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Objectives
1. Examine the epidemiologic impact of heart failure both in the United States and 

worldwide

2. Detail the fundamental role of echocardiography in the diagnosis/management of heart 

failure and the limitations of this modality

3. Explore new techniques in echocardiography for the quantification of left and right 

ventricular function/size

4. Overview of the ever-expanding role of cardiac MRI in heart failure diagnosis and 

management

5. Explore the current and future role specialized nuclear medical imaging in the diagnosis 

of infiltrative cardiomyopathies, particularly amyloid heart disease



Allen et al., Cardiovascular Disease.  2012.



Heart Failure and Aging



Definitions

HFrEF = heart failure with reduced ejection 

fraction (<40%)

HFpEF = heart failure with preserved ejection 

fraction (>50%)

HFmrEF = heart failure with mid-range ejection 

fraction (40-49%)



Heart Failure Guidelines

Robert O. Bonow. Circulation. ACC/AHA Clinical Performance Measures for Adults 

With Chronic Heart Failure, Volume: 112, Issue: 12, Pages: 1853-1887, DOI:



Prognostic Value of LV Ejection Fraction

J.P. Curtis, S.I. Sokol, Y. Wang, et al. The association of left ventricular ejection fraction, mortality, and cause of death in stable 
outpatients with heart failure. J Am Coll Cardiol, 42 (2003), pp. 736-742



Modalities for LV EF Estimation

J Am Coll Cardiol 2012;59:1897-1907



Modalities for LV EF Estimation

J Am Coll Cardiol 2012;59:1897-1907



Limitations of LV EF by Echocardiography

Comparison and reproducibility of visual echocardiographic and quantitative 
radionuclide left ventricular ejection fractions. Uvan Royen N, Jaffe CC, Krumholz HM, 
Johnson KM, Lynch PJ, Natale D, Atkinson P, Deman P, Wackers FJ. Am J Cardiol. 
1996;77(10):843.



Pellikka, et al. Variability in Ejection Fraction Measured By Echocardiography, Gated Single-Photon Emission 

Computed Tomography, and Cardiac Magnetic Resonance in Patients With Coronary Artery Disease and Left 
Ventricular Dysfunction. JAMA Netw Open. 2018;1(4):

Limitations of LV EF by Echocardiography



Pellikka, et al. Variability in Ejection Fraction Measured By Echocardiography, Gated Single-Photon Emission 

Computed Tomography, and Cardiac Magnetic Resonance in Patients With Coronary Artery Disease and Left 
Ventricular Dysfunction. JAMA Netw Open. 2018;1(4):

Limitations of LV EF by Echocardiography



Advances in Echocardiography 

in Heart Failure



Biplane Simpson’s Method



3-D Volumetric Assessment



Speckle-Tracking Echocardiograph (Strain)



Efstathios D. Pagourelias. Circulation: Cardiovascular Imaging. Echo 

Parameters for Differential Diagnosis in Cardiac Amyloidosis, Volume: 

10, Issue: 3

Speckle-Tracking Echocardiograph (Strain)



Patrick Collier et al. JACC 2017;69:1043-1056

Speckle-Tracking Echocardiograph (Strain)
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Speckle-Tracking Echocardiograph (Strain)



Patrick Collier et al. JACC 2017;69:1043-1056

Speckle-Tracking Echocardiograph (Strain)



Jin Joo Park et al. JACC 2018;71:1947-1957

Strain Echocardiography in Heart Failure



Jin Joo Park et al. JACC 2018;71:1947-1957

Strain Echocardiography in Heart Failure



Strain Echocardiography in Heart Failure



Jennifer Liu et al. JIMG 2018;11:1122-1131

Strain Echocardiography in Cardio-Oncology



Strain Echocardiography in Cardio-Oncology

Myocardial Strain Imaging by Echocardiography for 
the Prediction of Cardiotoxicity in Chemotherapy-
Treated Patients A Meta-Analysis. Lu Ye, Zhi-gang 
Yang, Joseph B. Selvanayagam, Hong Luo, Tai-zhu
Yang, Rebecca Perry, Kai-yue Diao, Shan Huang, 
Meng-xi Yang, Pan Yang, Ya Jin and Ying-kun Guo. 
JACC: Cardiovascular Imaging. November 2019 



Strain Echocardiography in Cardio-Oncology



Cardiac MRI



LGE Patterns in Cardiomyopathies

The Prognostic Role of Tissue Characterisation
using Cardiovascular Magnetic Resonance in 
Heart Failure. Robert D Adam, James 
Shambrook, Andrew S Flett. Card Fail Rev. 
2017 Nov; 3(2): 86–96. 



