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Supplementary Methods
S1. Channel inventory and search for a monitor-derived perfusion index
All unique track names in the VitalDB track index (tracks.csv) were enumerated (n = 196 unique track names across 6,388 cases; 486,449 track records). Each name was screened, at the level of the bare track label, for any monitor-computed perfusion-related numeric channel, using the candidate set {PI, PVI, PPI, PERF, PERFUSION, PI%} and any plethysmography-derived variability track (PLETH*VAR, PLETH*PVI). No such channel was found (0 candidates; see Supplementary Table S1). The haemodynamic and oximetry tracks that are present (e.g. Solar8000/ART_MBP, SNUADC/ART, SNUADC/PLETH, Solar8000/PLETH_SPO2, EV1000/CO) contain raw waveform or basic numeric channels only.
S2. Acquisition and preprocessing of the plethysmographic waveform
The plethysmographic waveform was taken from the SNUADC/PLETH track (500 Hz). Continuous recordings were segmented into non-overlapping 10-s windows (5,000 samples). Each window was band-pass filtered (4th-order Butterworth, 0.7–6 Hz) to isolate the cardiac-band pulsatility. Within each window, individual pulse amplitudes were measured as peak-to-trough distances of the filtered signal, and the window DC level was the mean of the filtered signal. The waveform-derived perfusion index was defined as:
wd-PI = 100 × median(pulse amplitude) / DC
Per-window quality flags excluded windows with insufficient valid samples (< 70% coverage), DC below 1, flat signal, clipping (> 8% of samples at the ceiling), or fewer than 5 detected beats.
S3. Within-case relative index (rel-PI) and covert-hypoperfusion episodes
Because absolute wd-PI was not comparable across cases (see main text), a case-internal relative index was constructed:
rel-PI = (window wd-PI) / (case baseline wd-PI)
where the case baseline was the median valid-window wd-PI, requiring at least 36 valid windows (6 min). We used the overall-case median rather than a pre-induction baseline because pre-induction plethysmographic segments in the public release are frequently short, noisy, or absent, so a robust whole-case median was the most uniformly available reference; the sensitivity of the relative index to the baseline definition is addressed in the main text Limitations. Each 10-s window was classified into one of four mutually exclusive states: covert hypoperfusion (CHP; MAP ≥ 65 mmHg with rel-PI < 0.5, i.e. a ≥ 50% fall from the patient's own baseline at normal arterial pressure), overt hypotension (OHP; MAP < 65 mmHg with rel-PI < 0.5), decoupled hypotension (DH; MAP < 65 mmHg with rel-PI ≥ 0.5, i.e. low pressure without a proportional fall in the perfusion signal), and reference (MAP ≥ 65 mmHg with rel-PI ≥ 0.5). Windows with an invalid waveform or missing MAP were classified as invalid and interrupted episode continuity; invalid windows were excluded from case-level summaries rather than imputed. States were aggregated into episodes requiring persistence for ≥ 2 min (12 consecutive windows). The primary exposure was the occurrence of at least one persistent CHP episode; cumulative minutes in each state, episode counts, first-occurrence time, and the permissive sensitivity definition (at least one CHP window, without the persistence requirement) were also retained.
S4. Pulse pressure variation (PPV)
PPV was computed from the invasive arterial waveform (SNUADC/ART, 100 Hz) in 30-s windows using a robust estimator: median filtering of the pressure signal, systolic-peak segmentation, and a rhythm-regularity quality check (pulse-interval coefficient of variation < 0.2) to exclude arrhythmia. PPV was defined as:
PPV = 100 × (PP95 − PP5) / PP50
with pulse-pressure validity thresholds informed by perioperative haemodynamic consensus. Because the aim of this step was to test whether a dynamic comparator could be computed reliably from the public release rather than to test PPV itself, it was conducted as a pilot: 300 cases were drawn at random with a fixed, arbitrary seed (Python random; the seed value, 42, is recorded here for reproducibility) from the 3,459 core-set cases that also had an analyzable SNUADC/ART waveform, yielding 241 analysable cases. This sampling pool is smaller than the signal-character audit sampling frame (core set n = 3,518) because PPV requires an analyzable arterial-pressure waveform in addition to plethysmography, whereas the signal-character audit needs only the plethysmographic waveform. The pilot was not sized by a formal power calculation, is underpowered for the AKI outcome, and is reported for direction only.
S5. Outcome definition (KDIGO AKI) and covariates
