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1 Symptoms 
± Signs

Symptoms 
± Signs

Symptoms 
± Signs

2 LVEF ≤ 40% LVEF 41-49% LVEF ≥ 50%

3 - - Objective evidence of 
LV diastolic dysfunction 

or raised LV filling pressures, 
including raised NP levels

What is the issue?

Herogeneous pathophysiology

Lack of evidence-based 
medicine

It could be useful to distinguish 
relevant HFpEF subgroups

(relatively) homogeneous 
pathophysiology

Strong evidence-based medicine 
for all of these patients



To look for cardiomyopathy/ secondary HFpEF

European Heart Journal (2023) 44, 656–667

https://doi.org/10.1093/eurheartj/ehac764

Keep in mind !
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Abstract

Aims Heart failure with preserved ejection fraction (HFpEF) is a heterogeneous syndrome with various causes that may

influence prognosis.

Methods and results We extracted the electronic medical records for 2180 consecutive patients hospitalized between

2016 and 2019 for decompensated heart failure. Using a text mining algorithm looking for a left ventricular ejection frac-

tion ≥50% and plasma brain natriuretic peptide level > 100 pg/mL, we identified 928 HFpEF patients. We screened for a

prevailing cause of HFpEF according to European guidelines and found that 418 (45.0%) patients had secondary HFpEF

due to either myocardial (n = 125, 13.5%) or loading condition abnormalities (n = 293, 31.5%), while the remaining 510

(55.0%) patients had idiopathic HFpEF. We assessed the association between the causes of HFpEF and survival collected

up to 31 December 2020 using Cox proportional hazards analysis. Even though patients with idiopathic HFpEF were older,

frequently female, and had frequent co-morbidities and a higher crude mortality rate compared with secondary HFpEF pa-

tients, their prognosis was similar after adjustment for age and sex. Unsupervised clustering analysis revealed three main

phenogroups with different distribution of idiopathic vs. secondary HFpEF. The phenogroup with the highest proportion of

idiopathic HFpEF (69%) had (i) an excess rate of non-cardiac co-morbidities including chronic obstructive pulmonary disease

(31%) or obesity (41%) and (ii) a better prognosis compared with the two other phenogroups enriched with secondary

HFpEF.

Conclusions Aetiological classification provides clinical and prognostic information and may be useful to better decipher the

clinical heterogeneity of HFpEF.
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Introduction

A growing number of patients present with heart failure (HF)

symptoms and an apparently normal left ventricular ejection

fraction (LVEF ≥ 50%).1,2 These patients are commonly re-

ferred to as having HF with preserved ejection fraction

(HFpEF),3 which however represents a heterogeneous syn-

drome with very different clinical phenotypes.4 Typically,
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J Am Coll Cardiol 2014;63:1959–60 

Let’s move on to new ways of classifying HF patients



HF and dysfunction of other organs

Low CO and Blood pressure 
(arterial underfilling)

High venous pressure

RAAS activation
Inflammation
RV failure

Intra-abdominal pressure

Altering in renal 
perfusion

Cardiorenal syndrome
(> 20% of AHF patients)
 worsens prognosis 

 altered diuretic response

Cardiorenal 
syndrome



HFpEF: numerous and complex mechanisms
=> patient profiling taking into account this complexity

Endothelial dysfunction

Atrial myopathy

Pulmonary Hypertension
RV dysfunction

Comorbidities

LV and vascular stiffness

Chronotropic incompetence

Dysfunction of other organs 



Clinical characteristics

ComorbiditiesImaging

Biology
Biomarkers

Hemodynamics

Statistical 
clustering 

techniques

Clusters ± mutually exclusive

Cluster 1 Cluster 2

Cluster3

J Am Coll Cardiol 2017;70:1704–16 

HFpEF and phenomapping (clustering)

