
Managing Cardiomyopathies in 
Lysosomal Disorders

John Lynn Jefferies, MD, MBA, MPH, FACC, 
FAHA, FAAP FHFSA, FESC, FRCPE

Governor, American College of Cardiology, Tennessee Chapter
President, American Heart Association, Mid-South Chapter
Research Member, St Jude Children’s Research Hospital

Team Cardiologist, Memphis Grizzlies



Disclosures
▪ Dr. Jefferies serves on the advisory board of Sanofi Genzyme, Chiesi, Rocket, 

Amicus, Bristol Myers Squibb and Medtronic. He is also on the speaker bureau 
of Sanofi Genzyme and Bristol Myers Squibb.

▪ Disclosure will be made when a product is discussed for an unapproved use.

▪ This continuing education activity is managed and accredited by AffinityCE, in 
collaboration with The Lysosomal and Rare Disorders Research and Treatment 
Center (LDRTC) and CheckRare CE. AffinityCE, CheckRare CE and LDRTC 
staff, planners, and reviewers, have no relevant financial interests to disclose. 
AffinityCE adheres to the ACCME’s Standards for Integrity and Independence 
in Accredited Continuing Education. Any individuals in a position to control the 
content of a CME activity, including faculty, planners, reviewers, or others, are 
required to disclose all relevant financial relationships with ineligible entities 
(commercial interests). All relevant conflicts of interest have been mitigated 
prior to the commencement of the activity.

▪ Support for this educational activity was provided by Takeda, Sanofi, Chiesi 
USA and Amicus Therapeutics 



Outline

▪ Introduction to lysosomal disorders and the heart, and the need for better guidance
▪ Role of the cardiologist in the multidisciplinary team
• Case studies involving cardiomyopathy to diagnose a lysosomal disorder (e.g., Fabry 

disease) and as a chronic condition in a lysosomal disorder (e.g., early onset Pompe 
disease)

▪ Best practices and resources to manage cardiomyopathies in various lysosomal 
disorders (e.g., treating the disease vs treating the cardiomyopathy)

▪ Research trends involving cardiomyopathy and lysosomal disorders
▪ Q&A



Learning Objectives

▪ Describe the role of the cardiologist in the team approach 
to care

▪ List best practices to managing cardiomyopathies in 
lysosomal disorders

▪ Identify best practices to treat cardiomyopathies in 
lysosomal disorders



Lysosomal Disorders
▪ Heterogeneous group of conditions
▪ Historically, LSDs were grouped 

according to the composition of the 
storage or tissue deposits 
− E.g., sphingolipids

▪ More recently, classification focuses 
more on the nature of the protein defect

▪ These protein defects inevitably impact 
the cardiovascular system



Lysosomal Disorders

▪ Cardiovascular implications are significant
▪ Major driver of morbidity and mortality
▪ Discussion of cardiologist involvement, testing, and 

surveillance strategies are translatable across 
different LSDs

▪ A proactive and durable approach is needed in 
patients with LSDs



Fabry Disease

▪ A progressive, life-threatening X-linked genetic disorder
▪ Characterized by deficiency of the lysosomal enzyme α-

galactosidase A (α-GAL)
▪ α-GAL enzyme deficiency leads to progressive cellular 

accumulation of glycosphingolipids, particularly 
globotriaosylceramide (GL-3), in many body tissues

▪ Clinical manifestations include life-threatening renal, 
cardiac and /or cerebrovascular complications

▪ GL-3 accumulation starts early in life and continues over 
decades

3Germaine, D.  OJRD 2010, 5:30
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Eng et al. Genet Med 2006;8:539-48
Germain. Orphanet J Rare Dis 2010;5:30.