AKI was defined by the KDIGO serum-creatinine criteria using the VitalDB laboratory file, over the first 7 postoperative days. Baseline creatinine was the preoperative value, or the earliest available in-hospital value, subject to a validity filter (baseline ≥ 0.4 mg/dL); the threshold prevents a small absolute creatinine rise from being amplified into a spurious large relative rise when the baseline is implausibly low. Covariates for the main multivariable logistic regression were age, sex, BMI, ASA physical status ≥ 3, preoperative hypertension, preoperative diabetes, baseline creatinine, surgery duration, major resection, and emergency status; the PPV pilot model used age, sex, BMI, ASA physical status ≥ 3, and median MAP. Preoperative hypertension, preoperative diabetes, and major resection were included in addition to the core haemodynamic covariates because each is an established determinant of postoperative AKI and a potential confounder of the perfusion–AKI relationship, so that the adjusted estimate would not be confounded by comorbidity burden or surgical extent. Crude 2 × 2 comparisons are reported with Fisher's exact p values, and adjusted estimates with Wald p values. Explicit hypotension (MAP < 65 mmHg) was used as a positive control.
Missing data were handled as follows. The outcome required at least one postoperative serum creatinine within 7 days and a valid baseline creatinine; cases without either were excluded from the association analysis (n = 2,910 of 3,518). Cases with fewer than 36 valid waveform windows were not eligible for exposure classification, and invalid windows were excluded from case-level exposure summaries rather than imputed. Covariates entered the models as observed; complete-case analysis excluded no additional cases in the primary models (n = 2,910). No imputation was performed.
S6. Software and reproducibility
Analyses were performed in Python (numpy, pandas, scipy, statsmodels). All scripts are provided as Supplementary Material and reproduce every reported number from the public source data.
S7. Signal-character audit methods
The audit used 300 cases drawn at random with a fixed, arbitrary seed (NumPy default_rng; the seed value, 2026, is recorded here for reproducibility) from the waveform core set (n = 3,518), of which 299 yielded valid window series (385,983 windows). The sampling frame was the full waveform core set rather than the outcome-analysable subset, because the audit concerns the properties of the derived signal itself and does not depend on outcome availability. Three checks were performed.
(a) Split-half reliability. Within each 10-s window, the wd-PI estimate was recomputed separately from the odd-indexed and the even-indexed detected pulse (interleaved beats), giving two half-estimates per window; the two were correlated across all windows (Spearman). A purely random estimate would give a correlation near 0. The relative disagreement |PI_odd − PI_even| / mean was also computed as a within-window precision proxy.
(b) Auto-gain check (DC–amplitude coupling). If the released waveform were being automatically re-scaled within a case, the window DC level and the pulse amplitude would co-vary strongly. For each case we computed the Spearman correlation between the window DC level and the window median pulse amplitude. A high within-case coupling (arbitrarily > 0.5) would indicate auto-gain; observed values were low (median 0.044; no case > 0.5), and the within-case coefficient of variation of DC was small (median 3.3%), indicating a fixed gain within each case.
(c) Temporal smoothness (lag-1 autocorrelation). For each case we computed the lag-1 autocorrelation of the rel-PI series over valid windows. A smooth physiological process yields strongly positive autocorrelation; white noise yields approximately 0. Observed values were high (median 0.814; 96.7% of cases > 0.3; no case < 0).
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Supplementary Table S1
VitalDB channel inventory (complete list of 196 unique track names with case counts and record counts) and the perfusion-index channel search. Provided as Supplementary_Table_S1_channel_enumeration. Result: 0 monitor-derived PI/PVI/perfusion numeric channels.
Supplementary Table S2
Quality-control summary for the waveform pipeline: per-window flag counts, minute-conservation check, MAP source distribution, and analysis-set composition (core set n = 3,518; analysable n = 2,910; AKI 374, 12.85%). Provided as Supplementary_Table_S2_QC.
Supplementary Table S3
Threshold-sensitivity and dose–response results for the relative-perfusion exposure, including the full multivariable models (all covariate coefficients for the whole cohort and for the no-hypotension subgroup, reported for both the primary episode definition and the permissive sensitivity definition), the CHP-minutes dose–response bins, and the head-to-head pure-CHP versus pure-OHP comparison. Provided as Supplementary_Table_S3_sensitivity.
Supplementary Table S4
Signal-character audit of the within-case relative index across rel-PI deciles (split-half reliability, DC–amplitude coupling, lag-1 autocorrelation, quality proxies). Provided as Supplementary_Table_S4_relPI_audit.


