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 L’insuffisance cardiaque (IC) est un syndrome 
clinique caractérisé par 
 Un ensemble de symptômes et de signes typiques 

d’IC 
 Des évidences objectives d’anomalies structurelles ou 

fonctionnelles du cœur au repos 
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Although HF is progressive and often fatal, patients can be stabilized and myocardial dysfunction and remodeling may improve, either spontaneously or as a consequence of therapy.  In physiological terms, HF is a syndrome characterized by: Elevated cardiac filling pressure	OR Inadequate peripheral oxygen delivery, at rest or during stress, caused by cardiac dysfunction.



• La prévalence a doublé sur les 25 dernières années 
 

• Patients  fréquemment hospitalisés: >25% des patients sont réadmis 
dans les 30 jours, 65% la 1Ière année 
 

• Mortalité importante 

1  American Heart Association. 2014 Heart and Stroke Statistical Update. Dallas, Tex: American Heart 
Association; 2004.  
2 Hunt SA et al. ACC/AHA guidelines for the evaluation and management of chronic heart failure in the adult. 
2005.  

Prevalence 
Monde 

Prévalence  
Belgique 

Incidence 
Belgique 

Hospitalisation 
USA 

Coût 
USA  

26,000,000 200,000 15,000/an 1,100,000 $39 
billion 
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AbstractHeart failure (HF) is a major public health issue, with a prevalence of over 5.8 million in the USA, and over 23 million worldwide, and rising. The lifetime risk of developing HF is one in five. Although promising evidence shows that the age-adjusted incidence of HF may have plateaued, HF still carries substantial morbidity and mortality, with 5-year mortality that rival those of many cancers. HF represents a considerable burden to the health-care system, responsible for costs of more than $39 billion annually in the USA alone, and high rates of hospitalizations, readmissions, and outpatient visits. HF is not a single entity, but a clinical syndrome that may have different characteristics depending on age, sex, race or ethnicity, left ventricular ejection fraction (LVEF) status, and HF etiology. Furthermore, pathophysiological differences are observed among patients diagnosed with HF and reduced LVEF compared with HF and preserved LVEF, which are beginning to be better appreciated in epidemiological studies. A number of risk factors, such as ischemic heart disease, hypertension, smoking, obesity, and diabetes, among others, have been identified that both predict the incidence of HF as well as its severity. In this Review, we discuss key features of the epidemiology and risk profile of HF



AHA, 1998 Heart and Statistical Update 
NCHS, National Center for Health Statistics 

 
 

The number of heart failure hospitalizations is increasing in both men and women 

CDC/NCHS:  Hospital discharges include patients both living and dead. 

AHA Heart and Stroke Statistical Update 2006 



Fonarow G, et al. J Am Coll Cardiol. 2005;45:339A. Poster presented at ACC 2005. Fonarow G, et al. J Am Coll Cardiol. 2005;45:340A. 
Poster presented at ACC 2005. 

Distribution des Patients Hospitalisés pour IC  
selon l’Age et le Sexe 



 
 

Survival after the onset of congestive heart failure in Framingham Heart Study subjects 

Ho Circulation 1993;88:107-115 

Years 

Mortalité à 1 an de patients 
hospitalisés: 
 

• NYHA I à II:  10-20% 
 

• NYHA III à IV: 40-60%  

Mortalité globale +/- 50% à 5 ans 
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Slide 4In the Framingham Heart Study patients diagnosed with new onset of heart failure had a poor prognosis. The median survival was only 1.7 years among men with CHF and 3.2 year for women. Among patients requiring hospitalization for heart failure the one-year mortality rate is 10% to 20% in individuals with mild to moderate symptoms. In patients hospitalized with severe heart failure the one-year mortality rate is as high as 40% to 60%.Each year there are285,000 deaths that are directly attributable to heart failure. This represents an increase of 135% from 1979 to 1998.(Ho KKL, Anderson KM, Kannel WB et al. Survival after the onset of congestive heart failure in Framingham Heart Study subjects. Circulation 1993;88:107-115.)�(American Heart Association. Heart and Stroke Statistical Update. 2002)  



OPTIMIZE-HF, J Am Coll Cardiol. 2007; 50(8): 768-777 

N=41267  patients 
hospitalized with 
new-onset or 
worsening pre-
existing HF 
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Ce registre de 41000 patients nous montre que NONDistribution of Patients’ LVEFs
Histogram of left ventricular ejection fraction (LVEF) in patients hospitalized with a primary discharge diagnosis of heart failure.Objectives  We sought to evaluate the characteristics, treatments, and outcomes of patients with preserved and reduced systolic function heart failure (HF).Background  Heart failure with preserved systolic function (PSF) is common but not well understood.Methods  This analysis of the OPTIMIZE-HF (Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients With Heart Failure) registry compared 20,118 patients with left ventricular systolic dysfunction (LVSD) and 21,149 patients with PSF (left ventricular ejection fraction [EF] ≥40%). Sixty- to 90-day follow-up was obtained in a pre-specified 10% sample of patients. Analyses of patients with PSF defined as EF >50% were also performed for comparison.Results  Patients with PSF (EF ≥40%) were more likely to be older, female, and Caucasian and to have a nonischemic etiology. Although length of hospital stay was the same in both groups, risk of in-hospital mortality was lower in patients with PSF (EF ≥40%) (2.9% vs. 3.9%; p < 0.0001). During 60- to 90-day post-discharge follow-up, patients with PSF (EF ≥40%) had a similar mortality risk (9.5% vs. 9.8%; p = 0.459) and rehospitalization rates (29.2% vs. 29.9%; p = 0.591) compared with patients with LVSD. Findings were comparable with those with PSF defined as EF >50%. In a risk- and propensity-adjusted model, there were no significant relationships between discharge use of angiotensin-converting enzyme inhibitor/angiotensin receptor blocker or beta-blocker and 60- to 90-day mortality and rehospitalization rates in patients with PSF.Conclusions  Data from the OPTIMIZE-HF registry reveal a high prevalence of HF with PSF, and these patients have a similar post-discharge mortality risk and equally high rates of rehospitalization as patients with HF and LVSD. Despite the burden to patients and health care systems, data are lacking on effective management strategies for patients with HF and PSF.




Redfield, Circ Heart Fail. 2012;5:720-726 

Community cohort of 1233 incident HF patients diagnosed from 1984 to 2009 in 
Olmsted County, Minnesota 
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Confirmation dans cette cohorteBimodaleNous laisse deviner différence homme-femmeBackground—Heart failure (HF) can occur in patients with preserved (HFpEF, EF≥50%) or reduced (HFrEF, EF<50%)ejection fraction (EF), but changes in EF after HF diagnosis are not well described. Methods and Results—Among a community cohort of incident HF patients diagnosed from 1984 to 2009 in OlmstedCounty, Minnesota, we obtained all EFs assessed by echocardiography from initial HF diagnosis until death or lastfollow-up through March 2010. Mixed effects models fit a unique linear regression line for each person using serial EFdata. Compiled results allowed estimates of the change in EF over time in HFpEF and HFrEF. Among 1233 HF patients(48.3% male, mean age 75.0 years, mean follow-up 5.1 years), 559 (45.3%) had HFpEF at diagnosis. In HFpEF, onaverage, EF decreased by 5.8% over 5 years (P<0.001) with greater declines in older individuals and those with coronarydisease. Conversely, EF increased in HFrEF (average increase 6.9% over 5 years, P<0.001). Greater increases were notedin women, younger patients, individuals without coronary disease, and those treated with evidence-based medications.Overall, 39% of HFpEF patients had an EF<50% and 39% of HFrEF patients had an EF≥50% at some point afterdiagnosis. Decreases in EF over time were associated with reduced survival whereas increases in EF were associatedwith improved survival. Conclusions—These data suggest that progressive contractile dysfunction may contribute to the pathophysiology of HFpEF.Prospective longitudinal studies are needed to confirm these observations and establish the mechanism and clinicalrelevance of decline in EF over time in HFpEF.
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Par contre, il est difficile de différencier les patients sur base sympt et signesEn vert et mauve,.. Et en rouge



