Advancing Cardiac MRI: Tissue Characterization in Cardiomyopathy, Cardiac Masses, and Congenital Heart Disease
Learning Objectives
1. Apply optimized cardiac MRI (CMR) protocols and tissue-characterization techniques — including late gadolinium enhancement and parametric mapping — to evaluate hypertrophic cardiomyopathy and differentiate phenocopies.
1. Characterize cardiac masses using CMR tissue characterization to distinguish tumor, thrombus, and benign from malignant lesions.
1. Apply CMR to the assessment of congenital heart disease, including anatomy, function, and flow quantification.

	Clinical Practice Gap 1: Radiologists demonstrate variability in the use of optimized CMR protocols and tissue-characterization techniques for cardiomyopathy. Despite CMR's now-central role in hypertrophic cardiomyopathy (HCM) — including a Class 1 recommendation for sudden-cardiac-death risk stratification in the 2024 HCM guideline — many radiologists are not proficient in late gadolinium enhancement (LGE) quantification, parametric mapping, or the differentiation of HCM phenocopies.

	Educational Need
	Learning Objectives
	Outcomes Measurement

	Radiologists need case-based education on optimized CMR protocols and tissue characterization for cardiomyopathy, including HCM assessment and phenocopy differentiation.
	- Apply LGE and parametric mapping to evaluate cardiomyopathy.
- Differentiate HCM from phenocopies such as amyloidosis and Fabry disease.
	Level 3 (knowledge) / Level 4 (competence): Case-based multiple-choice questions and interactive assessment of CMR tissue characterization and cardiomyopathy differentiation.

	Clinical Practice Gap 2: There is a significant gap in radiologists' ability to characterize cardiac masses using CMR. Distinguishing tumor from thrombus and benign from malignant lesions requires a systematic, multi-sequence tissue-characterization approach that is frequently under-taught, leading to under-utilization and misclassification.

	Educational Need
	Learning Objectives
	Outcomes Measurement

	Radiologists require education on a systematic CMR tissue-characterization approach to cardiac masses.
	- Apply multi-sequence CMR to characterize cardiac masses.
- Distinguish tumor from thrombus and benign from malignant lesions.
	Level 4 (competence): Case-based multiple-choice questions and interactive discussion assessing cardiac-mass characterization.

	Clinical Practice Gap 3: The application of CMR to congenital heart disease — including anatomy, ventricular function, and flow quantification — is applied inconsistently. Congenital CMR requires specialized protocols and expertise that are unevenly available, resulting in under-utilization and variable quality.

	Educational Need
	Learning Objectives
	Outcomes Measurement

	Radiologists need education on specialized CMR protocols and interpretation for congenital heart disease, including flow quantification.
	- Apply specialized CMR protocols for congenital heart disease.
- Quantify ventricular function and flow in congenital heart disease.
	Level 4 (competence): Case-based multiple-choice questions and self-reported intent-to-change practice measuring congenital CMR application.



Summary Statement of Need
Cardiac MRI (CMR) has become a cornerstone of advanced cardiovascular imaging, providing accurate assessment of ventricular structure and function together with unique tissue characterization. Standardized CMR protocols have been developed by professional bodies to ensure reproducible, high-quality acquisition across indications.2 Realizing CMR's value, however, depends on the interpreting radiologist's proficiency with these protocols and with the tissue-characterization techniques — late gadolinium enhancement (LGE) and parametric mapping — that distinguish CMR from other modalities.
Nowhere is this clearer than in cardiomyopathy. In hypertrophic cardiomyopathy (HCM), CMR now plays a central role: the 2024 multi-society HCM guideline gives CMR a Class 1 recommendation to aid sudden-cardiac-death risk stratification in patients not already clearly high risk, and the extent of LGE is an important marker of risk.1 CMR is also essential for differentiating HCM from phenocopies — such as cardiac amyloidosis and Fabry disease — that require entirely different management, a distinction emphasized in current cardiomyopathy guidelines.4 Many radiologists, however, are not proficient in LGE quantification, parametric mapping, or phenocopy differentiation.1,2
Beyond cardiomyopathy, CMR is a principal tool for characterizing cardiac masses — distinguishing tumor from thrombus and benign from malignant lesions through systematic tissue characterization — and for the comprehensive assessment of congenital heart disease, including anatomy, ventricular function, and flow quantification, which requires specialized protocols and standardized post-processing.2,3 These advanced applications are unevenly applied, particularly where subspecialty cardiac imaging expertise is limited. Expert-led, case-based education is needed to standardize CMR protocols and tissue characterization, strengthen cardiac-mass and congenital assessment, and improve diagnostic accuracy.
Introduction
Cardiovascular disease is a leading cause of morbidity and mortality worldwide, and cardiac MRI (CMR) has emerged as a powerful, radiation-free modality for its evaluation. CMR uniquely combines accurate assessment of cardiac anatomy and function with tissue characterization — using cine imaging, late gadolinium enhancement (LGE), and parametric (T1 and T2) mapping — that reveals myocardial fibrosis, infiltration, edema, and other tissue changes.2
This capability has made CMR central to the evaluation of cardiomyopathy. In hypertrophic cardiomyopathy, the 2024 AHA/ACC/AMSSM/HRS/PACES/SCMR guideline endorses CMR with a Class 1 recommendation for sudden-cardiac-death risk stratification in patients who are not already clearly high risk, reflecting evidence that the extent of LGE correlates with risk.1 CMR is equally important in distinguishing HCM from phenocopies — including cardiac amyloidosis, Fabry disease, and hypertensive heart disease — that mimic its phenotype but demand different management, as emphasized in current cardiomyopathy guidelines.4 Standardized CMR protocols support reproducible acquisition across these indications, and standardized post-processing methods underpin the quantitative flow and functional assessment central to congenital heart disease.2,3
Despite these advances, proficiency with optimized CMR protocols, tissue characterization, cardiac-mass evaluation, and congenital imaging is unevenly distributed, and access to subspecialty cardiac imaging expertise is limited in many settings. This symposium is designed to close these gaps through expert-led, case-based instruction in CMR tissue characterization, cardiac-mass evaluation, and congenital heart disease assessment.

