.
9. Meaning of physiological information loss
A reference-positive patient had at least five consecutive observed abnormal minutes; a missing minute interrupted the run. An aggregated record was positive if at least one valid median bin crossed the corresponding threshold. Positive-status loss is the proportion of reference-positive patients classified as negative under aggregation, not episode-level sensitivity. Burden error is the absolute difference in proportions of abnormal bins. Standard-deviation retention is the coarse/reference ratio. Extreme attenuation is the reduction in heart-rate maximum or elevation in MAP/SpO₂ minimum. Figure 2 shows the 60-minute comparison; sources for the other resolutions are included in Additional file 2. The positive-status comparison incorporates both the aggregation and the specified data-support rules. The one-minute persistence criterion and aggregated-bin criterion are not identical event definitions; this comparison is not a clinically adjudicated missed-event rate.
10. Unweighted GRU-D and reproducibility
The unweighted GRU-D sensitivity used hidden size 16, dropout 0, weight decay 0.0001, and 61 epochs, without a new architecture search. Internal weighted/unweighted comparison used a matched single five-fold evaluation, distinct from the primary five-repeat evaluation. External unweighted predictions came from a full MIMIC-IV fit without SICdb refitting (Table S8). The supplied analysis-environment records list Python 3.12.14, NumPy 2.3.5, pandas 3.0.1, scikit-learn 1.9.1, XGBoost 3.4.1, PyTorch 2.14.0+cpu, R 4.5.2, and seed 20260918. Code and environment records are provided in GitHub release v1.0.1, cited in the main manuscript (reference 35). Public ROC/precision–recall sources use a fixed display grid rather than individual risk thresholds. Performance metrics were calculated from the original authorized predictions.
Table S1. Operational definitions
	Item
	Operational definition

	Population
	Adults aged ≥18 years admitted to ICU after qualifying major abdominal surgery; first eligible ICU stay only.

	Surgical scope
	Upper gastrointestinal, intestinal/colorectal, hepatobiliary/pancreatic surgery; excludes endoscopy, percutaneous/bedside/minor procedures, transplant and vascular surgery.

	MIMIC-IV postoperative alignment
	PACU within 24 h before ICU or qualifying procedure on the ICU admission date/preceding date plus a surgical service (SURG, PSURG, GYN, GU, TRAUM or TSURG).

	SICdb postoperative alignment
	SurgicalSite concept IDs 2211/2219/2225/2242/2253, SurgicalAdmissionType 3125/3126 and ICUOffset 0-86400 s.

	Time zero
	ICU admission.

	Predictor window
	[ICU admission, ICU admission + 12 h).

	Landmark
	Alive and still in ICU at 12 h.

	Outcome
	All-cause death after 12 h through day 28 from ICU admission.

	Signals
	Heart rate, mean arterial pressure and peripheral oxygen saturation.

	Plausibility bounds
	Heart rate 20-250 bpm; MAP 20-200 mmHg; SpO₂ 50-100%.

	MIMIC-IV mapping
	HR 220045; MAP 220052 with fallback 220181; SpO₂ 220277.

	SICdb mapping
	HR 707 with fallback 724 then 708; MAP 703 with fallback 706; SpO₂ 710.

	Dense core
	For every signal, ≥8 of 12 hours have ≥45 valid monitored minutes.

	Resolution support
	5-min bin ≥3 valid minutes; 15-min bin ≥8; 60-min bin ≥30.

	Abnormal-value thresholds
	Tachycardia HR >100 bpm; hypotension MAP <65 mmHg; hypoxemia SpO₂ <92%.

	Validation
	Five repeats of five-fold patient-level cross-validation in MIMIC-IV; no-refit external evaluation in SICdb.


Table S1B. Cross-database variable definitions and harmonization
	Variable
	MIMIC-IV definition/source
	SICdb definition/source
	Harmonized definition/unit
	Notes

	Demographics

	Age
	age_at_icu
	AgeOnAdmission
	Years as recorded at admission
	SICdb age is grouped in 5-year intervals, with top-coding above 90 years.

	Male sex
	gender M/F
	sex_label
	Binary; male = 1, female = 0
	

	Surgical descriptor

	Surgery family
	Mapped qualifying ICD procedure codes
	SurgicalSite 2211/2219/2225/2242/2253
	Upper GI; intestinal/colorectal; hepatobiliary/pancreatic; database-specific multiple/mixed category retained where available
	Source structures differ; category-level SMDs were not interpreted as directly comparable case-mix measures.

	Urgency
	admissions.admission_type
	AdmissionUrgency 3137/3138
	Binary urgency descriptor
	Hospital-admission type in MIMIC-IV and surgical urgency in SICdb are not semantically identical; reported only as supplementary context.

	BMI
	Height plus overlapping/admission weight
	HeightOnAdmission (cm) plus WeightOnAdmission (g)
	kg/m²; SICdb weight converted from g to kg
	Availability is reported in Table S1C.

	Recorded comorbidities

	Hypertension
	ICD-9 401–405 or ICD-10 I10–I13/I15 on index hospitalization
	ProcessedFields 3098 (yes = 740)
	Binary
	MIMIC-IV diagnosis codes lack present-on-admission confirmation; SICdb uses processed preconditions. Interpret cross-database differences descriptively.

	Diabetes mellitus
	mimiciv_derived.charlson diabetes flags
	ProcessedFields 3097 (yes = 740)
	Binary
	Recorded index-hospital diagnoses versus processed preconditions.

	Chronic lung disease
	mimiciv_derived.charlson
	ProcessedFields 3103 (yes = 740)
	Binary
	Recorded index-hospital diagnoses versus processed preconditions.

	Chronic renal disease
	mimiciv_derived.charlson
	ProcessedFields 3104 (yes = 740)
	Binary
	Recorded index-hospital diagnoses versus processed preconditions.

	Laboratory values

	Lactate
	labevents 50813
	laboratory 465/657
	mmol/L; first valid value in [t0, t0+12 h)
	Availability is reported in Table S1C.

	Creatinine
	labevents 50912
	laboratory 367
	mg/dL; first valid value in [t0, t0+12 h)
	

	Hemoglobin
	central-lab labevents 51222
	central-lab 289
	g/dL; first valid value in [t0, t0+12 h)
	Central-laboratory measurements; blood-gas alternatives were not pooled.

	White blood cell count
	labevents 51300/51301
	laboratory 301
	10⁹/L; first valid value in [t0, t0+12 h)
	K/µL and 10⁹/L are numerically equivalent.

