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The features of Diastole

The normal pressure volume loop showing the different phases of the cardiac 

cycle

Vasan RS, Levy D. Defining diastolic heart failure: a call for standardized diagnostic criteria. Circulation. 2000; 101: 2118–2121.



• It is now thought that almost half the 
patients who come to emergency rooms with 
episodes of acute heart failure actually have 
diastolic heart failure!



• The diagnosis of diastolic heart failure, 
unfortunately, is often missed by unwary physicians.

• Because once the patient presenting with diastolic 
heart failure has been stabilized, unless the doctor 
looks specifically for evidence of diastolic 
dysfunction on the echocardiogram, the heart can 
appear entirely "normal."



• Due to various medical conditions, the ventricles 
become relatively "stiff." 

• Stiff ventricles cannot fully relax during diastole, and 
as a result the ventricles may not fill completely, and 
blood can "dam up" in the body's organs (mainly 
the lungs). 

• This abnormal "stiffening" of the ventricles, and the 
resulting abnormal ventricular filling during diastole, 
is referred to as diastolic dysfunction.
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Definition:

Heart failure is most commonly associated with impaired LV

systolic function.

30-40% of all patients with typical symptoms of CHF - normal

or slightly reduced EF

In these patients, diastolic dysfunction is implicated as a major

contributor, if not the primary cause.

This syndrome of clinical heart failure with normal left

ventricular systolic function in the absence of cardiac valvular

lesions is often referred to as diastolic heart failure (DHF).



Epidemiology of Congestive Heart Failure: 

Approximately 5 million people in the U.S. have CHF.

Over 550,000 patients are diagnosed with CHF for the first 
time each year.

Primary reason for 12-15 million office visits and 6.5 million 
hospital days each year

The incidence of CHF approaches 10 per 1000 population over 
age 65. 

Rate of hospitalization is similar to that associated with systolic 
heart failure

Fewer published data on diastolic heart failure than systolic 
heart failure



Epidemiology of Diastolic Heart Failure:

About one third of all patients with congestive heart 
failure have diastolic heart failure
Prevalence is highest in patients older than 75 years 

old
Mortality rate is about 5-8 % annually as compared to 

10-15% among patients with systolic heart failure
Mortality rate is directly related to age and the 

presence/absence of coronary disease.



LV Diastolic function

The assessment of left ventricular (LV) diastolic function should 
be an integral part of a routine examination, particularly in 
patients presenting with dyspnea or heart failure.

About half of patients with new diagnoses of heart failure have 
normal or near normal global ejection fractions (EFs).

European Study Group on Diastolic Heart Failure. How to diagnose diastolic heart failure. Eur Heart J. 1998; 19: 990–1003.



D/D to the Syndrome of HFNEF



Characteristics of Systolic vs Diastolic Heart 

failure

Fahad Aziza, Luqman-Arafath TK, et al. Diastolic Heart Failure: A Concise Review. J Clin Med Res • 2013;5(5):327-334



Pathophysiology of Diastolic Heart 

Failure

ventricle that has thick walls but a small cavity (increased left

ventricular mass/volume ratio).

When the left ventricle is stiff, it relaxes slowly in early diastole

and offers greater resistance to filling in late diastole, so the

diastolic pressures are elevated.

The low cardiac output manifests as fatigue, while the higher

end diastolic pressure is transmitted backwards through the

valve- less pulmonary veins to the pulmonary capillaries,

resulting in exertional dyspnea.

Fahad Aziza, Luqman-Arafath TK, et al. Diastolic Heart Failure: A Concise Review. J Clin Med Res • 2013;5(5):327-334



Pathophysiology of Diastolic Heart 

Failure

These patho-physiological abnormalities trigger 

neurohormonal activation as happens in systolic heart 

failure. 

Symptoms may be unmasked by exercise because, 

unlike normal people, patients with diastolic heart 

failure are unable to augment their stroke volume by 

increasing their left ventricular end diastolic volume 

(Frank-Starling mechanism). 

Fahad Aziza, Luqman-Arafath TK, et al. Diastolic Heart Failure: A Concise Review. J Clin Med Res • 2013;5(5):327-334



Pathophysiology of Diastolic Heart 

Failure

These patients often have an exaggerated response of 

systolic blood pressure to exercise.