The Prognostic Role of Tissue Characterisation
using Cardiovascular Magnetic Resonance in 
Heart Failure. Robert D Adam, James 
Shambrook, Andrew S Flett. Card Fail Rev. 
2017 Nov; 3(2): 86–96. 

LGE Patterns in Cardiomyopathies



LGE in Ischemic Cardiomyopathy

The Role of Cardiovascular Magnetic Resonance 
Imaging in Heart Failure. Mark A Peterzan, Oliver J 
Rider, Lisa J Anderson. Card Fail Rev. 2016 Nov; 
2(2): 115–122. 



LGE in Ischemic Cardiomyopathy

The Prognostic Role of Tissue Characterisation
using Cardiovascular Magnetic Resonance in 
Heart Failure. Robert D Adam, James 
Shambrook, Andrew S Flett. Card Fail Rev. 
2017 Nov; 3(2): 86–96. 



LGE and CRRT Therapy



LGE and CRRT Therapy

The Prognostic Role of Tissue Characterisation using 
Cardiovascular Magnetic Resonance in Heart Failure. 
Robert D Adam, James Shambrook, Andrew S Flett. 
Card Fail Rev. 2017 Nov; 3(2): 86–96. 



The Prognostic Role of Tissue Characterisation using 
Cardiovascular Magnetic Resonance in Heart Failure. 
Robert D Adam, James Shambrook, Andrew S Flett. 
Card Fail Rev. 2017 Nov; 3(2): 86–96. 

LGE and CRRT Therapy



LGE Patterns in NICM

European Cardiology Review, 2016;11(1):20–4



LGE Patterns in NICM

European Cardiology Review, 2016;11(1):20–4



LGE Patterns in NICM

European Cardiology Review, 2016;11(1):20–4



The Prognostic Role of 
Tissue Characterisation
using Cardiovascular 
Magnetic Resonance in 
Heart Failure. Robert D 
Adam, James Shambrook, 
Andrew S Flett. Card Fail 
Rev. 2017 Nov; 3(2): 86–96. 

LGE Patterns in NICM



LGE Patterns in NICM

The Prognostic Role of 
Tissue Characterisation
using Cardiovascular 
Magnetic Resonance in 
Heart Failure. Robert D 
Adam, James Shambrook, 
Andrew S Flett. Card Fail 
Rev. 2017 Nov; 3(2): 86–96. 



Imaging for Amyloid 

Heart Disease





Lauren G. Gilstrap. Circulation: Heart Failure. Epidemiology of Cardiac Amyloidosis–

Associated Heart Failure Hospitalizations Among Fee-for-Service Medicare 

Beneficiaries in the United States, Volume: 12, Issue: 6, DOI:

Cardiac Amyloidosis



Cardiac Amyloidosis

https://www.google.com/url?sa=i&url=https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.115.020351&psig=AOvVaw1LZF25fvNucL4SBWNNCZ3Q&ust=1582666553840000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCID4isGS6-cCFQAAAAAdAAAAABAJ
https://www.google.com/url?sa=i&url=https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.115.020351&psig=AOvVaw1LZF25fvNucL4SBWNNCZ3Q&ust=1582666553840000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCID4isGS6-cCFQAAAAAdAAAAABAJ


ATTR Cardiac Amyloidosis

Frederick L. Ruberg, Martha Grogan, Mazen Hanna, Jeffery W. Kelly, Mathew S. Maurer, Transthyretin Amyloid 
Cardiomyopathy: JACC State-of-the-Art Review,Journal of the American College of Cardiology, Volume 73, Issue 
22,2019,Pages 2872-2891,



ATTR Cardiac Amyloidosis

Hereditary (hATTR-CM) Wild-Type (wtATTR-CM)

Age of onset
Variable (30–80 yrs) dependent on 
the mutation

Average 75 yrs, usually >60 yrs

TTR genotype
Abnormal, single nucleotide 
mutation

Normal

Heritability
Autosomal dominant (50% chance 
of passage to offspring)

