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Synthèse (en français) 

 

La congestion réfère aux œdèmes pulmonaires et systémiques habituellement observés dans un 

contexte d’augmentation des pressions intracardiaques. C’est un prédicteur majeur de mauvais pronostic 

en insuffisance cardiaque. Une meilleure évaluation et quantification de la congestion au cours du parcours 

de soins (en amont d’une décompensation, aux urgences, en cours d’hospitalisation et en contexte 

ambulatoire) est souhaitable pour améliorer la stratification du risque et aider à la prise en charge de ces 

patients. Des outils d’évaluation de la congestion facilement accessibles et d’utilisation simple seraient 

utiles dans ce contexte.  

Au cours de ce doctorat, nous avons étudié un score de congestion estimé à partir de la radiographie 

pulmonaire (dénommé dans la littérature « congestion score index ») ainsi que le volume plasmatique 

estimé à partir de l’hémoglobine et de l’hématocrite sanguine. Notre but était d’évaluer la pertinence de 

ces paramètres de congestion en insuffisance cardiaque.  

Nous avons donc évalué : 

1. la capacité diagnostique et pronostique du score de congestion pulmonaire radiographique 

dans le contexte de la dyspnée aigue,  

2. les implications cliniques et pronostiques de la quantification du volume plasmatique 

estimé en insuffisance cardiaque et,  

3. l’utilité de la combinaison de ces 2 variables en insuffisance cardiaque décompensée. 

Dans le cadre de ce doctorat, j’ai écrit 7 articles en qualité de premier auteur, dont 5 sont publiés 

et 2 soumis.  

 

La première partie de ce doctorat était centrée sur le score radiographique de congestion, 

initialement développé par une autre équipe dans le contexte de l’insuffisance cardiaque chronique. Nous 

avons dans un premier temps étudié la valeur diagnostique de ce score radiologique de congestion 

pulmonaire chez des patients admis pour dyspnée aigue aux urgences au sein de la cohorte PARADISE (1er 

article – en cours de soumission). La radiographie pulmonaire reste très utilisée aux urgences, 
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principalement pour écarter un diagnostic différentiel. Sa performance diagnostique en utilisant une 

approche non systématisée est modérée. Nos résultats issus de l’analyse de 1333 patients de la cohorte 

PARADISE (âge moyen 72±19) montrent que le score radiologique a une bonne performance diagnostique 

pour l’insuffisance cardiaque aigue lorsque qu’utilisé seul (C-index=0.84, 0.82-0.86) ou concomitamment 

de variables cliniques (C-index=0.87, 0.85-0.90). Nous avons aussi montré que ce score radiographique de 

congestion améliore la performance diagnostique en plus de l’utilisation de variables cliniques. Chez les 

patients ayant eu un dosage des peptides natriurétiques, le score de congestion radiographique présente une 

capacité diagnostique non significativement différente de celle du BNP. Par ailleurs, la valeur diagnostique 

de ce score radiologique ne semblait pas affecté par les caractéristiques cliniques des patients, notamment 

par l’âge, la présence d’une obésité ou d’une bronchite chronique. Nous avons pu valider ces résultats dans 

une cohorte indépendante 224 patients. 

Nous avons ensuite (2ème article – publié dans International Journal of Cardiology) étudié la valeur 

pronostique de ce score radiologique dans une cohorte de 292 patients (âge moyen 71±14 ans) admis pour 

insuffisance cardiaque aigue à Tokyo. Nous avons observé que la congestion pulmonaire radiographique 

résiduelle (plutôt que la congestion initiale) était associée au pronostic des patients. Par ailleurs, nous avons 

observé que l’association du score de congestion pulmonaire radiographique était significativement associé 

au pronostic même après ajustement sur les peptides natriurétiques, et améliorait la capacité de prédiction 

(telle qu’évaluée par le Net Reclassification Index) en plus des variables cliniques.  

 

La deuxième partie de notre doctorat s’est centré sur le volume plasmatique estimé. Nous avons 

évaluer l’association du volume plasmatique estimé à partir de l’hémoglobine et l’hématocrite, en utilisant 

la formule de Duarte (publiée dans le cadre d’un précédant doctorat réalisé au sein de l’Université de 

Lorraine), avec des variables biologiques, échographiques et hémodynamiques de congestion (3ème article, 

publié dans Clinical Research in Cardiology). Cette étude conduite chez 78 patients (âge moyen 74 ans) 

admis pour réalisation d’un cathétérisme gauche suggère que le volume plasmatique estimé est un marqueur 

de congestion préférentiellement gauche (comme le rapport E/e’, les peptides natriurétiques et les pressions 

de remplissage ventriculaire telles qu’estimées en cathétérisme). Par ailleurs, nous avons identifié dans 
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cette analyse que le lien entre le volume plasmatique estimé et ces variables semble partiellement dépendant 

du sexe : La corrélation entre le volume plasmatique estimé et les pressions télé-diastoliques ventriculaires 

gauches était en effet plus importante chez les femmes.  

Nous avons ensuite étudié l’association du volume plasmatique estimé avec le risque d’évènements 

cliniques dans différents contextes (en IC décompensée et en IC ambulatoire avec fraction d’éjection 

préservée). La première analyse a été réalisée dans 3 cohortes internationales de patients admis pour 

insuffisance cardiaque décompensée réalisées dans des contextes clinqiues et géographiques différents 

(deux cohortes japonaise et française en service de cardiologie et une cohorte portugaise aux urgences) 

permettant une bonne validité externe de nos résultats. La cohorte fusionnée comportait 712 patients, dont 

383 étaient issus de la cohorte de Tokyo (âge moyen 71±14 ans), 165 de la cohorte ICALOR (âge moyen 

76±10 ans) et 164 de la cohorte de Porto (âge moyen 72±15 ans). La deuxième analyse a été réalisée dans 

l’essai clinique TOPCAT (évaluant l’effet de la Spironolactone en IC à fraction d’éjection préservée). Ces 

travaux ont montré l’association indépendante du volume plasmatique estimé par la formule de Duarte avec 

les évènements cliniques à moyen terme et sa valeur ajoutée (telle qu’évaluée par le Net Reclassification 

Index) dans la stratification du risque des patients insuffisants cardiaques dans des contextes très différents ; 

Ils ont donné lieu à deux articles (4ème et 5ème article), tous les deux publiés dans Clinical Research in 

Cardiology.  

Suite à ces travaux, nous avons réalisé une revue de la littérature centrée sur l’estimation du volume 

plasmatique, incluant donc nos premiers articles publiés, dans le but de mettre en avant l’intérêt de cette 

approche chez les patients insuffisants cardiaques en pratique de routine (6ème article – en cours de 

soumission). 

 

Dans la troisième partie de ce doctorat, nous avons exploré la valeur pronostique combinée du score 

radiographique de congestion pulmonaire et du volume plasmatique estimé par la formule de DUARTE 

chez des patients hospitalisés pour aggravation d’IC en service de cardiologie issus de la cohorte ICALOR 

(7ème article – publié dans International Journal of Cardiology). La cohorte ICALOR comporte des patients 

inclus dans le réseau d’insuffisance cardiaque ICALOR, et suivi dans ce cadre. Nous avons trouvé que, 
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dans cet échantillon de 117 patients (age moyen 74±14 ans, fraction d’éjection moyenne 40%±16%), une 

approche bivariable avait une valeur importante pour la stratification du risque intra-hospitalier et dans les 

suites de l’hospitalisation. Après ajustement, les patients ayant à la fois un score radiologique de congestion 

pulmonaire et un volume plasmatique estimé élevés avaient une durée de séjour significativement plus 

importante et un risque 5 fois plus important de décès ou réhospitalisation pour insuffisance cardiaque à 90 

jours. Les patients ayant seulement un marqueur augmenté (score radiologique de congestion pulmonaire 

ou volume plasmatique estimé) ne semblaient pas avoir d’augmentation importante du risque 

d’évènements. L’utilisation combinée du score radiographique de congestion pulmonaire et du volume 

plasmatique estimé permettait une augmentation significative de la discrimination du modèle pour le risque 

de décès ou de réhospitalisation (telle qu’évaluée par le Net Reclassification Index). 

Notre travail souligne l’utilité clinique du score radiologique de congestion pulmonaire, du volume 

plasmatique estimé et de leur évaluation conjointe dans le champ de l’IC. Par ailleurs, nous montrons la 

bonne performance d’une approche mêlant marqueurs d’imagerie et marqueurs biologiques évaluant 

différentes composantes de la congestion.  

Les limites de notre travail sont principalement celles issues des études observationnelles et 

retrospectives (hormis l’analyse réalisée dans l’essai TOPCAT). En particulier, la version de la cohorte 

PARADISE utilisée dans ce doctorat est mono-centrique, ce qui limite la validatité externe de nos analyses. 

Cependant, nous avons, chaque fois que cela était possible, utilisé des cohortes de validation indépendantes 

pour confirmer les résultats obtenus dans PARADISE. Par ailleurs, concernant les analyses sur l’estimation 

du volume plasmatique, une des forces de notre travail est la diversité des cohortes utilisées, issues des 

services d’urgence et de cardiologie français, portugais et japonais. L’utilisation à l’avenir de cohortes 

prospectives comportant plus de variables de congestion (notamment échocardiographiques) permettra de 

dépasser les limites rencontrées dans notre travail. 