Mechanisms contributing to abnormal left ventricular 

diastolic properties include stiff large arteries, 

hypertension, myocardial ischemia, diabetes, and 

intrinsic myocardial changes with or without 

associated hypertrophy

Fahad Aziza, Luqman-Arafath TK, et al. Diastolic Heart Failure: A Concise Review. J Clin Med Res • 2013;5(5):327-334





What Causes It?

The most common cause of diastolic heart failure is the natural 

effect of aging on the heart. As you age, your heart muscle 

tends to stiffen, which can prevent your heart from filling with 

blood properly, leading to diastolic heart failure.

But there are many health problems that can impair your left 

ventricle's ability to fill properly with blood during diastole.



Causes Of Diastolic Heart Failure

Cause What is it? How it causes heart failure

Coronary artery 

disease (CAD)

Blockage of the arteries that supply 

blood to the heart

Low blood flow to the heart muscle (ischemia) 

can prevent the heart from relaxing and filling 

with blood.

High blood pressure Elevated pressure in your arteries Heart muscle can thicken the wall of the heart 

(hypertrophy) in an effort to pump 

against high blood pressure. Thickened heart 

muscle limits the heart's ability to relax and fill 

with blood.

Aortic stenosis Narrowed opening of the aortic 

valve

The left ventricle thickens, limiting its ability to 

fill.

Hypertrophic 

cardiomyopathy

Inherited abnormality of heart 

muscle resulting in very thick walls 

of the left ventricle

Thick heart muscle prevents blood from filling 

the left ventricle.

Pericardial disease Abnormality of the sac that 

surrounds the heart (pericardium)

Fluid in the pericardial space (pericardial 

tamponade) or a thickened pericardium 

(pericardial constriction) can limit the heart's 

ability to fill.



Causes of Diastolic Congestive Heart 

Failure

Myocardial

Impaired relaxation

Epicardial or microvascular ischemia

Myocyte hypertrophy

Cardiomyopathies

Aging

Hypothyroidism

 Increased passive stiffness

Diffuse fibrosis

Post-infarct scarring

Myocyte hypertrophy

Infiltrative (eg, amyloidosis, hemochromatosis, Fabry’s disease)

Brad G. Angeja, William Grossman. Evaluation and Management of Diastolic Heart Failure. Circulation. 2003;107:659–663



Causes of Diastolic Congestive Heart 

Failure

Endocardial

Fibroelastosis

Mitral or tricuspid stenosis

Epicardial / Pericardial

Pericardial constriction

Pericardial tamponade

Coronary microcirculation

Capillary compression

Venous engorgement

Other

Volume overload of the contralateral ventricle

Extrinsic compression by tumor

Brad G. Angeja, William Grossman. Evaluation and Management of Diastolic Heart Failure. Circulation. 2003;107:659–663



Factors that Exacerbate Diastolic Heart Failure:

Uncontrolled hypertension

Atrial Fibrillation
Non-compliance with or inappropriate discontinuation of 

medications for heart failure
Myocardial ischemia
Anemia
Renal insufficiency
Use of NSAIDS or thiazolidinediones

Dietary indiscretion with overindulgence in salty foods



Characteristics of Diastolic Heart Failure:

Low stroke volume

Reduced cardiac output despite a normal ejection fraction

Limited exercise tolerance as a result of elevated left 
ventricular diastolic and pulmonary venous pressure -> 
reduction in lung compliance -> increase in the work of 
breathing



Characteristics of Diastolic Heart Failure as Compared 
with Those of Systolic Heart Failure



Diagnosis

The signs and symptoms of heart failure are nonspecific (dyspnea, exercise

intolerance, fatigue, weakness) and often can be attributed to other

conditions, such as pulmonary disease, anemia, hypothyroidism, depression,

and obesity.

 difficult to distinguish diastolic from systolic heart failure based on physical

findings or symptoms.

 Systolic heart failure – LVEF <45%, but diagnostic criteria for diastolic

dysfunction are still controversial.

Cardiac catheterization remains the gold standard for demonstrating

impaired relaxation and filling, because it provides direct measurement of

ventricular diastolic pressure. However, the balance of benefit, harm, and

cost argue against its routine use in diagnosing diastolic dysfunction.