Hogg et al, JACC, 2004, Owan et al, Prog Cardiovas Dis, 2005 Owan et al, 
NEJM, 2006; Bursi F et al, JAMA, 2006  



Oktay, Rich, Shah. Curr Heart Fail Rep 2013 

Di’ci 2020, 65% des patients 
hospitalisés pour insuffisance 

cardiaques auront une FE > 40% 
 

Vieilissement de la population. 
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GWTG-HF: N=110,621 patients hospitalized with HFP<0.0001 for trend of increased HFpEF prevalence





Fonction Ventriculaire Gauche 

Systole 

Diastole 



Fonction ventriculaire gauche 

Boucle pression - volume et mouvements valvulaires 
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Une façon simple de décrire la fonction cardiaque est d’utiliser les boucles pressions volumes



ANOMALIES de la 
RELAXATION du VG 

(phase active) 

ANOMALIES de la 
DISTENSIBILITE du VG 

Mécanismes de la Dysfonction Diastolique 

Ischémie, Δ charge 
Anomalie uptake Ca++ 

HVG, fibrose sévère, maladie infiltrative 
(amyloidose) 
Anomalies péricarde, compression 
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Abnormalities of Active RelaxationIschemiaIncreased loadAbnormalities of Elastic RecoilMyocardial fibrosis (LVH)Pericardial diseaseAbnormalities of Passive ComplianceSevere fibrosis, infiltrative disease (amyloidosis)



Remplissage ventriculaire 

OG 

VG 

remplissage  
rapide 

contraction  
atriale 

vitesse 
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On peut évaluer la fonction diastolique de façon non invasive, en utilisant l’échocardiographie qui nous permet d’identifier



Fonction ventriculaire gauche 
 La fonction diastolique  

Différents profils de remplissage ventriculaire 

normal 
relaxation anle 

POG nle 

relaxation anle 
POG 

relaxation anle 
POG 





MESURES INVASIVES 





Le diagnostique de l’IC à fonction 
préservée est difficile 



1. Symptômes et/ou signes d’insuffisance cardiaque 
• Dyspnée, orthopnée, dyspnée paroxystique nocturne, 

fatigue, intolérance à l’effort 
• Jugulaires, RHJ, oedèmes, ascite, crépitants 

2. Fraction d’éjection réduite (<40%), 

3. Le + souvent associé à une dilatation 
des cavités gauches 
 
 
 

INSUFFISANCE 
CARDIAQUE A 

FONCTION REDUITE 



1. Symptômes et/ou signes d’insuffisance cardiaque 
• Dyspnée, orthopnée, dyspnée paroxystique nocturne, 

fatigue, intolérance à l’effort 
• Jugulaires, RHJ, oedèmes, ascite, crépitants 

2. Fraction d’éjection préservée (>50%), dimensions 
ventriculaires normales 

3. Evidence de pressions de remplissage 
élevées:  
• Elévation du BNP ou NT-proBNP 
• Anomalies E/A, E/e’ 
• Pression capillaire >15mmHg ou pression télédiastolique 

VG >15mmHG 

INSUFFISANCE 
CARDIAQUE A 

FONCTION 
PRESERVEE 



Dysfonction diastolique = 
insuffisance cardiaque diastolique =  

insuffisance cardiaque à fonction 
préservée 



Dysfonction 
Diastolique 

 

Condition 
physiopathologique: 
 relaxation anormale,       
  compliance et  

des pressions de 
remplissage 

IC à fonction 
préservée 

 

 FE normale , 
symptômes et signes 

d’IC. Exclusion: 
constriction, 

valvulopathies sévères 

IC 
diastolique 



IC 
diastolique 

Insuffisance 
cardiaque 

diastolique pure = 
un syndrome rare 



Redfield, JAMA 2003 

25% de la population générale a  un certain 
degré de dysfonction diastolique. 

Pq certains deviennent symptomatiques? 

 
2042 résidents du Olmsted County, Minnesota, âgés ≥45 ans, inclus 
de Juin 1997 à Septembre 2000. 
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50% of patients with HTA have evidence of diastolic dysfunctionAbstractCONTEXT: Approximately half of patients with overt congestive heart failure (CHF) have diastolic dysfunction without reduced ejection fraction (EF). Yet, the prevalence of diastolic dysfunction and its relation to systolic dysfunction and CHF in the community remain undefined.OBJECTIVES: To determine the prevalence of CHF and preclinical diastolic dysfunction and systolic dysfunction in the community and determine if diastolic dysfunction is predictive of all-cause mortality.DESIGN, SETTING, PARTICIPANTS: Cross-sectional survey of 2042 randomly selected residents of Olmsted County, Minnesota, aged 45 years or older from June 1997 through September 2000.MAIN OUTCOME MEASURES: Doppler echocardiographic assessment of systolic and diastolic function. Presence of CHF diagnosis by review of medical records with designation as validated CHF if Framingham criteria are satisfied. Subjects without a CHF diagnosis but with diastolic or systolic dysfunction were considered as having either preclinical diastolic or preclinical systolic dysfunction.RESULTS: The prevalence of validated CHF was 2.2% (95% confidence interval [CI], 1.6%-2.8%) with 44% having an EF higher than 50%. Overall, 20.8% (95% CI, 19.0%-22.7%) of the population had mild diastolic dysfunction, 6.6% (95% CI, 5.5%-7.8%) had moderate diastolic dysfunction, and 0.7% (95% CI, 0.3%-1.1%) had severe diastolic dysfunction with 5.6% (95% CI, 4.5%-6.7%) of the population having moderate or severe diastolic dysfunction with normal EF. The prevalence of any systolic dysfunction (EF < or =50%) was 6.0% (95% CI, 5.0%-7.1%) with moderate or severe systolic dysfunction (EF < or =40%) being present in 2.0% (95% CI, 1.4%-2.5%). CHF was much more common among those with systolic or diastolic dysfunction than in those with normal ventricular function. However, even among those with moderate or severe diastolic or systolic dysfunction, less than half had recognized CHF. In multivariate analysis, controlling for age, sex, and EF, mild diastolic dysfunction (hazard ratio, 8.31 [95% CI, 3.00-23.1], P<.001) and moderate or severe diastolic dysfunction (hazard ratio, 10.17 [95% CI, 3.28-31.0], P<.001) were predictive of all-cause mortality.CONCLUSIONS: In the community, systolic dysfunction is frequently present in individuals without recognized CHF. Furthermore, diastolic dysfunction as rigorously defined by comprehensive Doppler techniques is common, often not accompanied by recognized CHF, and associated with marked increases in all-cause mortality.
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Zile et al, NEJM, 350 (19): 1953 



