Supplementary information

Supplementary Table S1 | TRIPOD+AI checklist (abridged item wording) and the location of each item in the manuscript.
	Item
	TRIPOD+AI item (abridged)
	Location

	1
	Title identifies the study as developing or evaluating a prediction model
	Title

	2
	Abstract: objectives, setting, participants, outcome, predictors, sample size, statistical methods, results, limitations
	Abstract

	3
	Background and rationale, including the intended use of the model
	Introduction

	4
	Objectives, including whether the study describes development, evaluation or both
	Introduction, last paragraph

	5
	Source of data, study design, dates of recruitment and follow-up
	Methods: Study design and population

	6
	Participants: setting, eligibility, treatments received
	Methods: Study design and population; Table 1

	7
	Data preparation, including processing of the AI input (signal preprocessing)
	Methods: Preprocessing and signal feature extraction; Fig. 7

	8
	Outcome definition, measurement and blinding
	Methods: Reference standard and labels

	9
	Predictors and their measurement
	Methods: Heart-sound and pulse-wave acquisition; Model architecture

	10
	Sample size determination
	Discussion, limitations (no formal calculation; consecutive enrollment)

	11
	Missing data handling
	Methods: Missingness and leakage control

	12
	Analytical methods: model type, training, hyperparameters, internal validation, held-out evaluation, performance measures, model comparison
	Methods: Model architecture; Training and evaluation protocol; Statistical analysis

	13
	Class imbalance / prevalence handling
	Results: Study cohort; Methods: Repeatability and conformal prediction intervals

	14
	Fairness: performance across relevant subgroups
	Supplementary Table S4 (age, sex, body-mass index, cycle count); rhythm not recorded (Discussion, limitations)

	15
	Model output and its interpretation for intended users
	Results: physical-unit agreement; Table 2; Discussion

	16
	Training vs evaluation data: differences and their handling
	Results: Study cohort; Validation in held-out patients; Discussion, limitations

	17
	Ethical approval and consent
	Methods: Study design and population

	18
	Open science: registration, protocol, data and code availability
	Pre-registered: indicator panel, target-definition module and model-comparison criteria (Methods: Training and evaluation protocol). Post-lock, not pre-registered: referral rule, subgroup, rhythm, availability and knockout analyses (Methods: Referral rule … analyses). Data and Code availability

	19
	Patient and public involvement
	None

	20
	Participants: flow, numbers, characteristics
	Results: Study cohort; Table 1

	21
	Model specification and performance, including all performance measures with confidence intervals
	Results; Figs. 2–5; Tables 2 and 3; Supplementary Tables S2–S6

	22
	Model updating, recalibration
	Results: conformal recalibration; Methods

	23
	Usability of the model in the context of current care
	Discussion

	24
	Interpretation of results, including limitations
	Discussion

	25
	Overall interpretation and implications
	Discussion

	26
	Registration and protocol
	Methods: Training and evaluation protocol (pre-registered panel and comparison criteria); Referral rule … analyses (dated post-lock plan); Code availability

	27
	Funding and conflicts of interest
	Competing interests



Supplementary Table S2 | Modality knockout on the 25 trained networks (out-of-fold; embedding of the named channel replaced by the training-fold mean). Loss = correlation of the unmodified model minus that of the knockout (95% patient-clustered bootstrap interval); pulse-wave share = pulse-wave loss ÷ (acoustic loss + pulse-wave loss), shown only where both losses are positive.
	Indicator
	n
	r, full
	r, acoustic removed
	r, pulse wave removed
	r, both removed
	Acoustic loss (95% CI)
	Pulse-wave loss (95% CI)
	Pulse-wave share

	Reported panel

	AV Vmax
	1496
	0.504
	0.289
	0.492
	0.267
	+0.215 (+0.15 to +0.28)
	+0.013 (−0.01 to +0.03)
	0.06

	PASP
	1282
	0.440
	0.308
	0.403
	0.235
	+0.132 (+0.08 to +0.18)
	+0.037 (+0.01 to +0.07)
	0.22

	E/e′
	1494
	0.338
	0.293
	0.318
	0.275
	+0.045 (−0.01 to +0.10)
	+0.020 (−0.01 to +0.05)
	0.30

	LAVI
	1493
	0.521
	0.430
	0.405
	0.264
	+0.092 (+0.06 to +0.12)
	+0.117 (+0.08 to +0.15)
	0.56