Supplementary Table S1. VitalDB channel inventory and search for a monitor-derived perfusion index.

	Item
	Value

	Unique track names (tname)
	196

	Cases (caseid)
	6,388

	Track records
	486,449

	Monitor-derived PI/PVI/perfusion numeric channels
	0



Full channel list (all 196 track names, by number of records):
	Track name (tname)
	Cases
	Records
	PI candidate?

	Solar8000/HR
	6,387
	6,387
	no

	Solar8000/PLETH_HR
	6,386
	6,386
	no

	Solar8000/PLETH_SPO2
	6,386
	6,386
	no

	Primus/CO2
	6,362
	6,362
	no

	Primus/PAMB_MBAR
	6,361
	6,361
	no

	Primus/SET_AGE
	6,361
	6,361
	no

	Primus/AWP
	6,360
	6,360
	no

	SNUADC/ECG_II
	6,355
	6,355
	no

	Primus/VENT_LEAK
	6,344
	6,344
	no

	Primus/ETCO2
	6,339
	6,339
	no

	Primus/FEN2O
	6,339
	6,339
	no

	Primus/FIN2O
	6,339
	6,339
	no

	Primus/INCO2
	6,339
	6,339
	no

	Primus/MAC
	6,338
	6,338
	no

	Primus/MAWP_MBAR
	6,338
	6,338
	no

	Primus/FEO2
	6,335
	6,335
	no

	Primus/FIO2
	6,335
	6,335
	no

	Primus/RR_CO2
	6,328
	6,328
	no

	Solar8000/VENT_MAWP
	6,299
	6,299
	no

	Solar8000/ETCO2
	6,242
	6,242
	no

	Solar8000/INCO2
	6,242
	6,242
	no

	Solar8000/FEO2
	6,239
	6,239
	no

	Solar8000/FIO2
	6,239
	6,239
	no

	Solar8000/RR_CO2
	6,177
	6,177
	no

	SNUADC/PLETH
	6,157
	6,157
	no

	Primus/SET_FIO2
	6,047
	6,047
	no

	Primus/SET_FRESH_FLOW
	6,042
	6,042
	no

	Primus/MV
	6,022
	6,022
	no

	Primus/TV
	6,018
	6,018
	no

	Primus/COMPLIANCE
	6,017
	6,017
	no

	Primus/PIP_MBAR
	6,007
	6,007
	no

	Primus/PEEP_MBAR
	5,999
	5,999
	no

	Primus/PPLAT_MBAR
	5,999
	5,999
	no

	Solar8000/VENT_MV
	5,987
	5,987
	no

	Solar8000/VENT_RR
	5,987
	5,987
	no

	Primus/SET_INSP_TM
	5,980
	5,980
	no

	Primus/SET_INTER_PEEP
	5,980
	5,980
	no

	Primus/SET_RR_IPPV
	5,980
	5,980
	no

	Solar8000/VENT_TV
	5,980
	5,980
	no

	Solar8000/ST_II
	5,978
	5,978
	no

	Solar8000/VENT_PIP
	5,971
	5,971
	no

	Primus/SET_INSP_PAUSE
	5,964
	5,964
	no

	Primus/SET_PIP
	5,964
	5,964
	no

	Primus/SET_TV_L
	5,964
	5,964
	no

	Solar8000/VENT_PPLAT
	5,960
	5,960
	no

	Solar8000/VENT_INSP_TM
	5,939
	5,939
	no

	Solar8000/BT
	5,917
	5,935
	no

	BIS/EEG1_WAV
	5,871
	5,871
	no

	BIS/EEG2_WAV
	5,871
	5,871
	no

	BIS/BIS
	5,867
	5,867
	no

	BIS/SQI
	5,867
	5,867