Eur J Heart Fail. 2013 Jul;15(7):776-85 
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Cardiac output response to exercise in relation to metabolic demand in heart failure with preserved ejection fraction.Abudiab MM1, Redfield MM, Melenovsky V, Olson TP, Kass DA, Johnson BD, Borlaug BA.Author informationAbstractAIMS: Exercise intolerance is a hallmark of heart failure with preserved ejection fraction (HFpEF), yet its mechanisms remain unclear. The current study sought to determine whether increases in cardiac output (CO) during exercise are appropriately matched to metabolic demands in HFpEF.METHODS AND RESULTS: Patients with HFpEF (n = 109) and controls (n = 73) exercised to volitional fatigue with simultaneous invasive (n = 96) or non-invasive (n = 86) haemodynamic assessment and expired gas analysis to determine oxygen consumption (VO2) during upright or supine exercise. At rest, HFpEF patients had higher LV filling pressures but similar heart rate, stroke volume, EF, and CO. During supine and upright exercise, HFpEF patients displayed lower peak VO2 coupled with blunted increases in heart rate, stroke volume, EF, and CO compared with controls. LV filling pressures increased dramatically in HFpEF patients, with secondary elevation in pulmonary artery pressures. Reduced peak VO2 in HFpEF patients was predominantly attributable to CO limitation, as the slope of the increase in CO relative to VO2 was 20% lower in HFpEF patients (5.9 ± 2.5 vs. 7.4 ± 2.6 L blood/L O2, P = 0.0005). While absolute increases in arterial-venous O2 difference with exercise were similar in HFpEF patients and controls, augmentation in arterial-venous O2 difference relative to VO2 was greater in HFpEF patients (8.9 ± 3.4 vs. 5.5 ± 2.0 min/dL, P < 0.0001). These differences were observed in the total cohort and when upright and supine exercise modalities were examined individually.CONCLUSION: While diastolic dysfunction promotes congestion and pulmonary hypertension with stress in HFpEF, reduction in exercise capacity is predominantly related to inadequate CO relative to metabolic needs.





Dysfonction VD (RV 
FAC < 35%) présente 
chez 33% des patients 
avec IC fonction 
préservée 





Marqueur de sévérité et chronicité 





DETERMINANTS PRIMAIRES 
Obésité, diabète, FA, HTA, CAD, BPCO, IRC 

Fonction Ventriculaire Diastolique 
Relaxation/Distensibilité 

• Cardiomyocyte 
• Interstitium 

Fonction Vasculaire 
Endothélium 

Rigidité artérielle 

Anomalies secondaires 

Oreillette gauche Ventricule droit Hypertension pulmonaire 

REINS 
rétention HS 

anémie 

INSUFFISANCE CARDIAQUE FONCTION PRESERVEE 



EST-CE VRAIMENT AUSSI SIMPLE? 
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Est-ce vraiment aussi simple?



Characteristic LVSD 
(n=20,118) 

40%≤ EF ≤50% 
(n=7,321) 

EF >50% 
(n=10,072) P Value* 

Age, mean (years) 70.4 74.3 75.6 <.0001 

Male (%) 62 48 32 <.0001 

African American (%) 21 15 15 .880 

Atrial arrhythmia (%) 28 33 32 .179 

Ischemic etiology (%) 54 49 32 <.0001 

Insulin-treated diabetes (%) 15 18 16 .013 

Non−insulin-treated 
diabetes (%) 24 26 25 .418 

Hypertension (%) 66 74 77 <.0001 

Mean LVEF % 24.3 45 61 <.0001 

*P value (40%≤ EF ≤50% vs EF >50%). 
PSF = preserved systolic function. 

Fonarow et al, OPTIMIZE-HF registry, JACC 2007 
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We sought to evaluate the characteristics, treatments, and outcomes of patients with preserved and reduced systolic function heart failure (HF).BACKGROUND: Heart failure with preserved systolic function (PSF) is common but not well understood.METHODS: This analysis of the OPTIMIZE-HF (Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients With Heart Failure) registry compared 20,118 patients with left ventricular systolic dysfunction (LVSD) and 21,149 patients with PSF (left ventricular ejection fraction [EF] > or =40%). Sixty- to 90-day follow-up was obtained in a pre-specified 10% sample of patients. Analyses of patients with PSF defined as EF >50% were also performed for comparison.RESULTS: Patients with PSF (EF > or =40%) were more likely to be older, female, and Caucasian and to have a nonischemic etiology. Although length of hospital stay was the same in both groups, risk of in-hospital mortality was lower in patients with PSF (EF > or =40%) (2.9% vs. 3.9%; p < 0.0001). During 60- to 90-day post-discharge follow-up, patients with PSF (EF > or =40%) had a similar mortality risk (9.5% vs. 9.8%; p = 0.459) and rehospitalization rates (29.2% vs. 29.9%; p = 0.591) compared with patients with LVSD. Findings were comparable with those with PSF defined as EF >50%. In a risk- and propensity-adjusted model, there were no significant relationships between discharge use of angiotensin-converting enzyme inhibitor/angiotensin receptor blocker or beta-blocker and 60- to 90-day mortality and rehospitalization rates in patients with PSF.CONCLUSIONS: Data from the OPTIMIZE-HF registry reveal a high prevalence of HF with PSF, and these patients have a similar post-discharge mortality risk and equally high rates of rehospitalization as patients with HF and LVSD. Despite the burden to patients and health care systems, data are lacking on effective management strategies for patients with HF and PSF. (Organized Program To Initiate Lifesaving Treatment In Hospitalized Patients With Heart Failure [OPTIMIZE-HF]);



 
 Age: DHF > SHF  
 Femmes: DHF > SHF  
 Hypertension: DHF > SHF  
 Obésité: DHF ≥ SHF  
 Diabète: DHF = SHF  
 Maladie coronaire: DHF < SHF  
 

Lam et al,  Eur J Heart Fail 2011 



Un BNP normal exclus l’IC à fonction 
préservée 



• Données limitées dans IC à fonction 
préservée 
 

• BNP <100pg/mL, NT-proBNP <120: valeurs 
seuils supposées avec bonne valeur prédictive 
négative 
 

• Obésité: très fréquente et associée à une  
BNP 



 Etude prospective   
 

 159 patients avec IC fonction préservée. 
Critères Framingham pour IC 
 

 Tous les patients ont eu un cathétérisme 
cardiaque droit et une mesure de BNP 
 

 PCPW >15mmHg ou LVEDP>15mmHg chez 
tous les patients 

Anjan V, Shah SJ et al, Am J Cardiol 2012 

Présentateur
Commentaires de présentation
B-type natriuretic peptide (BNP) is used widely to exclude heart failure (HF) in patients with dyspnea. However, most studies of BNP have focused on diagnosing HF with reduced ejection fraction (EF). The aim of this study was to test the hypothesis that a normal BNP level (≤100 pg/ml) is relatively common in HF with preserved EF (HFpEF), a heterogenous disorder commonly associated with obesity. A total of 159 consecutive patients enrolled in the Northwestern University HFpEF Program were prospectively studied. All subjects had symptomatic HF with EF >50% and elevated pulmonary capillary wedge pressure. BNP was tested at baseline in all subjects. Clinical characteristics, echocardiographic parameters, invasive hemodynamics, and outcomes were compared among patients with HFpEF with normal (≤100 pg/ml) versus elevated (>100 pg/ml) BNP. Of the 159 patients with HFpEF, 46 (29%) had BNP ≤100 pg/ml. Subjects with normal BNP were younger, were more often women, had higher rates of obesity and higher body mass index, and less commonly had chronic kidney disease and atrial fibrillation. EFs and pulmonary capillary wedge pressures were similar in the normal and elevated BNP groups (62 ± 7% vs 61 ± 7%, p = 0.67, and 25 ± 8 vs 27 ± 9 mm Hg, p = 0.42, respectively). Elevated BNP was associated with enlarged left atrial volume, worse diastolic function, abnormal right ventricular structure and function, and worse outcomes (e.g., adjusted hazard ratio for HF hospitalization 4.0, 95% confidence interval 1.6 to 9.7, p = 0.003). In conclusion, normal BNP levels were present in 29% of symptomatic outpatients with HFpEF who had elevated pulmonary capillary wedge pressures, and although BNP is useful as a prognostic marker in HFpEF, normal BNP does not exclude the outpatient diagnosis of HFpEF.