Early diagnosis may provide 
an opportunity to intervene 
before irreversible organ 
damage has developed

Clinical manifestations and disease 
progression over time



Signs and Symptoms
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Cardiovascular Findings in Fabry 
Disease

▪ Cardiovascular manifestations in Fabry 
are broad and numerous
− Systemic hypertension
− Left ventricular hypertrophy
− Heart rhythm and conduction system 

disease
− Valvular heart disease
− Vasculopathy
− Ischemic heart disease
− Sudden cardiac death
− Aortic dilation



Role of the Cardiologist
▪ Member of the multidisciplinary team
▪ Ideally, the cardiologist is familiar with 

cardiomyopathy, heart failure, and 
genetics (adult and pediatric)

▪ Complex role as multiple phenotypic 
manifestations

▪ Beneficial to have other cardiologists 
with expertise in imaging, 
electrophysiology, catheterization, 
intensive care available 



Cardiovascular Findings in Fabry 
Disease

Putko et al. Heart Fail Rev 2014; July 17;epub ahead of print. 



Pathophysiology

Pieroni et al. J Am Coll Cardiol 2021;77:922-36.
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Cardiovascular Findings in Fabry 
Disease

▪ These findings can progress to more 
significant disease over time
− Life-threatening arrhythmias and sudden cardiac 

death
− Heart failure 
− Myocardial ischemia
− Stroke

▪ All these conditions can be difficult to treat 
and have significant associated morbidity and 
mortality



Cardiovascular Findings in Fabry 
Disease

▪ Cardiovascular complications are now the 
leading cause of death in Fabry patients
− Previously was kidney disease

▪ ~60% of patients have prior signs and 
symptoms

▪ Hypertension and edema most common
▪ History of a murmur, chest pain, or 

shortness of breath

Putko et al. Heart Fail Rev 2014; July 17;epub ahead of print. 



Cardiovascular Findings in Fabry 
Disease

▪ Goal of cardiovascular care should be 
directed at preventing these conditions

▪ Limited data regarding predictors of 
onset of disease
− Majority of data are limited to middle-aged 

adult males
▪ Prognosis is negatively impacted once 

evidence of ischemic heart disease or 
heart failure are diagnosed

Patel V, et al. Heart 2015;101:961–966



Pathophysiology

Pieroni et al. J Am Coll Cardiol 2021;77:922-36.



Arrhythmias in Fabry Disease
▪ Arrhythmias can be a major cause of 

morbidity and mortality in Fabry disease
▪ Wide range of pathology can be diagnosed 

on electrocardiographic testing
▪ Bradyarrhythmias and tachyarrhythmias may 

be detected and require additional therapy
▪ Electrophysiologic testing may be used in 

some cases



Heart Rhythm Abnormalities
▪Known  associated ventricular and atrial 
arrhythmias and conduction system 
disease

Acharya et al. Card Electrophysiol Clin 2015;7:283-291



Heart Rhythm Abnormalities

O’Mahony et al. Europace. 2011 Dec;13(12):1781-8.



Arrhythmias and Conduction 
System Disease



Pathologic Ventricular 
Remodeling
Ventricular Remodeling
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HF
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Jessup M et al. N Engl J Med. 2003;348:2007



Best Practiced in Managing LSD Related 
Cardiomyopathies

▪ First step is accurate diagnosis
▪ Informed by imaging approach
▪ Phenotype guides treatment pathway

− Dilated, hypertrophic, restrictive, 
noncompaction

▪ Different drug and device options 
available depending on 
cardiomyopathy phenotype
− Can be isolated phenotype or mixed



Noninvasive Imaging
Echocardiography

▪ Traditional approach to screening 
utilizes transthoracic echocardiography

▪ Echocardiography is widely available 
and relatively easy to perform

▪ Advanced imaging techniques allow for 
additional information to be acquired 
from standard imaging protocols



Myocardial Assessment 
Echocardiography

Photo permission on file



Myocardial Assessment 
Echocardiography
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Advanced Imaging Techniques

▪ Additional information can be gathered 
from echocardiography

▪ Allows for early subclinical systolic and 
diastolic function
− Strain and strain rate (SR) imaging

▪ 3D imaging can also be performed that 
allows for volume quantification



Shanks et al. J Am Soc Echocardiogr 2013;26:1407-14.



