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Conclusions 

• Both ECV and GLS predict outcomes in HFpEF 

– Shah AM, et al.  Prognostic importance of impaired systolic function in heart failure with preserved 

ejection fraction and the impact of spironolactone. Circulation 2015;132:402–14. 

– Schelbert EB, et al. Temporal Relation Between Myocardial Fibrosis and Heart Failure With 

Preserved Ejection Fraction Association With Baseline Disease Severity and Subsequent Outcome.  

JAMA Cardiology doi:10.1001/jamacardio.2017.2511 

• Both GLS and ECV independently discriminate between 

hypertensive heart disease and HFpEF and identify patients 

with prognostically significant functional limitation by CPEX.                       
(Mordi IR et al.  J Am Coll Cardiol Img 2017) 

• ECV is the best diagnostic discriminatory marker of HFpEF.                                       
(Mordi IR et al.  J Am Coll Cardiol Img 2017) 

• Only ECV identifies a specific pathway for Rx, e.g., 

spironolactone  

 

 



Unpublished CMR data (embargoed)  

• Overall, GLS by CMR a better predictor than ECV in the 

entire cohort 

 

• In HFpEF, ECV a stronger predictor than GLS 



Background 

Strain by now is familiar:  

 GLS=LV deformation  contractility 

 

What is T1 mapping and ECV? 



ExtraCellular Volume 

fraction (ECV)  

measures myocardial 

interstitial 

expansion 

 

 

=myocardial Gd 

uptake relative to 

plasma (not whole 

blood measured from 

images) 

Schelbert EB, Fonarow GC, Bonow RO, Butler J,  

Gheorghiade M. JACC 2014 



 

Schelbert EB, et al. J Am Heart Assoc. 2015;4:e002613 



Severe diffuse interstitial fibrosis      Normal 

LGE misses the severe diffuse myocardial fibrosis 

Schelbert EB, Fonarow GC,  

Bonow RO, Butler J,  

Gheorghiade M. JACC 2014 



 



Well-established HFpEF 

• HFpEF patients were identified via a large screening program for HFpEF 

conducted in primary care. 

• They were diagnosed on the basis of symptoms and signs consistent with HF, 

elevated B-type pro-natriuretic peptide (BNP) at the time of diagnosis (>35 

pg/ml), normal left ventricular (LV) dimensions with ejection fraction (EF) >50% 

(12) plus evidence of echocardiographic abnormalities such as left ventricular 

hypertrophy, left atrial enlargement, or evidence of diastolic dysfunction as per 

the 2016 European Society of Cardiology guidelines (12).  

• Determination of diastolic dysfunction required at least 2 of the following to be 

present: early mitral inflow velocity/mitral annular early diastolic velocity (E/e’) 

>13; mean septal and lateral mitral annular early diastolic velocity (e’) <9 cm/s; 

or left atrial volume index >34 ml/m2.  

• Finally, all patients underwent CPEX in order to confirm the presence of exercise 

limitation of cardiac etiology by peak oxygen consumption (VO2) <80% predicted 

and minute ventilation–carbon dioxide production (VE/VCO2) slope >32 (13).  

• All patients underwent a symptom-limited protocol and were only included in the 

study if they were able to achieve a respiratory exchange ratio ≥1. 



Evolving concept: ECV can help guide Rx 

• ECV provides more than just diagnostics and 

prognostication 

 

• Disease specific pathway showing interstitial expansion 

• treat the interstitium with RAAS inhibition (assuming 

no amyloid) 

 

 

• GLS tells you quite little about underlying 

pathophysiology 

• Even bull’s-eye pattern not so accurate for amyloidosis 



Supporting evidence for a key role of 

myocardial fibrosis in HFpEF 

 



ECV describes the structural and functional abnormalities of HFpEF 

 



CONCLUSIONS  

 

Diffuse myocardial fibrosis, 

assessed by CMR-derived 

T1 mapping, independently 

predicts invasively 

measured LV stiffness in 

HFpEF.  

 

Additionally, ECV helps to 

noninvasively distinguish the 

role of passive stiffness 

and hypertensive exercise 

response with impaired 

active relaxation. 

Rommel K-P et al. J Am Coll Cardiol 2016;67:1815–25 
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Schelbert EB, et al. JAMA Cardiology 2017 

Amyloidosis 



ECV alerts us to the presence of substrate to treat 

with anti-fibrotic drugs 

 

Schelbert EB, Sabbah HN, Butler J, Gheorghiade M. Circulation: CV Imaging 2017 



CONCEPTUAL MODEL:  Inferring cardiomyocyte-ECM 

interactions by associations with cardiac dysfunction and adverse 

outcomes 

Schelbert EB, Wong TC, Gheorghiade M.  JAHA 2015  



 

Schelbert EB, Sabbah HN, Butler J, Gheorghiade M. Circulation: CV Imaging 2017 



 



Spironolactone 

probably 

worked in 

HFpEF 

Pfeffer MA, et al.   

Circulation. 2015; 

131:34-42 
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Thanks for your attention! 



 