Diagnosis of Diastolic Heart Failure

The diagnosis of diastolic heart failure requires three conditions 

to be simultaneously satisfied:

1) Presence of signs and symptoms of heart failure;

2) Presence of normal or only slightly reduced LV ejection 

fraction (EF. 50%) a;

 3) Presence of increased diastolic pressure or impaired filling 

caused by delayed iso-volumic relaxation or elevated stiffness.

Patients with shortness of breath on exertion, pulmonary rales, 

or gallop sound but with near normal systolic function are 

usually diagnosed with DHF.

Fahad Aziza, Luqman-Arafath TK, et al. Diastolic Heart Failure: A Concise Review. J Clin Med Res • 2013;5(5):327-334



Non-invasive assessment of diastolic function

Several non-invasive techniques have been used for assessing 

diastolic function in patients with coronary, valvular or 

myocardial heart disease.

The most commonly used methods are 2D- and Doppler-

echocardiography, Doppler-tissue imaging, radionuclide 

ventriculography, MR myocardial tagging and MR imaging.

Fahad Aziza, Luqman-Arafath TK, et al. Diastolic Heart Failure: A Concise Review. J Clin Med Res • 2013;5(5):327-334



Diastolic dysfunction   ECHO

Defined as an inability of the left
ventricle (LV) to attain a normal end-
diastolic volume without an
inappropriate increase in LV end-
diastolic pressure (LVEDP)



Echo assessment of diastolic function

Echocardiographic
assessment of diastolic  filling 
pressure has been aptly described 
as “ noninvasive Swan-Ganz
catheter ”





Atrial Pressures and Filling Curves



Classification: diastolic dysfunction 

Grade 1 (mild dysfunction) :

impaired relaxation with normal filling pressure 

Grade 1a :

impaired relaxation with increased filling pressure

Grade 2 (moderate dysfunction):

pseudonormalized mitral inflow pattern

Grade 3 (severe reversible dysfunction): 

reversible restrictive (high filling pressure)             

Grade 4 (severe irreversible dysfunction): 

irreversible restrictive (high filling pressure)



Diastolic function assessment

Anatomic correlates

Functional correlates 



 Two-Dimensional Echocardiography

 The combination of

 Thickened  left ventricular walls, 

 Left atrial dilation, 

 Absence of mitral valve disease 

Strong evidence of diastolic dysfunction and elevated     left ventricular diastolic pressure.

HFnEF-CONCEPTS AND MANAGEMENT 



 The normal rate of mitral valve closure after atrial systole is 
smooth and of brief duration.

 Pts with increased LVEDP 
 Onset of closure is premature

 Notch in between A and C

 Prolonged AC wave with a B bump

 Sign is low sensitivity but high specificity for LVEDP(LAP) > 20 
mmhg

Mitral B – bump 

HFnEF-CONCEPTS AND MANAGEMENT 



 M-Mode Echocardiography

HFnEF-CONCEPTS AND MANAGEMENT 







HFnEF-CONCEPTS AND MANAGEMENT 







Magnetic resonance imaging

This technique has been shown to be of considerable use in the morphologic

assessment of the heart, but functional assessment can also be obtained.

However, their clinical relevance remains to be demonstrated.

The rotational and translational motion of the left ventricle can be

determined which is characterized by a systolic wringing motion followed

by a rapid diastolic untwisting.

This untwisting motion is directly related to relaxation and may be used as a

measure of the rate and completeness of relaxation as well as an estimate of

early diastolic filling

L. Mandinov et al. Diastolic heart failure. Cardiovascular Research 45 (2000) 813–825



During isovolumic contraction there is a counter-clockwise rotation 

at the apex followed by systolic shortening. 

During isovolumic relaxation there is a clockwise rotation 

(‘untwisting’) which is followed by diastolic lengthening. 

This systolic–diastolic contraction–relaxation behavior is altered in 

patients with diastolic dysfunction with prolongation of diastolic 

back-rotation.

Magnetic resonance imaging

L. Mandinov et al. Diastolic heart failure. Cardiovascular Research 45 (2000) 813–825



Invasive assessment of diastolic function

Cardiac catheterization with simultaneous pressure 

and volume measurements is the ‘gold’ standard for 

assessing LV diastolic function. 

Prerequisites are high-fidelity pressure recordings 

with simultaneous angio- or echocardiography or the 

use of the conductance technique. 