	no

	Solar8000/NIBP_MBP
	5,763
	5,763
	no

	Solar8000/NIBP_DBP
	5,751
	5,751
	no

	Solar8000/NIBP_SBP
	5,751
	5,751
	no

	Primus/FLOW_AIR
	5,644
	5,644
	no

	Primus/FLOW_N2O
	5,644
	5,644
	no

	Primus/FLOW_O2
	5,643
	5,643
	no

	BIS/EMG
	5,577
	5,577
	no

	BIS/SEF
	5,569
	5,569
	no

	BIS/SR
	5,569
	5,569
	no

	BIS/TOTPOW
	5,551
	5,551
	no

	Orchestra/RFTN20_VOL
	4,773
	4,774
	no

	Orchestra/RFTN20_RATE
	4,773
	4,773
	no

	Orchestra/RFTN20_CE
	4,770
	4,771
	no

	Orchestra/RFTN20_CP
	4,770
	4,771
	no

	Orchestra/RFTN20_CT
	4,770
	4,771
	no

	Solar8000/VENT_SET_TV
	4,253
	4,253
	no

	Solar8000/ART_DBP
	3,725
	3,725
	no

	Solar8000/ART_SBP
	3,725
	3,725
	no

	Solar8000/ART_MBP
	3,724
	3,724
	no

	Primus/EXP_SEVO
	3,687
	3,687
	no

	Primus/INSP_SEVO
	3,687
	3,687
	no

	SNUADC/ART
	3,645
	3,645
	no

	Orchestra/PPF20_RATE
	3,512
	3,512
	no

	Orchestra/PPF20_VOL
	3,512
	3,512
	no

	Orchestra/PPF20_CE
	3,511
	3,511
	no

	Orchestra/PPF20_CP
	3,511
	3,511
	no

	Orchestra/PPF20_CT
	3,511
	3,511
	no

	SNUADC/ECG_V5
	3,390
	3,390
	no

	Solar8000/GAS2_EXPIRED
	3,097
	3,097
	no

	Solar8000/GAS2_INSPIRED
	3,097
	3,097
	no

	Solar8000/ST_III
	3,027
	3,027
	no

	Solar8000/ST_I
	3,024
	3,024
	no

	Solar8000/ST_AVF
	3,004
	3,004
	no

	Solar8000/ST_AVL
	3,004
	3,004
	no

	Solar8000/ST_AVR
	3,004
	3,004
	no

	Solar8000/VENT_SET_PCP
	2,745
	2,745
	no

	Solar8000/VENT_SET_FIO2
	2,212
	2,212
	no

	Primus/EXP_DES
	2,046
	2,046
	no

	Primus/INSP_DES
	2,046
	2,046
	no

	Solar8000/CVP
	1,608
	1,608
	no

	SNUADC/CVP
	1,586
	1,586
	no

	Solar8000/RR
	1,294
	1,294
	no

	EV1000/CI
	617
	617
	no

	EV1000/CO
	617
	617
	no

	EV1000/SV
	617
	617
	no

	EV1000/SVI
	617
	617
	no

	EV1000/SVV
	617
	617
	no

	EV1000/ART_MBP
	592
	592
	no

	Primus/SET_INSP_PRES
	381
	381
	no

	Vigileo/CI
	323
	323
	no

	Vigileo/CO
	323
	323
	no

	Vigileo/SV
	323
	323
	no

	Vigileo/SVI
	323
	323
	no

	Vigileo/SVV
	323
	323
	no

	Orchestra/ROC_RATE
	281
	281
	no

	Orchestra/ROC_VOL
	281
	281
	no

	EV1000/SVR
	255
	255
	no

	EV1000/SVRI
	255
	255
	no

	EV1000/CVP
	235
	235
	no

	Primus/SET_FLOW_TRIG
	154
	154
	no

	Solar8000/FEM_DBP
	142
	142
	no

	Solar8000/FEM_MBP
	142
	142
	no

	Solar8000/FEM_SBP
	142