	LVOT VTI
	562
	0.492
	0.463
	0.402
	0.304
	+0.029 (0.00 to +0.06)
	+0.091 (+0.04 to +0.14)
	0.76

	LVEF
	1502
	0.339
	0.312
	0.270
	0.195
	+0.027 (0.00 to +0.06)
	+0.069 (+0.04 to +0.10)
	0.72

	LVDd
	1501
	0.334
	0.363
	0.285
	0.286
	−0.029 (−0.05 to 0.00)
	+0.049 (+0.02 to +0.08)
	—

	LVDs
	1502
	0.305
	0.320
	0.272
	0.260
	−0.015 (−0.04 to +0.01)
	+0.034 (0.00 to +0.07)
	—

	Secondary indicators

	Aortic valve area
	529
	0.500
	0.452
	0.492
	0.422
	+0.048 (+0.01 to +0.09)
	+0.008 (−0.01 to +0.03)
	0.14

	Dimensionless velocity index
	548
	0.441
	0.316
	0.439
	0.275
	+0.125 (+0.07 to +0.18)
	+0.002 (−0.03 to +0.03)
	0.02

	Mean transaortic gradient
	131
	0.352
	−0.015
	0.358
	−0.051
	+0.367 (+0.20 to +0.57)
	−0.006 (−0.05 to +0.04)
	—

	Regurgitant vena contracta width
	446
	0.230
	0.008
	0.252
	−0.098
	+0.222 (+0.14 to +0.29)
	−0.022 (−0.07 to +0.04)
	—

	Regurgitant PISA radius
	489
	0.267
	0.091
	0.264
	0.011
	+0.175 (+0.10 to +0.24)
	+0.003 (−0.04 to +0.05)
	0.02

	Regurgitant volume
	270
	0.213
	−0.081
	0.242
	−0.074
	+0.294 (+0.17 to +0.42)
	−0.028 (−0.07 to +0.01)
	—

	Left atrial diameter
	1502
	0.407
	0.358
	0.292
	0.180
	+0.048 (+0.02 to +0.07)
	+0.115 (+0.07 to +0.15)
	0.70

	Global longitudinal strain
	593
	0.257
	0.194
	0.135
	0.026
	+0.063 (0.00 to +0.12)
	+0.122 (+0.05 to +0.19)
	0.66

	Negative control (wall thickness)

	Interventricular septum (control)
	1500
	0.200
	0.193
	0.207
	0.195
	+0.007
	−0.007
	—

	Posterior wall (control)
	1498
	0.187
	0.170
	0.186
	0.179
	+0.017
	+0.001
	—

	Panel means

	Reported panel (8)
	
	0.409
	0.347
	0.356
	0.261
	
	
	

	Pre-registered panel (8)
	
	0.402
	0.280
	0.377
	0.202
	
	
	


Supplementary Table S3 | Illustrative referral rule: development cohort, out-of-fold predictions with nested operating points (positive state: measured AV Vmax ≥3.0 m/s or PASP ≥40 mmHg; 95% patient-clustered bootstrap intervals), and the same rule transported unchanged to the held-out cohort.
	Rule
	n
	Positives
	Sensitivity
	Specificity
	PPV
	NPV
	Referral rate

	Composite (AV Vmax or PASP term)
	1,279
	120
	0.95 (0.91–0.98)
	0.27 (0.24–0.30)
	0.12 (0.10–0.14)
	0.98 (0.96–0.99)
	0.75 (0.72–0.78)

	AV Vmax term alone
	1,279
	36
	0.86 (0.72–0.97)
	0.36 (0.33–0.39)
	0.04 (0.02–0.05)
	0.99 (0.98–1.00)
	0.64 (0.61–0.67)

	PASP term alone
	1,279
	92
	0.91 (0.85–0.97)
	0.49 (0.46–0.52)
	0.12 (0.10–0.15)
	0.99 (0.98–0.99)
	0.54 (0.51–0.57)

	Held-out cohort, operating points transported unchanged (predicted AV Vmax ≥ 1.32 m/s, predicted PASP ≥ 24.6 mmHg; no bootstrap)

	Composite (AV Vmax or PASP term)
	107
	31
	0.97
	0.46
	0.42
	0.97
	0.66

	PASP term alone
	107
	17
	1.00
	0.54
	0.29
	1.00
	0.54


Net benefit of the composite rule against referring every patient, by threshold probability: 0.05: +0.054 versus +0.046; 0.10: +0.016 versus −0.007; 0.15: −0.028 versus −0.066; 0.20: −0.076 versus −0.133; 0.25: −0.131 versus −0.208; 0.30: −0.194 versus −0.294. Operating points by fold: predicted AV Vmax 1.29–1.36 m/s, predicted PASP 24.4–25.1 mmHg.