Dans la lignée de ces travaux, une intégration des marqueurs de congestion au sein d’une démarche 

multi-paramétrique pourrait apporter une meilleure caractérisation du profil congestif individuel des 

patients insuffisants cardiaques. Des travaux futurs utilisant de grandes bases de données comportant des 

informations relatives à des variables variées de congestion pourrait aider à l’intégration de ces variables à 
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des modèles diagnostiques et pronostiques en IC. Dans la lignée du travail effectué en thèse, de futur travaux 

sur des cohortes multicentriques de patients admis pour dyspnée, comme la cohorte PARADISE-

multicentrique et la cohorte PURPLE (Pathway and Urgent care of dyspneic Patient at the emergency 

department in LorrainE district) et des cohortes de patients admis pour insuffisance cardiaque aigue 

précisément phénotypes (telles que la cohorte AHF-CORE - Acute Heart Failure -COngestion Repeated 

Evaluation), pourraient explorer des approches d’évaluation multimodales de la congestion. Ces analyses 

permettront d’identifier la meilleure combinaison de variables pronostiques et de préciser la meilleure 

stratégie d’évaluation de la congestion en routine. Cette intégration passera vraisemblablement par 

l’utilisation d’outils de type intelligence artificielle, afin d’obtenir des algorithmes intégrés et personnalisés, 

prenant en compte les caractéristiques des patients (notamment les antécédents et comorbidités). Cette 

approche flexible semble plus adaptée à la complexité de la situation d’analyse. Enfin, à terme, pour 

permettre une large diffusion de ces approches aboutissant le plus souvent à des algorithmes complexes, 

une intégration de ces outils au système d’information des structures de soins serait nécessaire. 

L’implémentation de ces algorithmes dans les dossiers informatisés des patients permettrait une évaluation 

en temps réelle de l’évolution des états congestifs, et pourrait à terme aider à la prise en charge thérapeutique 

des patients insuffisants cardiaques. 
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Abbreviations and acronyms 

 

HF=heart failure 

CHF=chronic heart failure 

AHF=acute heart failure 

ADHF=acutely decompensated heart failure 

HFrEF=heart failure with reduced ejection fraction 

HFpEF=heart failure with preserved ejection fraction 

CXR=chest radiography 

CSI=congestion score index 

PV=plasma volume 

ePVS=estimated plasma volume status 

NYHA=New York Heart Association 

JVD=jugular venous distention 

JVP=jugular venous pressure 

HJR=hepatojugular reflex 

BNP=brain type natriuretic peptide 

NTproBNP=N-terminal pro-B-type natriuretic peptide 

LV=left ventricular 

RV=right ventricular 

RAP=right atrial pressure 

PASP=pulmonary artery systolic pressure 

PCWP=pulmonary capillary wedge pressure 

LUS=lung ultrasound 
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1. Introduction 
 

Congestion is defined as a high left ventricular (LV) filling pressure associated with signs and 

symptoms of heart failure (HF) 1. Elevated filling pressure leads to the imbalance of Starling’s 

equilibrium in the alveolar capillary barrier, resulting in the development of lung edema, i.e. pulmonary 

congestion. Elevated LV filling pressure also leads to retrograde increased right arterial pressure (RAP) 

and central venous pressure, leading to systemic congestion such as leg edema 2, 3. The presence of 

systemic or pulmonary congestion is theoretically related to an elevation in right- or left-sided 

intracardiac pressure. Of note, patients with pulmonary hypertension without left-sided HF may have 

isolated systemic congestion.  

Development of congestion is one of the main causes leading to urgent hospitalization for HF 

and subsequent poor prognosis 4, 5. A recent European survey showed that more than 40% of patients 

admitted for worsening HF died or were readmitted to hospital within 1 year 6-8. Furthermore, 30% of 

patients hospitalized for worsening HF still have residual congestion at discharge, which is strongly 

associated with increased risk of subsequent cardiovascular events 9. Therefore, it is of paramount 

importance to correctly evaluate congestion to rightfully assess the degree of decongestion and favor 

the optimal tailoring of HF medications at each point of patient management (i.e., before progression to 

decompensation, emergency department, hospital index, prior discharge assessment and outpatient 

clinic) 4. In addition, serial assessment of congestion may identify patients who have higher risk of 

cardiovascular events. Furthermore, a quantitative assessment of congestion has been reported to 

provide better prognostic information even in patients with absent or minimal residual congestion 10. 

Therefore, the quantification and monitoring of congestion using new imaging/biological approaches 

may be useful for the clinical management and risk-stratification of patients with HF. Clinical, biological 

and imaging assessment of congestion can help the diagnosis of acute HF (AHF) and (sometimes) guide 

decision-making 11-13. The availability, however, of these congestion markers may limit their clinical 

utility. Indeed, recent data showed that less than 20% of patients underwent lung ultrasound (LUS) 

and/or echocardiography to diagnose AHF in the emergency department 14. 
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Readily and widely available evaluation tools are warranted to quantify and/or monitor 

congestion and eventually improve risk-stratification. In this thesis, we investigated several types of 

congestion markers (i.e., clinical, biological, imaging and invasive markers) and determine whether 

these additional congestion markers could be useful in various setting of patients with heart failure.  
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2. Congestion evaluation tools: Description and association with 
diagnosis/prognosis 
 

2.1. Clinical congestion markers 

2.1.1. Leg edema 

Leg edema may reflect higher intravascular pressure, leading to fluid transmission from the 

intravascular space to interstitial tissues. Leg edema is one of the most simple and common signs in 

patients with worsening HF15. Previous studies showed that more severe leg edema in patients 

hospitalized for worsening HF were associated with longer hospital stay and a higher risk of post-

discharge cardiovascular mortality16-18; thus, leg edema may be a clinically useful measure of systemic 

congestion. Leg edema, however, may be often influenced by non-cardiac causes such as venous 

insufficiency, obesity, lymphedema, nephrotic syndrome or cirrhosis 19. In patients with a known history 

of HF, rapid accumulated bilateral leg edema associated with a significant increase in body weight may 

be often considered as a surrogate of volume expansion20. The combined assessment of leg edema and 

jugular venous distention may provide better identification of patients with a higher risk of poor 

outcomes 21. 

 

2.1.2. Jugular venous distention and hepatojugular reflex 

Jugular venous distention (JVD) is defined as a significant increase in estimated jugular venous 

pressure (JVP)22, and is a useful congestion sign which can contribute to diagnose HF or manage patients 

with HF 23-26. Recent registry data showed that 35% of patients admitted for worsening HF have a 

significant increase in JVP 27. In a post-hoc analysis of Evaluation Study of Congestive Heart Failure 

and Pulmonary Artery Catheterization Effectiveness (ESCAPE) trial, patients hospitalized for 

worsening HF were categorized into 4 groups according to JVP (<8, 8 to 12, 13 to 16, >16mmHg). In 

this study, JVP was associated with significantly elevated pulmonary capillary wedge pressures 

(>22mmHg) and a higher risk of cardiovascular events25. In a post-hoc analysis of Study of Left 

Ventricular Dysfunction (SOLVD) trial, in patients with symptomatic HF and a reduced ejection fraction 

(HFrEF), JVD, a third heart sound or their combination were associated with the composite of mortality 

and/or hospitalization for HF 28. In this study, the presence of both clinical signs increased the risk of 
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the composite of mortality and/or development of HF in patients with asymptomatic HFrEF 29. Worse 

prognostic value of JVD was also reported in 1,376 patients with HFrEF and atrial fibrillation in a post-

hoc analysis of Atrial Fibrillation and Congestive Heart Failure (AF-CHF) trial 30.  

A positive hepato-jugular reflux (HJR) sign is defined as an increased JVP of greater than 3cm 

sustained during 10 seconds of continuous pressure on the abdomen31, and predicts a significant increase 

in pulmonary capillary wedge pressure (PCWP) (>15mmHg) in the absence of isolated right ventricular 

(RV) dysfunction32. Several studies confirmed the association of the presence of HJR with elevated 

PCWP 26 33 and diagnostic utility of HJR for AHF 34. Furthermore, in a post-hoc analysis of ESCAPE 

trial, patients with persistent HJR at discharge were at a higher risk of 6-month mortality 33, suggesting 

that HJR may identify AHF patients who persist residual congestion.  

When assessed properly by experienced clinicians, JVD and HJR may have better accuracy, 

thus practical tips to assess this congestion parameter is needed 20, 25, 35. 

 

2.1.3. Pulmonary rales   

Pulmonary rales may reflect increased lung interstitial fluid but have low sensitivity for HF 1. 

Patients with advanced CHF often have no rales even if these patients had elevated LV filling pressures 

19, 26, 30. A post-hoc analysis of the Placebo-Controlled Randomized Study of the Selective A1 Adenosine 

Receptor Antagonist Rolofyl line for Patients Hospitalized with Acute Decompensated Heart Failure 

and Volume Overload to Assess Treatment Effect on Congestion and Renal Function (PROTECT) trial 

showed that severe pulmonary rales (≥2/3 area) were significantly associated with 180-day mortality in 

2,033 patients with HF and significant signs/symptoms of volume overloard36. If patients have persisting 

rales without any other congestion sign/symptom at the time of discharge, this sign may be due to other 

lung conditions such as pneumonia, chronic bronchitis, asthma or interstitial fibrosis. 

 

2.1.4. Body weight 

Development of congestion is most often based on sodium and water retention, leading to an 

increase in body weight. Important daily variation in body weight most likely reflects changes in volume 

status. However, there are several potential factors such as cardiac cachexia 37 and dehydration related 

to aggressive decongestion therapy, which may be plausible contributors of rapid changes in body 
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weight. An acute change in body weight has been known to parallel the development of congestion 1. 

The well-known barrier to body weight-based congestion assessment is that its fluctuations may not 

always express changes in intravascular volume 38.  