The rate of LV relaxation, rate and timing of diastolic 

filling as well as myocardial and chamber stiffness can 

be determined

Fahad Aziza, Luqman-Arafath TK, et al. Diastolic Heart Failure: A Concise Review. J Clin Med Res • 2013;5(5):327-334



Diagnostic criteria for diastolic heart failure

 Signs or symptoms of congestive heart failure

 Exertional dyspnoea [eventually objective evidence by reduced peak exercise oxygen 

consumption (<25 ml . kg"1 . min"1)], orthopnea, gallop sounds, lung crepitations, 

pulmonary oedema.

and

 Normal or mildly reduced left ventricular systolic function:

 LVEF§45% and LVEDIDI<3·2 cm . m"2 or LVEDVI<102 ml . m"2

 And

 Evidence of abnormal left ventricular relaxation, filling, diastolic distensibility and 

diastolic stiffness:

 Slow isovolumic left ventricular relaxation:

 LVdP/dtmin<1100 mmHg . s"1

 and/or IVRT<30y>92 ms, IVRT30–50y>100 ms, IVRT>50y>105 ms

 and/or ô>48 ms

How to diagnose diastolic heart failure. European Heart Journal (1998) 19, 990–1003



Diagnostic criteria for diastolic heart failure

 and/or slow early left ventricular filling:

 PFR<160 ml . s"1 . m"2

 and/or PFR<30y<2·0 EDV . s"1, PFR30–50y<1·8 EDV . s"1, PFR>50y<1·6 EDV 

. s"1

 and/or E/A<50y<1·0 and DT<50y>220 ms, E/A>50y<0·5 and DT>50y>280 ms

 and/or S/D<50y>1·5, S/D>50y>2·5

 and/or reduced left ventricular diastolic distensibility:

LVEDP>16 mmHg or mean PCW>12 mmHg

 and/or PV A Flow >35 cm . s"1

 and/or PV A t>MV A t+30 ms

 and/or A/H>0·20

 and/or increased left ventricular chamber or muscle stiffness:

 b>0·27

 and/or b*>16
How to diagnose diastolic heart failure. European Heart Journal (1998) 19, 990–1003



Proposed diagnostic algorithm for diastolic 

heart failure

B, constant of left ventricular chamber stiffness; BNP, Btype natriuretic peptide; E’, mitral annulus early diastolic velocity as evaluated by 

tissue Doppler; E, transmitral early diastolic velocity; EF, ejection fraction; LVEDP, left ventricular end-diastolic pressure; LVEDVI, left 

ventricular end-diastolic volume index; mPCWP, mean pulmonary capillary wedge pressure; NT-proBNP, N-terminal pro-brain natriuretic 

peptide; RVSP, right ventricle systolic pressure. This figure is adapted with permission from [30] and from Wachter R, Edelman F. 

Diagnosis of heart failure with preserved ejection fraction. Heart Failure Clinics 2014; 10:399-406.



HOW TO DIAGNOSE HFpEF

Walter J. Paulus, Carsten Tschöpe, et al,.How to diagnose diastolic heart failure: a consensus statement on the diagnosis.European Heart Journal Oct 2007, 28 (20) 2539-2550; DOI: 

10.1093/eurheartj/ehm037.



NONPHARMACOLOGIC INTERVENTIONS

Lifestyle modifications are recommended to reduce 
the risk of all forms of cardiovascular disease.

Measures include weight loss, smoking cessation, 
dietary changes, and exercise. 

Identification and treatment of comorbid conditions, 
such as high blood pressure, diabetes, and 
hypercholesterolemia, are important in reducing the 
risk of subsequent heart failure.



PHARMACOLOGIC

There has been little to no progress made in identifying evidence-

based, effective, and specific treatments for patients with DHF.

Drug classes, which have been shown to improve outcomes in 

patients with SHF, have proved ineffective in reducing mortality in 

DHF.

This may be because of the pathophysiological heterogeneity 

underlying DHF, incomplete understanding of DHF, heterogeneity of 

patients included in clinical trials with variable inclusion criteria, or 

contribution to DHF by extracardiac conditions.

Several drugs have been studied for the treatment of DHF: 

angiotensin II receptor blockers, angiotensin-converting enzyme 

inhibitors, aldosterone antagonists, b-blockers, digoxin, and 

sildenafil.
Alina Nicoara, Mandisa Jones-Haywood.Diastolic heart failure: diagnosis and therapy. Curr Opin Anesthesiol 2016, 29:61–67.