 46/159 (29%) ont un BNP<100pg/mL 
 Plus jeunes 
 Plus obèses 
 PCWP élevée dans les 2 groupes (25mmHg vs. 27mmHg) 
 Meilleur pronostique (HR 0.25 pour décès/hospitalisation) 

 
BNP <100pg/mL dans un tiers cas 
Association avec forme moins sévère d’IC fonction 
préservée 
MAIS toujours symptomatique (PCWP +/- 25mmHg) 

Anjan V, Shah SJ et al, Am J Cardiol 2012 



L’IC à fonction préservée est une 
maladie à visage unique 



CANCER 
APPROCHE OPTIMALE 

 Biopsie tissulaire 
 Imagerie 
 Analyse phénotypique 
 Taille de la tumeur, extension 
 Histologie 

 Expression génétique 

IC 
APPROCHE SUBOPTIMALE 

“ONE SIZE FITS ALL”  

 ECG 
 Imagerie 
 Analyse phénotypique 
 FE 
 Classe fonctionnelle 
 Status volémie 

 Durée QRS 

TRAITEMENT CIBLE PAS DE TRAITEMENT CIBLE 



Sophisticated computer-based 
unbiased hierarchical cluster 
analysis 

397 patients with HFpEF  
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1) diagnosis of HF or the words heart failure in the hospitalnotes, (2) B-type natriuretic peptide (BNP) >100 pg/mL, or (3)administration of ≥2 doses of intravenous diuretics. The list of patientsgenerated was screened daily, and only those patients with a left ventricular(LV) ejection fraction (EF) >50% who met Framingham criteriafor HF12 were offered postdischarge follow-up in a specializedHFpEF outpatient program. The HF diagnosis was confirmed in thepost-hospitalization outpatient HFpEF clinicBACKGROUND: Heart failure with preserved ejection fraction (HFpEF) is a heterogeneous clinical syndrome in need of improved phenotypic classification. We sought to evaluate whether unbiased clustering analysis using dense phenotypic data (phenomapping) could identify phenotypically distinct HFpEF categories.METHODS AND RESULTS: We prospectively studied 397 patients with HFpEF and performed detailed clinical, laboratory, ECG, and echocardiographic phenotyping of the study participants. We used several statistical learning algorithms, including unbiased hierarchical cluster analysis of phenotypic data (67 continuous variables) and penalized model-based clustering, to define and characterize mutually exclusive groups making up a novel classification of HFpEF. All phenomapping analyses were performed by investigators blinded to clinical outcomes, and Cox regression was used to demonstrate the clinical validity of phenomapping. The mean age was 65±12 years; 62% were female; 39% were black; and comorbidities were common. Although all patients met published criteria for the diagnosis of HFpEF, phenomapping analysis classified study participants into 3 distinct groups that differed markedly in clinical characteristics, cardiac structure/function, invasive hemodynamics, and outcomes (eg, phenogroup 3 had an increased risk of HF hospitalization [hazard ratio, 4.2; 95% confidence interval, 2.0-9.1] even after adjustment for traditional risk factors [P<0.001]). The HFpEF phenogroup classification, including its ability to stratify risk, was successfully replicated in a prospective validation cohort (n=107).CONCLUSIONS: Phenomapping results in a novel classification of HFpEF. Statistical learning algorithms applied to dense phenotypic data may allow improved classification of heterogeneous clinical syndromes, with the ultimate goal of defining therapeutically homogeneous patient subclasses



67 variables 
possibles (n=46 
analyse finale) 
 
397 patients IC 
fonction préservée 
 
Cohorte de 
validation (n=107) 



Elévation de la pression 
OG à l’effort 

Surcharge  
volémique 

Hypertension pulmonaire, 
insuffisance VD 

• 70 ans, NYHA II 
• HTA de longue date 
• Intolérance à l’effort 
• Peu de congestion 
• Pas d’hospitalisation 

IC 
• FE 70%,? OG+  
• DD grade I 
• PAPs 30mmHg 

 

• 76 ans, NYHA III 
• HTA, atcds  PAC 
• Intolérance à l’effort 
• OMI ++ 
• Hospitalisation récente IC 
• FE 50%? OG++ 
• DD grade III 
• PAPs 45mmHg 
• IM 2+, Iao 2+ 

• 79 ans, NYHA III 
• HTA, diabète, IRC 
• Dyspnée sévère 
• OMI +++, ascite 
• Plusieurs hospitalisations 
• FE 65%, OG+++ 
• DD grade II 
• PAPs 60mmHg 
• Dysfonction VD, HVD 

Shah SJ, JACC 2013;62(15):1339-42. 







 
Ceci n’est pas de l’insuffisance cardiaque 



Bhatia et al, NEJM 2006 
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Campbell R, JACC 2012, 60: 2349-56 

Mortalité > autres 
études avec même 
comorbidités 



59 patients IC fonction préservée vs. 60 patients avec fonction réduite et 28 contrôles 
matchés pour  l’âge 

Kitzman et al, JAMA 2002 



LVSD 2,294 2,188 1,994 469  
No LVSD 2,604 2,471 2,195 441  

Survival Time in Days Since Discharge 

LVSD No LVSD 
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P=.459 

*P value (40%≤ EF ≤50% vs EF >50%). Fonarow et al, OPTIMIZE-HF registry, JACC 2007 



OwanT et al. N EnglJ Med 2006;355:251-
 



P=.237 

P=.237 P<.0001 

LVSD PSF 

Length of Stay, 
Mean (days) 

Length of Stay, 
Median (days) 

In-Hospital Mortality 
(%) 

6.0 
5.7 

4.0 4.0 3.9 

2.9 

PSF = LVEF ≥40%. Fonarow et al, OPTIMIZE-HF registry, JACC 2007 



Outcome LVSD 
(n=20,118) 

40%≤ EF ≤50% 
(n=7,321) 

EF >50% 
(n=10,072) P Value* 

In-hospital mortality:  
all patients 3.9 3.0 2.9 .647 

Follow-Up Cohort 

Post-discharge mortality 9.8 9.2 9.3 .887 

Rehospitalization 29.9 29.0 30.9 .366 

Post-discharge mortality/ 
rehospitalization 36.1 35.1 36.8 .436 

*P value (40%≤ EF ≤50% vs EF >50%). 