The Tele-HF trial randomly assigned patients hospitalized for HF either to telemonitoring 

(N=826) or to usual care (n=827) 39. The telemonitoring system collected information about symptoms 

and daily body weight. Their results consistently showed no benefit of this telemonitoring on mortality 

or any rehospitalization within 180 days. In a report from TIM-HF trail comparing telemonitoring (i.e. 

daily body weight and blood pressure) (N=354) and usual care (N=356) in patients with CHF, no benefit 

of telemonitoring was observed 40. This suggest that weight monitoring alone is not enough to prevent 

HF hospitalization. 

 

2.1.5. Dyspnea 

Various types of dyspnea (i.e., dyspnea with exertion, orthopnea and paroxysmal nocturnal 

dyspnea) are central to HF patients as emphasized by the Framingham Heart Study 41. Orthopnea was 

found to be associated with elevated pulmonary capillary wedge pressure in the ESCAPE trial 25. This 

type of dyspnea is one of the simplest assessments of LV filling pressures in our patients. Optimal HF 

medications may reduce the presence of orthopnea in HF patients, which is associated with improved 

ejection fraction and favorable prognosis 42. 

Bendopnea, which Thibodeau et al. recently defined in an advanced HF population, is a 

symptom of dyspnea when patient bent forward during 30 seconds in sitting in a chair and touching 

one’s feet with one’s hands 20, 43. Previously published study showed that bendopnea was associated with 

increases in ventricular filling pressure but not reduction in cardiac index, especially in the context of 

HF patients with low cardiac index 43. Additional data confirmed that bendopnea is associated with 

elevated filling pressure, subsequent exercise tolerance 44-46 and prognostic 45, 47.  
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2.1.6. Clinical congestion score 

Despite somewhat limited diagnostic/prognostic value of clinical congestion markers, clinical 

scores that combine clinical congestion markers improve their performance (Table 1).  

The Brest score has been proposed to diagnose AHF in acute dyspneic patients in the emergency 

department. The Brest score is calculated from clinical parameters such as age, comorbidities (i.e. prior 

history of heart failure, myocardial infarction and chronic obstructive pulmonary disease), pattern of 

dyspnea, ST segment abnormalities and signs/symptoms of congestion (i.e. rales and leg edema), 

showing good diagnostic value (AUC=0.86) 48.  

In a post-hoc analysis of the (Efficacy of Vasopressin Antagonism in Heart Failure Outcome 

Study with Tolvaptan) EVEREST trial, 2,061 patients hospitalized for worsening HF and a reduced 

ejection fraction were calculated a composite congestion by summing the individual scores for 

orthopnea, JVD, rales and leg edema from the time of enrolment until discharge or hospital day 7 10. 

This congestion score substantially improved during hospital index, and the discharge value of this score 

was significantly associated with poor prognosis. These findings suggest that quantification of clinical 

congestion may provide better identification of patients at higher risk even in those with marginally 

increased congestion status. Furthermore, Gheorghiade et al. proposed a congestion score integrating 

bedside clinical bedside parameters, dynamic parameters, and natriuretic peptides 1. This scoring may 

improve the objective assessment of the congestion severity; however, some assessments (e.g. 6-min 

walk test) incorporated in this model may have less availability in clinical routine.  

In contrast, (too) simple scoring systems may have sometimes limited clinical utility. In a sub-

study of the (Acute Study of Clinical Effectiveness of Nesiritide in Decompensated Heart Failure) 

ASCEND-HF trial with 884 patients hospitalized for worsening HF, an increase in in-hospital 

congestion scoring derived from orthopnea, pedal edema and NTproBNP levels was associated with a 

higher risk of short-term mortality and/or re-hospitalization for HF, but did not improve traditional risk-

stratification 49. Holistic congestion scorings, integrated from readily and widely available congestion 

variables, with better diagnostic and prognostic performance are warranted. 
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Table 1. Summary for clinical congestion score 

 Diagnostic score Prognostic score  
Brest score48 EVEREST Score10 Gheorgiade Score1 ASCEND-HF score49 

Settings Acute dyspneic patients in 
the emergency department 

Discharge from 
HF hospitalization 

 
Admission at HF 
hospitalization 

Dyspnea 1=Night outbreak 
2=Sudden dyspnea  

0=None 
1=Seldom 
2=Frequent 
3=Continuous 

 
 

Orthopnea 1=Orthopnea 0=None 
1=Seldom 
2=Frequent 
3=Continuous 

0=None 
1=Mild (1 pillow) 
2=Moderate (>1 pillow) 
3=Severe (sleeps sitting) 

Orthopnea 2+ 

JVD 
 

0≤6  
1=6-9  
2=10-15  
3≥15 

-1≤8 and no hepatojugular reflux 
1=8-10 or hepatojugular reflux 
2=11-15 
3≥16 

 

Rales 2=Pulmonary crackle 0=None 
1=Bases  
2=Up to <50% 
3≥50% 

 
 

Edema 1=Pitting leg edema 0=Absent/trace  
1=Slight 
2=Moderate 
3=Marked 

0=None 
1=1+ 
2=2+  
3=3+/4+ 

0=None 
1=edema up to shins 
2=edema up to knees 
3=edema up to sacrum 

Other 
bedside 
parameters 

1=ST segment abnormalities Fatigue:  
0=None  
1=Seldom  
2=Frequent 
3=Continuous 

Hepatomegaly: 
-1=Absent in the setting of normal JVP 
0=Absent 
1=Liver edge 
2=Moderate pulsatile enlargement 
3=Massive tender enlargement 
extending to midline 

 

Dynamic 
parameters 

  
Orthostatic testing: 
-1=Significant SBP decrease or HR 
increase 
0=No change in SBP or HR and no 
difficulty 
1=Mild difficulty/ 2=Moderate/ 
3=Severe/worst 
 
6-min walk test: 
-1≥400m/ 0=300-400m/ 1=200-300m 
2=100-200m/ 3≤100m  
 
Valsalva maneuver:  
-1=Normal response/ 1=Absent 
overshoot pattern 
2=Square wave pattern 

 

Nonclinical 
parameters 

  
BNP (pg/ml): 
0≤100/ 1=100-299/ 2=300-500/ 3≥500 
 
NT-proBNP (pg/ml): 
0≤400/ 1=400-1,500/ 2=1,500-3,000/ 
3≥3,000 

NT-proBNP (pg/ml):  
Measured between 48 
and 72hrs after 
admission  
[median= 3278 (1344-
7033)] 
1= tertile 1 
2= tertile 2 
3= tertile 3 

Medical 
history 

2=prior CHF episode 
2=Myocardial infarction 
1=Atrial fibrillation/flutter 
-2=Chronic pulmonary 
disease 
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2.2. Biological congestion markers 

2.2.1. Natriuretic peptide 

Natriuretic peptides (NPs), such as B-type natriuretic peptide (BNP), N-terminal fragment pro-

B-type natriuretic peptide (NT-proBNP) are recognized circulating biomarkers in HF. NPs are 

recommended to support the diagnosis of AHF as Class I, Level of Evidence A, in recent clinical practice 

guidelines 50. Previously published data showed that, in acute dyspneic patients, cutoffs of BNP 

<100pg/ml and NTproBNP <300pg/ml efficiently ruled out HF, and that BNP (AUC=0.91) and 

NTproBNP (AUC=0.94) provided high diagnostic accuracy of HF 51, 52. A recent published including 

1,461 acute dyspneic patients with 277 AHF patients showed that age-stratified NTproBNP had good 

diagnostic performance for AHF53. However, one possible concern is that elevated levels of NPs do not 

automatically diagnose AHF. Indeed, recent practical guidelines emphasized that NPs should be used to 

rule-out HF rather than ascertain HF. A number of underlying cardiac-related diseases can be associated 

with raised levels of NPs (p.e. prior heart failure hospitalization, atrial fibrillation, acute coronary 

syndrome and depressed systolic dysfunction) or reduced levels (p.e. decompensated end-stage HF, 

flash pulmonary edema or right-sided HF). In addition, the levels of NPs may be influenced by several 

patient characteristics such as age, sex, obesity and renal function54. 

Elevated NPs is also associated with poor patient outcome in both acute and chronic settings 55-

58. BNP provides important prognostic information with every 100-pg/ml increase being associated with 

a 35% increase in the risk of mortality. In a report of post-hoc analysis of the (Organized Program to 

Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure) OPTIMIZE-HF trial, the 

association of BNP on admission, discharge and its in-hospital change with 1-year cardiovascular event 

was assessed in 7,039 patients hospitalized for worsening HF had BNP. Discharge BNP best predicts 1-

year mortality and/or rehospitalization, highlighting the central prognosis importance of residual 

congestion59.  

Similarly, in patients with CHF, NP levels provide powerful prognostic information. In a post-

hoc analysis of (Valsartan Heart Failure Trial) Val-HeFT study including 4,300 outpatients with CHF, 

elevated BNP (despite standardized therapy) was associated with high morbidity and mortality.  
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Importantly, it should be emphasized that NPs are often surrogate of hemodynamic congestion60, 

and persistent elevation in NPs despite resolution of symptomatic congestion during hospital index has 

been reported 10 and is associated with worse prognosis 61, 62, suggesting that improving underlying 

hemodynamic congestion rather than alleviating symptomatic congestion may be the key to optimize 

patients’ outcome. 

Determining which of the NPs (BNP or NTproBNP) is the best surrogate with regards to HF 

diagnosis and prognostication needs further research 63. However, sacubitril/valsartan have been shown 

to influence levels of BNP. Although this treatment is not used in a majority of patients with chronic 

HFrEF in the most recent registry data 64, NTproBNP is more likely to become the standard of care.  