	Platelet count
	labevents 51265
	laboratory 314/315
	10⁹/L; first valid value in [t0, t0+12 h)
	K/µL and 10⁹/L are numerically equivalent.

	Organ support

	Invasive mechanical ventilation
	Derived InvasiveVent/Tracheostomy intervals
	Airway interval 720/3041 plus respirator-setting evidence
	Any interval overlapping [t0, t0+12 h)
	

	Any vasopressor
	Derived administered vasoactive-agent intervals
	Medication 1502/1550/1562/1593/1618
	Positive amount/rate with interval overlapping [t0, t0+12 h)
	

	Physiological summaries

	Heart-rate 12-h median
	item 220045
	707, then 724/708
	beats/min; median of valid 60-min bins in [t0, t0+12 h)
	

	Heart-rate threshold burden
	item 220045
	707, then 724/708
	Fraction of valid 60-min bins with heart rate >100 beats/min
	

	MAP 12-h median
	220052, then 220181
	703, then 706
	mmHg; median of valid 60-min bins in [t0, t0+12 h)
	

	MAP threshold burden
	220052, then 220181
	703, then 706
	Fraction of valid 60-min bins with MAP <65 mmHg
	

	SpO₂ 12-h median
	220277
	710
	%; median of valid 60-min bins in [t0, t0+12 h)
	

	SpO₂ threshold burden
	220277
	710
	Fraction of valid 60-min bins with SpO₂ <92%
	


Source identifiers are database-specific. Where ascertainment differs, the table describes those differences alongside the common clinical label and unit.
Table S1C. Clinical-variable availability and missingness
Variable definitions are in Table S1B. Denominators refer to the complete development and external cohorts.
	Variable
	MIMIC-IV available, n/N (%)
	SICdb available, n/N (%)

	Age
	1740/1740 (100.0)
	2376/2376 (100.0)

	Sex
	1740/1740 (100.0)
	2376/2376 (100.0)

	Surgery family
	1740/1740 (100.0)
	2376/2376 (100.0)

	Urgency
	1558/1740 (89.5)
	2367/2376 (99.6)

	BMI
	938/1740 (53.9)
	2367/2376 (99.6)

	Hypertension
	1740/1740 (100.0)
	2376/2376 (100.0)

	Diabetes mellitus
	1740/1740 (100.0)
	2376/2376 (100.0)

	Chronic lung disease
	1740/1740 (100.0)
	2376/2376 (100.0)

	Chronic renal disease
	1740/1740 (100.0)
	2376/2376 (100.0)

	Lactate
	1217/1740 (69.9)
	2312/2376 (97.3)

	Creatinine
	1689/1740 (97.1)
	2096/2376 (88.2)

	Hemoglobin
	1671/1740 (96.0)
	2144/2376 (90.2)

	White blood cell count
	1670/1740 (96.0)
	2144/2376 (90.2)

	Platelet count
	1670/1740 (96.0)
	2143/2376 (90.2)

	Invasive mechanical ventilation
	1740/1740 (100.0)
	2376/2376 (100.0)

	Any vasopressor
	1740/1740 (100.0)
	2376/2376 (100.0)

	Heart-rate 12-h median / threshold burden
	1737/1740 (99.8)
	2376/2376 (100.0)

	MAP 12-h median / threshold burden
	1710/1740 (98.3)
	2374/2376 (99.9)

	SpO₂ 12-h median / threshold burden
	1735/1740 (99.7)
	2375/2376 (100.0)


Availability denotes an analyzable value or computable indicator, not verified absence of under-recording. Urgency is contextual because the two source constructs differ. BMI and lactate are described in Table S1D. Comprehensive severity scores and additional comorbidity constructs were not available under an identical algorithm and time window for both cohorts.
Table S1D. Clinical characteristics by outcome
	Characteristic
	MIMIC-IV survivors
	MIMIC-IV deaths
	SICdb survivors
	SICdb deaths

	Patients, n
	1572
	168
	2191
	185

	Age, years
	65.0 [55.0, 75.0]; n=1572
	73.5 [62.0, 82.0]; n=168
	70.0 [55.0, 75.0]; n=2191
	80.0 [65.0, 85.0]; n=185

	Male sex
	887 (56.4)
	85 (50.6)
	1245 (56.8)
	113 (61.1)

	Urgent/emergency source classification
	709 (45.1); available n=1413
	121 (72.0); available n=145
	918 (41.9); available n=2182
	137 (74.1)

	BMI, kg/m²
	27.5 [23.7, 32.6]; n=816
	26.7 [22.8, 31.0]; n=122
	25.7 [22.5, 29.4]; n=2184
	23.4 [20.8, 27.3]; n=183

	Hypertension
	896 (57.0)
	108 (64.3)
	983 (44.9)
	98 (53.0)

	Diabetes
	388 (24.7)
	39 (23.2)
	370 (16.9)
	31 (16.8)

	Chronic lung disease
	343 (21.8)
	49 (29.2)
	244 (11.1)
	30 (16.2)

	Chronic renal disease
	205 (13.0)
	37 (22.0)
	253 (11.5)
	39 (21.1)

	Lactate, mmol/L
	2.2 [1.5, 3.4]; n=1064
	3.0 [2.0, 5.7]; n=153
	1.3 [1.0, 1.8]; n=2127
	2.2 [1.4, 3.6]; n=185

	Creatinine, mg/dL
	0.90 [0.70, 1.30]; n=1525
	1.20 [0.80, 1.90]; n=164
	0.89 [0.70, 1.10]; n=1931
	1.10 [0.87, 1.60]; n=165

	Hemoglobin, g/dL
	10.7 [9.4, 12.0]; n=1506
	10.2 [9.2, 11.8]; n=165
	11.0 [9.5, 12.6]; n=1971
	10.0 [8.6, 11.6]; n=173

	WBC, 10⁹/L
	11.2 [7.9, 15.6]; n=1505
	10.8 [6.2, 18.5]; n=165
	11.1 [7.9, 14.6]; n=1971
	9.5 [5.6, 15.8]; n=173

	Platelets, 10⁹/L
	213 [155, 287]; n=1505
	195 [121, 296]; n=165
	232 [179, 296]; n=1970
	204 [146, 272]; n=173

	Invasive mechanical ventilation
	767 (48.8)
	138 (82.1)
	592 (27.0)
	103 (55.7)

	Any vasopressor
	515 (32.8)
	108 (64.3)
	1171 (53.4)
	142 (76.8)