Not known to be heritable

Predominant countries of origin

Val122Ile: U.S., U.K., Western Africa
Thr60Ala (Appalachian mutation): 
U.S., U.K. (predominately Northern 
part of Republic of Ireland)
Val30Met: Sweden, Portugal, Japan
Leu111Met: Denmark
Ile68Leu: Italy

No known geographic disparities

Prevalence

Val122Ile genotype: 3.4% of African 
Americans 
Thr60Ala genotype: ∼1% of 
Northern part of Republic of Ireland

Up to 25% with wtATTR deposits at 
autopsy
13% in hospitalized HFpEF with wall 
thickness >12 mm
6%−16% of patients undergoing 
AVR possibly 1%−3% >75 yrs of age

Median survival after diagnosis 
without treatment

∼2.5 yrs∗ (Val122Ile) ∼3.5 yrs∗

https://www.sciencedirect.com/science/article/pii/S0735109719347291#tbl1fnlowast
https://www.sciencedirect.com/science/article/pii/S0735109719347291#tbl1fnlowast


ATTR-Amyloidosis

Frederick L. Ruberg, Martha Grogan, Mazen
Hanna, Jeffery W. Kelly, Mathew S. Maurer, 
Transthyretin Amyloid Cardiomyopathy: 
JACC State-of-the-Art Review,Journal of the 
American College of Cardiology, Volume 73, 
Issue 22,2019,Pages 2872-2891,



Echocardiography for ATTR-Amyloidosis

Frederick L. Ruberg, Martha Grogan, Mazen Hanna, Jeffery W. Kelly, Mathew S. Maurer, Transthyretin Amyloid 
Cardiomyopathy: JACC State-of-the-Art Review,Journal of the American College of Cardiology, Volume 73, Issue 
22,2019,Pages 2872-2891,



cMRI for ATTR-Amyloidosis

The Role of Cardiovascular Magnetic Resonance Imaging in Heart Failure Mark A Peterzan, 
Oliver J Rider, Lisa J Anderson Card Fail Rev. 2016 Nov; 2(2): 115–122. 



Tc-99m PYP Scan for ATTR-Amyloidosis



Tc-99m PYP Scan for ATTR-Amyloidosis

Nuclear imaging modalities for 
cardiac amyloidosis. Adam Castaño, 
MD,b and Mathew S. Maurer, MDb

. J Nucl Cardiol. 2014 Feb; 21(1): 175–
184.



Tc-99m PYP Scan for ATTR-Amyloidosis

Nuclear imaging modalities for 
cardiac amyloidosis. Adam Castaño, 
MD,b and Mathew S. Maurer, MDb

. J Nucl Cardiol. 2014 Feb; 21(1): 175–
184.



ASNC Grading System

Frederick L. Ruberg, Martha Grogan, Mazen Hanna, Jeffery W. Kelly, Mathew S. Maurer, Transthyretin Amyloid 
Cardiomyopathy: JACC State-of-the-Art Review,Journal of the American College of Cardiology, Volume 73, Issue 
22,2019,Pages 2872-2891,





ATTR-ACT Trial



ATTR-Amyloidosis Therapeutic Targets

Frederick L. Ruberg, Martha Grogan, Mazen Hanna, Jeffery W. Kelly, Mathew S. Maurer, Transthyretin Amyloid 
Cardiomyopathy: JACC State-of-the-Art Review,Journal of the American College of Cardiology, Volume 73, Issue 
22,2019,Pages 2872-2891,



Conclusions

• Heart Failure is a growing epidemic with high morbidity and mortality that will only 

increase in prevalence as our population ages

• Non-invasive evaluation of left ventricular function has strong prognostic significance, but 

can be fraught with error and misrepresentation 

• Newer techniques for quantifying left ventricular function, including strain 

echocardiography, offer new opportunities to detect heart disease prior to clinical events

• cMRI is not only a powerful tool for quantifying chamber size/function, but its ability to 

characterize myocardial tissue has expanded our diagnostic repertoire

• Novel imaging techniques and increased disease recognition, along with new medical 

therapies, have changed the landscape in amyloid heart disease



Questions and Comments

Thank You