 

2.2.2. Carbohydrate antigen 125  

Carbohydrate antigen-125 (CA125), which is usually used to monitor ovarian cancer therapy 65, 

is synthesized by serosal cells in response to the presence of serosal effusions, and can serve as a 

surrogate for fluid retention in AHF 66. A recent randomized control trial comparing outcomes of a 

CA125-guided strategy vs standard care in 380 HF patients showed that CA125 levels below 35 U/ml 

reduced the risk of 1-year adverse outcomes, which is mainly driven by a significantly reduction in the 

rate of HF rehospitalizations67. These results highlighted that CA125 is likely to be a clinically relevant 

congestion marker. However, inflammation status also stimulates the production of CA125 68. A recent 

data confirmed that, through a cluster analysis, CA125 grouped with recognized biomarkers with 

congestion and inflammation69. The applicability of CA125 use may be limited since clinicians may not 

be able to ascertain which clinical condition, congestion or inflammation, determines the level of CA125 

in patients with HF 70. Furthermore, several pleural effusion-related diseases such as malignancies, 

pneumonia, pelvic inflammatory diseases and peritonitis are associated with increased level of CA125, 

which limit the accuracy of CA125 to detect HF worsening 66, 71.  
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2.2.3. Estimated plasma volume status 

All fluid compartments are balanced, and plasma volume (PV) can interact with the interstitial 

and intracellular compartments 72-75. Patients with HF often have fluid volume accumulation due to 

several underlying conditions or have fluid redistribution from splanchnic venous system to the 

pulmonary circulation, both of which may contribute to expand PV and subsequently to urgent 

hospitalization for HF 72, 76, 77. Despite this pathophysiological plausibility of measuring PV, the 

procedure of direct PV measurement requires specialized equipment with relatively high cost and 

exceedingly high logistical issues to implement, which may not be readily available for clinicians. 

Recent published data introduced two available formulas for estimating PV, which are derived from 

clinical routine parameters and could provide better diagnostic and prognostic performance. 

Strauss Formula 

In 1950’s, Strauss firstly addressed the concept of estimation of PV and demonstrated the 

association between the infusion of saline into human bodies and rapid changes in their estimated PV 

78. This formula was validated with a radiolabeled gold standard method, and has been used over decades 

79, 80. 

To estimate relative changes in PV between two-time points, the Strauss formula incorporates 

changes in hemoglobin and hematocrit 78:  

∆ePVS = 100 ×
hemoglobin	(g/dL)(before)

hemoglobin	(after)
×	
100 − hematocrit	(%)(after)
100 − hematocrit	(before)

− 100 

In a recent report, Duarte et al. used an instantaneous-derived measurement of plasma 

volume (Duarte’s formula) for estimating PV derived from the Strauss formula as follows 81: 

ePVS = (100 − hematocrit	(%)) ⁄ hemoglobin	(g/dL) 

A recent published study comparing Strauss/Duarte derived PV and 131 I-labeled albumin-based 

PV in 110 patients with CHF and NYHA III/IV showed that Strauss-derived ePVS was weakly 

correlated with measured PV (r=0.29, p=0.003) 82. However, a more recent report comparing Strauss-

derived ePVS and measured PV by 125I-human serum albumin in 10 patients with type 2 diabetes showed 
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good correlation  (Lin's concordance index of 0.6 (p< 0.01)) 83. Further research is needed to determine 

the concordance between estimated and measured PV in HF. 

Patients with higher ePVS are usually older, had more frequent ischemic heart disease, more 

severe clinical congestion, poorer renal function, higher natriuretic peptide, and are less likely to be on 

HF medications; in addition, they experience higher subsequent rates of death and cardiovascular events 

84-87. Importantly, in a post-hoc analysis of the Eplerenone Post-Acute Myocardial Infarction Heart 

Failure Efficacy and Survival Study (EPHESUS) trial, Rossignol et al. showed that changes from 

baseline to 1 month in ePVS were significantly correlated with those in BNP (r =0.284; p<0.001), 

independently of study drug and renal function variations, and that elevated ePVS changes were 

associated with worse prognosis in patients with de novo HF followed by myocardial infarction 88. In a 

more recent analysis from the EPHSUS trial, Duarte et al. assessed the prognostic value of instantaneous 

ePVS at 1 month as well as ePVS change from baseline to 1 month 81. They found that instantaneous 

ePVS at 1 month was a better predictor of cardiovascular events than change in ePVS from baseline to 

1 month over a follow-up period of 6 months.  

 

Hakim Formula 

The Hakim formula is also used for calculating actual and ideal PV and ePVS derived from 

hematocrit and dry body weight using the following equations 89:  

actual	PV = (100 − hematocrit	(%)) ⁄ 100	 × [a + (b × weight	(kg)] 

ideal	PV = c	 × weight	(kg) 

(males: a=1530, b=41, c=39; females; a=864, b=47.9, c=40),  

Relative PV status, an index of the extent to which patients have deviated from their ideal PV, 

was subsequently calculated from the following equation: 

ePVS = [(actual	PVS − ideal	PV) ideal	PV⁄ ] × 100% 

Several reports have shown a moderate correlation between Hakim-derived ePVS and the 

conventional radioisotope-labeled albumin or red blood cell assays in patients with stable CHF 82, 85, 90. 
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Previously published data showed that Hakim-derived ePVS may have prognosis in patients with AHF 

or CHF. The Hakim formula, however, has several caveats. It indeed relies on dry body weight which 

may be influenced by several factors such as obesity, cardiac cachexia and congestion/decongestion 

therapy 85, 87, 90, 91. 

 

2.3. Imaging congestion markers 

2.3.1. Transthoracic echocardiography 

Transthoracic echocardiography (TTE) is the gold standard for the assessment of congestion 

severity, through the estimation of fluid volume (p.e. inferior vena cava) and intracardiac pressures (p.e., 

pulmonary artery pressure and transmitral flow pattern) 8, 50, 92. TTE may help clinicians diagnose AHF, 

identify associated underlying causes, and assess the treatment response, subsequently predicting a risk 

of mortality or cardiovascular events 93-98. Particularly, this tool is the most available method to measure 

left ventricular ejection fraction (EF), which is used to categorize patients as HF with reduced EF, mid-

range EF or preserved EF, providing relevant information about their management. 

Measurement of the inferior vena cava (IVC) diameter and its changes with respiration shows a 

modest approximation of right atrial pressure 99, 100. The diameter of the IVC is recommended to be 

measured with a phased array or curvilinear transducer with the patient in supine position in the 

subcostal view at 1.0 to 2.0 cm from the junction with the right atrium, using the long-axis view 101. IVC 

diameter might be a sensitive tool to assess changes in intravascular volumes, and persistent dilation of 

the IVC during hospital index predicts a poor outcome in patients with acutely decompensated HF 102-

104. Furthermore, even in ambulatory HF patients with few symptoms and signs of congestion, such 

patients with dilated IVC had elevated NPs and poor prognosis 105, 106. These data suggested that 

measurement of IVC may help monitoring congestion, although guidelines do not recommend its routine 

use in ambulatory HF patients.  

The assessment of mitral inflow, mitral annulus motion by tissue Doppler imaging and left atrial 

volumes provide relevant estimates of left ventricular filling pressures 107, but universal algorithm to 

combine these parameters are debated especially in cases of preserved EF 50, 92, 108, 109. E/e’ ratio is used 

frequently to assess intracardiac pressure and estimate hemodynamic congestion 98, 110, 111. A recent meta-
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analysis, however, emphasized the lack of diagnostic value of E/e’ ratio to predict elevated LV filling 

112. In this regard, a recent report showed that isolated echocardiographic parameters such as E/e’, 

tricuspid regurgitation velocity and left atrial volume had good accuracy for LV filling pressure 

prediction, and that this accuracy was actually better than the algorithm of the 2016 guidelines, 

irrespective of ejection fraction (Figure 1) 113. In addition, elevated E/e’ ratio has been a well-known 

predictor of cardiovascular outcomes in patients with chronic HF and those with acutely decompensated 

HF 114, 115.  

These congestion echocardiographic variables may have high inter-intra observer correlation 

but a long training period is usually needed to measure these parameters accurately. Recently, relatively 

easily portable, pocket-sized ultrasound devices have been made available which can favor the repeated 

assessment of congestion status measuring inferior vena cava diameter, ejection fraction and the right 

atrial volume index.   
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Figure 1. Algorithm for estimating left ventricular filling pressure (Adapted from Andersen et 
al. 113)   

 

 

2.3.2. Lung ultrasound 

In the context of HF, Lung ultrasound (LUS) often provides comet-like images also called, “B-

line”, which are related to extravascular lung water. The number of B-line is proportional to the amount 

of lung water, and consequently provide a semi-quantitative assessment of the severity of pulmonary 

congestion; the normal lung is black (no signal); the abnormal wet lung with interstitial lung edema is 

black and white; and the lung with alveolar pulmonary congestion is white. A curvilinear or phased 

array transducer in 6-8 intercostal spaces [3 (or 4) on each hemithorax] can be used to assess for the 
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presence of B-lines at an imaging depth of ∼18cm. There are mainly four types of imaging protocols 

(the 4-, 6-, 8-, and 28-point method). The presence of ≥3 B-lines per zone in at least two zones on each 

hemithorax is considered as pulmonary congestion in patients with suspected AHF 116, 117. Several 

studies confirmed the clinical utility of LUS to diagnose AHF in dyspneic patients with high specificity 

and high sensitivity 12, 13, 118. Pivetta et al. randomly assigned 518 patients in acute dyspnea to undergo 

LUS (N=258) or CXR/NTproBNP (N=260) to diagnose acutely decompensated HF (ADHF). Their 

results showed that the addition of LUS had higher diagnostic accuracy than clinical model alone 

(AUC=0.95 in LUS plus clinical model, AUC=0.88% in clinical model alone, p-value<0.01), whereas 

CXR/NTproBNP did not 12, thus suggesting that the best diagnostic protocol should include both LUS 

and clinical assessment. Interestingly, Buessler et al. compared diagnostic value of LUS based on the 4-

, 6-, 8-, and 28-point methods in 117 dyspneic patients, and showed that the 8-point-based LUS provided 

the highest increase in the C-index on top of clinical diagnostic model (AUC=90.6%;NRI=6.9%, p-

value=0.010) followed by 6-point method 119 (Figure 2). These results suggested diagnostic reliability 

of 6-/8-point-based LUS, which can be pragmatic and easily implemented methods in the emergency 

department.  