Supplementary Table S4 | Accuracy by patient subgroup (development cohort, out-of-fold; mean over the reported panel, 95% patient-clustered bootstrap interval; pre-registered panel and three indicators shown alongside).
	Subgroup
	n
	Reported panel r (95% CI)
	Pre-registered panel r
	AV Vmax r
	LAVI r
	LVEF r

	Age tertile

	≤63 y
	520
	0.350 (0.28–0.41)
	0.297
	0.38
	0.36
	0.35

	64–72 y
	515
	0.373 (0.32–0.41)
	0.327
	0.41
	0.44
	0.38

	>72 y
	467
	0.369 (0.32–0.42)
	0.395
	0.53
	0.58
	0.25

	Sex

	Female
	578
	0.343 (0.30–0.39)
	0.401
	0.53
	0.55
	0.29

	Male
	924
	0.358 (0.32–0.39)
	0.343
	0.44
	0.46
	0.28

	Body-mass index tertile

	≤23.1
	526
	0.406 (0.36–0.45)
	0.405
	0.55
	0.56
	0.34

	23.1–25.7
	487
	0.395 (0.35–0.45)
	0.377
	0.52
	0.51
	0.30

	>25.7
	489
	0.423 (0.38–0.46)
	0.412
	0.46
	0.49
	0.37

	Usable cycles tertile

	≤12
	599
	0.388 (0.34–0.43)
	0.389
	0.51
	0.54
	0.27

	13–14
	476
	0.421 (0.37–0.47)
	0.413
	0.51
	0.52
	0.37

	>14
	427
	0.397 (0.34–0.45)
	0.390
	0.48
	0.47
	0.37



Supplementary Table S5 | Accuracy by pulse-interval irregularity (coefficient of variation, CV, of the pulse-wave cycle length; mean over the reported panel). Development-cohort median CV 0.084, 90th percentile 0.195.
	Threshold
	Development n (%)
	r, irregular (95% CI)
	r, regular
	Held-out n (%)
	r, irregular
	r, regular

	CV > 0.10
	627 (41.7%)
	0.408 (0.36–0.45)
	0.379
	42 (35.6%)
	0.325
	0.462

	CV > 0.15 (pre-specified)
	377 (25.1%)
	0.415 (0.37–0.46)
	0.387
	28 (23.7%)
	0.298
	0.433

	CV > 0.25 (post hoc)
	38 (2.5%)
	0.333 (0.21–0.42)
	0.412
	3 (2.5%)
	—
	0.449



Supplementary Table S6 | Availability of the discretionary Doppler and strain measurements (% of recordings measured) by graded severity of the relevant lesion, development cohort.
	Indicator
	All
	Grade 0
	Grade 1 (mild)
	Grade 2 (moderate)
	Grade 3 (severe)

	Aortic-flow indices, by grade of aortic stenosis (n = 1,406 / 55 / 29 / 12)

	Aortic valve area
	35.2
	30.8
	100.0
	100.0
	100.0

	Dimensionless velocity index
	36.5
	32.3
	98.2
	100.0
	91.7

	LVOT VTI
	37.4
	33.2
	100.0
	100.0
	91.7

	Mean transaortic gradient
	8.7
	2.5
	100.0
	100.0
	100.0

	Regurgitant indices, by highest grade among aortic, mitral and tricuspid regurgitation (n = 241 / 1,028 / 159 / 74)

	Regurgitant vena contracta width
	29.7
	0.0
	23.8
	83.6
	91.9

	Regurgitant PISA radius
	32.6
	0.0
	32.0
	67.9
	70.3

	Regurgitant volume
	18.0
	0.0
	7.1
	81.8
	90.5

	Not lesion-specific

	Global longitudinal strain
	39.5
	—
	—
	—
	—




