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Cardiac magnetic resonance imaging (CMR) data was collected for this study. Snap-ITK (version 4.0.1) and 3Dslicer (version 4.11.20210226) were used to 
visualize the CMR data and annotate the cardiac region of interests (ROI).

Our codes are available at https://github.com/MedAI-Vision/CMR-AI. We used Python 3.8 and PyTorch 1.10. A comprehensive list of dependencies and their 
version number is available at https://github.com/MedAI-Vision/CMR-AI/blob/main/requirements.txt.

No publicly available datasets were used in this study. The de-identified data can be shared only for non-commercial academic purposes and will require a formal material transfer 
agreement and a data use agreement. Requests should be submitted by emailing the corresponding authors (S.Z. or Y.J.W.) at cjrzhaoshihua2009@163.com or 
wangyanran100@gmail.com. All requests will be evaluated based on institutional policies to determine whether the data requested are subject to intellectual property or patient 
privacy obligations. Generally, all such requests for access to CMR data will be responded to within 1month. Example CMR data in this study is available in Extended Data Movies. 
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Study description

Research sample

Sampling strategy
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Timing

Data exclusions

Non-participation
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The CMR datasets were acquired retrospectively under the approval of the institutional review boards (IRBs) at each participating institution, 
including Beijing Fuwai Hospital (FW), Beijing Anzhen Hospital (AZ), Guangdong Provincial People's Hospital (GD), the 2nd Affiliated Hospita
of Harbin Medical University (HEB), the First Hospital of Lanzhou University (LZ), Renji Hospital (RJ), Tongji Hospital (TJ), and Peking Union 
Medical College Hospital (XH). Informed consent was waived by the IRBs. Before model training, testing, and reader studies, all data 
underwent de-identification processes..

All reported findings apply to patients of any sex or gender.

Table 1 and Extended Data Table 1 detailed patient demographics.

The study included retrospective investigation of imaging studies from patients admitted during standard clinical care. Patients were not 
directly recruited in this study.

The findings of this study are applicable to individuals of all races and ethnicities, as race, ethnicity, or other socially relevant groupings were 
not inclusion or exclusion criteria. However, it is important to note that all participating institutions are located in eastern Asia. Future 
investigations should explore the generalizability of the model across diverse ethnicities to ensure its broad utility.

Sample size was determined by the availability of high quality CMR and clinical data. No additional statistical method for sample size estimation was used.

Data inclusion and exclusion criteria was descripted in Methods and Extended Data Figure 1. Exclusion criteria were (1) incomplete cine or LGE modalities; (2)
SAX cine with fewer than 5 views; (3) CMR images with insufficient scan quality; (4) CVD patients missing clinical data; (5) CMR exams that could not be 
interpreted and agreed upon by the committee cardiologists according to the diagnostic criteria (Methods). 

Three-fold cross validation was performed within the primary discovery cohort to further validate the model performance. We also included true external 
validation. We were able to replicate model performance results both internally and externally, covering eight medical centers. Hyperparameters were 
described in detail in Methods section for replication of model results. Confidence intervals when applicable represent variation of results or performance.

For each three-fold cross validation, patients were randomly assigned to either the training or the validation set. For the annotation procedure, every CMR 
record was randomly assigned to be reviewed by a single physician (Method: Annotation procedures). For the generation of Table 2 (human-machine 
comparison), the 500 subjects with CMR data were randomly selected from the primary discovery cohort with a fixed CVD class ratio.

During dataset collection, CMR experts meticulously reviewed all records and clinical reports to annotate the data with cardiovascular disease (CVD) labels, 
serving as ground truth for model training and evaluation. Consequently, they were not blinded to the clinical records during this process. However, in the 
human-machine comparison experiment involving six physicians, each physician was blinded to the interpretations of their peers and AI, as well as to the 
clinical and CMR reports of the patients.
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