	142
	no

	SNUADC/FEM
	127
	127
	no

	Orchestra/PHEN_RATE
	127
	127
	no

	Orchestra/PHEN_VOL
	127
	127
	no

	Solar8000/VENT_COMPL
	114
	114
	no

	Solar8000/VENT_MEAS_PEEP
	98
	98
	no

	Orchestra/FUT_RATE
	94
	94
	no

	Orchestra/FUT_VOL
	94
	94
	no

	Orchestra/PGE1_RATE
	90
	90
	no

	Orchestra/PGE1_VOL
	90
	90
	no

	Orchestra/NEPI_RATE
	88
	88
	no

	Orchestra/NEPI_VOL
	88
	88
	no

	Solar8000/PA_DBP
	81
	81
	no

	Solar8000/PA_MBP
	81
	81
	no

	Solar8000/PA_SBP
	81
	81
	no

	Orchestra/RFTN50_CE
	68
	69
	no

	Orchestra/RFTN50_CP
	68
	69
	no

	Orchestra/RFTN50_CT
	68
	69
	no

	Orchestra/RFTN50_RATE
	68
	69
	no

	Orchestra/RFTN50_VOL
	68
	69
	no

	Vigilance/CI
	65
	65
	no

	Vigilance/CO
	65
	65
	no

	Vigilance/BT_PA
	64
	64
	no

	Vigilance/SQI
	63
	63
	no

	Vigilance/SVO2
	63
	63
	no

	Vigilance/SNR
	59
	59
	no

	Vigilance/SV
	55
	55
	no

	Vigilance/SVI
	55
	55
	no

	Vigilance/HR_AVG
	53
	53
	no

	Vigilance/EDV
	49
	49
	no

	Vigilance/EDVI
	49
	49
	no

	Vigilance/ESV
	49
	49
	no

	Vigilance/ESVI
	49
	49
	no

	Vigilance/RVEF
	48
	48
	no

	Orchestra/DOPA_RATE
	33
	33
	no

	Orchestra/DOPA_VOL
	33
	33
	no

	Invos/SCO2_L
	33
	33
	no

	Invos/SCO2_R
	33
	33
	no

	Orchestra/NTG_RATE
	32
	32
	no

	Orchestra/NTG_VOL
	32
	32
	no

	CardioQ/ABP
	29
	29
	no

	CardioQ/CO
	29
	29
	no

	CardioQ/FLOW
	29
	29
	no

	CardioQ/FTc
	29
	29
	no

	CardioQ/HR
	29
	29
	no

	CardioQ/MD
	29
	29
	no

	CardioQ/SD
	29
	29
	no

	CardioQ/SV
	29
	29
	no

	CardioQ/CI
	28
	28
	no

	CardioQ/FTp
	28
	28
	no

	CardioQ/MA
	28
	28
	no

	CardioQ/PV
	28
	28
	no

	CardioQ/SVI
	28
	28
	no

	FMS/FLOW_RATE
	15
	15
	no

	FMS/INPUT_AMB_TEMP
	15
	15
	no

	FMS/INPUT_TEMP
	15
	15
	no

	FMS/OUTPUT_AMB_TEMP
	15
	15
	no

	FMS/OUTPUT_TEMP
	15
	15
	no

	FMS/PRESSURE
	15
	15
	no

	FMS/TOTAL_VOL
	15
	15
	no

	Orchestra/EPI_RATE
	9
	9
	no

	Orchestra/EPI_VOL
	9
	9
	no

	Orchestra/DEX2_RATE
	6
	6
	no

	Orchestra/DEX2_VOL
	6
	6
	no

	Orchestra/MRN_RATE
	5
	5
	no

	Orchestra/MRN_VOL
	5
	5
	no

	Orchestra/DEX4_RATE
	4
	4
	no

	Orchestra/DEX4_VOL
	4
	4
	no

	Orchestra/OXY_RATE
	3
	3
	no

	Orchestra/OXY_VOL
	3
	3
	no

	Orchestra/DOBU_RATE
	3
	3
	no

	Orchestra/DOBU_VOL
	3
	3
	no

	Orchestra/DTZ_RATE
	2
	2
	no