The accurate detection of pulmonary congestion based on LUS has predicted poor prognosis in 

patients with AHF and CHF. Coiro et al. assessed prognostic value of discharge pulmonary congestion 

assessed by LUS in 60 patients hospitalized for worsening HF, and showed that an increase in B-line 

count at discharge was associated with a higher rate of the composite of mortality and cardiovascular 

events 120. Other reports also confirmed worse prognosis of residual congestion assessed by LUS 121, 122. 

Platz et al. assessed the association of number of B-lines with the composite of mortality and HF 

hospitalization in 185 patients with CHF, showing a good risk-stratification when using B-lines 

regardless of their ejection fraction 123. These data suggest that a high number of B-lines identifies 

patients at greater risk for subsequent HF hospitalization and mortality regardless of the clinical setting.  

The main limitation of LUS is its availability. The proportion of patients who have an ultrasound 

evaluation in the emergency department, at the end of hospital stay or during an outpatient clinical 

assessment is likely minimal. 
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Figure 2. Lung ultrasound for diagnosing acute heart failure according to different protocols 

 

 

2.3.3. Renal Venous Doppler 

Recently, an additional parameter has been reported, which could greatly expand our 

understanding of congestion profiles. Renal venous ultrasound may need to be integrated in this 

congestion profiling since it provides unique information about renal congestion through the assessment 

of venous renal blood flow 172-175. Renal venous flow (RVF) appears to reflect the changes in central 

venous pressure 177, 178. In normal conditions, RVF is continuous with a small varying amplitude during 

the cardiac cycle 177 whereas it becomes pulsatile 178 with a biphasic and monophasic pattern when 

pressure rise. Identification of the RVF pattern thus allows a semi-quantitative assessment of the impact 

of CVP on renal hemodynamics (Figure 3). In hospitalized patients with HF (N=217), this RVF pattern 
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is associated (but not redundant) with high right atrial pressure and is very strongly associated with a 

poor prognosis 172. In addition, another study including 50 patients with stable HF showed that RVF is 

an earlier marker of congestion development than the inferior vena cava and central venous pressure, 

and that patients with a lower VII (namely, less renal congestion) had a better diuretic response 173.  

Figure 3. Renal Venous Doppler 

 

 

2.3.4. Chest radiography 

Chest radiography (CXR) is a fast, inexpensive and widely available method to detect 

pulmonary congestion 81, 88, 124-126. Limited diagnostic value of CXR was repeatedly reported using a 

single or combination of typical radiographic signs (i.e. cephalization, peri-bronchial cuffing and 

alveolar edema) of congestion 125, 127-130. However, recently published data showed that radiographic 

pulmonary congestion can be quantified using a congestion score index (CSI, 0 to 3, with higher scores 

indicating more severe pulmonary congestion) (Figure 4) 131. Using this technique, the lung fields on 

chest radiography is divided into six topographical zones, and each area is assessed as follows: Score 0, 

no congestion sign; Score 1, cephalization (superior area), perihilar haze or perivascular/peribronchial 

cuffing or Kerley’s A lines (middle area), Kerley’s B or C lines (inferior area); Score 2, interstitial or 

localized/mild alveolar pulmonary edema; Score 3, intense alveolar pulmonary edema. Lung areas are 

not scored when more than one third of the divided lung fields are occupied by pleural effusion 
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(including vanishing tumor), atelectasis or cardiac silhouette. Radiographic CSI was calculated as the 

sum of the scores in each zone divided by the number of available zones. Some data suggested the 

clinical importance of pulmonary congestion quantification on CXR to predict the development of overt 

HF during hospital stay in patients admitted for myocardial infarction and its association with poor 

outcome in patients with CHF  130, 131.  

 

Figure 4. Radiographic congestion score index 

 

  

1 
 
 

. 

  1 2 3 

Superior Cephalization 

Interstitial 
pulmonary edema 

Alveolar pulmonary edema 

Middle 

Peribronchial cuffing 

Localized 
edema 

Confluent 
mild edema* 
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intense edema* 

Perivascular cuffing 

Kerley A line 

Inferior 
Kerley B line 

Kerley C line 

No congestive sign; Vanishing tumor / Costophrenic angle  
 

*Confluent edema was regarded as intense edema, when the density in an area of the divided lung field was visually similar to that 
of cardiac silhouette. 
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2.4. Other congestion markers 

2.4.1. Directly measured plasma volume 

Nuclear medicine techniques can assess PV status along with red blood cell and total blood 

volume taking advantage of the accurate measurement of a radioisotope tracer concentration in fluid 

samples 132. Normalized hematocrit determined using this technique provides a direct assessment that 

consequently take into account red blood cell abnormalities (non-hemodilutional anemia or 

polycythemia) 75, 133. There are several validated and standardized available techniques for directly 

measuring PV (e.g., 131I-labeled albumin, 125I-HSA and  99mTc-HSA methods 75, 90, 133, 134). Previously 

published data showed that measured PV may provide more accurate information about volume profile 

post-diuretic therapy and subsequent prognosis in patients hospitalized for HF 38, 133, 135. However, the 

radioisotope assays require specialized equipment with relatively high cost, which needs frequent 

venous blood sampling, processing delays and high logistical issues to implement 90 . Thus, this 

measurement is unavailable to a majority of clinicians.   

 

2.4.2. Right heart catheterisation and pulmonary artery pressure monitoring 

Right heart catherization is the gold standard assessment of intracardiac pressures and cardiac 

output. However, a report of ESCAPE trial showed that, in 433 patients hospitalized with severe 

symptomatic and recurrent HF, right heart catheterisation failed to show a clinical benefit of 

hemodynamic-guided management as compared with usual care, although the safety of this invasive 

management was ascertain 136. Therefore, in the current clinical practice guidelines, the use of invasive 

monitoring is usually limited to patients with severe HF amended for heart transplantation or mechanical 

circulatory support 50. Importantly, increases in intracardiac/pulmonary artery pressures are apparent 

several days to weeks before the onset of symptomatic congestion and urgent HF hospitalization 137, 138, 

suggesting a benefit for earlier detection of hemodynamic congestion. The CardioMEMS Heart Sensor 

Allows Monitoring of Pressure to Improve Outcomes in NYHA Class III Heart Failure Patients 

(CHAMPION) trial showed the important benefit of HF management based on pulmonary pressure 

monitoring using wireless devices on HF re-hospitalization in 550 ambulatory patients with HF 139. 

During a mean follow-up of 15 months, the intervention group (n=270) experienced a 37% reduction in 
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the risk for hospitalization for HF compared with the control group (n=280) (HR, 95%CI=0.63, 052-

077; p<0.0001). These results highlight that the frequent titration of diuretic doses based on pulmonary 

pressure data significantly reduced intracardiac pressure and subsequently improved HF-related 

outcomes 139. However, this invasive assessment of congestion may not be available in all patients with 

HF, especially in the context of elderly, high comorbidity burden and economic concerns. 

  

3. Integrative approach to systemic and pulmonary congestion.  

3.1. Systemic congestion in right-sided heart failure 

Right-sided HF is caused by right ventricular dysfunction, aggravated tricuspid regurgitation 

and possibly subsequent deteriorations by left-sided HF 2, 3. Systemic congestion is characterized by 

clinical congestion signs (i.e., leg edema, jugular venous distention and hepatojugular reflex), 

echocardiographic parameters (i.e., inferior vena cava and tricuspid valvular regurgitation) and other 

measurements (i.e., RAP and liver stiffness). Presence/aggravation of systemic congestion does not 

always require urgent hospitalization but is associated with poor patient outcomes. Ambulatory 

quantification or monitoring of systemic congestion may be of clinical importance to detect patients at 

a high risk and optimize congestion status, especially in the context of patients with other underlying 

causes of fluid accumulation (i.e., renal impairment and malnutrition).  

 

3.2. Pulmonary congestion in left-sided heart failure 

Development of pulmonary congestion is mainly due to increases in left ventricular filling 

pressure and/or central venous pressure (given with decreased ability of lymphatic drainage) 140-142. 

Patients with advanced HF are usually perceived as being less likely to have signs of pulmonary 

congestion such as rales and/or pulmonary edema on CXR, even in patients with severe hemodynamic 

congestion. Therefore, patients experiencing pulmonary congestion need to be closer management 

during their hospital stay and may require aggressive diuretic approaches. In patients hospitalized for 

worsening HF, acute ischemic attack and/or arrhythmia are the main underlying causes of the rapid 

development of pulmonary congestion. In addition, isolated pulmonary congestion especially in the 

context of extreme hypertension is a well-known phenotype of acute HF with a lower risk of mid-term 
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outcomes 27, 143, 144. Detection of mild pulmonary congestion may be challenging in ambulatory patients 

or hospitalized patients at discharge. In this setting, lung ultrasound can detect a low level of pulmonary 

congestion with high sensitivity and specificity, and may provide additional patient risk-stratification.  