	HR 12-h median, beats/min
	91.0 [78.3, 103.9]; n=1570
	97.0 [85.8, 112.1]; n=167
	79.0 [69.0, 89.8]; n=2191
	89.0 [75.0, 101.5]; n=185

	HR threshold burden, % valid hours
	8.3 [0.0, 66.7]; n=1570
	41.7 [0.0, 91.7]; n=167
	0.0 [0.0, 8.3]; n=2191
	8.3 [0.0, 58.3]; n=185

	MAP 12-h median, mmHg
	74.2 [68.5, 82.6]; n=1551
	70.5 [66.5, 76.1]; n=159
	74.5 [68.5, 83.5]; n=2189
	68.8 [64.0, 74.0]; n=185

	MAP threshold burden, % valid hours
	8.3 [0.0, 29.3]; n=1551
	22.2 [8.3, 38.2]; n=159
	0.0 [0.0, 25.0]; n=2189
	25.0 [0.0, 50.0]; n=185

	SpO₂ 12-h median, %
	98.0 [96.5, 100.0]; n=1570
	98.5 [96.0, 100.0]; n=165
	96.6 [95.4, 97.8]; n=2190
	96.9 [95.3, 98.1]; n=185

	SpO₂ threshold burden, % valid hours
	0.0 [0.0, 0.0]; n=1570
	0.0 [0.0, 0.0]; n=165
	0.0 [0.0, 0.0]; n=2190
	0.0 [0.0, 0.0]; n=185


Values are n (%) or median [interquartile range]; available-case n is shown for incompletely observed variables. For the contextual urgency row, percentages use the full outcome-group denominator; unknown urgency is not evidence of elective surgery. Cross-database urgency categories are not directly equivalent.
Table S2. Predictor definitions and use
The full-summary matrix contains 23 base columns and 23 missingness indicators. Indicators are generated before partition-specific imputation. Table 1 clinical-description variables are not additional model inputs.
	Feature
	Definition
	Unit
	Use

	age
	Age at ICU admission
	years
	Penalized logistic and XGBoost

	sex male
	Male sex indicator
	0/1
	Penalized logistic and XGBoost

	HR median
	Median of the 12 hourly medians
	beats/min
	Penalized logistic and XGBoost

	HR extreme
	Maximum hourly median for HR; minimum hourly median for MAP and SpO₂
	beats/min
	Penalized logistic and XGBoost

	HR sd
	Sample SD of available hourly medians
	beats/min
	Penalized logistic and XGBoost

	HR slope per hour
	OLS slope across hourly midpoint times when at least two hours were available
	beats/min per hour
	Penalized logistic and XGBoost

	HR threshold burden
	Proportion of available hours beyond the fixed threshold (HR>100, MAP<65, SpO₂<92)
	proportion
	Penalized logistic and XGBoost

	HR valid hour fraction
	Available hourly medians divided by 12
	proportion
	Penalized logistic and XGBoost

	HR longest missing streak h
	Longest run of missing hourly medians, in hours
	hours
	Penalized logistic and XGBoost

	MAP median
	Median of the 12 hourly medians
	mmHg
	Penalized logistic and XGBoost

	MAP extreme
	Maximum hourly median for HR; minimum hourly median for MAP and SpO₂
	mmHg
	Penalized logistic and XGBoost

	MAP sd
	Sample SD of available hourly medians
	mmHg
	Penalized logistic and XGBoost

	MAP slope per hour
	OLS slope across hourly midpoint times when at least two hours were available
	mmHg per hour
	Penalized logistic and XGBoost

	MAP threshold burden
	Proportion of available hours beyond the fixed threshold (HR>100, MAP<65, SpO₂<92)
	proportion
	Penalized logistic and XGBoost

	MAP valid hour fraction
	Available hourly medians divided by 12
	proportion
	Penalized logistic and XGBoost

	MAP longest missing streak h
	Longest run of missing hourly medians, in hours
	hours
	Penalized logistic and XGBoost

	SpO₂ median
	Median of the 12 hourly medians
	%
	Penalized logistic and XGBoost

	SpO₂ extreme
	Maximum hourly median for HR; minimum hourly median for MAP and SpO₂
	%
	Penalized logistic and XGBoost

	SpO₂ sd
	Sample SD of available hourly medians
	%
	Penalized logistic and XGBoost

	SpO₂ slope per hour
	OLS slope across hourly midpoint times when at least two hours were available
	% per hour
	Penalized logistic and XGBoost

	SpO₂ threshold burden
	Proportion of available hours beyond the fixed threshold (HR>100, MAP<65, SpO₂<92)
	proportion
	Penalized logistic and XGBoost

	SpO₂ valid hour fraction
	Available hourly medians divided by 12
	proportion
	Penalized logistic and XGBoost

	SpO₂ longest missing streak h
	Longest run of missing hourly medians, in hours
	hours
	Penalized logistic and XGBoost


For each base feature, missing__<feature> denotes its pre-imputation missingness indicator. The ordered 46-feature dictionary is supplied in Additional file 2. The median-level comparator contains age, sex_male, HR_median, MAP_median, SpO2_median and the corresponding five indicators.
Table S3A. Signal coverage
	Cohort
	Signal
	Coverage criterion
	n
	N
	Percent