	Orchestra/DTZ_VOL
	2
	2
	no

	Orchestra/VASO_RATE
	1
	1
	no

	Orchestra/VASO_VOL
	1
	1
	no

	Orchestra/NPS_RATE
	1
	1
	no

	Orchestra/NPS_VOL
	1
	1
	no

	Orchestra/VEC_RATE
	1
	1
	no

	Orchestra/VEC_VOL
	1
	1
	no

	Solar8000/ST_V5
	1
	1
	no

	Orchestra/AMD_RATE
	1
	1
	no

	Orchestra/AMD_VOL
	1
	1
	no




Supplementary Table S2. Quality-control summary for the waveform pipeline.

	QC item
	Result

	Core set (arterial ∩ plethysmographic waveform)
	3,518 cases

	Analysable analysis set
	2,910 cases

	AKI events
	374 (12.85%)

	Minute conservation
	median residual 0.00 min; max 0.10 min; cases > 1 min = 0

	Median valid-window ratio (ppi_valid_ratio)
	0.949; cases with ratio < 0.5 = 21

	Any CHP ≥ 2 min
	1,645 (46.76% of core set)

	Cases with > 0 min by state
	CHP 2,935; OHP 1,182; DH 3,025; REF 3,300

	No-explicit-hypotension subgroup (min_OHP = 0)
	1,894 cases (AKI 197, 10.40%)

	Baseline reference group (no CHP/OHP/DH minutes)
	97 cases (AKI 8, 8.25%)




Supplementary Table S3. Multivariable models, dose–response, and head-to-head comparison for the relative-perfusion exposure.

S3a. Full multivariable logistic models (odds ratio per unit).
	Frame
	Variable
	OR
	95% CI
	p

	A primary, crude
	Persistent CHP episode ≥ 2 min (primary exposure)
	0.938
	0.755–1.166
	0.5666

	A primary, adjusted
	Persistent CHP episode ≥ 2 min (primary exposure)
	0.976
	0.737–1.292
	0.8644

	A primary, adjusted
	Age (per year)
	1.003
	0.993–1.014
	0.5451

	A primary, adjusted
	Male sex
	2.05
	1.476–2.848
	0.0

	A primary, adjusted
	BMI (per kg/m²)
	0.982
	0.942–1.024
	0.4014

	A primary, adjusted
	ASA physical status ≥ 3
	2.64
	1.886–3.694
	0.0

	A primary, adjusted
	Preoperative hypertension
	1.224
	0.895–1.674
	0.206

	A primary, adjusted
	Preoperative diabetes
	1.323
	0.911–1.921
	0.1419

	A primary, adjusted
	Baseline creatinine (per mg/dL)
	2.808
	2.276–3.465
	0.0

	A primary, adjusted
	Surgery duration (per hour)
	1.32
	1.226–1.421
	0.0

	A primary, adjusted
	Major resection
	0.846
	0.553–1.294
	0.441

	A primary, adjusted
	Emergency surgery
	2.677
	1.855–3.864
	0.0

	A sensitivity, crude
	Any CHP window > 0 min (sensitivity definition)
	1.371
	0.966–1.946
	0.0777