Fonarow et al, OPTIMIZE-HF registry, JACC 2007 



Owan TE, et al. N Engl J Med. 2006;355:251-259. 
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BACKGROUND: The prevalence of heart failure with preserved ejection fraction may be changing as a result of changes in population demographics and in the prevalence and treatment of risk factors for heart failure. Changes in the prevalence of heart failure with preserved ejection fraction may contribute to changes in the natural history of heart failure. We performed a study to define secular trends in the prevalence of heart failure with preserved ejection fraction among patients at a single institution over a 15-year period.METHODS: We studied all consecutive patients hospitalized with decompensated heart failure at Mayo Clinic Hospitals in Olmsted County, Minnesota, from 1987 through 2001. We classified patients as having either preserved or reduced ejection fraction. The patients were also classified as community patients (Olmsted County residents) or referral patients. Secular trends in the type of heart failure, associated cardiovascular disease, and survival were defined.RESULTS: A total of 6076 patients with heart failure were discharged over the 15-year period; data on ejection fraction were available for 4596 of these patients (76 percent). Of these, 53 percent had a reduced ejection fraction and 47 percent had a preserved ejection fraction. The proportion of patients with the diagnosis of heart failure with preserved ejection fraction increased over time and was significantly higher among community patients than among referral patients (55 percent vs. 45 percent). The prevalence rates of hypertension, atrial fibrillation, and diabetes among patients with heart failure increased significantly over time. Survival was slightly better among patients with preserved ejection fraction (adjusted hazard ratio for death, 0.96; P=0.01). Survival improved over time for those with reduced ejection fraction but not for those with preserved ejection fraction.CONCLUSIONS: The prevalence of heart failure with preserved ejection fraction increased over a 15-year period, while the rate of death from this disorder remained unchanged. These trends underscore the importance of this growing public health problem
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TOPCAT overall, all-cause hospitalizations and all-cause mortality did not seem to be meaningfully impacted by this drug









450 patients par groupe FE>45% 
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BackgroundThe role of cardiac glycosides in treating patients with chronic heart failure and normal sinus rhythm remains controversial. We studied the effect of digoxin on mortality and hospitalization in a randomized, double-blind clinical trial.Full Text of Background...MethodsIn the main trial, patients with left ventricular ejection fractions of 0.45 or less were randomly assigned to digoxin (3397 patients) or placebo (3403 patients) in addition to diuretics and angiotensin-converting–enzyme inhibitors (median dose of digoxin, 0.25 mg per day; average follow-up, 37 months). In an ancillary trial of patients with ejection fractions greater than 0.45, 492 patients were randomly assigned to digoxin and 496 to placebo.Full Text of Methods...ResultsIn the main trial, mortality was unaffected. There were 1181 deaths (34.8 percent) with digoxin and 1194 deaths (35.1 percent) with placebo (risk ratio when digoxin was compared with placebo, 0.99; 95 percent confidence interval, 0.91 to 1.07; P = 0.80). In the digoxin group, there was a trend toward a decrease in the risk of death attributed to worsening heart failure (risk ratio, 0.88; 95 percent confidence interval, 0.77 to 1.01; P = 0.06). There were 6 percent fewer hospitalizations overall in that group than in the placebo group, and fewer patients were hospitalized for worsening heart failure (26.8 percent vs. 34.7 percent; risk ratio, 0.72; 95 percent confidence interval, 0.66 to 0.79; P<0.001). In the ancillary trial, the findings regarding the primary combined outcome of death or hospitalization due to worsening heart failure were consistent with the results of the main trial.Full Text of Results...ConclusionsDigoxin did not reduce overall mortality, but it reduced the rate of hospitalization both overall and for worsening heart failure. These findings define more precisely the role of digoxin in the management of chronic heart failure



DOSAGE SANGUIN: 0,6-1ng/mL 
Prudence si IR 

Ambrosy et al. JACC 2014, 63, 1823-32 
FA 









 RCT Sildénafil (50mg 3x/jour) vs. placebo  
 44 patients avec IC fonction préservée et 

PAPs>40mmHg 
 A 6 et 12 mois,  Sildénafil montre: 
 Réduction PAPm, pression OD et résistances 

pulmonaires 
 Amélioration fonction VD 
 Amélioration QOL 

Guazzi et al, Circulation 2011 
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ACKGROUND: Prominent features of myocardial remodeling in heart failure with preserved ejection fraction (HFPEF) are high cardiomyocyte resting tension (F(passive)) and cardiomyocyte hypertrophy. In experimental models, both reacted favorably to raised protein kinase G (PKG) activity. The present study assessed myocardial PKG activity, its downstream effects on cardiomyocyte F(passive) and cardiomyocyte diameter, and its upstream control by cyclic guanosine monophosphate (cGMP), nitrosative/oxidative stress, and brain natriuretic peptide (BNP). To discern altered control of myocardial remodeling by PKG, HFPEF was compared with aortic stenosis and HF with reduced EF (HFREF).METHODS AND RESULTS: Patients with HFPEF (n=36), AS (n=67), and HFREF (n=43) were free of coronary artery disease. More HFPEF patients were obese (P<0.05) or had diabetes mellitus (P<0.05). Left ventricular myocardial biopsies were procured transvascularly in HFPEF and HFREF and perioperatively in aortic stenosis. F(passive) was measured in cardiomyocytes before and after PKG administration. Myocardial homogenates were used for assessment of PKG activity, cGMP concentration, proBNP-108 expression, and nitrotyrosine expression, a measure of nitrosative/oxidative stress. Additional quantitative immunohistochemical analysis was performed for PKG activity and nitrotyrosine expression. Lower PKG activity in HFPEF than in aortic stenosis (P<0.01) or HFREF (P<0.001) was associated with higher cardiomyocyte F(passive) (P<0.001) and related to lower cGMP concentration (P<0.001) and higher nitrosative/oxidative stress (P<0.05). Higher F(passive) in HFPEF was corrected by in vitro PKG administration.CONCLUSIONS: Low myocardial PKG activity in HFPEF was associated with raised cardiomyocyte F(passive) and was related to increased myocardial nitrosative/oxidative stress. The latter was probably induced by the high prevalence in HFPEF of metabolic comorbidities. Correction of myocardial PKG activity could be a target for specific HFPEF treatment
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Sacubtril/valsartan



Hazard ratio = 0.80 (95% CI: 0.73–0.87) 
p<0.001 

Days since randomization No at risk 
LCZ696 4187 3922 3663 3018 2257 1544 896 249 
Enalapril 4212 3883 3579 2922 2123 1488 853 236 
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PARADIGM-HF, N Engl J Med 2014;371:993-1004 
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Over de duur van de studie, hadden patienten in de LCZ groep een relatief risicoreductie van 20% tov enalapril voor de primaire composite endpoint



• Etude phase II,  multicentrique, randomisée, double 
aveugle, 

• LCZ696 200mg 2x/j vs. Valsartan 160mg 2x/j 
• FE >45% 
• Screening 685 patients, 308 patients randomisés  







 Poser un diagnostique précis 
 IC fonction préservée est fréquente 
 Ne pas oublier les zèbres (amyloidose, …) 
 Cathérisme cardiaque gauche/droit si doute  

 Traiter les causes sous-jacentes 
 Traiter l’HTA, la surcharge de volume 
 Traiter agressivement les comorbidités 
 Education, maladie chronique 



 Problème de santé publique majeur 
 

 IC à fonction préservée ne doit pas être sous-
estimée 
 

 Plus qu’un simple amalgame de comorbidités 
 

 Le diagnostique reste CLINIQUE 
 

 Attention aux zèbres 
 
 Nouvelles études en cours 



La Clef des Songes, René Magritte, 1927 





HFrEF HFmEF HFpEF 

Symptômes ±signes Symptômes ±signes Symptômes ±signes 

LVEF<40% LVEF 40-49% LVEF≥50% 

- Augmentation des NP 
 

et 
 
Au moins un critère: 

- HVG et/ou dilatation 
OG 

- Dyfonction diastolique 

Augmentation des NP 
 

et 
 
Au moins un critère: 