	MIMIC-IV
	HR
	any
	1737
	1740
	99.8

	MIMIC-IV
	HR
	≥6h
	1722
	1740
	99.0

	MIMIC-IV
	HR
	≥8h
	1682
	1740
	96.7

	MIMIC-IV
	HR
	≥10h
	1513
	1740
	87.0

	MIMIC-IV
	HR
	12h
	1154
	1740
	66.3

	MIMIC-IV
	MAP
	any
	1710
	1740
	98.3

	MIMIC-IV
	MAP
	≥6h
	1658
	1740
	95.3

	MIMIC-IV
	MAP
	≥8h
	1605
	1740
	92.2

	MIMIC-IV
	MAP
	≥10h
	1431
	1740
	82.2

	MIMIC-IV
	MAP
	12h
	1028
	1740
	59.1

	MIMIC-IV
	SpO₂
	any
	1735
	1740
	99.7

	MIMIC-IV
	SpO₂
	≥6h
	1712
	1740
	98.4

	MIMIC-IV
	SpO₂
	≥8h
	1651
	1740
	94.9

	MIMIC-IV
	SpO₂
	≥10h
	1466
	1740
	84.3

	MIMIC-IV
	SpO₂
	12h
	1065
	1740
	61.2

	SICdb
	HR
	any
	2376
	2376
	100

	SICdb
	HR
	≥6h
	2374
	2376
	99.9

	SICdb
	HR
	≥8h
	2373
	2376
	99.9

	SICdb
	HR
	≥10h
	2364
	2376
	99.5

	SICdb
	HR
	12h
	2333
	2376
	98.2

	SICdb
	MAP
	any
	2374
	2376
	99.9

	SICdb
	MAP
	≥6h
	2327
	2376
	97.9

	SICdb
	MAP
	≥8h
	2292
	2376
	96.5

	SICdb
	MAP
	≥10h
	2244
	2376
	94.4

	SICdb
	MAP
	12h
	2137
	2376
	89.9

	SICdb
	SpO₂
	any
	2375
	2376
	100.0

	SICdb
	SpO₂
	≥6h
	2368
	2376
	99.7

	SICdb
	SpO₂
	≥8h
	2362
	2376
	99.4

	SICdb
	SpO₂
	≥10h
	2337
	2376
	98.4

	SICdb
	SpO₂
	12h
	2270
	2376
	95.5


Table S3B. Observation density and cross-database ratios
Combined-source rows use the stated primary/fallback order; primary-only rows use the first source. Density and minute occupancy summarize patient-level recording characteristics.
	Cohort
	Sources
	Signal
	Observations/hour, median [IQR]
	Minute occupancy (%), median [IQR]
	Observed minutes/hour, median [IQR]

	MIMIC-IV
	combined
	HR
	1.17 [1.08, 1.50]
	1.9 [1.8, 2.5]
	1 [1, 1]

	MIMIC-IV
	combined
	MAP
	1.25 [1.08, 1.58]
	2.1 [1.8, 2.6]
	1 [1, 1]

	MIMIC-IV
	combined
	SpO2
	1.17 [1.08, 1.42]
	1.9 [1.8, 2.4]
	1 [1, 1]

	MIMIC-IV
	primary only
	HR
	1.17 [1.08, 1.50]
	1.9 [1.8, 2.5]
	1 [1, 1]

	MIMIC-IV
	primary only
	MAP
	1.08 [0.25, 1.33]
	1.8 [0.4, 2.2]
	1 [0, 1]

	MIMIC-IV
	primary only
	SpO2
	1.17 [1.08, 1.42]
	1.9 [1.8, 2.4]
	1 [1, 1]

	SICdb
	combined
	HR
	59.08 [58.25, 59.42]
	98.5 [97.1, 99.0]
	60 [60, 60]

	SICdb
	combined
	MAP
	58.25 [55.50, 58.83]
	97.1 [92.5, 98.1]
	60 [59, 60]

	SICdb
	combined
	SpO2
	58.33 [56.67, 59.00]
	97.2 [94.4, 98.3]
	60 [59, 60]

	SICdb
	primary only
	HR
	58.67 [57.75, 59.17]
	97.8 [96.2, 98.6]
	60 [60, 60]

	SICdb
	primary only
	MAP
	58.25 [55.48, 58.83]
	97.1 [92.5, 98.1]
	60 [59, 60]

	SICdb
	primary only
	SpO2
	58.33 [56.67, 59.00]
	97.2 [94.4, 98.3]
	60 [59, 60]


Cross-database ratio for combined sources
	Signal
	SICdb/MIMIC median-density ratio
	95% bootstrap CI
	Replicates

	HR
	50.64
	50.64 to 50.71
	1000

	MAP
	46.60
	46.53 to 46.67
	1000

	SpO2
	50.00
	49.86 to 50.00
	1000


Table S3C. Dense-core signal support
	Signal/scope
	Criterion
	n
	N
	Percent

	HR
	≥6 dense hours
	2372
	2376
	99.8

	HR
	≥8 dense hours
	2363
	2376
	99.5

	HR
	≥10 dense hours
	2332
	2376
	98.1

	MAP
	≥6 dense hours
	2175
	2376
	91.5

	MAP
	≥8 dense hours
	2139
	2376
	90.0

	MAP
	≥10 dense hours
	2027
	2376
	85.3

	SpO₂
	≥6 dense hours
	2325
	2376
	97.9

	SpO₂
	≥8 dense hours
	2283
	2376
	96.1

	SpO₂
	≥10 dense hours
	2171
	2376
	91.4

	core
	Each signal: ≥8 dense hours
	2061
	2376
	86.7

	core
	5-min representation: ≥8 supported hours
	2105
	2376
	88.6


Table S3D. Clinical signal availability and density
	Cohort
	Signal
	N
	Any value, n (%)
	≥8 h, n (%)
	≥10 h, n (%)
	12 h, n (%)
	Observations/hour [IQR]

	MIMIC-IV
	HR
	1740
	1737 (99.8)
	1682 (96.7)
	1513 (87.0)
	1154 (66.3)
	1.17 [1.08, 1.50]

	MIMIC-IV
	MAP
	1740
	1710 (98.3)
	1605 (92.2)
	1431 (82.2)
	1028 (59.1)
	1.25 [1.08, 1.58]

	MIMIC-IV
	SpO2
	1740
	1735 (99.7)
	1651 (94.9)
	1466 (84.3)
	1065 (61.2)
	1.17 [1.08, 1.42]

	SICdb
	HR
	2376
	2376 (100.0)
	2373 (99.9)
	2364 (99.5)
	2333 (98.2)
	59.08 [58.25, 59.42]

	SICdb
	MAP
	2376
	2374 (99.9)
	2292 (96.5)
	2244 (94.4)
	2137 (89.9)
	58.25 [55.50, 58.83]

	SICdb
	SpO2
	2376
	2375 (100.0)
	2362 (99.4)
	2337 (98.4)
	2270 (95.5)
	58.33 [56.67, 59.00]


Table S3D summarizes the principal coverage and density measures. Full precision is retained in the accompanying aggregate source files.
Table S4A. Selected model settings
	Model
	Selected setting
	Selection rule

	Admission snapshot
	{"C": 0.1, "penalty": "l2"}
	modal outer-fold choice; ties resolved by validation log loss, Brier score, then lower capacity

	Full-summary regression
	{"C": 0.1, "l1 ratio": 1.0, "penalty": "elasticnet"}
	modal outer-fold choice; ties resolved by validation log loss, Brier score, then lower capacity

	Full summaries: XGBoost
	{"learning rate": 0.03, "max depth": 3, "min child weight": 5, "n estimators": 100}
	modal outer-fold choice; ties resolved by validation log loss, Brier score, then lower capacity