New paradigm: data driven statistical analysis 

Unsupervised 
statistical 
learning



Shah et al. Circulation 2015; 131

397 HFpEF patients, 
67 variables
=> Hierarchical clustering analysis 

1: younger, lower BNP, less LVH and DD

2: most DM, obesity, OSA, lowest e’, highest PCWP

3: older, highest BNP, worst CKD, most electrical and echo 
changes, highest E/e’, RV dysfunction

HFpEF and phenomapping (or clustering)



Cohen JB et al. JACC-HF 2020

Clinical Phenogroups in Heart Failure With Preserved Ejection Fraction
Detailed Phenotypes, Prognosis, and Response to Spironolactone

HFpEF and phenomapping



Cardiovascular Research (2023) 118, 3403–3415

HFpEF and phenomapping



HFpEF and phenomapping 
=> 3 aggregate overlapping phenotypes across studies

D’après Peters AE et al. Cardiovasc Res 2022; 118, 3403–3415

Subtype
Pulmonary disease

Subtype
HFrEF like

Subtype
Atrial myopathy

Subtype
Abnormalities only during stress

Elderly  
Vascular ageing

Relatively younger
Low BNP

Obese
Metabolic disorders

Clustered phenotypes
      but overlap
=> sub-phenotypes en sus



Peters AE et al. Cardiovasc Res 2022; 118, 3403–3415



Olink Proseek Multiplex CVD III96X96 kit 
(Olink Proteomics)

BIOSTAT-CHF  (BIOlogy Study to TAilored Treatment in Chronic Heart Failure)

Tromp J et al. J Am Coll Cardiol 2018;72

HF-rEF
 - cellular growth
 - cardiac stress response
 - métabolism

HF-pEF
 - inflammation
 - EC matrix

Identifying biological pathways by using biomarkers

HF and phenomapping using omics



Etude prospective (APHP / MEDICEN grant)

PACIFIC: data driven research project 
aiming at redefining and profiling HFpEF

Hulot JS et al. ArchCarVascDis 2024 

1

Stratify HFpEF into
distinct subgroups

Data analysis

Physical exam
Functional tests
Questionnaires

Design of the PACIFIC-Preserved study

Prospective investigations

Informed consent

3 HFpEF (LVEF≥ 50%)
: 2 HFrEF (LVEF≤40%)
: 1 subject without HF

Cardiac MRI

Chest CT

TTE

Elastography

Biology

Arterial stiffness

+ cardiac dynamic monitoring (up to 14 days) 

ECG

Develop novel
diagnostic strategies
for HFpEF

Deep phenotyping (1 day hospital stay)

Graphical Abstract (for original article, review)

Linking to 
national health datahub 

(SNDS)



IC-FEP et phénotypage : 
quelles conséquences thérapeutiques?



Cohen JB et al. JACC-HF 2020

Clinical Phenogroups in HFpEF: Detailed Phenotypes, Prognosis, and Response to Spironolactone

HFpEF, phenomapping and therapeutic consequences



Heart. 2022 ;108(19):1553-1561

HFpEF, clustering and therapeutic impact

32 variables

Sotomi Y, et al. Heart 2023;109:1231–1240. 

Efficacité des ARM 
dans le phénotype 2 Efficacité des IEC 

dans le phénotype 2



CONCLUSION

❑ Traditional strategies for understanding pathophysiology and testing 
interventions in HFpEF as a single disease phenotype have proven challenging 
with modest efficacy results 

❑ Phenomapping is a powerful statistical tool to identify (maybe) relevant 
phenotypes or clusters  

❑ Clinical usefulness of such phenomapping: not validated so far… 

❑ Issues: overlap of phenotypes and subtypes, many important variables currently 
not taken into account …

❑ Perspectives
• Refinement with more (relevant) variables (hemodynamics?, omics?)
• Clinical trials based on certain phenotypes (ex: REDUCE-LAP2, STEP-HF…)

• Extension of indications for treatments already validated elsewhere
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