	A sensitivity, adjusted
	Any CHP window > 0 min (sensitivity definition)
	1.473
	0.907–2.393
	0.1176

	A sensitivity, adjusted
	Age (per year)
	1.003
	0.993–1.014
	0.5294

	A sensitivity, adjusted
	Male sex
	2.059
	1.482–2.861
	0.0

	A sensitivity, adjusted
	BMI (per kg/m²)
	0.979
	0.939–1.021
	0.3172

	A sensitivity, adjusted
	ASA physical status ≥ 3
	2.62
	1.872–3.668
	0.0

	A sensitivity, adjusted
	Preoperative hypertension
	1.248
	0.912–1.708
	0.1666

	A sensitivity, adjusted
	Preoperative diabetes
	1.338
	0.921–1.945
	0.1265

	A sensitivity, adjusted
	Baseline creatinine (per mg/dL)
	2.813
	2.28–3.471
	0.0

	A sensitivity, adjusted
	Surgery duration (per hour)
	1.313
	1.219–1.415
	0.0

	A sensitivity, adjusted
	Major resection
	0.837
	0.547–1.281
	0.4136

	A sensitivity, adjusted
	Emergency surgery
	2.644
	1.831–3.818
	0.0

	B primary, crude
	Persistent CHP episode ≥ 2 min (primary exposure)
	0.838
	0.618–1.137
	0.2574

	B primary, adjusted
	Persistent CHP episode ≥ 2 min (primary exposure)
	0.853
	0.573–1.271
	0.4344

	B primary, adjusted
	Age (per year)
	0.99
	0.975–1.005
	0.1815

	B primary, adjusted
	Male sex
	1.626
	1.056–2.506
	0.0274

	B primary, adjusted
	BMI (per kg/m²)
	0.968
	0.912–1.027
	0.276

	B primary, adjusted
	ASA physical status ≥ 3
	2.898
	1.817–4.624
	0.0

	B primary, adjusted
	Preoperative hypertension
	1.957
	1.261–3.037
	0.0027

	B primary, adjusted
	Preoperative diabetes
	1.379
	0.813–2.339
	0.2334

	B primary, adjusted
	Baseline creatinine (per mg/dL)
	2.318
	1.858–2.892
	0.0

	B primary, adjusted
	Surgery duration (per hour)
	1.33
	1.189–1.487
	0.0

	B primary, adjusted
	Major resection
	1.311
	0.783–2.195
	0.3031

	B primary, adjusted
	Emergency surgery
	2.697
	1.621–4.487
	0.0001

	B sensitivity, crude
	Any CHP window > 0 min (sensitivity definition)
	1.051
	0.718–1.539
	0.7969

	B sensitivity, adjusted
	Any CHP window > 0 min (sensitivity definition)
	1.204
	0.711–2.039
	0.4905

	B sensitivity, adjusted
	Age (per year)
	0.99
	0.975–1.005
	0.1945

	B sensitivity, adjusted
	Male sex
	1.631
	1.059–2.514
	0.0265

	B sensitivity, adjusted
	BMI (per kg/m²)
	0.964
	0.908–1.022
	0.2209

	B sensitivity, adjusted
	ASA physical status ≥ 3
	2.879
	1.805–4.591
	0.0

	B sensitivity, adjusted
	Preoperative hypertension
	2.002
	1.289–3.11
	0.002

	B sensitivity, adjusted
	Preoperative diabetes
	1.403
	0.826–2.384
	0.2103

	B sensitivity, adjusted
	Baseline creatinine (per mg/dL)
	2.316
	1.861–2.884
	0.0