	Sequence: weighted GRU-D
	{"dropout": 0.0, "epochs": 61, "hidden size": 16, "weight decay": 0.0001}
	modal outer-fold choice; ties resolved by validation log loss, Brier score, then lower capacity

	Sequence: weighted GRU-D
	parameter count=1241
	Number of trainable parameters


Snapshot regression used C = 0.01, 0.1, 1.0, or 10.0 with L2 regularization. Full-summary and median-level regression used the same C values crossed with mixing = 0.0, 0.5, or 1.0. The final full-summary model selected C = 0.1 and mixing = 1.0; the median-level comparator selected C = 0.1 and mixing = 0.5. The tuning history below describes the development fits, not external selection.
Table S4B. Internal tuning-history summary
	Model
	Parameter set
	Selected folds
	Validation log loss
	Validation Brier
	Median best epoch
	Parameters

	Admission snapshot
	{"C":0.1,"penalty":"l2"}
	13
	0.302
	0.084
	—
	—

	Admission snapshot
	{"C":1.0,"penalty":"l2"}
	11
	0.298
	0.083
	—
	—

	Admission snapshot
	{"C":10.0,"penalty":"l2"}
	1
	0.300
	0.084
	—
	—

	Full-summary regression
	{"C":0.1,"l1 ratio":0.0,"penalty":"elasticnet"}
	4
	0.273
	0.078
	—
	—

	Full-summary regression
	{"C":0.1,"l1 ratio":0.5,"penalty":"elasticnet"}
	7
	0.284
	0.081
	—
	—

	Full-summary regression
	{"C":0.1,"l1 ratio":1.0,"penalty":"elasticnet"}
	11
	0.286
	0.081
	—
	—

	Full-summary regression
	{"C":1.0,"l1 ratio":1.0,"penalty":"elasticnet"}
	3
	0.278
	0.079
	—
	—

	XGBoost summaries
	{"learning rate":0.03,"max depth":2,"min child weight":10,"n estimators":100}
	2
	0.285
	0.081
	—
	—

	XGBoost summaries
	{"learning rate":0.03,"max depth":2,"min child weight":5,"n estimators":300}
	4
	0.279
	0.080
	—
	—

	XGBoost summaries
	{"learning rate":0.03,"max depth":3,"min child weight":10,"n estimators":100}
	5
	0.286
	0.081
	—
	—

	XGBoost summaries
	{"learning rate":0.03,"max depth":3,"min child weight":10,"n estimators":300}
	1
	0.285
	0.081
	—
	—

	XGBoost summaries
	{"learning rate":0.03,"max depth":3,"min child weight":5,"n estimators":100}
	11
	0.281
	0.080
	—
	—

	XGBoost summaries
	{"learning rate":0.1,"max depth":2,"min child weight":5,"n estimators":100}
	2
	0.271
	0.078
	—
	—

	Weighted GRU-D
	{"dropout":0.0,"hidden size":16,"weight decay":0.0001}
	7
	0.475
	0.153
	61
	1241

	Weighted GRU-D
	{"dropout":0.0,"hidden size":16,"weight decay":0.0}
	5
	0.467
	0.150
	66
	1241

	Weighted GRU-D
	{"dropout":0.0,"hidden size":8,"weight decay":0.0001}
	2
	0.500
	0.164
	66
	433

	Weighted GRU-D
	{"dropout":0.2,"hidden size":16,"weight decay":0.0001}
	7
	0.506
	0.165
	56
	1241

	Weighted GRU-D
	{"dropout":0.2,"hidden size":16,"weight decay":0.0}
	2
	0.514
	0.165
	45
	1241

	Weighted GRU-D
	{"dropout":0.2,"hidden size":8,"weight decay":0.0001}
	1
	0.541
	0.182
	57
	433

	Weighted GRU-D
	{"dropout":0.2,"hidden size":8,"weight decay":0.0}
	1
	0.520
	0.172
	63
	433


Table S5. Full-summary versus admission-snapshot paired contrasts
	Cohort
	Contrast
	Metric
	Difference (95% CI)

	MIMIC-IV
	full-summary regression minus snapshot
	AUROC
	0.087 (0.054 to 0.120)

	MIMIC-IV
	full-summary regression minus snapshot
	Average precision
	0.077 (0.027 to 0.134)

	MIMIC-IV
	full-summary regression minus snapshot
	Brier score
	−0.00408 (−0.00724 to −0.00098)

	MIMIC-IV
	full-summary regression minus snapshot
	Log loss
	−0.02013 (−0.03062 to −0.01034)

	MIMIC-IV
	XGBoost minus snapshot
	AUROC
	0.100 (0.063 to 0.137)

	MIMIC-IV
	XGBoost minus snapshot
	Average precision
	0.076 (0.025 to 0.129)

	MIMIC-IV
	XGBoost minus snapshot
	Brier score
	−0.00476 (−0.00758 to −0.00204)

	MIMIC-IV
	XGBoost minus snapshot
	Log loss
	−0.02375 (−0.03368 to −0.01372)

	SICdb
	full-summary regression minus snapshot
	AUROC
	0.040 (0.019 to 0.063)

	SICdb
	full-summary regression minus snapshot
	Average precision
	0.045 (0.008 to 0.088)

	SICdb
	full-summary regression minus snapshot
	Brier score
	−0.00173 (−0.00306 to −0.00036)

	SICdb
	full-summary regression minus snapshot
	Log loss
	−0.00983 (−0.01501 to −0.00442)

	SICdb
	XGBoost minus snapshot
	AUROC
	0.012 (−0.014 to 0.038)

	SICdb
	XGBoost minus snapshot
	Average precision
	−0.005 (−0.042 to 0.036)

	SICdb
	XGBoost minus snapshot
	Brier score
	−0.00034 (−0.00160 to 0.00092)

	SICdb
	XGBoost minus snapshot
	Log loss
	−0.00239 (−0.00795 to 0.00351)


Positive AUROC/average-precision and negative Brier/log-loss differences favor the full-summary model. CIs use 2000 paired patient-level resamples. Analysis chronology is described in Supplementary Methods 1.
Table S6. External recalibration diagnostics
Recalibration parameters were fitted and evaluated in SICdb. These are apparent diagnostic results, not independent validation of an updated model.
	Model
	Diagnostic
	Fitted intercept
	Fitted slope
	AUROC
	AP
	Brier
	Log loss
	CITL
	Calibration slope

