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Hypertrophic cardiomyopathy (HCM) is a common genetic disorder with a well described risk of sudden cardiac

death; however, risk stratification has remained a challenge. Recently, novel parameters in cardiac magnetic

resonance imaging (CMR) have shown promise in helping to improve upon current risk stratification paradigms. 

hypertrophic cardiomyopathy  cardiac magnetic resonance imaging  prognosis

1. Introduction

Hypertrophic cardiomyopathy (HCM) is a common genetic disorder characterized by increased thickness of the left

ventricular wall, not attributable to increased afterload . Sudden cardiac death (SCD) is a feared complication of

HCM, as outlined in the European Society of Cardiology (ESC) 2022 and 2023 guidelines, which describe an

annual mortality rate of 1% to 2% and an annual rate of SCD or appropriate implantable cardioverter defibrillator

therapy of 0.8% . SCD is defined as sudden and unexpected death, presumed due to either cardiac arrythmia

or hemodynamic collapse , occurring either within an hour of symptom onset, or being found dead within 24 h of

an asymptomatic period. Known risk factors for SCD in HCM, as proposed by the American Heart

Association/American College of Cardiology (AHA/ACC) and outlined in Table 1, include a family history of sudden

cardiac death, left ventricular hypertrophy ≥30 mm, and extensive late gadolinium enhancement ≥15% of left

ventricular mass .

Table 1. Demonstrates known risk factors for SCD in HCM, as proposed by the American Heart

Association/American College of Cardiology (AHA/ACC) .
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Risk Factors for Sudden Cardiac Death (SCD) in Hypertrophic Cardiomyopathy

Family history of sudden death in HCM

Massive left ventricular hypertrophy (LVH) ≥ 30 mm
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2. Novel Magnetic Resonance Imaging Tools for
Hypertrophic Cardiomyopathy Risk Stratification

2.1. T1 Mapping and Extracellular Volume

Longitudinal T1 relaxation times are an intrinsic property of biological tissues in a magnetic field and describe the

time required for protons within tissues to recover back into alignment with the static B  field of the MRI scanner

following excitation with a radiofrequency energy pulse. Different tissues (e.g., fat, myocardium, blood) have

different inherent T1 relaxation times, and these are further modified by administration of gadolinium-based

contrast agents or the presence of disease states, such as the development of fibrosis within the myocardium.

Measurement of true myocardial T1 relaxation curves is impractically time-consuming; however, they can be

estimated using multiple available sequences (MOLLI, shortened MOLLI, SASHA, SAPPHIRE) with reasonable

accuracy. T1 mapping denotes the estimation of pre-contrast (native) T1 times at the individual pixel level, allowing

quantitative assessment of diffuse pathology (e.g., interstitial fibrosis) without requiring contrast administration. T1

mapping of both blood pool (correcting for hematocrit) and myocardium before and after administration of

gadolinium contrast allows estimation of the myocardial extracellular volume (ECV) fraction . Disease states such

as extensive fibrosis, and infiltrative pathologies such as cardiac amyloidosis particularly expand the extracellular

space, and so increase ECV.

Multiple studies have highlighted that higher T1 and ECV values in the HCM population compared to a control

group were correlated with myocardial fibrosis, refs.  suggesting these parameters are useful

diagnostically to help differentiate HCM from other causes of massive left ventricular hypertrophy (LVH), such as

athletic remodeling, where minimal myocardial fibrosis is expected.

2.2. T2-Weighted CMR Imaging and T2 Mapping
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Risk Factors for Sudden Cardiac Death (SCD) in Hypertrophic Cardiomyopathy

Unexplained syncope

HCM with left ventricular dysfunction < 50%

Presence of left ventricular apical aneurysm

Extensive late gadolinium enhancement (LGE) on CMR imaging (≥15% of left ventricular mass)

Non sustained ventricular tachycardia (VT) on ambulatory monitoring
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T2 is another intrinsic property of tissue in a magnetic field and represents the decay of lateral magnetization (as

opposed to longitudinal magnetization in T1). T2 decay is prolonged in tissues with increased water content, so T2-

weighted imaging sequences (e.g., short-tau inversion recovery, STIR) have long been used for the qualitative

assessment of myocardial edema. Similar to T1 mapping, T2 mapping sequences are now also used for

quantitative edema evaluation . While myocardial edema is not specific to HCM and is traditionally associated

with acute pathologies such as acute myocardial infarction or myocarditis, there has been recent interest in the

utility of T2-weighted imaging in chronic cardiomyopathies such as HCM.

