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Diastolic Heart Failure 
Clinical Definition 

  A clinical syndrome 

characterized by the symptoms 

and signs of HF, a preserved 

ejection fraction (≥50%), and 

abnormal diastolic function. 

Recently the most commonly 

used term is HFpEF. 
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Left ventricular diastolic volume (mL) 

Controls 

β = 0.01 

HFpEF 

β = 0.03 

Zile M et al, NEJM, 2004 

↑ Stiffness in HFpEF 



Global CV Reserve Dysfunction in HFpEF 
Borlaug BA et al JACC 2010;56:845 

PAT=Peripheral Arterial Tonometry 

RHI=Reactive Hyperemia Index 

 

     PAT                             RHI                           % of subjects 



Global CV Reserve Dysfunction in HFpEF 
Borlaug BA et al JACC 2010;56:845 

Ea = Effective Arterial 

Elastance 

SVRI = SVR Index 
 

PWRI = Peak LV power 

Index 

PRSW = Preload 

Recruitable Stroke work 

Ees = End Syst Elastance 

Blue = Control 

Green = HTN 

Red = HFpEF 



Vasodilation in HFrEF and 

HApEF 
Schwarzenberg s et al JACC 2012;59:442 



Exercise intolerance in patients with HFpEF 
Haykowski et al JACC 2011;58:265 

% change in HR 

% change in CO 

 





Pulmonary Hypertension and HFpEF 
Lam CSP, JACC 2009;53:1119 

PAS > 35 mmHg 



Pulmonary Hypertension and HFpEF 
Lam CSP, JACC 2009;53:1119 

Median PASP 48 mmHg 



Pulmonary Hypertension and HFpEF 
Lam CSP, JACC 2009;53:1119 



Impaired Vasodilatory 

Reserve 

Impaired myocardial 

Relaxation 

Resting Systemic and 

Pulmonary Vascular 

Dysfunction 

Subtle Resting 

Contractile  

Dysfunction 

Impaired Ventricular- 

Vascular Coupling 

Reserve 

Impaired Systolic 

Reserve 

Chronotropic 

Incompetence 
Renal Dysfunction 

Pulmonary 

Hypertension 

↓ Reserve 

Resting Symptoms 



B/o limitations of 

Doppler/Echo  

criteria clinicians should not 

hesitate to implement 

invasive Investigations to 

confirm the diagnosis 

Paulus WJ Circulation 2009 



Systolic and Diastolic Dysfunction  
Redfield M et al JAMA 2003;289:194 



Systolic and Diastolic Dysfunction  
Redfield M et al JAMA 2003;289:194 

Diastolic dysfunction diagnosed by echocardiography is common. 

But often is not accompanied by symptomatic heart failure and 

 vise versa 



B/o limitations of 

Doppler/Echo  

criteria clinicians should not 

hesitate to implement 

invasive Investigations to 

confirm the diagnosis 

Paulus WJ Circulation 2009 



BNP IN SYSTOLIC OR 
DIASTOLIC DYSFUNCTION 

Breathing Not Properly Multinational Study – 447 patients  with acute dyspnea in the ED  
 

 

Maisel et al. JACC. 2003;41:2010-2017 
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Why is BNP Lower in HFpEF? 



