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HFpEF as a cause of dyspnoea

• Diagnosis

• One disease? Different from HFrEF?

• Treatment failures

• What is different in HFpEF

• Pathophysiology – focus on co-morbidities

• Summary



New:

• Algorithm to diagnose 
heart failure

• Important role of 
natriuretic peptides (to 
exclude HF) 

• New HF-symptom: 
Bendopnoea = dyspnoea if 
leaning forward

• Independent of LVEF

Diagnosis of heart
failure

Ponikowski et al. HF guidelines 2016. doi:10.1093/eurheartj/ehw128



Definition of heart failure
HFrEF, HFpEF and new HFmrEF

Ponikowski et al. HF guidelines 2016. doi:10.1093/eurheartj/ehw128



How to Diagnose Heart Failure ?
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SHAPE study, Remme et al. Eur Heart J 2008; 29: 1739



Prevalence of HFrEF vs HFpEF

Tsuchihashi-Makaya et al. Circ J. 2009;73:1893



Hemodynamic basis of exercise
limitation in HFpEF

Maeder et al. JACC 2010; 56: 855



HFpEF – one disease or many?

Kosmala et al. JACC 2016; 67: 659. E/e’ response to
exercise was directly associated with symptoms.
Moreover, systolic strain significantly reduced.

“…, it is safe to conclude … that HFpEF patients are
more similar than different, and it seems likely that
global reserve limitations in the heart, arteries, and
periphery are tied to common systemic processes.
Now it is time to identify what these processes are
to then determine how to treat them.”

Borlaug. JACC 2016: 67: 671



Pathophysiology of 
HFpEF

Kanwar et al. Vasc Health Risk Manag 2016; 12: 129



Meta-analysis of (NT-pro)BNP guided
therapy: HFrEF vs HFpEF

HFrEF

HFpEF
Interaction p=0.016

Brunner-La Rocca et al. Eur J Heart Fail 2015;17:1252. Meta-analysis of 8 trials



Nitrates helpful in HFpEF?

Redfield et al. NEJM 2015; 373: 2314



Evidence-based therapy in HFpEF

ACE inhibitors: no effect
ARBs: no effect
Spironolacton: no effect

Beta-blockers: undecided
Digoxin: undecided
Statin: undecided
Exercise: undecided
Sildenafil: undecided
Ivabradin: undecided
ARNI: undecided



TOPCAT: Spironolactone does not 
significantly improve prognosis in HFpEF

• Patients with LVEF≥45%

– Median 56% [51%-62%]

– HF hosp within last year 
72%

– Elevated (NT-pro)BNP 
levels 28%

• Mean age 69 years

• 52% women

Pitt et al. NEJM 2014; 370: 1383



TOPCAT: Differences between regions 
– What is HFpEF? 

Pfeffer et al. Circulation 2015; 131: 34



TOPCAT: Positive effects of 
spironolactone in HFmrEF?

Solomon et al. Eur Heart J 2016; 37: 455





Prevalence of HFpEF vs HFrEF

HFrEFHFpEF

Owan et Redfield. Prog Cardiovasc Dis. 2005; 47: 320



Typical HFpEF patient

Ather et al. JACC 2012; 59: 998
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Renal failure:

0.9 vs 11.1%

P=0.006

Cause of death in TIME-CHF
HFrEF versus HFpEF

Rickenbacher et al. Eur J Heart Fail 2012; 14: 1218



Importance of co-morbidities in HFpEF

Senni et al. Eur Heart J 2014; 35: 2797



Presence of COPD worsens symptoms
and QoL
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Impaired pulmonary diffusion capacity
in HFpEF?

Olson et al. JACC HF 2016; 4: 490



Interaction between co-morbidities and both HFrEF
and HFpEF

Mentz et al. JACC 2014; 64: 2281



Common pathway in HFpEF?
Inflammation: key or circumstantial?

Van Empel & Brunner-La Rocca. Int J Cardiol 2015; 189: 259



Biomarker levels HFpEF versus HFrEF

Sanders-van Wijk et al. Eur J Heart Fail 2016; 17: 1006



Pathophysiology of HFpEF
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adults in this age range).3 Second, the mean 

echocardiographically estimated cardiac 

fi l l ing pressure was modestly elevated 

(E/e’ ratio 12.8), only 5% of participants 

had atrial fibrillation, and exercise capa-

city was minimally impaired (mean peak 

oxygen consumption 16.4 ml/min/kg, mean 

6 min walk distance 530 m). In their discus-

sion, the authors point out that studying 

patients with HFpEF early in the progres-

sion of disease might increase the effec-

tiveness of interventions. This argument 

is appealing, but it is also possible that the 

very early stage of disease in the patients 

enrolled in the Aldo-DHF trial compro-

mised the potential to detect an effect of 

improved cardiac function on exercise 

capacity or symptoms.