 

3.3. Conceptualized figure of congestion profile 

Signs and symptoms of congestion is generally classified into right-sided (systemic) and left-

sided (pulmonary) congestion, whereas intravascular congestion is perceived as being the preclinical 

form of congestion. Congestion often accompanies with the underlying complex interactions of these 

components. Therefore, we propose that congestion profile in each patient may be determined according 

to three components (namely, intravascular congestion, left-sided and right-sided congestion) in a three-

dimensional space. This multidimensional approach may help clinicians assess congestion profiles 

(Figure 5). Each congestion profile could possibly link to a different mechanism of congestion and 

require different treatment approach (i.e. diuretics and vasodilator).  

 

Figure 5. Scheme of different congestion profiles on acutely decompensated heart failure 
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For example, patients in group “a” expressed right-sided rather than left-sided congestion, 

whereas patients in group “b” had both severe right-sided and left-sided congestion despite similar extent 

of intravascular congestion than group “a”. Furthermore, patients in group “c” had predominantly 

(almost isolated) left-sided congestion. Such patients often present with acute onset of high blood 

pressure, leading to elevations in pulmonary and cardiac filling pressure, and need to take a vasodilator 

to alleviate these elevated pressures without a reduction in fluid volume. By contrast, patients expressing 

more severe right-sided congestion are perceived as being mainly due to a gradual increase in cardiac 

filling pressures accompanied with slowly progressive peripheral, abdominal and peripheral edema. 

These patients are more likely to take advantage of loop diuretics to reduce their accumulated fluid 

volume and thereby reduce intravascular congestion. We believe that a better evaluation on a multimodal 

approach could help an appropriate intensification of a personalized treatment approach in the field of 

HF. 
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4. Hypothesis and objectives 

Congestion can be classified into systemic and pulmonary congestion, and is an important 

feature for the diagnosis of AHF in patients with acute dyspnea. A better assessment of congestion 

might improve inpatient management and help discharge timing decision-making in patients admitted 

for worsening HF 1, 4, 10, 139, 145, 146. There is a large body of evidence regarding the assessment of 

congestion using various clinical, biological and echocardiographic parameters. However, data from 

clinical trials showed the limited utilities of these congestion parameters (i.e., natriuretic peptide and 

hemodynamic monitoring) as compared with standardized care alone 136, 147-149. In addition, the 

availability or the ability to monitor these parameters is usually limited in routine practice. More 

routinely used exams could help evaluate congestion repeatedly in routine practice. Specifically, 

congestion variables derived from chest radiography and hemoglobin/hematocrit may provide 

additional diagnostic and prognostic performance on top of routine clinical evaluation and possibly 

other more refined congestion measurements.  

 

4.1. Objectives 

To investigate the diagnostic and prognostic value of congestion evaluation tools easily available in 

routine practice, namely the radiographic congestion score index and the plasma volume status estimated 

from hemoglobin/hematocrit, as well as their combination, in patients with HF. 

4.2. Hypothesis 

We hypothesized that; 

• Radiographic CSI evaluated from CXR might improve diagnostic value of AHF in acute 

dyspneic patients in the emergency department. 

•  Radiographic CSI evaluated from CXR might identify patients admitted for worsening HF who 

were at a higher risk of post-discharge outcomes. 

• PV estimated from hemoglobin and hematocrit might have prognostic value in patients with 

ADHF or those with HF and a preserved ejection fraction (HFpEF). 

• The combined assessment of CSI and PV estimated from hemoglobin and hematocrit might be 

more efficient than an isolated assessment of one congestion parameter in patients with ADHF.   
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5. Articles in thesis 

During the course of this PhD, I first-authored 7 manuscripts related to this thesis 5 of which are 

already published. 

The first part of our research was focused on radiographic congestion scoring using CSI. First, 

we assessed its diagnostic value for AHF in acute dyspneic patients in the emergency department in the 

PRADISE cohort study (1st paper under-review). Our results showed that CSI provided excellent 

diagnostic accuracy, which was of similar magnitude that the diagnostic accuracy of BNP, and this 

diagnostic performance was consistent across various patients’ subgroup (e.g. older age, overweight and 

concomitant lung diseases). Second, we investigated the prognostic value of CSI on admission, at 

discharge as well as the change in CSI from admission to discharge in patients hospitalized for 

worsening HF in the Tokyo cohort study, showing that high CSI at discharge increased the risk of post-

discharge outcomes (2nd paper published in the International Journal of Cardiology). 

The second focus of our research was estimated PV. Third, we investigated the association of 

Duarte-derived ePVS with clinical, biological and hemodynamic congestion markers in dyspneic 

patients (3rd paper published in Clin Res Cardiol). These results highlighted that Duarte-derived ePVS 

is more closely related to left-sided congestion markers such as E/e’, natriuretic peptide and invasive 

LV filling pressure. In our fourth and fifth research paper, we respectively assessed the prognostic value 

of Duarte-derived ePVS in patients hospitalized for worsening HF and those with HFpEF. In both 

papers, our findings showed that ePVS improved risk-stratification (4th paper published and 5th paper 

published both in Clin Res Cardiol). Then, we provided an in-depth review of available evidence, 

including the papers published during the course of this PhD, to promote the use of PV estimated from 

hemoglobin and hematocrit in routine practice (6th paper under-review – transferred from EJHF to 

ESC-HF).  

In the last part of our research, we explored the prognostic value of the combination of CSI 

and ePVS on admission in patients hospitalized for worsening HF. Our results showed that the 

combination of CSI and ePVS may identify patients at high-risk for post-discharge outcome (7th paper 

published in International Journal of Cardiology). 
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5.1. Radiographic congestion score index 

5.1.1. Congestion Score Index Evaluated from Chest Radiography for Diagnosing Acute Heart 

Failure in the Emergency Department: insights from the PARADISE cohort (1st paper) 

Chest radiography is one of the most often used exam in patients with acute dyspnea in the 

emergency department 8, 11, 12, but its diagnostic accuracy for AHF has been reported to be relatively low 

125, 128, 150. However, previous reports explored the diagnostic value of Chest radiography using a single 

or combination of typical radiographic signs of congestion in overall lung fileds125, 127-130. Systematic 

and quantified assessment of radiographic pulmonary congestion may improve its diagnostic accuracy 

130, 131. In this first paper, we studied the diagnostic value of radiographic CSI for AHF in acute dyspneic 

patients from the Pathway of dyspneic patients in Emergency (PARADISE) cohort study.  

We studied 1,333 acute dyspneic patients to assess diagnostic value for AHF using quantified 

pulmonary congestion on CXR. The diagnostic value of CSI was externally validated in an independent 

cohort (N=224). Briefly, half of the patients were men, mean age was 72±19 years and mean BMI was 

26±6 kg/m². Patients with a higher CSI had more cardiovascular risk factors, comorbidities, more severe 

congestion, inflammation status, higher BNP and poorer renal function. 

The diagnostic accuracy of CSI for acute HF was excellent, whether alone (C-index=0.84, 0.82-

0.86) or in addition to clinical model (0.87, 0.85-0.90). CSI improved diagnostic accuracy on top of 

clinical variables (NRI=94.9%) and clinical variables plus BNP (NRI=55.0%). In patients with available 

BNP (N=496), the accuracy of CSI combined with clinical variables was similar to the accuracy of BNP 

combined with clinical variables (delta C-index=-0.01, p=0.43). Good diagnostic accuracy was observed 

in the validation cohort (C-index=0.75, 0.68-0.82).  

Our findings suggest that a semi-quantified (in contrast with most of available literature, focused 

on qualitative interpretation of Chest radiography) assessment of radiographic pulmonary congestion 

can improve the diagnostic approach for acute HF, and that its diagnostic accuracy was similar 

magnitude to that of BNP. Chest radiography is a fast, inexpensive, readily and widely available to 

assess the severity of pulmonary congestion. Systematic assessment of pulmonary congestion may 

improve diagnostic performance, shorten the delay of initial treatment approach and subsequently lead 

to favorable prognosis. This manuscript could change the perception of clinicians regarding the 

usefulness of Chest radiography for the diagnostic of AHF.  
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5.1.2. Mid-term prognostic impact of residual pulmonary congestion assessed by radiographic 

scoring in patients admitted for worsening heart failure (2nd paper) 

As shown in our first paper, a systematic quantitative assessment of radiographic pulmonary 

congestion can improve diagnostic accuracy in the emergency department. However, questions remain 

about the application of this quantitative approach of pulmonary congestion for the risk-stratification of 

worsening HF, as well as the relative importance of admission to discharge congestion clinical 

relevance. The aim of the present study is to assess prognostic value of CSI on admission, at discharge 

and change from admission to discharge in patients hospitalized for worsening HF.  

We retrospectively studied patients hospitalized for acutely decompensated HF to assess the 

prognostic value of radiographic CSI evaluated from on CXR on admission and at discharge. Primary 

outcome was a composite of death and/or hospitalization for HF. 

