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What are the tools that CMR can offer in 
assessment of Heart Failure ?
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SSFP: Ventricular Volumes & 
Function

Shah. Curr Opin Cardiol 2012, 27:485–491

 
Simpson’s Rule  
Technique
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SSFP: Ventricular Volumes & 
Function
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Simpson’s Rule  
Technique

CMR in casts of cadaveric 
hearts

• CMR volumetry validated:

– Animals

– In vitro

– In vivo

– Ex vivo


• Superior to ECHO

– Highly accurate

– Highly reproducible 

– Low intra-observer variability

– Low inter-observer variability


• LVEF: 2-7%

– Low inter-study variability


Pattynama PM. Radiology 1993;187:261–8. 
Semelka RC. Am Heart J 1990;119:1367–73. 
Stratemeier EJ.Radiology 1986;158:775–7.

Rehr RB.Radiology 1985;156:717–9

LVEF = (EDV-ESV)/EDV 
LVEF = (206–102)/206 = 50% 
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Severity of Valvular Regurgitation

Secondary MR

What are the tools that CMR can offer ?
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• Late Gadolinium Enhancement

What are the tools that CMR can offer ?
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ISCHEMIC ENHANCEMENT PATTERNS

A. Subendocardial Infarct

B. Transmural Infarct
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Extent of LGE and Likelihood of Functional Improvement
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Transmural Extent of Hyperenhancement (%)  
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Kim et al. NEJM 2000. 
Choi et al, Circulation 2001. 
Bello et al. Circulation 2003.

Hyperenhancement patterns that do not fit with the wavefront 
phenomenon of ischemic injury are likely to be nonischemic.

PREMISE:

MIDWALL              EPICARDIAL          NON-CAD PERFUSION
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Identification of Etiology:

CARDIOMYOPATHIES

Nonischemic

Genetic Dilated Infiltrative / 
RestrictiveInflammatory

• HCM 
• ARVC  
• LVNC 
• Muscular 

Dystrophy

• Sarcoid 
• SLE 
• Other Connective 

Tissue Disorders

• Amyloid 
• Siderosis 
• Anderson-Fabry 
• Endomyocardial 

fibrosis 
• Radiation

• Idiopathic 
• Viral Myocarditis 
• Takotsubo
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Delayed Enhancement

Hypertrophic Cardiomyopathy

Cine



Hypertrophic Cardiomyopathy: LGE 
Association with Sudden Death 

Chan et al, Circulation 2014.
@dipanjshah

ARVC

RVEF: 39% 
RVEDVI:  136ml/m2

MAJOR CRITERIA

MINOR CRITERIA

Left Dominant Arrhythmogenic 
Cardiomyopathy

Choudhry et al, JACC 2008 @dipanjshah

• LV End Diastolic Volume:  190 ml 
• LV Ejection Fraction:  29%

• Noncompacted Myocardium (NC):  17 mm 
• Compacted Myocardium (C):  6 mm 
• Ratio NC/C:  2.8

Noncompaction

@dipanjshah Peterson et al, J Am Coll Cardiol. 2005

 A NC/C ratio of >2.3 in diastole distinguished pathological non-
compaction, with values for sensitivity, specificity, positive, and negative 
predictions of 86%, 99%, 75%, and 99%, respectively.

Noncompaction

@dipanjshah

Jacquier et al. European Heart Journal 2010. 

Noncompaction

A trabeculated LV mass above 20% of the global LV mass is highly 
sensitive and specific for the diagnosis of LVNC
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Noncompaction
LV Thrombus
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@dipanjshah Circ Cardiovasc Imaging. 2020 @dipanjshah

Identification of Etiology:

CARDIOMYOPATHIES

Nonischemic

Genetic Infiltrative / 
RestrictiveInflammatory

• HCM 
• ARVC  
• LVNC 
• Muscular 

Dystrophy

• Sarcoid 
• SLE 
• Other Connective 

Tissue Disorders

• Amyloid 
• Siderosis 
• Anderson-Fabry 
• Endomyocardial 

fibrosis 
• Radiation

• Takotsubo 
• Viral Myocarditis 
• Idiopathic 

Dilated

@dipanjshah
Eitel et al JAMA. 2011

Multicenter 
n=239 patients @dipanjshah

Patterns of Ballooning

Apical

Ballooning


(82%)

