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Supplementary information
Supplementary Note S1. Experiment definitions
Mode names are fixed research labels. B denotes a full-image baseline, AU an automatic Attention U-Net ROI, C a complement/control region, and M a researcher-created manual ROI. All representations are pooled at series and patient level before classification.
	Mode
	Cohort
	Representation
	Role

	B0
	All slices
	Robust-normalized full image
	Broad reference

	B2
	Attention-eligible same slices
	Full image
	Primary same-slice control

	AU1
	Attention-eligible same slices
	Automatic dilated cardiac ROI
	Primary ROI

	C1
	Attention-eligible same slices
	Exact visible-content complement of AU1
	Primary negative control

	B1
	Matched
	Full image
	Secondary matched control

	AU2
	Matched
	Automatic dilated cardiac ROI
	Secondary matched ROI

	C2
	Matched
	Automatic-ROI complement
	Secondary matched negative control

	M1
	Manual-positive
	Accepted manual dilated cardiac ROI
	Mask reference

	C3
	Manual-positive
	Manual-ROI complement
	Mask-reference control

	AU3
	Manual-positive
	Automatic ROI on the same images as M1
	Automatic/manual comparison

	C4
	Manual-positive
	Automatic complement on the same images as C3
	Complement comparison


Supplementary Table S1. Definitions and inferential roles of the eleven experiment modes.
Supplementary Note S2. Full paired AUC comparison set
	Comparison
	First - second
	n
	AUC difference
	95% CI

	Automatic ROI vs same-slice full image
	AU1 - B2
	30
	0.107
	0.009 to 0.235

	Same-slice full image vs complement
	B2 - C1
	30
	0.058
	-0.110 to 0.244

	Automatic ROI vs same-slice complement
	AU1 - C1
	30
	0.165
	0.029 to 0.344

	Attention-eligible vs all-slice full image
	B2 - B0
	30
	0.027
	-0.125 to 0.181

	Matched automatic ROI vs matched full image
	AU2 - B1
	30
	0.121
	0.010 to 0.262

	Matched automatic ROI vs matched complement
	AU2 - C2
	30
	0.201
	0.054 to 0.384

	Matched full image vs matched complement
	B1 - C2
	30
	0.080
	-0.009 to 0.190

	All-slice vs matched full image
	B0 - B1
	30
	-0.018
	-0.120 to 0.077

	Attention-eligible vs matched automatic ROI
	AU1 - AU2
	30
	-0.004
	-0.060 to 0.040

	Attention-eligible vs matched complement
	C1 - C2
	30
	0.031
	-0.079 to 0.142

	Manual ROI vs automatic ROI on same images
	M1 - AU3
	30
	-0.022
	-0.081 to 0.009

	Manual complement vs automatic complement
	C3 - C4
	30
	0.040
	-0.081 to 0.176


Supplementary Table S2. All paired patient-level AUC differences from the complete 5 October 2026 run. Confidence intervals use 2,000 paired patient-bootstrap resamples. No multiplicity correction was applied.
Supplementary Note S3. Historical structural audit of the same release
Before the current streamlined run, the same downloaded release underwent a broader duplicate audit to identify visual content that could cross patient boundaries even when folder identities did not. Exact decoded-pixel matches were treated as deterministic duplicate evidence; perceptual-hash matches were retained only as screening candidates.
	Audit item
	Result
	Interpretation

	Exact duplicate groups
	1,094
	All confined within patient and class

	Exact cross-patient groups
	0
	No deterministic cross-patient duplicate detected

	Exact cross-label groups
	0
	No deterministic cross-label duplicate detected

	Unique perceptual hashes searched
	30,225
	Complete BK-tree radius search

	Cross-patient perceptual candidates
	24
	Unconfirmed screening candidates

	Cross-label perceptual candidates
	10
	Unconfirmed screening candidates


Supplementary Table S3. Historical duplicate-screening results for the same 63,425-image release. Perceptual candidates were not equivalent to confirmed duplicates.
Supplementary Note S4. Result and software provenance
All reported metrics were generated by the complete execution archived on 5 October 2026 using the supplied source and notebook. The accepted target state comprised 5,097 targets, including 3,949 heart-present masks. Because positive target counts changed, all five segmentation checkpoints were retrained; all five out-of-fold prediction parts were recomputed. The final CPU stage then rejected the previous feature bank under the stable semantic fingerprint and rebuilt all eleven representations before producing the current patient-level results. Earlier numerical values in manuscript version 1.1 are superseded and are not pooled with the current results. Run-to-run differences are descriptive because annotations, segmentation models, masks, eligibility, matching, feature representations, and classifier fits all changed together. Exact SHA-256 values for the source, notebook, transcripts, parsed tables, figures, and manuscripts are provided in SHA256SUMS.txt.
Supplementary Note S5. Restart-safe artifact contract
The current source defines an explicit semantic persistence contract. Dataset and manual-target identities are based on stable paths, content, labels, quality state, and mask hashes rather than volatile Kaggle mount times. Identical PNG, CSV, and JSON writes preserve existing files and mtimes. Checkpoints, prediction parts, matching, the feature bank, and evaluation outputs are reused only after schema, completeness, dependency, and cohort checks pass; otherwise the smallest affected stage is recomputed. The table below documents operational reproducibility and the behavior demonstrated by the reported run.
	Stage / device
	Persistent outputs
	Semantic compatibility validation
	Restart behavior

	Initial CPU
	Dataset manifest; quality CSV/JSON; manual audit CSV/JSON
	Stable Directory_*-relative dataset identity; file size; schema and token completeness; content-aware manual label and mask hash
	Reuse complete compatible audits; rebuild only the invalid audit

	GPU training
	Five Attention U-Net checkpoints; training summary
	Model schema; stable mask/label/source/weight fingerprint; patient split and target counts; checkpoint hash; safe legacy freshness checks
	Reuse compatible folds; retrain changed or unfinished folds

	GPU OOF prediction
	Five fold CSV/JSON parts; automatic mask PNGs; combined audit
	Checkpoint SHA-256; stable v6 settings and image identities; expected tokens; metadata schema; complete mask set
	Reuse compatible fold parts; recompute incomplete or changed folds

	Final CPU
	Matching manifest; feature NPZ/JSON; evaluation CSVs and patient predictions
	Semantic upstream lineage; expected patient labels and cohort counts; finite matrices; feature/evaluation fingerprints
	Resume matching, feature extraction, or evaluation; current run rebuilt all eleven modes

	Review / operations
	Manual labels; review history; overlays; stage status; optional ZIP backup
	Explicit semantic targets; workspace contract; idempotent writes; cleanup preview and path-safety checks
	Reopen queues after restart; cleanup remains explicit and dry-run by default


Supplementary Table S4. Persistent artifacts, semantic validation rules, and recovery behavior in the result-associated 5 October 2026 implementation.
Supplementary Note S6. Research Square submission declarations included
· Structured abstract, title, keywords, article type, author and primary institution information.
· Ethics approval and consent statement for the original data and the secondary analysis.
· Consent for publication statement.
· Data and code availability statements.
· Funding, competing-interests, author-contribution, acknowledgement, and generative-AI declarations.
· All figures and tables cited in the manuscript, with embedded high-resolution figure files.
· The result-associated source and executed notebook, GPU and final-CPU transcripts, parsed result tables, current figures, provenance note, revision changelog, package manifest, and SHA-256 checksum file.
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