	Admission snapshot
	Unrecalibrated
	—
	—
	0.738
	0.236
	0.067
	0.248
	0.000
	1.463

	Admission snapshot
	Intercept-only recalibration
	0.000
	—
	0.738
	0.236
	0.067
	0.248
	0.000
	1.463

	Admission snapshot
	Intercept/slope recalibration
	1.043
	1.463
	0.738
	0.236
	0.066
	0.245
	0.000
	1

	Full-summary regression
	Unrecalibrated
	—
	—
	0.779
	0.281
	0.065
	0.238
	0.243
	1.293

	Full-summary regression
	Intercept-only recalibration
	0.243
	—
	0.779
	0.281
	0.065
	0.236
	0.000
	1.293

	Full-summary regression
	Intercept/slope recalibration
	0.958
	1.293
	0.779
	0.281
	0.064
	0.234
	0.000
	1.000

	XGBoost summaries
	Unrecalibrated
	—
	—
	0.750
	0.231
	0.067
	0.245
	0.184
	1.184

	XGBoost summaries
	Intercept-only recalibration
	0.184
	—
	0.750
	0.231
	0.066
	0.244
	0.000
	1.184

	XGBoost summaries
	Intercept/slope recalibration
	0.630
	1.184
	0.750
	0.231
	0.066
	0.244
	0.000
	1

	Weighted GRU-D
	Unrecalibrated
	—
	—
	0.721
	0.224
	0.090
	0.314
	−1.229
	0.659

	Weighted GRU-D
	Intercept-only recalibration
	−1.229
	—
	0.721
	0.224
	0.069
	0.255
	0.000
	0.659

	Weighted GRU-D
	Intercept/slope recalibration
	−1.544
	0.659
	0.721
	0.224
	0.067
	0.249
	0.000
	1


Table S7. Fixed-phase sparse-hourly external performance
	Model
	Phase/representation
	AUROC
	Average precision
	Brier
	Log loss
	CITL
	Slope

	Admission snapshot
	Minute 00
	0.672 (0.631 to 0.712)
	0.163 (0.131 to 0.211)
	0.073 (0.066 to 0.081)
	0.277 (0.258 to 0.298)
	−0.636 (−0.789 to −0.493)
	0.925 (0.678 to 1.203)

	Full-summary regression
	Minute 00
	0.757 (0.719 to 0.792)
	0.252 (0.199 to 0.316)
	0.066 (0.059 to 0.074)
	0.243 (0.221 to 0.266)
	−0.234 (−0.397 to −0.089)
	1.002 (0.843 to 1.178)

	Full summaries: XGBoost
	Minute 00
	0.751 (0.714 to 0.785)
	0.239 (0.190 to 0.304)
	0.066 (0.059 to 0.074)
	0.243 (0.221 to 0.267)
	−0.105 (−0.263 to 0.041)
	1.027 (0.867 to 1.191)

	Sequence: weighted GRU-D
	Minute 00
	0.718 (0.679 to 0.756)
	0.234 (0.184 to 0.299)
	0.156 (0.147 to 0.165)
	0.480 (0.458 to 0.504)
	−2.264 (−2.457 to −2.087)
	0.539 (0.446 to 0.639)

	Admission snapshot
	Minute 15
	0.671 (0.630 to 0.712)
	0.170 (0.134 to 0.219)
	0.071 (0.064 to 0.079)
	0.267 (0.245 to 0.290)
	−0.422 (−0.582 to −0.273)
	0.837 (0.623 to 1.061)

	Full-summary regression
	Minute 15
	0.760 (0.721 to 0.796)
	0.249 (0.197 to 0.311)
	0.066 (0.059 to 0.074)
	0.242 (0.219 to 0.266)
	−0.161 (−0.331 to −0.008)
	1.008 (0.849 to 1.185)

	Full summaries: XGBoost
	Minute 15
	0.749 (0.710 to 0.785)
	0.234 (0.186 to 0.290)
	0.066 (0.058 to 0.075)
	0.243 (0.220 to 0.269)
	−0.055 (−0.220 to 0.091)
	1.053 (0.882 to 1.227)

	Sequence: weighted GRU-D
	Minute 15
	0.711 (0.671 to 0.750)
	0.216 (0.167 to 0.273)
	0.141 (0.133 to 0.150)
	0.445 (0.423 to 0.467)
	−2.076 (−2.269 to −1.888)
	0.523 (0.426 to 0.623)

	Admission snapshot
	Minute 30
	0.711 (0.670 to 0.750)
	0.195 (0.153 to 0.255)
	0.068 (0.060 to 0.076)
	0.253 (0.231 to 0.275)
	−0.220 (−0.378 to −0.077)
	1.072 (0.854 to 1.302)

	Full-summary regression
	Minute 30
	0.761 (0.724 to 0.797)
	0.259 (0.206 to 0.331)
	0.065 (0.058 to 0.073)
	0.240 (0.217 to 0.263)
	−0.104 (−0.270 to 0.049)
	1.012 (0.836 to 1.203)

	Full summaries: XGBoost
	Minute 30
	0.750 (0.714 to 0.787)
	0.238 (0.191 to 0.303)
	0.066 (0.058 to 0.074)
	0.243 (0.220 to 0.267)
	−0.031 (−0.193 to 0.120)
	1.037 (0.886 to 1.212)

	Sequence: weighted GRU-D
	Minute 30
	0.727 (0.687 to 0.767)
	0.233 (0.184 to 0.292)
	0.128 (0.120 to 0.136)
	0.414 (0.392 to 0.435)
	−1.957 (−2.161 to −1.771)
	0.574 (0.479 to 0.676)


Table S7. Fixed-phase sparse-hourly external performance (continued)
	Model
	Phase/representation
	AUROC
	Average precision
	Brier
	Log loss
	CITL
	Slope

	Admission snapshot
	Minute 45
	0.713 (0.673 to 0.750)
	0.181 (0.146 to 0.233)
	0.069 (0.061 to 0.077)
	0.253 (0.232 to 0.277)
	−0.148 (−0.300 to −0.004)
	1.064 (0.859 to 1.276)

	Full-summary regression
	Minute 45
	0.760 (0.724 to 0.795)
	0.250 (0.199 to 0.312)
	0.066 (0.058 to 0.074)
	0.241 (0.219 to 0.265)
	−0.073 (−0.229 to 0.074)
	1.023 (0.869 to 1.191)