Cramer et al.  identified an association between post-exercise troponin elevation and high T2 signals in

hypertrophic cardiomyopathy patients. They described elevated T2 signal as the only independent predictor of

troponin rise (odds ratio 7.9; 95%CI 2.7–23.3; p < 0.001), thereby concluding that T2-weighted imaging can

recognize cohorts of vulnerable patients with active disease who may be at risk during exercise. This could be of

particular use given the paucity of evidence  supporting common recommendations to reduce or avoid

exercise in HCM due to perceived SCD risk.

2.3. CMR Feature Tracking and Other Strain Methods

Feature tracking (FT) is an emerging tissue-tracking technique using post-processing of CMR cine sequences

already acquired for ventricular morphology and function. Similar to the now widely-used speckle-tracking strain

analysis in echocardiography, this technique involves quantitative evaluation of myocardial deformation, generating

indices such as strain and strain rate for cardiac longitudinal, radial, and torsional (circumferential) motion. Given

the good spatial resolution of balanced steady-state free precession (bSSFP) cine imaging with whole-heart

coverage, these indices can be generated for individual LV myocardial layers (e.g., epicardial vs. endocardial

strain) as well as applied to the thin-walled atria and right ventricle. Strain can be calculated in 2D (with reference

to fixed LV geometry) or in 3D, with the latter potentially superior in complex and unusual anatomy. The concept

that strain analysis might provide additional information beyond traditional global and segmental functional analysis

is widely acknowledged in the current literature .

Xu et al. report that CMR-FT can be used to recognize myocardial dysfunction in HCM patients even with normal

LV wall thickness and preserved LVEF . Furthermore, they propose that the differences in epicardial and

endocardial global circumferential strain can reflect HCM disease status, including both preclinical and overt. Xu et

al. found that impaired left ventricular strain in HCM patients could be correlated with poor cardiac outcomes in

terms of cardiovascular mortality and HF.

Heart failure with preserved ejection fraction (HFpEF) is common in HCM and is associated with adverse

outcomes, including all-cause mortality . Shi et al. used CMR-FT to determine the association between HFpEF

and left atrial function in HCM patients. Left atrial phasic strain was able to differentiate between HCM patients with

heart failure with preserved ejection fraction (HFpEF) and those without and could further categorize the severity of

patients with HFpEF, whereas, in their population, LV global longitudinal strain could not . LA reservoir (β = 0.90

[0.85–0.96]), conduit (β = 0.93 [0.87–0.99]), and booster (β = 0.86 [0.78–0.95]) strain were all independently
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associated with HFpEF. They concluded that the phasic function of the left atrium (LA) was notably compromised in

patients with HCM and HFpEF, lending further credence to the concept of atrial indices providing additive value

beyond simple LA size and ventricular function.

2.4. Other CMR Parameters

Mahmod et al. undertook CMR in 290 HCM patients with LVEF ≥ 55% and 30 age- and sex-matched controls, with

clinical follow-up for a median of 4.4 years and a repeat CMR in a sub-group of 63 patients . They found that RV

longitudinal strain was an independent predictor of non-sustained ventricular tachycardia (NSVT) [HR 1.05 (95% CI

1.01–1.09), p = 0.029] and that right ventricular ejection fraction was a predictor for non-sustained ventricular

tachycardia and other cardiovascular events, including heart failure outcome and cardiovascular death. An

association between global longitudinal strain and NSVT was also demonstrated.