- HVG et/ou dilatation 
OG 

- Dyfonction diastolique 





Résidents du Olmsted County (Minn) sans maladie cardiovasculaire (n=617), avec 
HTA mais pas d’IC (n =719), ou avec IC fonction préservée (n=244) 
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Abnormal LV relaxation Increased LV stiffness  Background—Mechanisms purported to contribute to the pathophysiology of heart failure with normal ejection fraction(HFnlEF) include diastolic dysfunction, vascular and left ventricular systolic stiffening, and volume expansion. Wecharacterized left ventricular volume, effective arterial elastance, left ventricular end-systolic elastance, and leftventricular diastolic elastance and relaxation noninvasively in consecutive HFnlEF patients and appropriate controls inthe community. Methods and Results—Olmsted County (Minn) residents without cardiovascular disease (n617), with hypertension butno heart failure (n719), or with HFnlEF (n244) were prospectively enrolled. End-diastolic volume index wasdetermined by echo Doppler. End-systolic elastance was determined using blood pressure, stroke volume, ejectionfraction, timing intervals, and estimated normalized ventricular elastance at end diastole. Tissue Doppler e velocity wasused to estimate the time constant of relaxation. End-diastolic volume (EDV) and Doppler-derived end-diastolicpressure (EDP) were used to derive the diastolic curve fitting () and stiffness () constants (EDPEDV).Comparisons were adjusted for age, sex, and body size. HFnlEF patients had more severe renal dysfunction, yet smallerend-diastolic volume index and cardiac output and increased EDP compared with both hypertensive and healthycontrols. Arterial elastance and ventricular end-systolic elastance were similarly increased in hypertensive controls andHFnlEF patients compared with healthy controls. In contrast, HFnlEF patients had more impaired relaxation andincreased diastolic stiffness compared with either control group. Conclusions—From these cross-sectional observations, we speculate that the progression of diastolic dysfunction plays akey role in the development of heart failure symptoms in persons with hypertensive heart disease.



Eur J Heart Fail. 2013 Jul;15(7):776-85 
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Cardiac output response to exercise in relation to metabolic demand in heart failure with preserved ejection fraction.Abudiab MM1, Redfield MM, Melenovsky V, Olson TP, Kass DA, Johnson BD, Borlaug BA.Author informationAbstractAIMS: Exercise intolerance is a hallmark of heart failure with preserved ejection fraction (HFpEF), yet its mechanisms remain unclear. The current study sought to determine whether increases in cardiac output (CO) during exercise are appropriately matched to metabolic demands in HFpEF.METHODS AND RESULTS: Patients with HFpEF (n = 109) and controls (n = 73) exercised to volitional fatigue with simultaneous invasive (n = 96) or non-invasive (n = 86) haemodynamic assessment and expired gas analysis to determine oxygen consumption (VO2) during upright or supine exercise. At rest, HFpEF patients had higher LV filling pressures but similar heart rate, stroke volume, EF, and CO. During supine and upright exercise, HFpEF patients displayed lower peak VO2 coupled with blunted increases in heart rate, stroke volume, EF, and CO compared with controls. LV filling pressures increased dramatically in HFpEF patients, with secondary elevation in pulmonary artery pressures. Reduced peak VO2 in HFpEF patients was predominantly attributable to CO limitation, as the slope of the increase in CO relative to VO2 was 20% lower in HFpEF patients (5.9 ± 2.5 vs. 7.4 ± 2.6 L blood/L O2, P = 0.0005). While absolute increases in arterial-venous O2 difference with exercise were similar in HFpEF patients and controls, augmentation in arterial-venous O2 difference relative to VO2 was greater in HFpEF patients (8.9 ± 3.4 vs. 5.5 ± 2.0 min/dL, P < 0.0001). These differences were observed in the total cohort and when upright and supine exercise modalities were examined individually.CONCLUSION: While diastolic dysfunction promotes congestion and pulmonary hypertension with stress in HFpEF, reduction in exercise capacity is predominantly related to inadequate CO relative to metabolic needs.



In this contemporary clinical trial, in addition to diastolic dysfunction, 
HFpEF was characterized by impaired systolic deformation which was 
associated with higher NT-pro BNP 
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ackground: While diastolic dysfunction is widely considered a key pathophysiologic mediator of heart failure with preserved ejection fraction (HFpEF), concomitant systolic dysfunction despite preserved EF may play a role. Methods: We assessed myocardial systolic and diastolic function in a contemporary HFpEF clinical trial, PARAMOUNT, which enrolled patients with heart failure, NYHA class II-IV symptoms, an EF 45% and NT pro-BNP levels > 400 pg/ml [median 894 (IQR 526, 1457)]. Longitudinal and circumferential systolic deformation was assessed in 232 PARAMOUNT patients and compared to 50 healthy controls free of cardiovascular disease (mean age 60 ± 8; 51% female) using a vendor-independent 2D speckle tracking software (TOMTEC). The frequency and severity of impaired deformation was assessed across the spectrum of EF in HFpEF and was correlated with standard measures of diastolic function including E’ and E/E’ and with NT-pro BNP. Results: Mean age was 71±9 years, 61% were female, 83% white, 92 % hypertensive and 51% had a history of heart failure hospitalization. Mean EF was 58.5 ± 7.6, E/E’ was 16.1 ± 7 and 94 % had diastolic dysfunction grade I. Compared to healthy controls, HFpEF patients enrolled in PARAMOUNT demonstrated significantly lower longitudinal and circumferential strain across the spectrum of EF although these measures of strain were worse in patients with lower EF (figure 1). Neither longitudinal nor circumferential strain were related to standard echocardiographic measures of diastolic function (E’ or E/E’). However, worse longitudinal strain was significantly, though modestly, associated with higher NT-pro BNP levels, even after adjustment for 10 baseline covariates including EF (correlation coefficient 0.22, p<0.001). Conclusion: In this contemporary clinical trial, in addition to diastolic dysfunction, HFpEF was characterized by impaired systolic deformation which was associated with higher NT-pro BNP. 



PHT may be a critical component of HFpEF 
 
Lam CS, JACC 2009 
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Diastolic dysfunction extremely prevalent – unlikely that diastolic dysfunction alone can be responsible for HF pEF50% of patients with HTA have evidence of diastolic dysfunctionPH is highly prevalent and often severe in HFpEF. Although pulmonary venous HTN contributes to PH, it does not fully account for the severity of PH in HFpEF, suggesting that a component of pulmonary arterial HTN also contributes. The potent effect of PASP on mortality lends support for therapies aimed at pulmonary arterial HTN in HFpEF.