Another possible explanation for the 

di screpant findings in the primary end 

points is that improvements in diastolic 

function and hypertensive cardiac remod-

elling are not sufficient to improve exercise 

capacity and symptoms of effort intolerance 

in this population. Diastolic dysfunction 

has long been considered to be the linch-

pin mechanism in HFpEF. However, over 

the past 5 years, studies have shown that the 

pathophysiology of this disorder is far more 

complex than first thought, and involves 

abnormalit ies in mult iple interrelated 

systems (Figure 1).4,5 Thus, unless thera-

pies target several of these components, 

they will be unlikely to achieve meaningful 

improvements in symptoms and exercise 

capacity. Indeed, our group has shown that 

exercise disability in HFpEF is predom in-

antly related to inadequate augmentation 

in cardiac output with exercise relative to 

metabolic needs.5 In other words, although 

total cardiac ejection is preserved at rest, it 

does not increase appropriately with stress 

owing to failure to enhance heart rate and 

stroke volume. Whereas diastolic dysfunc-

tion clearly causes elevation in filling pres-

sures that can produce dyspnoea, no deficit 

in the ability of the heart to adequately 

fill, and no relationship between diastolic 

filling reserve and peak oxygen consump-

tion, were seen in this study.5 Finally, within 

the broad spectrum of HFpEF, a number of 

subphenotypes with unique mechanistic 

profiles could exist, each of which might 

respond differently to various interven-

tions. Spironolactone could, therefore, be 

highly effective in some groups, but inef-

fective (or even deleterious) in others. For 

example, some patients have predominant 

diastolic limitation, whereas others display 

inadequate vasodilation, systolic reserve 

impairments, chronotropic incompetence, 

or peripheral limitations. How to better 

characterize and distinguish these ostensi-

ble subphenotypes of HFpEF is an area of 

active inquiry that could allow for more-

focused and individualized therapy in this 

challenging disease.5

The beneficial effects of spironolactone 

on estimated cardiac filling pressures and 

ventricular remodelling in the Aldo-DHF 

trial confirm and extend the findings of 

previous studies in patients with hyperten-

sion with or without dyspnoea.6,7 Indeed, 

blood pressure reduction per se has been 

associated with improved diastolic relax-

ation,8 and a diuretic could be predicted 

to also reduce cardiac fi ll ing pressures. 

The inability to directly measure fi lling 

pressures is a limitation, but clearly a large 

tr ial such as the Aldo-DHF study could 

not include invasive assessment. Although 

exercise fi l l ing pressures could not be 

assessed, the venti latory efficiency slope 

(directly related to pulmonary artery and 

fi lling pressures during exercise9) para-

doxically increased in patients receiving 

spironolactone. In addition, the 6 min 

walk distance decreased somewhat, a puz-

zling finding that could be related in part to 

the greater reduction in haemoglobin in the 

active-treatment arm.

As appropriately raised by the authors in 

their discussion, two additional key factors 

should be considered when interpreting 

the findings of the Aldo-DHF trial. One is 

that exercise capacity is not synonymous 

with other, more-meaningful, outcomes in 

HF such as hospitalization and mortality. 

Indeed, in patients with HF and reduced 

ejection fraction, mineralocorticoid antag-

onists do not improve exercise capacity or 

functional class, but are clearly associated 

with reductions in hospitalization for HF 

and mortality.3 Enrolment in the TOPCAT 

tr ial,10 in which the effects of spirono-

lactone on these more-clinically important 

end points is being tested, has now been 

completed and the initial findings are likely 

to be presented later this year. The other, 

very plausible, alternative explanation is 

that improvements in exercise capacity and 

symptoms might have been evident with a 

longer duration of intervention or follow up. 

Conceivably, 1 year is not sufficient to allow 

improvements in diastolic function and 

remodelling to translate to sy mptomatic 

and exercise improvements in HFpEF.

In summary, the posit ive effects of 

spi ronolactone on diastol ic funct ion, 

cardiac stress markers, and ventricular 

remodelling reported in the Aldo-DHF 

trial give us hope, and support the contin-

ued use of mineralocorticoid antagonists 

to treat hypertension and mild volume 

overload in patients with HFpEF. However, 

the neutral effects on symptoms and exer-

cise tolerance are somewhat sobering and 

raise further questions. The results of the 

much larger and longer-duration TOPCAT 

trial are eagerly anticipated and will hope-

fully resolve some of these issues. Given 

the failure of traditional HF therapies to 

improve outcomes and exercise capacity in 

patients with HFpEF, abundant potential 

exists for caregivers to develop a sense of 

therapeutic nihilism. However, these neutral 

trials in HFpEF should only r einforce our 

resolve to better understand and iden-

tify new treatments for this increasingl y  

prevalent form of cardiac failure.

Mayo Clinic and Foundation, 200 First 
Street SW, Rochester, MN 55905, USA. 
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Figure 1 | Heart failure with preserved ejection 

fraction is a complex ‘systems disease’, 

in which symptoms of effort intolerance are 

caused by numerous abnormalities in 

myocardial diastolic, systolic, vascular, 

autonomic, and skeletal muscle function 

that coexist to varying degrees within the 

individual patient.
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HFpEF outpatient clinic – Focus on 
cause and co-morbidities

• Detailed analysis of cardiac as well as non-cardiac (co-) 
morbidities
– Echocardiography

– Exercise testing / 6-Min walking test

– Holter-ECG

– Broad lab testing

– Lung function testing / Sleep testing

– Screening CAD / Endothelial dysfunction

– Ergospirometry / Re-catheter (with exercise)

– Further analyses based on findings

• Specific treatment of all pathology



Effects of exercise training in HFpEF

Pandey et al. Circ Heart Fail 2015; 8: 33

Total n=276
No effects on diastolic function



HFpEF as cause of dyspnoea –
Take home messages

• Still little understood, maybe not uniform 
disease

• Co-morbidities play an important role
– Proper diagnosis important

• No specific treatment to improve outcome
– Symptomatic treatment with diuretics

– Exercise training

• Treatment of co-morbidities with probably 
positive effects on symptoms