	Full summaries: XGBoost
	Minute 45
	0.746 (0.708 to 0.782)
	0.231 (0.183 to 0.291)
	0.066 (0.059 to 0.075)
	0.244 (0.221 to 0.269)
	−0.008 (−0.159 to 0.139)
	1.050 (0.889 to 1.209)

	Sequence: weighted GRU-D
	Minute 45
	0.707 (0.667 to 0.745)
	0.211 (0.166 to 0.267)
	0.129 (0.121 to 0.138)
	0.415 (0.394 to 0.437)
	−1.922 (−2.111 to −1.741)
	0.530 (0.434 to 0.626)

	Admission snapshot
	Minute 59
	0.714 (0.675 to 0.753)
	0.213 (0.167 to 0.268)
	0.068 (0.060 to 0.076)
	0.251 (0.228 to 0.276)
	−0.130 (−0.287 to 0.013)
	1.118 (0.921 to 1.332)

	Full-summary regression
	Minute 59
	0.755 (0.718 to 0.791)
	0.249 (0.199 to 0.317)
	0.066 (0.058 to 0.074)
	0.242 (0.217 to 0.266)
	−0.088 (−0.257 to 0.064)
	0.975 (0.812 to 1.167)

	Full summaries: XGBoost
	Minute 59
	0.745 (0.706 to 0.781)
	0.252 (0.201 to 0.318)
	0.065 (0.057 to 0.074)
	0.242 (0.217 to 0.267)
	−0.007 (−0.170 to 0.141)
	1.080 (0.913 to 1.255)

	Sequence: weighted GRU-D
	Minute 59
	0.701 (0.663 to 0.742)
	0.220 (0.171 to 0.281)
	0.131 (0.123 to 0.140)
	0.421 (0.399 to 0.443)
	−1.942 (−2.148 to −1.755)
	0.507 (0.415 to 0.608)


All five phases were evaluated. A single observation per hour differs from a median of many observations. CITL, calibration-in-the-large.
Table S8. Matched weighted and unweighted GRU-D sensitivity
	Cohort
	Training loss
	AUROC
	Average precision
	Brier
	Log loss
	CITL
	Slope

	MIMIC-IV
	weighted
	0.734 (0.692 to 0.775)
	0.250 (0.204 to 0.319)
	0.182 (0.174 to 0.191)
	0.547 (0.525 to 0.568)
	−2.119 (−2.301 to −1.957)
	0.773 (0.619 to 0.947)

	MIMIC-IV
	unweighted
	0.734 (0.693 to 0.772)
	0.247 (0.199 to 0.314)
	0.081 (0.071 to 0.092)
	0.286 (0.257 to 0.316)
	0.002 (−0.169 to 0.159)
	1.189 (0.949 to 1.443)

	SICdb
	weighted
	0.721 (0.682 to 0.759)
	0.224 (0.175 to 0.286)
	0.090 (0.083 to 0.097)
	0.314 (0.295 to 0.333)
	−1.229 (−1.415 to −1.052)
	0.659 (0.546 to 0.781)

	SICdb
	unweighted
	0.764 (0.725 to 0.800)
	0.270 (0.212 to 0.335)
	0.066 (0.058 to 0.074)
	0.241 (0.218 to 0.265)
	0.039 (−0.120 to 0.177)
	1.503 (1.261 to 1.776)


Paired unweighted minus weighted differences
	Cohort
	Metric
	Difference (95% CI)

	MIMIC-IV
	AUROC
	0.000 (−0.037 to 0.038)

	MIMIC-IV
	Average precision
	−0.003 (−0.054 to 0.046)

	MIMIC-IV
	Brier score
	−0.10144 (−0.11382 to −0.09011)

	MIMIC-IV
	Log loss
	−0.26068 (−0.29300 to −0.23092)

	SICdb
	AUROC
	0.043 (0.017 to 0.069)

	SICdb
	Average precision
	0.046 (−0.001 to 0.093)

	SICdb
	Brier score
	−0.02441 (−0.03044 to −0.01894)

	SICdb
	Log loss
	−0.07255 (−0.08913 to −0.05777)


The internal comparison uses matched single five-fold predictions; primary internal results in Table 3 use five repeats. External models were fitted in MIMIC-IV and evaluated without SICdb refitting. The only sensitivity change was the training loss; the architecture and other settings remained fixed.
Table S9. Exploratory external decision-curve values
	Risk threshold
	Snapshot
	Full-summary regression
	XGBoost
	Weighted GRU-D
	Treat all
	Treat none

	0.02000
	0.05943
	0.06009
	0.05944
	0.05921
	0.05904
	0

	0.05000
	0.03690
	0.04160
	0.04040
	0.03214
	0.02933
	0

	0.10000
	0.02081
	0.02455
	0.01964
	0.00556
	−0.02460
	0

	0.15000
	0.00963
	0.01436
	0.01060
	−0.00668
	−0.08487
	0

	0.20000
	0.00389
	0.00905
	0.00779
	−0.01768
	−0.15267
	0

	0.25000
	0.00351
	0.00603
	0.00379
	−0.02511
	−0.22952
	0


Net benefit is evaluated at hypothetical risk thresholds; it is not an observed treatment benefit. Figure S1 displays the full 0.02–0.25 threshold range with treat-all and treat-none references.
Table S10. Distribution of full-summary base features
Values describe observed features before imputation. Corresponding missingness indicators are defined in Table S2.
	Cohort
	Feature
	Observed n / N
	Missing (%)
	Median [IQR]

	MIMIC-IV
	age
	1740/1740
	0.00
	66 [55, 76]

	MIMIC-IV
	sex male
	1740/1740
	0.00
	1 [0, 1]

	MIMIC-IV
	HR median
	1737/1740
	0.17
	91.5 [79, 104]

	MIMIC-IV
	HR extreme
	1737/1740
	0.17
	104 [90, 117]

	MIMIC-IV
	HR sd
	1737/1740
	0.17
	6.53 [4.65, 9.2]

	MIMIC-IV
	HR slope per hour
	1737/1740
	0.17
	−0.0455 [−0.963, 0.949]

	MIMIC-IV
	HR threshold burden
	1737/1740
	0.17
	0.1 [0, 0.667]

	MIMIC-IV
	HR valid hour fraction
	1740/1740
	0.00
	1 [0.917, 1]

	MIMIC-IV
	HR longest missing streak h
	1740/1740
	0.00
	0 [0, 1]

	MIMIC-IV
	MAP median
	1710/1740
	1.72
	74 [68, 82]

	MIMIC-IV
	MAP extreme
	1710/1740
	1.72
	63 [58, 69.9]