PAT=peripherial arterial tonometry 
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Objectives The purpose of this study was to comprehensively examine cardiovascular reserve function with exercise in patientswith heart failure and preserved ejection fraction (HFpEF).Background Optimal exercise performance requires an integrated physiologic response, with coordinated increases in heartrate, contractility, lusitropy, arterial vasodilation, endothelial function, and venous return. Cardiac and vascularresponses are coupled, and abnormalities in several components may interact to promote exertional intolerancein HFpEF.Methods Subjects with HFpEF (n  21), hypertension without heart failure (n  19), and no cardiovascular disease (control,n  10) were studied before and during exercise with characterization of cardiovascular reserve function byDoppler echocardiography, peripheral arterial tonometry, and gas exchange.Results Exercise capacity and tolerance were reduced in HFpEF compared with hypertensive subjects and controls, withlower VO2 and cardiac index at peak, and more severe dyspnea and fatigue at matched low-level workloads.Endothelial function was impaired in HFpEF and in hypertensive subjects as compared with controls. However,blunted exercise-induced increases in chronotropy, contractility, and vasodilation were unique to HFpEF and resultedin impaired dynamic ventricular-arterial coupling responses during exercise. Exercise capacity and symptomsof exertional intolerance were correlated with abnormalities in each component of cardiovascular reservefunction, and HFpEF subjects were more likely to display multiple abnormalities in reserve.Conclusions HFpEF is characterized by depressed reserve capacity involving multiple domains of cardiovascular function,which contribute in an integrated fashion to produce exercise limitation. Appreciation of the global nature
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BACKGROUND: Characterization of myocardial structural changes in heart failure with preserved ejection fraction (HFpEF) has been hindered by the limited availability of human cardiac tissue. Cardiac hypertrophy, coronary artery disease (CAD), coronary microvascular rarefaction, and myocardial fibrosis may contribute to HFpEF pathophysiology.METHODS AND RESULTS: We identified HFpEF patients (n=124) and age-appropriate control subjects (noncardiac death, no heart failure diagnosis; n=104) who underwent autopsy. Heart weight and CAD severity were obtained from the autopsy reports. With the use of whole-field digital microscopy and automated analysis algorithms in full-thickness left ventricular sections, microvascular density (MVD), myocardial fibrosis, and their relationship were quantified. Subjects with HFpEF had heavier hearts (median, 538 g; 169% of age-, sex-, and body size-expected heart weight versus 335 g; 112% in controls), more severe CAD (65% with ≥1 vessel with >50% diameter stenosis in HFpEF versus 13% in controls), more left ventricular fibrosis (median % area fibrosis, 9.6 versus 7.1) and lower MVD (median 961 versus 1316 vessels/mm(2)) than control (P<0.0001 for all). Myocardial fibrosis increased with decreasing MVD in controls (r=-0.28, P=0.004) and HFpEF (r=-0.26, P=0.004). Adjusting for MVD attenuated the group differences in fibrosis. Heart weight, fibrosis, and MVD were similar in HFpEF patients with CAD versus without CAD.CONCLUSIONS: In this study, patients with HFpEF had more cardiac hypertrophy, epicardial CAD, coronary microvascular rarefaction, and myocardial fibrosis than controls. Each of these findings may contribute to the left ventricular diastolic dysfunction and cardiac reserve function impairment characteristic of HFpEF



J Am Coll Cardiol 2012;59:442–51 
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Objectives The purpose of this study was to compare hemodynamic responses to vasodilator therapy in patients with heartfailure (HF) and preserved ejection fraction (HFpEF) versus HF and reduced ejection fraction (HFrEF).Background There is no proven therapy for HFpEF. In the absence of data, medicines with established benefit in HFrEF suchas vasodilators are frequently prescribed for HFpEF.Methods We compared baseline hemodynamics and acute responses to vasodilation with intravenous sodium nitroprussidein patients with HFrEF (n  174) and HFpEF (n  83), determined invasively by cardiac catheterization.Results Baseline blood pressure, stroke volume, and cardiac output were greater in HFpEF than HFrEF, while pulmonary arterymean and pulmonary wedge pressures were similar. Left ventricular filling pressures were reduced to a similar extentin each group with nitroprusside, but the drop in systemic arterial pressure was 2.6-fold greater in HFpEF (p 0.0001), and improvements in stroke volume and cardiac output were each 60% lower in HFpEF compared toHFrEF (p  0.0001). Despite similarly elevated filling pressures, HFpEF patients were fourfold more likely than HFrEFto experience a reduction in stroke volume with nitroprusside (p  0.0001), suggesting greater vulnerability to preloadreduction. Pulmonary artery systolic pressure dropped more in HFpEF than in HFrEF despite similar reduction inpulmonary mean pressure and resistance, suggesting higher right ventricular systolic elastance in HFpEF.Conclusions As compared to patients with HFrEF, patients with HFpEF experience greater blood pressure reduction, less enhancementin cardiac output, and greater likelihood of stroke volume drop with vasodilators. These findingsemphasize fundamental differences in the 2 HF phenotypes and suggest that more pathophysiologicallytargeted therapies are needed for HFpEF. ()



J Am Coll Cardiol 2012;59:442–51 
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phenomapping



(a) atrial systole, (b) isovolumetric contraction, (c) rapid ejection, (d) reduced ejection, 
(e) isovolumetric relaxation, (f) rapid filling and (g) slow LV filling (diastasis) 

Aortic 
pressure 

Ventricular 
pressure 

Atrial 
pressure 

LV volume 

a c b d e a f g 

Diastole Systole 



Facteurs extrinsèques au ventricule 
• propriétés péricardiques 
• interaction ventriculaire 
• compression extrinsèque 

 
Facteurs intrinsèques au ventricule 

• Cardiomyocyte 
• Concentration Ca++, réticulum sarcoplasmique,  
• Myofilaments: troponine C Ca++ binding,… 
• Energétique: ratio ADP/ATP 
• Cytosquelette: microtubule, desmin, actine, titine 

 
 
 
 
 
 

• Matrice extracellulaire: anomalie collagène, 
fibrose,… 
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BACKGROUND: Mechanisms purported to contribute to the pathophysiology of heart failure with normal ejection fraction (HFnlEF) include diastolic dysfunction, vascular and left ventricular systolic stiffening, and volume expansion. We characterized left ventricular volume, effective arterial elastance, left ventricular end-systolic elastance, and left ventricular diastolic elastance and relaxation noninvasively in consecutive HFnlEF patients and appropriate controls in the community.METHODS AND RESULTS: Olmsted County (Minn) residents without cardiovascular disease (n=617), with hypertension but no heart failure (n=719), or with HFnlEF (n=244) were prospectively enrolled. End-diastolic volume index was determined by echo Doppler. End-systolic elastance was determined using blood pressure, stroke volume, ejection fraction, timing intervals, and estimated normalized ventricular elastance at end diastole. Tissue Doppler e' velocity was used to estimate the time constant of relaxation. End-diastolic volume (EDV) and Doppler-derived end-diastolic pressure (EDP) were used to derive the diastolic curve fitting (alpha) and stiffness (beta) constants (EDP=alphaEDVbeta). Comparisons were adjusted for age, sex, and body size. HFnlEF patients had more severe renal dysfunction, yet smaller end-diastolic volume index and cardiac output and increased EDP compared with both hypertensive and healthy controls. Arterial elastance and ventricular end-systolic elastance were similarly increased in hypertensive controls and HFnlEF patients compared with healthy controls. In contrast, HFnlEF patients had more impaired relaxation and increased diastolic stiffness compared with either control group.CONCLUSIONS: From these cross-sectional observations, we speculate that the progression of diastolic dysfunction plays a key role in the development of heart failure symptoms in persons with hypertensive heart disease.