HF-PEF
Current treatment targets and options

 LV volume & edema:   Diuretics, salt restriction, nitrates

Rx HTN: Diuretics, CCB, BB, ACEI, ARB

Reverse LVH: Most antihypertensives

Prevent ischemia: BB, CA, nitrates

Reduce HR, prevent AF:  BB, rate lowering CA, ARB

Bradycardia: Atrial Pacing

Enhance relaxation: No current treatment

Prevent vascular events:  ACEI, ARB, BB 

What is the evidence?



Therapeutic approach to diastolic heart 

failure.

Heart rate 

control is 

paramount 

in patients 

with atrial 

fibrillation.

ACE, 

angiotensi

n 

converting 

enzyme.



Management of diastolic heart failure

An ideal treatment strategy for patients with diastolic dysfunction has 

not been devised, and medical therapy of diastolic dysfunction is 

often empirical and lacks clear-cut pathophysiologic concepts. 

Nevertheless four treatment goals have been advocated for the 

therapy of diastolic dysfunction:

Reduction of central blood volume (diuretics)

Improvement of LV relaxation (calcium channel block ers or ACE 

inhibitors).

Regression of LV hypertrophy (decrease in wall thickness and 

removal of excess collagen by ACE inhibitors, AT-2 antagonists or 

spironolactone).

Maintenance of atrial contraction and control of heartrate (beta-

blockers, antiarrhythmica).

Fahad Aziza, Luqman-Arafath TK, et al. Diastolic Heart Failure: A Concise Review. J Clin Med Res • 2013;5(5):327-334





Management of diastolic heart failure

Mineralocorticoid antagonists have been investigated for the 

treatment of DHF based on the participation of the renin–

angiotensin–aldosterone system in the pathogenesis of DHF. 

In the recent TOPCAT trial, the effects of spironolactone have 

been studied in patients with DHF.

The primary outcome was a composite of death from 

cardiovascular causes, aborted cardiac arrest, or hospitalization 

for management of heart failure.

Alina Nicoara, Mandisa Jones-Haywood.Diastolic heart failure: diagnosis and therapy. Curr Opin Anesthesiol 2016, 29:61–67.



Management of diastolic heart failure

The results showed that spironolactone did not reduce the 

incidence of the primary composite endpoint. 

It has also been hypothesized that a reduction in heart rate and 

therefore prolongation in diastolic filling time would result in 

more favorable LV filling and better coronary perfusion and 

would therefore mitigate DHF symptoms.

The effect of heart rate reduction on exercise capacity has been 

studied in patients with DHF. 

Alina Nicoara, Mandisa Jones-Haywood.Diastolic heart failure: diagnosis and therapy. Curr Opin Anesthesiol 2016, 29:61–67.



 Ivabradine, an If inhibitor of the sinoatrial pacemaker, devoid of effects on cardiac 

contractility has been compared with placebo in a recent randomized, crossover 

study. 

When compared with placebo, ivabradine significantly worsened the change in 

peak VO2 in the DHF cohort and significantly reduced submaximal exercise 

capacity as determined by the oxygen uptake efficiency slope.

Exercise training has been shown to improve cardiorespiratory fitness in patients 

with SHF. In a recent meta-analysis of randomized clinical trials that evaluated the 

efficacy of exercise training in patients with DHF, exercise training in patients with 

DHF was associated with an improvement in cardiorespiratory fitness and quality 

of life even if there were no significant changes in LV systolic or diastolic function.

Management of diastolic heart failure

Alina Nicoara, Mandisa Jones-Haywood.Diastolic heart failure: diagnosis and therapy. Curr Opin Anesthesiol 2016, 29:61–67.



A prospective randomized, multicenter study is underway with the objective of 

optimizing exercise training in prevention and treatment of DHF study 

(OptimEx-CLIN) and defining the optimal dose of exercise training the DHF.

A promising approach is targeting the treatment to a specific DHF phenotype. 

 In this vein, serelaxin, a recombinant form of human relaxin-2, has been 

studied comparatively in patients with DHF and patients with SHF in the 

RELAXin-Acute Heart Failure (RELAX-AHF) trial.