	MIMIC-IV
	MAP sd
	1698/1740
	2.41
	8.1 [5.97, 10.9]

	MIMIC-IV
	MAP slope per hour
	1698/1740
	2.41
	−0.485 [−1.51, 0.337]

	MIMIC-IV
	MAP threshold burden
	1710/1740
	1.72
	0.0833 [0, 0.333]

	MIMIC-IV
	MAP valid hour fraction
	1740/1740
	0.00
	1 [0.833, 1]

	MIMIC-IV
	MAP longest missing streak h
	1740/1740
	0.00
	0 [0, 2]

	MIMIC-IV
	SpO2 median
	1735/1740
	0.29
	98 [96.5, 100]

	MIMIC-IV
	SpO2 extreme
	1735/1740
	0.29
	95 [93, 97]

	MIMIC-IV
	SpO2 sd
	1735/1740
	0.29
	1.38 [0.821, 1.97]

	MIMIC-IV
	SpO2 slope per hour
	1735/1740
	0.29
	−0.0455 [−0.215, 0.051]

	MIMIC-IV
	SpO2 threshold burden
	1735/1740
	0.29
	0 [0, 0]

	MIMIC-IV
	SpO2 valid hour fraction
	1740/1740
	0.00
	1 [0.833, 1]

	MIMIC-IV
	SpO2 longest missing streak h
	1740/1740
	0.00
	0 [0, 1]

	SICdb
	age
	2376/2376
	0.00
	70 [55, 80]

	SICdb
	sex male
	2376/2376
	0.00
	1 [0, 1]

	SICdb
	HR median
	2376/2376
	0.00
	79.5 [69.5, 90.5]

	SICdb
	HR extreme
	2376/2376
	0.00
	90 [79, 104]

	SICdb
	HR sd
	2376/2376
	0.00
	5.61 [3.76, 8.14]

	SICdb
	HR slope per hour
	2376/2376
	0.00
	−0.191 [−1.01, 0.641]

	SICdb
	HR threshold burden
	2376/2376
	0.00
	0 [0, 0.0833]

	SICdb
	HR valid hour fraction
	2376/2376
	0.00
	1 [1, 1]

	SICdb
	HR longest missing streak h
	2376/2376
	0.00
	0 [0, 0]

	SICdb
	MAP median
	2374/2376
	0.08
	74 [68, 83]

	SICdb
	MAP extreme
	2374/2376
	0.08
	65 [60, 72]

	SICdb
	MAP sd
	2367/2376
	0.38
	6.78 [4.92, 9.31]

	SICdb
	MAP slope per hour
	2367/2376
	0.38
	−0.624 [−1.47, 0.19]

	SICdb
	MAP threshold burden
	2374/2376
	0.08
	0 [0, 0.25]

	SICdb
	MAP valid hour fraction
	2376/2376
	0.00
	1 [1, 1]

	SICdb
	MAP longest missing streak h
	2376/2376
	0.00
	0 [0, 0]

	SICdb
	SpO2 median
	2375/2376
	0.04
	96.6 [95.4, 97.8]

	SICdb
	SpO2 extreme
	2375/2376
	0.04
	94.5 [93.1, 95.9]

	SICdb
	SpO2 sd
	2375/2376
	0.04
	1.17 [0.832, 1.64]

	SICdb
	SpO2 slope per hour
	2375/2376
	0.04
	−0.0959 [−0.239, 0.0329]

	SICdb
	SpO2 threshold burden
	2375/2376
	0.04
	0 [0, 0]

	SICdb
	SpO2 valid hour fraction
	2376/2376
	0.00
	1 [1, 1]

	SICdb
	SpO2 longest missing streak h
	2376/2376
	0.00
	0 [0, 0]


Table S11. Same-window level-only comparison
A. Absolute performance of the added 12-hour median-level comparator
	Cohort
	AUROC
	Average precision
	Brier
	Log loss
	CITL
	Slope

	MIMIC-IV
	0.713 (0.669 to 0.754)
	0.237 (0.186 to 0.300)
	0.082 (0.071 to 0.092)
	0.291 (0.260 to 0.321)
	0.001 (−0.175 to 0.158)
	1.076 (0.838 to 1.320)

	SICdb
	0.765 (0.728 to 0.802)
	0.242 (0.193 to 0.308)
	0.066 (0.058 to 0.075)
	0.241 (0.217 to 0.267)
	0.003 (−0.165 to 0.152)
	1.353 (1.128 to 1.604)


B. Full-summary regression minus the level-only comparator
	Cohort
	Metric
	Paired difference (95% CI)

	MIMIC-IV
	AUROC
	0.050 (0.022 to 0.078)

	MIMIC-IV
	Average precision
	0.034 (−0.008 to 0.085)

	MIMIC-IV
	Brier score
	−0.00197 (−0.00465 to 0.00067)

	MIMIC-IV
	Log loss
	−0.01156 (−0.02019 to −0.00330)

	SICdb
	AUROC
	0.013 (−0.004 to 0.032)

	SICdb
	Average precision
	0.039 (−0.005 to 0.085)

	SICdb
	Brier score
	−0.00067 (−0.00218 to 0.00085)

	SICdb
	Log loss
	−0.00285 (−0.00848 to 0.00282)


Both representations use the same 12-hour window. Positive AUROC/average-precision and negative Brier/log-loss differences favor full summaries. The final mixing parameters were 1.0 for full summaries and 0.5 for median levels. This comparison was added after initial results review, as described in Supplementary Methods 1.
Figure S1. Exploratory external decision curves
[image: ]
Decision-curve net benefit across fixed thresholds of 0.02–0.25 in SICdb, including treat-all and treat-none references. Thresholds are hypothetical; no decision policy was implemented or tested.
Figure S2. Recurrent-model sparse-hourly sampling sensitivity
[image: ]
Weighted GRU-D evaluated under each fixed hourly sampling phase (minutes 00, 15, 30, 45, and 59). All phases are shown. Tabular-model results are in Table S7.
Figure S3. External GRU-D calibration by training loss
[image: ]
External calibration of weighted and unweighted GRU-D in SICdb. The unweighted model used the same architecture and fixed settings and was fitted in MIMIC-IV. Table S8 reports the matched training-loss comparison.
Figure S4. Standardized coefficients of the full-summary penalized model
[image: ]
Non-zero standardized coefficients from the final MIMIC-IV full-summary penalized regression, which selected mixing = 1.0. Coefficients describe this fitted model; uncertainty intervals were not estimated.
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