In a total of 292 patients with acutely decompensated HF (mean age of 71±14 years; 64.4% 

male; mean LVEF of 39±17%), we showed that higher CSI at discharge (adjusted-HR for 1-point 

increase=1.83 [1.02 to 3.27] p=0.04) and higher discharge BNP were significantly associated with a 

higher risk of the composite outcome, whereas neither admission CSI nor conventional clinical 

congestion variables (i.e., NYHA, leg edema, rales and echocardiography) were significant 

multivariable predictors of outcome. Furthermore, CSI at discharge, but not BNP, improved 

significantly reclassification on top of clinical prognostic model (NRI=19.6% [4.0 to 30.0] p=0.03 and 

IDI=2.2% [0.0 to 7.6] p=0.046). 

Our results suggested that residual pulmonary congestion on CXR is a prognostic factor 

independent of clinical congestion markers and improves patient risk-stratification over clinical-based 

risk model. Furthermore, the improvement of congestion scoring during hospital stay was associated 

with subsequent prognosis. The use of chest radiography is not recommended in the non-acute setting 

despite several typical congestion signs exist 50. However, in our study, 71.9% of patients had residual 

pulmonary congestion even when clinicians believed that HF was compensated. Our research suggested 

that radiographic pulmonary congestion is useful as a risk-stratifier at discharge of HF hospitalization 

and its quantification might be an important factor determining decision-making at the timing of 

discharge. This paper was published in the International Journal of Cardiology.



64 
 

  



65 
 

  



66 
 

  



67 
 

  



68 
 

  



69 
 

  



70 
 



71 
 
5.2. Estimated plasma volume status 

5.2.1. Association of Estimated Plasma Volume Status with Hemodynamic and 

Echocardiographic Parameters (3rd paper) 

Patients with HF often expand PV, which eventually contributes to the development of clinical 

congestion. Accumulating evidence shows that PV may be estimated from routine clinical parameters 

(i.e., hemoglobin and body mass index). Although the estimates of PV were validated with PV measured 

using radioisotope assay, clinical implications of ePVS remains unclear. In addition, this association 

may be influenced by sex given underlying differences in hematopoiesis151 and myocardial structure 

and/or function 152, 153.  

We studied patients with significant dyspnea (NYHA II) who underwent echocardiography and 

LUS within four hours prior to cardiac catheterization in the Rennes cohort study to explore the 

association of Duarte-derived ePVS with clinical, biological, echocardiographic and hemodynamic 

parameters. 

Among a total of 78 included patients (median age 74.5 years; males 69.2%; HF 48.7%), median 

ePVS was 4.1 (percentile25-75=3.7-4.9) ml/g in males (N=54) and 4.8 (4.4-5.3) ml/g in females (N=24). 

Patients with higher Duarte-derived ePVS had more frequent HF, higher NT-proBNP, E/e’, larger LAV 

index and lower RV isovolumic acceleration. 

By multivariable analysis, higher E/e’ and lower diastolic BP were significantly associated with 

increased ePVS. The association between ePVS and congestion variables was not sex-dependent except 

for left ventricular end-diastolic pressure, which was only correlated with ePVS in females (Spearman 

Rho=0.53, p<0.01 in females and Spearman Rho=-0.04, p=0.76 in males; pinteraction=0.08). In contrast, 

Hakim-derived ePVS was not associated with echocardiographic, biologic and invasive congestion 

markers.  

Our results suggested that Duarte-derived ePVS rather than Hakim-derived ePVS may be an 

easily accessible surrogate of left-sided hemodynamic congestion. Further research may be needed to 

explore clinical utilities of ePVS in guiding congestion in patients with HF.   
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5.2.2. Prognostic value of estimated plasma volume in acute heart failure in three cohort studies 

(4th paper) 

Duarte-derived ePVS is associated with left-sided congestion markers (i.e., E/e’ and natriuretic 

peptide) 154 and outcomes in patients with stable CHF and HF following acute myocardial infarction 81. 

However, little information is available regarding the prognostic value of Duarte-derived ePVS in 

patients hospitalized for worsening HF. We hypothesized that this congestion marker might provide 

additional patient risk-stratification in such decompensated HF patients. 

Three independent cohort studies involving patients with ADHF were analyzed stemming from 

different patient populations, namely a Cardiology department in Japan and France and an Emergency 

department in Portugal. We assessed the associations of ePVS on admission and at discharge as well as 

its change thereof using the Duarte/Strauss formulas. The primary outcome is the composite of mortality 

and/or hospitalization for HF.  

This merged study included a total of 712 patients derived from 383 patients (mean age, 

71±14yrs; male, 65%; mean LVEF, 40±17%) in the Tokyo cohort, 165 patients (mean age 76±10 yrs; 

male 51%; mean LVEF, 44±11%) in the ICALOR cohort, and 164 patients (mean age 72±15 yrs; male 

56%; mean LVEF, 40±17%) in the Porto cohort.  

Higher ePVS was consistently associated with a higher risk of the composite outcome across 

three studies [adjusted HR(95%CI)=1.21(1.01-1.44), p=0.04 in the Tokyo cohort; adjusted 

HR(95%CI)=1.45(1.16-1.81), p<0.01 in the ICALOR cohort; adjusted HR(95%CI)=1.45(1.16-1.81), 

p<0.01, in the Porto cohort, respectively]. Furthermore, a pooled-analysis provided significant 

association of discharge ePVS with improved reclassification (NRI=13.6%, 5.9-22.7, p=0.004).  

In the current study, these findings, concordant in three independent cohorts, emphasize the 

prognostic importance of residual congestion assessed by Duarte-derived ePVS beyond routine clinical 

assessments in patients with acutely decompensated HF. PV estimated from hemoglobin and hematocrit 

enables to be assessed sequentially during hospital index. Even if clinicians know that residual 

congestion is associated with poor prognosis, this study shows that ePVS might be a useful tool to 

monitor and manage congestion in patients admitted for worsening HF.       
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5.2.3. Prognostic Impact of Plasma Volume Estimated from Hemoglobin and Hematocrit in 

Heart Failure with Preserved Ejection Fraction (5th paper) 

Duarte-derived ePVS has been associated with poor prognosis in patients with HF. However, 

previously published data showed that HFpEF was associated with a greater extravascular volume 

compared with HFrEF135, 155, leading possibly to a lesser impact of ePVS in this HF phenotype. 

Therefore, it remained unclear whether ePVS guided management could be envisaged in HFpEF because 

of a similar risk-stratification performance than in HFrEF 87, 156. 

From the dataset of Patients from North and South America enrolled in the Treatment of 

Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist trial (TOPCAT), we explored 

clinical and prognostic implications of Duarte-derived ePVS, and compared the discriminative 

prognostic values of Duarte- and Hakim-derived ePVS on top of the clinical model. 

In a total of 1,747 patients (mean age 72±10years; males 50%; mean LVEF 58±8%), patients 

with higher Duarte-derived ePVS had more frequent prior HF admission, diabetes, more severe 

congestion, poorer renal function, higher levels of natriuretic peptide and E/e’.  

Highest Duarte-derived ePVS was associated with an increased rate of the primary outcome 

compared to the lowest of ePVS [highest vs. lowest ePVS quartile: adjusted-HR (95%CI)=1.79 (1.28-

2.50), p<0.001]. Importantly, Duarte-derived ePVS improved prognostic performance on top of clinical 

and routine variables (including natriuretic peptides) (NRI=11, P<0.001), whereas Hakim-derived ePVS 

did not (P=0.59). 

This study suggests that PV estimated from hemoglobin and hematocrit may be a useful 

surrogate expressing the severity of congestion, and that this marker could help clinicians in the 

management of congestion and subsequently tailoring treatment in patients with HFpEF. However, a 

recent report showed that obese patients with HF had more frequently severe (not mild or moderate) 

volume expansion. Indeed, in the current study, >60% of patients were obesity (BMI>30kg/m²), leading 

to less applicability of our results in other phenotypes of HFpEF. Further research may be warranted to 

determine whether this prognostic value is actually dependent on the HFpEF phenotype. 
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5.2.4. Estimated plasma volume status in heart failure: Clinical implications and future 

directions (6th paper) 

In our previous research projects, we showed that PV estimated from hemoglobin/hematocrit 

may be a reliable surrogate of congestion and its clinical utilities in patients with HF. Following these 

advances, we summarized the recent evidence supporting the association of ePVS with clinical 

congestion and outcome(s) in a narrative review and discusses future directions for monitoring ePVS in 

HF. 

In this review, we acknowledged the limited correlation between estimated and measured PV 82, 

83, 85, 90. Complex underlying factors related to patients, comorbidities and fluid distribution of HF may 

influence these results. We showed that evidence points toward higher Duarte- and Hakim-derived PVS 

with older age, ischemic heart disease, more severe clinical congestion, poorer renal function and higher 

natriuretic peptide 84-87. Available evidence (including ours) support ePVS as a clinically relevant 

congestion marker. Furthermore, accumulating evidence showed the robust associations between ePVS 

and decongestion therapy (loop diuretics, mineralocorticoid receptor antagonists, SGLT2i and 

ultrafiltration) in various HF settings 85, 88, 90, 155, 157-160. Despite reported different fluid distribution across 

a wide HF spectrum (acute/chronic, HFpEF/HFrEF) 77, 135, 155, 161, 162, increased Duarte- or Hakim-derived 

ePVS is strongly associated with a higher risk of clinical outcomes in these phenotypes of HF 81, 84, 85, 88, 

159, 163-167.  An actionable threshold of >5.5dl/g in Duarte-derived ePVS is proposed in this review, based 

on an integrative approach of the available literature, to define an excessive congestive status, which 

has been repeatedly shown to be associated with poor outcomes 156, 159, 168. 

Recent published data also showed that pulmonary pressure-based HF monitoring leaded to 

optimized titration in diuretic doses and subsequent favorable outcomes in ambulatory HF patients 139. 