 Serelaxin was well tolerated and effective in early dyspnea relief and in 

improving multiple outcomes including 180-day mortality irrespective of 

LVEF.

Management of diastolic heart failure

Alina Nicoara, Mandisa Jones-Haywood.Diastolic heart failure: diagnosis and therapy. Curr Opin Anesthesiol 2016, 29:61–67.



Future therapies in diastolic heart 

failure

Alina Nicoara, Mandisa Jones-Haywood.Diastolic heart failure: diagnosis and therapy. Curr Opin Anesthesiol 2016, 29:61–67.



EVIDENCE



Ejection Fraction in Subjects with CHF 
in the Cardiovascular Health Study



The age- and gender-specific prevalence of HFpEF and HF 
with reduced EF. 
A HF prevalence by age. 
B HF prevalence by gender



C HFnlEF prevalence by age. 
D HFrEF prevalence by gender. 
prevalence of HFnlEF increases more steeply with age 
is more common in women at any age



Prevalence of Heart Failure





Prognosis may be just as bad 
as SHF



Prospective 6 Month Follow-up of 413 HF pts



Hospitalization Rates in HF-PEF



Survival in Observational Study



Survival in Systolic HF-REF vs HF-PEF



Important Differences in the Mode of Death in HF-PEF versus HF-
REF

Mode of Death HFnlEF HF-REF

Sudden Death 26 28

Heart failure 14 45

Sudden/HF deaths 1.9 0.6

MI 5 6

Stroke 9 5

Non-Cardiovascular 30 15

Zile et al. Circulation 2010 



Is there an Ideal Systolic BP in HF-PEF
Data from I-Preserve

Anand et al JACC 2010
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Is there an Ideal Heart Rate in HFPEF

Data from I-Preserve



Digitalis Investigation Group (DIG) trial

 digoxin did not alter the primary endpoint of HF hospitalization or cardiovascular mortality 

 did reduce HF hospitalizations

 total cardiovascular hospitalizations were not reduced because of an increased rate of 
admissions for unstable angina, which completely negated the beneficial effect



DIG Trial – Overall All Cause Mortality

-0.4 %

Placebo, n = 

3403

Digoxin, n = 

3397



Death or Hospitalization Due to Worsening Heart Failure

-25 %



Effect of digoxin on HF hospitalization: patients with EF >45% in 
the DIG trial



CHARM-Preserved Trial

 HF patients with an EF higher than 40% were randomized to candesartan or placebo in 
addition to standard therapy. 

 Fewer patients in the candesartan group than in the placebo group reached the primary 
endpoint of cardiovascular death or HF hospitalization.



CV death or CHF hospitalization



I-PRESERVE trial

 This trial tested the ARB irbesartan in 4128 patients

 at least 60 years of age 

 NYHA Class II, III, or IV HF 

 EF of atleast 45%.

 Primary composite outcome - death from any cause or hospitalization for a cardiovascular 
cause 

 Secondary outcomes - death from HF or hospitalization for HF, death from any cause and 
from cardiovascular causes, and quality of life. 

 Irbesartan had no effect on any of the prespecified outcome measures 



I-PRESERVE: Baseline Treatments



Death or protocol specified CV hospitalization
(for heart failure, MI, unstable angina, stroke, ventricular or 

atrial arrhythmia).



PEP-CHF

 patients older than 70 years with chronic HF and normal or near-normal EF were 
randomized to perindopril or placebo

 The primary endpoint - all-cause mortality or unplanned HF-related hospitalization. 

 Both enrollment and event rates were lower than anticipated, 

 High rate of cessation of blinded therapy, with crossover to open-label ACE inhibitor use in 
both groups.

 These factors limited the strength of the study, which did not show significant reduction in 
the primary endpoint



PEP-CHF
Effect of Perindopril in HF-PSF patients



SENIORS trial 

 tested the effect of the beta1-selective blocker nebivolol in patients with HF.

 This trial was not restricted to those with normal EF. 

 There was a modest but significant reduction in the primary endpoint of all-cause mortality 
or cardiovascular hospitalizations

 EF less than versus more than 35% did not detect any trends toward reduced benefit in 
those with higher EF.

 Unfortunately, there were very few patients with EF higher than 50% in the trial.