	B sensitivity, adjusted
	Surgery duration (per hour)
	1.331
	1.189–1.49
	0.0

	B sensitivity, adjusted
	Major resection
	1.3
	0.776–2.18
	0.319

	B sensitivity, adjusted
	Emergency surgery
	2.691
	1.618–4.476
	0.0001


Frame A = full analysis set (n = 2,910); frame B = subgroup without explicit hypotension (no minute with MAP < 65 mmHg; n = 1,894). “Primary” = the primary exposure, at least one persistent covert-hypoperfusion episode lasting ≥ 2 min; “sensitivity” = the permissive alternative definition, at least one covert-hypoperfusion window of any duration without the persistence requirement, which is reported in the main text as a sensitivity analysis. “Crude” = univariable model containing the exposure only; “adjusted” = multivariable model containing the exposure plus age, sex, BMI, ASA physical status ≥ 3, preoperative hypertension, preoperative diabetes, baseline creatinine, surgery duration, major resection, and emergency status. Odds ratios are per unit, as indicated for continuous covariates. Crude p values in the main text are from Fisher’s exact test; p values in this table are Wald tests from the fitted logistic models, so crude p values here differ slightly from the Fisher p values reported in the text.

S3b. Dose–response across CHP-minutes bins (no-hypotension subgroup).
	CHP minutes
	n
	AKI
	AKI %

	0
	359
	36
	10.03

	(0,5]
	720
	88
	12.22

	(5,15]
	394
	31
	7.87

	(15,30]
	266
	24
	9.02

	>30
	155
	18
	11.61


Trend odds ratio per 10 CHP-minutes = 0.977 (95% CI 0.868–1.100), p = 0.701.

S3c. Head-to-head AKI rate by single-state exposure (Fisher exact).
	Group
	OR
	95% CI
	p (Fisher)

	DH
	0.439
	0.115–1.668
	0.1986

	OHP
	0.423
	0.074–2.432
	0.3728

	CHP
	0.562
	0.156–2.024
	0.4179




Supplementary Table S4. Signal-character audit of the within-case relative index by rel-PI decile.

	Audit
	Result

	Cases / windows
	299 cases / 385,983 windows

	Split-half reliability (overall)
	r = 0.967

	DC–amplitude coupling (median / P90)
	0.044 / 0.171

	Cases with DC–amplitude ρ > 0.5
	0%

	Lag-1 autocorrelation (median)
	0.814

	Cases with lag-1 autocorrelation > 0.3
	96.7%

	Median within-case DC coefficient of variation
	3.3%



Per-decile detail:
	Decile
	rel-PI range
	n
	Mean disagreement
	Mean amps CV
	Mean beats
	Split-half r

	1
	0.01–0.57
	38,585
	0.0865
	0.2801
	16.49
	0.970

	2
	0.57–0.75
	38,596
	0.0754
	0.1970
	16.76
	0.976

	3
	0.75–0.87
	38,597
	0.0725
	0.1780
	16.74
	0.959

	4
	0.87–0.95
	38,595
	0.0698
	0.1560
	16.83
	0.896

	5
	0.95–1.00
	38,478
	0.0603
	0.1258
	16.81
	0.858

	6
	1.00–1.04
	38,691
	0.0513
	0.1123
	16.52
	0.879

	7
	1.04–1.10
	38,638
	0.0504
	0.1175
	16.14
	0.900

	8
	1.10–1.21
	38,593
	0.0546
	0.1331
	15.80
	0.928

	9
	1.21–1.59
	38,606
	0.0621
	0.1565
	15.95
	0.968

	10
	1.59–110.93
	38,604
	0.0694
	0.1749
	16.05
	0.942






