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Introduction

• Indications

‒ Structural heart disease

• Cardiomyopathies – non-ischemic/ischemic

• Viability

• Congenital heart disease

• Pulmonary hypertension

• Cardiac masses

• Pericardial disease

• Valvular disease



Signal Generation

Weingaertner SCMR 2017



Image Generation

Fourier Transform



Image Acquisition

LVEDV = 193 cc RVEDV = 230 cc

LVESV = 65 cc RVESV = 101 cc

LVSV = 129 cc RVSV = 129 cc

LVEF = 66% RVEF = 56%

LVM = 144 g RVM = 47 g



Image Acquisition



Late Gadolinium Enhancement
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Late Gadolinium Enhancement



Late Gadolinium Enhancement

Mahrholdt EHJ 2005



Native T1 Quantification
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Fontana JACC Imaging 2014



Extracellular Volume Fraction
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Case 1: CC

• 54 year old black male with DOE

‒ TTE

• severely dilated LV, LVEF = 25%

• Moderate to severe MR

‒ LHC
• mLAD 30%; pRCA 30%

• LVEF = 15%



Case 1: CC

LVEDV = 436 cc RVEDV = 229 cc

LVESV = 325 cc RVESV = 110 cc

LVSV = 111 cc RVSV = 118 cc

LVEF = 25% RVEF = 52%

LVM = 206 g RVM = 50 g



Midwall Fibrosis

Gulati JAMA 2013



Midwall Fibrosis

Gulati JAMA 2013



Midwall Fibrosis

Halliday Circ 2017



LGE and Ventricular Arrhythmias in NICM

Di Marco JACC HF 2017



Case 2: WH

• 38 year old black male progressive DOE

• CT Chest mediastinal lymphadenopathy

• AKI – sCr range 1.4 – 1.7



Case 2: WH



Case 2: WH



Case 2: WH



Case 2: WH



Cardiac Amyloidosis

• Prevalence previously unclear

• Seen in 25% on autopsy for age >85 

Tanskanen Ann Med 2008



Cardiac Amyloidosis

Gonzalez-Lopez EHJ 2015

• 120 HFpEF patients

‒ 13% ATTR-CA



Native T1 and Cardiac Amyloidosis

Baggiano SCMR 2018



ECV and MACE

Schelbert JAHA 2015



Case 3: NK

• 62 year old male with CAD with distant MI with PCI to 
LAD

‒ Presented to an outside hospital with acute 
decompensated CHF with diuresis and decongestion
• LVEF on echo: 35%

• LAD on LHC occluded

‒ Re-admitted at OSUMC for dyspnea, atypical chest pain, 
acute decompensated CHF 

• CMR to assess for viability



Case 3: NK



Case 3: NK



Case 3: NK



Late Gadolinium Enhancement

K K

KK

KK

KKK

K

Na

Na Na
Gd

Gd

Gd

Na

Na

Na

Na

Na

NaNa

Na

Gd

Gd

Gd
Gd

GdNa
Na

Na
Na

Na

Gd

Gd

Gd

Gd

GdGd

Gd
Gd

Na

Na

Gd

Gd

Na

Na

Na

Gd
Gd

Gd

Gd
Gd Gd

Gd

Gd
Na

Na

Na

Na

Na

Gd

Gd Gd

Gd

Na

Na

Gd

Gd

Na

Na

Na

Gd
Gd

Gd

Gd
Gd Gd

Gd

Gd
Na

Na

Na

Na

Na

Gd

Gd Gd

Gd

K
K

K

KK

Intact cell membranes

Normal myocardium

Ruptured cell 
membranes

Collagen matrix Mixed cells + collagen

[Gd] > normal

T1 < normal
[Gd] >> normal

T1 << normal
[Gd] >> normal

T1 << normal

Viable Myocardium Acute MI Scar Interstitial Fibrosis

Mahrholdt EHJ 2005



CMR Viability

Kim Circ 1999



CMR Viability

Kim NEJM 2000



CMR Viability

Bondarenko EHJ 2008



CMR Viability

van Kranenburg JACC CVI 2014



Case 4: RS

• 42 year old male recurrent atrial arrhythmias and AF

‒ Pre-PVI

‒ Reported abnormal echo



Case 4: RS



Case 4: RS



HCM and SCD

Gersh ACCF/AHA 2011



HCM and SCD

Chan Circ 2014



HCM and SCD

Maron JACC CVI 2016



HCM and SCD

Al-Khatib ACC/AHA/HRS 2017



Case 5: DB

• 71 year old male for annual visit for moderate mitral 
regurgitation

‒ No symptoms



Case 5: DB



Case 5: DB



Phase contrast imaging - CMR



Case 5: DB

LVSV

Ao

RVol

RVol = LVSV – Ao RF (%) = RVol/LVSV

(69 cc = 131 – 62)     (53% = 69/131)



Mitral Valve Disease

• 16,000 mitral valve surgeries in 2015

• Average growth mitral valve surgeries ~4%/year

• No gold standard

‒ Physiologic changes

‒ Clinical outcomes

Uretsky JACC 2018



Guidelines

Zogbhi JASE 2017



Echocardiography vs CMR - MR

Uretsky JACC 2015, Penicka Circ 2018



Mitral Valve Disease

Uretsky JACC 2015



Mitral Valve Disease

Penicka Circ 2018



Conclusions

• Commonly utilized tool for cardiac evaluation

• Pivotal in diagnosis, management, prognosis

‒ New diagnosis in 27% (69/361)

• Cost-saving

‒ Reduced further invasive testing (11%) or layered testing 
(7%)

‒ Per patient cost saving $2,300

Hegde Clin Med Insights Cardiol 2017



Thank You