SENIORS

Nebivolol (β1 + VD)   

Age > 70 yrs + HF + Any EF            

↓ Mortality + CV 

hospitalization

P<0.04

No interaction between EF 

group (<35% vs >35%) and 

drug effect 

But few pts with EF>50%



SENIORS
(All-Cause mortality or CV hospitalization)

van Veldhuisen DJ et al JACC 2009;53:2150-58.

HR = 0.81 (95% CI: 0.63-1.04, 

p=0.104

placeb

o

Nebivolol

EF>35%

Flather et al. Eur Heart J 2005;26:215-225.

placeb

o

Nebivolol

EF<35%

HR = 0.86 (95% CI: 0.74-0.99, 

p=0.039

HR = 0.84 (95% CI: 0.66-1.08, 

p=0.22

All Patients n=2128 EF<35% n=1359 EF>35% n=752



Hong Kong diastolic heart failure study

 randomized 150 patients with HFnlEF (EF > 45%) to

 diuretics alone

 diuretics plus irbesartan

 diuretics plus ramipril.

 baseline and at 12, 24, and 52 weeks. 

 Quality of life assessment, 

 6-minute walk test, 

 Doppler echocardiography 



 hospitalizations were similar in all three groups. 

 Modest improvements in

 Doppler systolic 

 diastolic indices and NT-proBNP levels

were seen only in the irbesartan and ramipril groups



Ongoing clinical trials in HFnlEF

 endothelin antagonists 

 aldosterone antagonists (TOPCAT trial)

 sildenafil (RELAX trial)

 atrial pacing (RESET trial)

 baroreflex control devices (Rheos diastolic heart failure trial)



TOPCAT: Trial Design

• AGE  50 YRS

• EF  45% WITHIN 6 MONTHS 

• HEART FAILURE SYMPTOMS AND 

SIGNS

• CONTROLLED SYSTOLIC BP (< 

140 mm Hg)*

• SERUM K+  5.0 MMOL/L

PLUS ONE OF THE FOLLOWING:

• HF HOSPITALIZATION WITHIN 12 

MONTHS OR

• BNP  100 PG/ML

• N-TERMINAL PRO-BNP  360 

PG/ML
RANDOMIZE

SPIRONOLACTON

E 15 MG

PLACEBO 

15 MG

DOSE TITRATION (TARGET 30 MG)

* Optional Titration to 45 mg at 4 mos

COMPOSITE PRIMARY ENDPOINT

CV death, Aborted cardiac arrest, Hospitalization 

for HF 

Week 

4

Week 

0

~ 3.25 

yrs

N=4500



Prevention of HF-PEF





LV Function in Patients with First Admission for 
HeartFailure in ALLHAT

18%

45%37%

HF BY EF LEVEL

N=1399

EF<40%

EF 40-49%

EF>50%

>60% had 

EF>40%



Cumulative HF Rate Using ALLHAT 
Criteria; With EF>50



Cumulative HF Rate Using ALLHAT Criteria; With EF<50



GUIDELINES



Yancy et al.  2013 ACCF/AHA Heart Failure Guideline



ACC/AHA Guidelines for Treatment of Patients with Heart 
Failure and Normal Left Ventricular Ejection Fraction

CLASS INDICATION
LEVEL OF 

EVIDENCE

I (indicated) 1. Control systolic and diastolic hypertension A

2. Control ventricular rate in patients with atrial fibrillation C

3. Diuretics to control pulmonary congestion and peripheral 

edema
C

IIa (good 

supportive evidence)

Coronary revascularization in patients with coronary artery 

disease
C

IIb (weak 

supportive evidence)

1. Restoration and maintenance of sinus rhythm in patients 

with atrial fibrillation
C

2. Use of beta blockade, ACE inhibitors, ARBs, or calcium 

antagonists may minimize heart failure symptoms
C

3. Use of digitalis to minimize symptoms is not well 

established
C



Conclusions
HF-PEF

A pleomorphic condition.

The diagnosis appears to be best made by clinical signs and 

symptoms supported by echo/doppler (LA volume is best if TD 

is not available) and Natriuretic peptides.

Guidelines suggest: Control blood pressure to target levels and 

carefully manage volume.

There is no proven evidence-based therapy.

Sudden death is the most common mode of death; a strategy 

involving ICDs in selected subgroups has not been tested.