Borlaug et al, JACC 2010 
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Objectives The purpose of this study was to comprehensively examine cardiovascular reserve function with exercise in patientswith heart failure and preserved ejection fraction (HFpEF).Background Optimal exercise performance requires an integrated physiologic response, with coordinated increases in heartrate, contractility, lusitropy, arterial vasodilation, endothelial function, and venous return. Cardiac and vascularresponses are coupled, and abnormalities in several components may interact to promote exertional intolerancein HFpEF.Methods Subjects with HFpEF (n  21), hypertension without heart failure (n  19), and no cardiovascular disease (control,n  10) were studied before and during exercise with characterization of cardiovascular reserve function byDoppler echocardiography, peripheral arterial tonometry, and gas exchange.Results Exercise capacity and tolerance were reduced in HFpEF compared with hypertensive subjects and controls, withlower VO2 and cardiac index at peak, and more severe dyspnea and fatigue at matched low-level workloads.Endothelial function was impaired in HFpEF and in hypertensive subjects as compared with controls. However,blunted exercise-induced increases in chronotropy, contractility, and vasodilation were unique to HFpEF and resultedin impaired dynamic ventricular-arterial coupling responses during exercise. Exercise capacity and symptomsof exertional intolerance were correlated with abnormalities in each component of cardiovascular reservefunction, and HFpEF subjects were more likely to display multiple abnormalities in reserve.Conclusions HFpEF is characterized by depressed reserve capacity involving multiple domains of cardiovascular function,which contribute in an integrated fashion to produce exercise limitation. Appreciation of the global nature of reservedysfunction in HFpEF will better inform optimal design for future diagnostic and therapeuticstrategies.





Dunlay, Circ Heart Failure 2012 



Fonction ventriculaire gauche 

Relation pression - volume en fin de systole (Ees) 
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Fonction ventriculaire gauche 

Influence de la précharge et de la postcharge sur la  
boucle pression volume 
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Fonction ventriculaire gauche 

Influence de la contractilité sur la boucle pression volume 
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Fonction ventriculaire gauche 
 La fonction diastolique  

La relaxation ventriculaire 

Inactivation et dissipation de l’interaction actine - myosine 

Forces de rappel élastique 

réuptake de Calcium par le réticulum sarcoplasmique 

volume télésystolique < volume à l’équilibre 
 
 forces de rappel  si volume télésystolique  
  (fonction de la contractilité) 
 forces de rappel entraînent une succion ventriculaire 



Fonction ventriculaire gauche 
 La fonction diastolique  

Remplissage rapide 

  poursuite de la relaxation ventriculaire 
 
  chute de la presion ventriculaire sous la 

pression auriculaire: ouverture de la valvule 
mitrale 
 
  poursuite de la dépressurisation ventriculaire 

: succion ventriculaire 



Fonction ventriculaire gauche 
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Borlaug et al, Circ HF 2010 

Dyspnée effort, FE >50%, pas maladie coronaire, BNP normal 
hémodynamique de repos normale,  
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NCD= non cardiac dyspnea



Redfield et al. Circulation. 2014;130:2310-2320 
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 Background—The prevalence and clinical significance of right ventricular (RV) systolic dysfunction (RVD) in patients withheart failure and preserved ejection fraction (HFpEF) are not well characterized. Methods and Results—Consecutive, prospectively identified HFpEF (Framingham HF criteria, ejection fraction ≥50%)patients (n=562) from Olmsted County, Minnesota, underwent echocardiography at HF diagnosis and follow-up forcause-specific mortality and HF hospitalization. RV function was categorized by tertiles of tricuspid annular plane systolicexcursion and by semiquantitative (normal, mild RVD, or moderate to severe RVD) 2-dimensional assessment. WhetherRVD was defined by semiquantitative assessment or tricuspid annular plane systolic excursion ≤15 mm, HFpEF patientswith RVD were more likely to have atrial fibrillation, pacemakers, and chronic diuretic therapy. At echocardiography,patients with RVD had slightly lower left ventricular ejection fraction, worse diastolic dysfunction, lower blood pressureand cardiac output, higher pulmonary artery systolic pressure, and more severe RV enlargement and tricuspid valveregurgitation. After adjustment for age, sex, pulmonary artery systolic pressure, and comorbidities, the presence of anyRVD by semiquantitative assessment was associated with higher all-cause (hazard ratio=1.35; 95% confidence interval,1.03–1.77; P=0.03) and cardiovascular (hazard ratio=1.85; 95% confidence interval, 1.20–2.80; P=0.006) mortalityand higher first (hazard ratio=1.99; 95% confidence interval, 1.35–2.90; P=0.0006) and multiple (hazard ratio=1.81;95% confidence interval, 1.18–2.78; P=0.007) HF hospitalization rates. RVD defined by tricuspid annular plane systolicexcursion values showed similar but weaker associations with mortality and HF hospitalizations. Conclusions—In the community, RVD is common in HFpEF patients, is associated with clinical and echocardiographicevidence of more advanced HF, and is predictive of poorer outcomes. 





• Dysfonction diastolique (DD) à l’échocardiographie 
• Pas requise pour le diagnostique 
• Souvent non interprétée ou mal interprétée 
• Grade 2 (modérée) ou grade 3 (sévère)= outil utile, mais pas 

indispensable 
• Patients peuvent avoir de l’IC à fonction préservée avec DD 

discrète 
 

• Si doute:  cathétérisme cardiaque – mesures invasives 



Relations entre E/Ea et Pression Capillaire 

Solomon S D , Stevenson L W Circulation 2009;119:13-15 
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The authors acknowledge that a number of factors might have influenced their findings and account for the apparent discrepancies between this study and those published previously. First, patients enrolled in this study all had severe cardiac dysfunction and enlarged left ventricles, and had, by design, experienced worsening of their clinical status just before both evaluations. Greater left ventricular remodeling might alter the relationship between diastolic function and filling pressures, and the authors concede that the relationship between E/E′ and PCWP might be considerably more robust in patients with less-severe heart disease. Second, a number of these patients had biventricular pacing devices for cardiac resynchronization therapy, although the relationship between E/E′ and PCWP appeared similar regardless of cardiac resynchronization therapy. 



Présentateur
Commentaires de présentation
BackgroundMineralocorticoid-receptor antagonists improve the prognosis for patients with heart failure and a reduced left ventricular ejection fraction. We evaluated the effects of spironolactone in patients with heart failure and a preserved left ventricular ejection fraction.Full Text of Background...MethodsIn this randomized, double-blind trial, we assigned 3445 patients with symptomatic heart failure and a left ventricular ejection fraction of 45% or more to receive either spironolactone (15 to 45 mg daily) or placebo. The primary outcome was a composite of death from cardiovascular causes, aborted cardiac arrest, or hospitalization for the management of heart failure.Full Text of Methods...ResultsWith a mean follow-up of 3.3 years, the primary outcome occurred in 320 of 1722 patients in the spironolactone group (18.6%) and 351 of 1723 patients in the placebo group (20.4%) (hazard ratio, 0.89; 95% confidence interval [CI], 0.77 to 1.04; P=0.14). Of the components of the primary outcome, only hospitalization for heart failure had a significantly lower incidence in the spironolactone group than in the placebo group (206 patients [12.0%] vs. 245 patients [14.2%]; hazard ratio, 0.83; 95% CI, 0.69 to 0.99, P=0.04). Neither total deaths nor hospitalizations for any reason were significantly reduced by spironolactone. Treatment with spironolactone was associated with increased serum creatinine levels and a doubling of the rate of hyperkalemia (18.7%, vs. 9.1% in the placebo group) but reduced hypokalemia. With frequent monitoring, there were no significant differences in the incidence of serious adverse events, a serum creatinine level of 3.0 mg per deciliter (265 μmol per liter) or higher, or dialysis.Full Text of Results...ConclusionsIn patients with heart failure and a preserved ejection fraction, treatment with spironolactone did not significantly reduce the incidence of the primary composite outcome of death from cardiovascular causes, aborted cardiac arrest, or hospitalization for the management of heart failure.
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