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Heart Failure with Preserved Ejection Fraction 
(HFpEF), Diastolic Heart Failure 

• HFpEF is a clinical syndrome in patients with: 

– Current or prior symptoms of heart failure 

– Left ventricular ejection fraction ≥50% 

– and evidence of cardiac dysfunction as a cause of symptoms: 
abnormal LV filling and elevated filling pressures  

• Diastolic dysfunction by echocardiography is one of the criteria for 
the diagnosis (and the hallmark) of HFpEF. 

• HFpEF should be distinguished from other causes of HF with an 
LVEF ≥50%, such as valvular heart disease, pericardial disease, 
cardiac amyloidosis, and high output heart failure. 
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Heart Failure with Preserved Ejection Fraction 
(HFpEF) 

• Diastole is divided into the following phases: 

– isovolumetric relaxation: both aortic and mitral valves are closed 
and LV pressure is declining 

– early LV filling with opening of the mitral valve 

– a mid-diastolic phase (often noted in patients with bradycardia) 

– late or atrial filling with left atrial (LA) contraction 

• In normal hearts, predominant LV filling occurs in early diastole. 
With impaired LV relaxation, LV filling shifts to late diastole and 
becomes dependent on LA systolic function. This accounts for the 
significant clinical deterioration that is seen in patients with 
diastolic dysfunction in the presence of atrial fibrillation. 
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Seeing the Un-seeable:  
Echocardiography 
• Four recommended 

variables for diastolic 
dysfunction: 

– e’ velocity: septal e’ < 
7 cm/sec and lateral e’ 
< 10 cm/sec 

– Average E/e’ ratio >14 

– Left atrial volume 
index > 34 mL/m² 

– Peak TR velocity > 2.8 
m/sec 
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Seeing the Un-seeable: Echocardiography 
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Seeing the Un-seeable: Diastolic Stress 
Echocardiography 
• Indication: Clinical symptoms and 

indeterminate echocardiogram or 
grade I diastolic dysfunction. 

• Not for patients with completely 
normal hearts with preserved e’ 
(>7cm/sec septal, >10cm/sec 
lateral), diastolic function highly 
unlikely. 

• In normal subjects, mitral early 
diastolic E velocity increases with 
the augmented LV suction. Mitral 
annular e′ velocity likewise 
increases proportionally with E 
velocity with exercise so that E/e′ 
ratio remains unchanged from 
resting state to exercise. 

8 



Global longitudinal strain (GLS) 
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• GLS is a measurement of myocardial deformation (myocardial strain) by 
2-dimensional speckle tracking echocardiography.  

• A sensitive measure of LV contractility. 

• Patients with HFpEF usually have depressed GLS and GLS has a strong 
independent prognostic factor for outcomes independent of EF. 

• In one study of over 4000 patients followed over 8 years, 84% of the 
patients with HFpEF had decreased GLS (<20%) and the degree of 
decreased GLS was related to the prognosis, implying that a significant 
proportion of patients with HFpEF have reduced systolic function.  

• In an echocardiographic substudy of the TOPCAT (Treatment of 
Preserved Cardiac Function Heart Failure with an Aldosterone 
Antagonist) trial, patients with HFpEF had lower longitudinal strain 
compared with age-, sex-, and race-matched elderly individuals without 
HF.  

JACC 2018 71(18) 
NEJM 2014 370: 1383-1392 



Seeing the Un-seeable: GLS 
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Seeing the Un-seeable: Cardiac MRI 
• Cardiac magnetic resonance (CMR) is currently the gold standard 

imaging modality for assessing atrial and ventricular volumes and 
accurately quantifying ejection fraction 

• Although the role of CMR for diastolic function assessment is evolving, it 
currently allows accurate assessment of the structural changes 
associated with HFpEF, such as left atrial enlargement, pathological LV 
hypertrophy, and, at the myocardial tissue level, the unique ability to 
assess both permanent replacement fibrosis and dynamic interstitial 
fibrosis.  

• More recently, the use of feature-tracking imaging has permitted 
assessment of myocardial strain.  

• In addition, CMR can assist in identifying underlying cardiac pathologies 
in patients presenting with diastolic heart failure (infiltrative 
cardiomyopathy, constrictive pericarditis, hypertrophic cardiomyopathy).  
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Seeing the Un-seeable: Cardiac MRI 

• Left ventricular Mass: 

– Increased left ventricular 
mass is an independent risk 
marker for adverse 
cardiovascular outcomes. 