Takotsubo

Basal “inverted” 
Ballooning


(1%)

Midventricular

Ballooning


(17%)

Eitel et al JAMA. 2011

Multicenter 
n=239 patients

Biventricular 
Ballooning


34%
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LGE in Takotsubo

Eitel et al JAMA. 2011

No LGE using 5 SD Threshold
@dipanjshah

LVEF
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Takotsubo Follow Up

Eitel et al JAMA. 2011

    MINOCA

Tamis-Holland, et al. Circulation 2019

Gulati et al. JAMA 2013

Idiopathic Dilated CMP

Gulati et al. JAMA 2013

Idiopathic Dilated CMP

Klem et al, Circulation 2021



Klem et al, Circulation 2021

• LVEF is associated with All-cause and Cardiac Mortality
• Scar is associated with SCD and arrhythmic events

Klem et al, Circulation 2021

• Progressive increasing risk for SCD and arrhythmic composite 
events for both LVEF < 35% and also for LVEF > 35%.

• Risk plateaued ~ 20-25% scar burden.

CMR FINDINGS: Summary

• Hypertrophy of basal septum, lateral wall, RV free wall 
• LGE of basal septum, lateral wall, RV free wall 
• Increased water content (edema) basal septum, lateral wall, RV free wall 
• Hilar and paratracheal lymphadenopathy

Constellation of findings raise 

suspicion for cardiac sarcoidosis

LGE and Annual Event 
Rates in Sarcoid

Coleman et al. JACC Imaging 2009.

• 10 studies 
• 760 patients
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1. Unexplained Moritz II or 3rd 
degree AV Block (age < 60)


2. VT of unknown etiology

3. Heart Failure

Imaging

Biopsy proven 
extra-cardiac 
sarcoidosis

1. Identify Cardiac Involvement 
2. Establish Initial Diagnosis of 

Sarcoidosis

Identify Cardiac 
Involvement

What is the Role of Imaging Sarcoid?

1.  Between 16% and 35% of patients presenting with complete atrioventricular block 
(age <60 years) or ventricular tachycardia of unknown etiology have previously 
undiagnosed CS as the underlying etiology. 

2. CS as the underlying cause of heart failure: 
• core LV biopsies at the time of LVAD —> undiagnosed CS (3.4%) 
• Explanted hearts —> 3% undiagnosed CS.                                - Birnie et al, JACC 2014



What is the most likely diagnosis ?

• Pericardial Effusion

• LV Wall Thickness: 1.6 cm

• RV Wall Thickness: 0.8 cm

• Biatrial enlargement

• LVEF:  47%

• RVEF:  38%

• LV Mass:  297 g

• LV Mass Index: 149 (58-91)  

• Diffuse HE of LV and RV 
• Diffuse HE of atria 
• Papillary muscle HE

CLINICAL CASE: LGE

AMYLOID HEART DISEASE

Shah et al. In: Edelman RR, et al., eds. Clinical Magnetic Resonance Imaging, 2005.

Nonischemic

• Idiopathic Dilated 
Cardiomyopathy 
• Myocarditis

• Hypertrophic Cardiomyopathy 
• Right ventricular pressure 
  overload (e.g. congenital heart 
  disease, pulmonary HTN)

• Sarcoidosis, Myocarditis, Anderson-Fabry, Chagas Disease

A. Subendocardial Infarct

B. Transmural Infarct

A. Mid-wall HE

B. Epicardial HE

C. Global Endocardial HE

• Amyloidosis, Systemic Sclerosis, Post cardiac transplantation

• Sarcoidosis 
• Myocarditis 
• Anderson-Fabry 
• Chagas Disease

Ischemic
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• Myocardial Fibrosis via 
CMR LGE aids in:

– Diagnosis

– Prognosis

Role of CMR in Cardiomyopathy/HF
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Houston Methodist CV Imaging Team

THANK YOU FOR YOUR ATTENTION !!

Inversion Time Too Short

What is the diagnosis ?