Cardiac Magnetic Resonance  
(CMR) Imaging 

▪ Highly reproducible
▪ Precise calculation of volumes
▪ Assessment of arterial and venous 

vasculature
▪ Assessment of ventricular function
▪ Myocardial characterization
▪ No radiation exposure



Myocardial Characterization



T1 Mapping by Cardiac MRI

▪ T1 mapping can be performed to 
assess for pathologic changes in the 
myocardium

▪ Native T1 imaging can be performed 
without contrast exposure

▪  Identifies changes in the intracellular or 
extracellular space such as edema or 
deposition



T1 Mapping in Fabry Disease

Sado et al. Circ Cardiovasc Imaging  2013;6:392-398.



Extracellular Volume Using T1

Kammerlander et al. J Am Coll Cardiol Img 2016;9:14-23.



Pieroni et al. J Am Coll Cardiol 2021;77:922-36.
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ACC/AHA Heart Failure Guidelines

Heidenreich et al. Circulation. 2022;145:e895-e1032.



Potential Causes of Nonischemic 
Cardiomyopathy

Heidenreich et al. Circulation. 2022;145:e895-e1032.



ACC/AHA Heart Failure Guidelines

Heidenreich et al. Circulation. 2022;145:e895-e1032.



ACC/AHA Heart Failure Guidelines

Heidenreich et al. Circulation. 2022;145:e895-e1032.



Heart Failure with Reduced Ejection Fraction

Heidenreich et al. Circulation. 2022;145:e895-e1032.



ACC/AHA Heart Failure Guidelines

Heidenreich et al. Circulation. 2022;145:e895-e1032.



Hypertrophic Cardiomyopathy

Ommen et al. Circulation. 2020;142:e558-e631.



Lymphedema in Fabry Disease



Lymphedema in Fabry Disease



Screening for Cardiovascular 
Disease in Fabry Disease

▪ Established therapies for patients that 
have evidence of cardiovascular disease

▪ May be symptomatic at presentation
▪ More aggressive approach that identifies 

preclinical disease
▪ Allows for earlier intervention and more 

rigorous longitudinal follow-up



Red Flags

Pieroni et al. J Am Coll Cardiol 2021;77:922-36.



Research Trends

▪ Largest opportunity currently in diagnosis of 
underlying LSD
− For example, HCM receives significant focus because of 

disease specific drugs now being available
− 2-3% of HCM may be Fabry disease

▪ Repurposing existing drugs used in traditional heart 
failure for LSD population



Conclusions

▪ Broad spectrum of cardiovascular disease in 
Fabry disease

▪ Increasingly important cause of morbidity and 
mortality

▪ Historical approach to detection may result in 
late diagnosis of cardiovascular involvement 

▪ This may result in delaying beneficial 
therapeutic strategies



Comprehensive Cardiovascular 
Care In Fabry Disease

▪ Evaluation of patients of all ages
▪ Detailed approach to pediatric patients
▪ Evaluation of female carriers
▪ Serial follow-up to assess for changes 

in findings and institute appropriate 
medical and device therapies

▪ Promote use of existing technologies 



Comprehensive Cardiovascular 
Care In Fabry Disease

▪ By taking a more thoughtful and 
comprehensive approach:
− Identify cardiovascular disease earlier
− Utilize appropriate therapies
− Potentially reduce morbidity and mortality
− Monitor response to therapies
− Collect data targeting new diagnostic and 

treatment strategies



Comprehensive Cardiovascular 
Care In Fabry Disease

▪ Noninvasive and serologic testing
− Imaging

▪ Echocardiography
▪ Cardiac MRI

− EKG and Holter monitoring
− Stress testing
− Blood and urinary biomarker testing

▪ Offers additional opportunities to develop 
prognostic variables and assess response to 
therapies

▪ Artificial intelligence may help us identify 
undiagnosed patients with Fabry
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