B/o limitations of Doppler/Echo  

criteria clinicians should not 

hesitate to implement invasive 

Investigations to confirm the 

diagnosis 

Paulus WJ Circulation 2009 



Exercise Hemodynamics for Early 
Diagnosis of HFpEF 



Exercise Hemodynamics for Early 
Diagnosis of HFpEF 

55 Patients with exertional dyspnea and 

LVEF ≥50% 

 No obstructive CAD  

Normal BNP levels and 

 Mean PCWP <15mmHg 

 Underwent exercise study in the cath 

lab 



 
Exercise Hemodynamics for Early 

Diagnosis of HFpEF 
Borlaug BA et al Circ HF 2010;3:588 

 
NCD – 

Non 

Cardiac 

Dyspnea 



Exercise Hemodynamics for Early 
Diagnosis of HFpEF 

Borlaug BA et al Circ HF 2010;3:588 



Exercise Hemodynamics for Early 
Diagnosis of HFpEF 

Borlaug BA et al Circ HF 2010;3:588 



Exercise Hemodynamics for Early 
Diagnosis of HFpEF 

Borlaug BA et al Circ HF 2010;3:588 



HFpEF in Outpatients With 
Unexplained Dyspnea 

Penica M et al JACC 2010;55:1701 

RE =Rest 

HG = Hand grip 

LL = Leg Lifting 

NI = Nitroprusside 

DO = Dopamine 



Exercise Hemodynamics in HFsEF 
Maeder MT.JACC 2010;56:855 



Exercise Hemodynamics in HFsEF 
Maeder MT.JACC 2010;56:855 



Hemodynamic Response to Rapid 
Saline Loading 

Fujimoto N et al Circulation on line Nov 21, 2012 



Hemodynamic Response to Rapid 
Saline Loading 

Fujimoto N et al Circulation on line Nov 21, 2012 

Liter/M2 



summary 

 HFpEF is a syndrome which in addition to 

Impaired myocardial Relaxation is 

associated with endothelial dysfunction, 

impaired vasodilatory reserve, subtle 

systolic dysfunction, impaired systolic 

reserve, chronotropic incopmpetence, 

and pulmonary hypertension.All of these 

lead to symptoms of heart failure and 

worse prognosis. 

 



summary 

 Diagnosis usually relies on non 

invasive criteria but can be 

enhanced by hemodynamic 

assessment of resting LV filling 

pressure as well as 

hemodynamic response to  

exercise (hand grip), leg raising 

and fluid loading. 

 



 Heart Failure with 
Preserved Ejection 

Fraction  
 

Management 
 



Clinical trials in HFpEF 

  CHARM-PHF I PRESERVE PEP-CHF SENIORS 

Therapy Candesartan Irbesartan Perindopril Nebivolol 

Age (yrs) 

 

>18 (67)  ≥60 (72)  ≥70 (76)  ≥ 70 (76 ) 

EF (%) ≥ 40 (54 ) ≥ 45 ( 59 ) ≥ 40 (65 ) ≥ 35 (49 ) 

# of pts 3,023 4,128 850 752 

Females 40% 60% 55% 38% 

Death/HF 

hospitalizations 

0.89  

(0.77-1.03) 

 

0.95  

(0.86-1.05) 

 

0.92 

 (0.70-1.21) 

 

0.81 

(0.63-1.04 ) 



SENIORS Trial 
All Cause Mortality or CV Hospitalization 

von Veldhuisen et al JACC 2009;53:2150 

 

Mean EF 49±10% 

N=1359 N=7522 Nebivolol (mean dose 7.7 mg) 

vs Placebo for ~ 40 months 



PDH in patients with HFpEF and PH 
Guazzi M et al, Circulation 2011;124:164 



PDH in patients with HFpEF and PH 
Guazzi M et al, Circulation 2011;124:164 



RELAX – Sildenafil in HFpEF 
Redfield MM et al , JAMA 2013;309:1268 

 216 stable out patients with HFpEF (≥ 50%). 

 Eleveted BNP or invasively measured 

LVEDP. 

 Reduced exercise capacity. 

 Rendomized to placebo or sidenafil 20mg tid 

for 12 weeks followed by 60 mg tid for 12 

weeks. 

 Results : No change in Peak VO2,(primary 

end point), 6 minutes walk, and clinical 

status. 



ALDO – DHF Trial 
Spitonolactone in HFpEF 

 10 sites in Germany & Austria. 

 422 patients with HFpEF,NHAF class II-III. 

 Echo evidence of LV diastolic dysfunction. 

 Peak VO2 < 25 ml/Kg/min. 

 Rendomized to spironolactone 25 mg/d vs. placebo. 

 Results: Sig. improvement in diastoloc dysfunction, 

LV mass index and BNP level. 

 No sig. change in peak VO2, symptoms and QOL. 

 Deacrease in 6 min walk distance and GFR and an 

increase in serum potassium. 



Summary 

 Recent studies involving the use of 

aldosterone antagonists and PD5-I 

(Sildenafil) have been added to a long 

list of therapeutic interventions, 

effective in patients with HFrEF   

including ACE  inhibitors , ARBs and 

beta blockers which have failed in 

patients with HFpEF. 

  . 



Heart Failure Practice Guidline 
Section 11 : HF with Preserved LVEF 

 Careful attention to differential 

diagnosis because treatment may differ 

(C). 

 Evaluation for ischemic heart disease 

(C). 

 Aggressive BP management (C). 

 Use of low sodium diet (C). 



Heart Failure Practice Guidline 
Section 11 : HF with Preserved LVEF 

 Diuretics to patients with evidence of 

volume overload but avoid excessive 

diuresis to prevent orthostatic hypotension 

and WRF (C). 

 ARBs (B) or ACE inhibitors (C) should be 

considered. 

 Measures to restore and maintain NSR 

should be considered in patients with 

symptomatic atrial flutter or fibrillation (C). 