Abnormalities in myocardial trabeculation, including hypertrabeculation  and multiple myocardial crypts , are

well-described in hypertrophic cardiomyopathy, although their significance remains unclear. Wang et al.

investigated the prognostic significance of myocardial trabecular complexity using fractal analysis in 378 individuals

with HCM and 100 age- and gender-matched healthy controls . Standard bSSFP cine sequences were post-

processed to quantitatively estimate the fractal dimension (FD), a unitless measure of trabecular complexity that

ranges from 1 to 2. They found that increased LV maximal apical FD ≥ 1.325 was associated with both the primary

endpoint (composite of all-cause mortality and aborted SCD) and the secondary endpoint of heart failure

hospitalization in participants with HCM.

2.5. Summary

CMR techniques have the potential to provide improved prognostic information for patients with HCM. T1 and

extracellular volume have been shown to be early markers of myocardial fibrosis in HCM patients and to have an

association with adverse outcomes. Importantly, both T1 and ECV predicted MACE, but also specifically SCD,

even in patients without LGE. 

Abnormalities in T2 in HCM were associated with serum biomarkers of myocardial injury. These studies are of

interest, particularly because they may suggest a more active disease process than has been traditionally

postulated in HCM. Theoretically, this may represent a therapeutic target for novel agents, but it might also identify

patients who could benefit from measures to reduce SCD (e.g., exercise restriction during periods of active

disease/myocardial injury) without exposing the wider HCM population to the downsides of these interventions.

However, given that the studies included here only compared myocardial T2 to serum troponin values, it remains

unclear whether T2 can provide additive information over troponin measurement alone, especially given the

extremely high sensitivity of modern troponin assays as well as their lower cost and greater availability compared

to CMR.

Regarding strain measurements from CMR feature tracking, not only were there associations with histological

fibrosis and increased risk of ventricular arrythmias, but there were also significant findings of early atrial and
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ventricular dysfunction prior to the development of LGE or reduced ejection fraction. Some studies also validated

simplified, easier-to-implement strain techniques, such as three-point fast LA long-axis strain, which may help

overcome the downside of strain parameters that require more complex and time-consuming post-processing.

While some of the studies included did not specifically address the primary question of SCD risk, they may still be

able to contribute to decision-making for HCM patients. For example, development of either HFpEF or atrial

fibrillation is associated with worse outcomes but not with SCD; therefore, if left atrial strain and epicardial adipose

tissue parameters can predict these complications, they could further inform patient and clinician decision-making.

Small to moderate apical aneurysms, especially those with a thin wall, have been underdiagnosed and missed with

the use of echocardiography. CMR has provided an advantage in the detection and diagnosis of these apical

aneurysms . In the era of novel HCM therapeutics such as mavacamten and future potential disease-modifying

drugs, these imaging biomarkers may be used for patient selection or monitoring for response, so more data

correlating their relationship with patient-centered clinical outcomes will be useful.

Of key importance, all of the main technique groups are relatively easily translated into modern CMR practice. The

CMR-FT, fractal analysis, and EAT tools are all post-processed from standard workhorse cine sequences used for

volumetric assessment of LV function. In line with other facets of CMR interpretation, some of these analyses are

increasingly simplified and partially or fully automated with AI assistance using commercially available software. If

only a single septal segment is to be analyzed, T1, ECV, and T2 mapping images can be acquired in three short

breath-holds (one breath-held acquisition for each), adding minimal scan time to a standard CMR protocol. For a

more comprehensive assessment, 16 AHA-segment coverage is feasible in nine breath-holds (three short-axis

slices each at the base, mid-chamber, and apex).

While image acquisition is entirely feasible, the post-processing and reporting will be time-consuming where

numerous parameters are being calculated, so understanding their relative value is likely to be crucial for

widespread adoption. Additionally, the value of individual measures may vary at different stages of disease; for

example, measures that are able to predict risk prior to the development of overt LGE may lose value later in the

disease process when there is a high burden of LGE or significant systolic impairment. Building and validating a

multi-modality risk prediction model is a key research question and one that could benefit from a machine-learning

approach.
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