• Transmitral Flow: 

– Using phase contrast 
imaging, inflow velocities 
can be obtained. However 
may be underestimated.
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Seeing the Un-seeable: Cardiac MRI 

• Left Ventricular Strain: 

1. Myocardial tagging: SPAMM 
creates a grid of radiofrequency 
“tags” that move with the 
myocardium, enabling tracking of 
cardiac deformation. MT has been 
extensively validated and has 
served as the gold standard 
technique for validation of other 
strain measurement techniques  

2. Feature-tracking CMR: 
endocardial tracking similar to 2D 
speckle tracking in echo. 
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Seeing the Un-seeable:  
Cardiac MRI 

• T1 Mapping:  
– T1 mapping analyzes the longitudinal proton 

relaxation times after an electromagnetic 
pulse and represents them as pixel 
intensities. Native T1 values (pre-contrast) 
are specific to the tissue being studied. 

– T1 mapping has emerged as a novel 
quantifiable marker of the extent and severity 
of diffuse interstitial fibrosis, which can be 
helpful to detect myocardial pathologies, 
including cardiomyopathies, cardiac 
amyloidosis, and ischemic heart disease, in 
which native T1 values are increased 

– Post-contrast T1 times below the median 
(<388 ms) had the strongest predictor of 
adverse events when compared with other 
significant factors such as the LA area and 
pulmonary vascular resistance, and this 
might prove to be a promising biomarker for 
HFpEF. 
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Seeing the Un-seeable: Cardiac MRI 

• Extra Cellular Volume (ECV): 
– Myocardial fibrosis, edema, or infiltration 

tends to increase the collagen content and 
should increase the myocardial ECV, which 
measures the myocardial uptake of 
gadolinium relative to plasma.  

– Studies have shown a strong correlation 
between ECV and histological collagen 
volume fraction, both in vivo and in vitro. 

– The assessment of myocardial interstitial 
fibrosis using CMR has promising 
implications and may be an attractive 
therapeutic pathway and a surrogate 
endpoint in clinical trials in the future.  
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Seeing the Un-seeable:  
Cardiac MRI 

• Extra Cellular Volume (ECV): 
– In a contemporary study evaluating the utility of ECV 

diagnosing and differentiating HFpEF from 
hypertensive heart disease, ECV was significantly 
higher in both patients with HFpEF (35.9  5.0%) and 
hypertensive patients (31.9  5.2%) versus control 
subjects. ECV was the best imaging technique and 
was superior to echocardiographic GLS, for 
differentiating between both conditions with a cutoff 
of 31.2% that was 100% sensitive and 75% specific 
(JACC CV Imaging 2018 11(4).) 

– In another study comparing CMR-derived GLS and 
ECV in a cohort of patients with HFpEF, 
hypertension, and healthy control patients, higher 
event rates were noted in a dose-response fashion 
in patients with higher ECV (JAMA Cardiol. 
2017;2(9):995-1006). 

– Another study examined the relationship between 
elevated ECV and invasively measured load-
independent parameters of LV stiffness and 
demonstrated a high correlation (Circ: Card Imag 
2016 9(12).  

– These studies are promising, although small sample 
size limits generalizability 
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HFpEF Native-T1 values were significantly 
raised through-out (>1000ms) with no presence 
of scar on LGE-imaging (c2). ECV maps 
demonstrated patchy rise in extra-cellular space 

Journal of Cardiovascular Magnetic Resonance 
(2016) 18:89 

CMR: Alternative Diagnosis 



Seeing the un-seeable: What are the best options 
for imaging HFpEF? 

• Conclusions: 

– Diastolic dysfunction by echocardiography is one of the criteria for 
the diagnosis (and the hallmark) of HFpEF. 

– HFpEF should be distinguished from other causes of HF with an 
LVEF ≥50%. 

– Think beyond the algorithm:  

• Echocardiogram: global longitudinal strain, diastolic stress test 

• Cardiac MRI: quantification of EF, myocardial mass, myocardial tagging, 
feature tracking, T1 mapping, extra cellular volume   

– Cardiac MRI is an evolving modality that most accurately quantifies 
ventricular and atrial volumes, mass, and tissue characterization. 
CMR can also help distinguish from other causes of heart failure. 
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