Clinical Practice Gap 1:
Radiologists demonstrate variability in the use of optimized CMR protocols and tissue-characterization techniques for cardiomyopathy. Despite CMR's now-central role in HCM — including a Class 1 recommendation for sudden-cardiac-death risk stratification in the 2024 HCM guideline — many are not proficient in LGE quantification, parametric mapping, or phenocopy differentiation.
CMR's Central Role in HCM
The 2024 multi-society HCM guideline gives CMR a Class 1 recommendation to assist sudden-cardiac-death risk stratification in patients who are not already clearly high risk, reflecting evidence that the extent of late gadolinium enhancement is an important, independent marker of risk.1 Accurate LGE assessment therefore has direct implications for management, including decisions about implantable defibrillators.
Tissue Characterization and Protocol Optimization
CMR's distinctive value lies in tissue characterization — cine imaging for morphology and function, LGE for fibrosis, and parametric T1/T2 mapping for infiltration and edema. Standardized protocols support reproducible acquisition, but radiologists must understand how to optimize and interpret these sequences.2 Deficiencies here undermine both diagnosis and risk stratification.
Differentiating Phenocopies
A critical task is distinguishing HCM from phenocopies — cardiac amyloidosis, Fabry disease, and hypertensive heart disease — that mimic hypertrophy but require different management. Parametric mapping and characteristic LGE patterns are central to this differentiation, which current cardiomyopathy guidelines integrate into diagnosis, and unfamiliarity leads to misdiagnosis.1,2,4
Need for Structured Education
Closing this gap requires case-based education on optimized CMR protocols, tissue characterization, and phenocopy differentiation. Expert-led case discussion is well suited to building these interpretive skills.1,2

Clinical Practice Gap 2:
There is a significant gap in radiologists' ability to characterize cardiac masses using CMR. Distinguishing tumor from thrombus and benign from malignant lesions requires a systematic, multi-sequence tissue-characterization approach that is frequently under-taught, leading to under-utilization and misclassification.
The Value of CMR for Cardiac Masses
CMR is a principal tool for evaluating cardiac and paracardiac masses, combining anatomic localization with multi-sequence tissue characterization to assess composition, vascularity, and relationship to adjacent structures.2 This information is often decisive in distinguishing neoplasm from non-neoplastic lesions.
Tumor Versus Thrombus and Benign Versus Malignant
A common and consequential task is distinguishing tumor from thrombus — where perfusion and enhancement characteristics are key — and benign from malignant masses, where features such as tissue signal, enhancement, invasiveness, and associated effusion guide assessment. A systematic, protocol-driven approach is essential to avoid misclassification.2
Under-Utilization
Because cardiac-mass characterization is under-taught and requires specific protocol knowledge, CMR is frequently under-utilized or applied inconsistently, leading to diagnostic uncertainty and variable management.
Addressing the Gap
Case-based education focused on a systematic CMR approach to cardiac masses is the most direct way to build competence and reduce misclassification.2


Clinical Practice Gap 3:
The application of CMR to congenital heart disease — including anatomy, ventricular function, and flow quantification — is applied inconsistently. Congenital CMR requires specialized protocols and expertise that are unevenly available, resulting in under-utilization and variable quality.
The Role of CMR in Congenital Heart Disease
CMR is central to the assessment of children and adults with congenital heart disease, providing comprehensive evaluation of complex anatomy, biventricular function, and — uniquely — quantification of flow and shunts. Standardized post-processing and quantitative-analysis methods underpin the specialized requirements of congenital CMR.3
Flow Quantification and Functional Assessment
Phase-contrast flow quantification and accurate volumetric assessment are essential in congenital heart disease — for example, in quantifying regurgitation, shunts, and ventricular volumes that guide timing of intervention. These techniques rely on standardized post-processing and require specific expertise that must be explicitly taught.3
Access and Expertise
Congenital CMR is complex and unevenly available, and access to subspecialty expertise is limited in many settings. This contributes to under-utilization and variable study quality, with direct consequences for patient management.
Addressing the Gap Through Education
Expert-led, case-based education on specialized congenital CMR protocols, functional assessment, and flow quantification equips radiologists to apply CMR confidently in this complex population. Because techniques continue to evolve, ongoing, evidence-based instruction is essential.2,3
Conclusion:
Standardizing Cardiac MRI to Improve Diagnostic Accuracy in Complex Cardiac Disease
Cardiac MRI offers unmatched, radiation-free assessment of cardiac structure, function, and tissue characteristics, and it now plays a central, guideline-endorsed role in the evaluation of cardiomyopathy, cardiac masses, and congenital heart disease.1,2,3 Realizing this value depends on radiologists who can apply optimized protocols and tissue-characterization techniques, differentiate HCM from its phenocopies, systematically characterize cardiac masses, and perform specialized congenital assessment including flow quantification. Persistent gaps in these areas limit CMR's diagnostic value and contribute to variable practice — concerns amplified where access to subspecialty cardiac imaging expertise is limited. By delivering expert-led, case-based education in CMR tissue characterization, cardiac-mass evaluation, and congenital heart disease assessment, this symposium aims to reduce diagnostic variability and strengthen the diagnostic and prognostic contribution of cardiac imaging — ultimately improving patient outcomes.
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