The access to this invasive monitoring, however, may be difficult in most outpatients with HF in the 

context of elderly, high comorbidity burden and/or economic concerns. We believe that the large-scale 

monitoring of congestion status, using estimation of PV, based on serial hemoglobin/hematocrit may 

hence represent an inexpensive, widely and readily available congestion monitoring strategy.     



108 
 

  



109 
 

 



110 
 

 



111 
 

 



112 
 

 



113 
 



114 
 



115 
 



116 
 



117 
 



118 
 

 



119 
 

 



120 
 

 



121 
 

 



122 
 

 



123 
 

 



124 
 

 



125 
 

 



126 
 

 



127 
 

 



128 
 

 



129 
 

 



130 
 

 



131 
 

 



132 
 

 



133 
 

 



134 
 

 



135 
 

 



136 
 

 



137 
 

5.3. Radiographic congestion score index and estimated plasma volume status 

5.3.1. Chest X-ray Quantification of Admission Lung Congestion as a Prognostic Factor in 

Patients Admitted for Worsening Heart Failure from the ICALOR Cohort Study (7th paper) 

Pulmonary congestion evaluated from radiographic CSI and systemic congestion assessed by 

Duarte-derived ePVS are individually associated with the risk for cardiovascular outcomes. However, 

whether the combined assessment of these congestion markers is further helpful to predict post-

discharge outcome in patients hospitalized for worsening HF has been poorly studied. 

From the data of the ICALOR HF disease management program, we studied the association of 

radiographic CSI, Duarte-derived ePVS and their interplay with length of stay and the composite of 

death or HF re-hospitalization at 90 days in patients hospitalized for worsening HF. 

In a total of 117 patients included in this study (mean age 74±14years; males 57%; mean LVEF 

40±16%), patients were stratified according to the levels of CSI (median=2.20) and ePVS 

(median=5.38). Multivariable analysis showed that High CSI/high ePVS was associated with a 6-day 

longer length of stay [adjusted-OR (95%CI)=6.78 (1.82-29.79), p<0.01] and a 5-fold higher risk of 

primary outcome [adjusted-OR (95%CI)=5.13 (1.26-25.11) p=0.03] compared to low CSI/low ePVS, 

while other configurations (either isolated high CSI or high ePVS) yielded neutral associations. 

Furthermore, CSI and ePVS significantly improved reclassification on top of clinical prognostic model 

for the composite outcome (NRI=37.3%, 0.52-87.0, p=0.046). 

Our results proposed that the combination of pulmonary and systemic congestion based on chest 

radiography and hemoglobin/hematocrit may identify a cluster of high-risk patients at short-term 

outcomes. 
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6. Discussion of the thesis 

In this thesis, we showed that quantification of radiographic pulmonary congestion has a good 

diagnostic value for AHF in patients with dyspnea in the emergency department and good prognostic 

value in patients hospitalized for worsening HF. In addition, we showed that PV estimated from 

hemoglobin and hematocrit is associated with left-sided congestion markers (i.e., natriuretic peptide, 

E/e’ and LV filling pressure) and have a good prognosis value in different settings of HF (acutely 

decompensated HF and HFpEF). Furthermore, the combination of CSI and ePVS was associated with 

outcomes in patients admitted for worsening HF. All our papers strengthened the paramount importance 

of these readily available congestion variable in clinical routine. Nonetheless, these studies had several 

limitations.  

 

6.1. Limitations 

All reports on CSI/ePVS shown herein consist of observational data, in which we cannot exclude 

several potential biases. The PARADISE cohort in which we explored diagnostic value of CSI, despite 

being large, is of single-center and retrospective nature. Other cohorts from Tokyo, Nancy and Porto are 

of moderate size and consequently have limited statistical power. Previous prospective randomized 

clinical trials using congestion markers such as NPs and invasive hemodynamic monitoring failed to 

show their potential benefits compared with standard care alone 136, 147-149. However, intriguingly, three 

recent randomized trials comparing LUS-based management plus standard of care vs standard of care 

alone in ambulatory patients with HF or patients discharged from HF hospitalization 169-171 showed a 

significant protective effect of LUS-based management. Indeed, the results concordantly showed LUS-

guided management reduced the risks of urgent HF visits and/or HF (re) hospitalization as well as 

decreased BNP levels and improved quality of life. Following these promising success of small LUS 

trial, adequately powered randomized prospective study are warranted to investigate the diagnostic and 

prognostic performances of CSI and ePVS. 

In our cohorts, only a few congestion markers were available. However, we should emphasize 

that each component of congestion profiles (i.e., intravascular congestion, pulmonary congestion and 
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systemic congestion) may interact with one another. We were not able to evaluate the interplay of all 

congestion variables (p.e. LUS and echocardiography) during this thesis as these data were not available 

in the datasets. This lack of data precludes positioning our findings within the overall scope of 

congestion evaluation in HF. 

 

6.2. Strengths 
 

The PARADISE cohort, which we extensively used during this PhD, have a large size and a 

relatively homogenous management and adjudicated AHF diagnosis (which is currently the gold 

standard of diagnostic studies). In addition, we could use external data to validate some of our findings 

(including the diagnostic value of CSI). Importantly, in the PARADISE cohort, the hospital’s electronic 

charts (Resurgences®) were systematically reviewed by investigators to search for the records of all 

patients admitted for acute dyspnea in the emergency department; therefore, selection bias likely did not 

occur. We consequently believe, despite its single-center data, that the PARADISE cohort already have 

many assets. 

We were able to assess the prognostic value of CSI in three independent cohorts arising from 

very different settings from cardiology departments in Tokyo and Nancy and an emergency department 

in Porto. Despite these heterogenous settings, we were able to show concordant prognostic value of CSI, 

which considerably strengthen the clinical importance of CSI in the HF management on a global scale. 

We believe that these cohorts, even if of moderate size, synergize efficiently and ensure important 

external validity of our findings. 

Changes in PV estimated from hemoglobin and hematocrit has been (scarcely) used in the five 

decades following its validation with a radiolabeled gold standard method. Our team is promoting the 

concept of ePVS being an instantaneous measurement of plasma volume, a measurement that has been 

showed to have important prognostic value in patients with HF following myocardial infarction81. Based 

on the data accumulated during this PhD, we now have evidence for its important clinical value. Of note 

we expanded the knowledge regarding its prognostic value in very different settings of HF (from acute 
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HF to HFpEF). The important concordance between our studies, performed in various setting, is 

probably the strongest strength of our PhD. 

To the best of our knowledge, our work regarding the value of the combined assessment of CSI 

and ePVS is novel and, to some extent, pave the way for more mechanistic studies, exploring different 

components of congestion (left- and right-sided congestion). The diagram we introduced in the first part 

of this thesis, providing a 3D evaluation of congestion, is yet to implement in the literature and a 

dedicated evaluation of its value is to be performed.  
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7. Perspectives 

Despite progressively improved diagnostic and prognostic performances of congestion 

measurements, in current clinical practice guidelines, no evaluation tool for congestion is recommended 

as a Class I, Level of Evidence: A. This lack of standardized assessment may be explained by the 

proposed complex underlying profiles of congestion (intravascular, systemic and pulmonary 

congestion). Therefore, assessing patient profile using one single congestion maker may be conceptually 

challenging. In particular, natriuretic peptides are a widely available and biologically plausible marker 

to express the severity of congestion and is very often used in clinical practice. These parameters, 

however, are considered an intravascular congestion marker and may reflect left-sided congestion rather 

than right-sided congestion. Right-sided congestion is nonetheless central for risk-stratification and 

possibly for therapeutic management. Therefore, the integration of all source of information (including 

ePVS and CSI which we focused on during this PhD) related to congestion may provide better insights 

and opportunities for personalized management of congestion. 

Following the results gathered during the course of this PhD, the following points appear of 

central interest to further favor the incorporation of ePVS and CSI in clinical practice.  

1. The first point is related to the nature of available data. The  diagnostic and prognostic performance 

of the integration of the several components of congestion profiles should be assessed in large-size 

multicenter retrospective and prospective studies to convince the HF community that congestion 

evaluation using new imaging and biological evaluation tools are useful. This step appears 

mandatory to promote a multiparameter “integrated” approach. To this purpose, the multi-center 

version of the PARADISE study and the (Pathway and Urgent care of dyspneic Patient at the 

emergency department in LorrainE district) PURPLE study will be used, along with the Acute 

Heart Failure -COngestion Repeated Evaluation (AHF-CORE).  

2. The second point is related to the best strategy to be used to identify the most relevant congestion 

variables in HF as well as the best strategy to favor the use of congestion evaluation tools in routine 

practice. We believe that, to be used on a global scale, integrated congestion scoring has to be 

generated from an AI based algorithm. This approach would favor the personalization of algorithm 
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to patients’ background, including comorbidities in a more flexible way than “classical” statistical 

approaches. 

3.  The third point, given the complex nature of AI based algorithms, is the necessity of a subsequent 

embedment in the electronic medical records of the algorithms, providing real-time useful 

personalized information in clinical practice.  

  

7.1 Cohorts to be used within the integration process  

To achieve our goal, we will need to use data permitting to evaluate both the diagnostic and 

prognostic value of our approach to congestion. The PARADISE and PURPLE cohort will give access 

to patients with and without acute HF, admitted for acute dyspnea in the ED. These cohorts will be used 

both for diagnostic (in the entire cohorts) and prognostic (in the subset of acute HF patients) purposes. 

For prognostic purposes, we will also use the AHF-CORE cohort and a pooled patient dataset from 

several European countries (with available lung ultrasound data in all patients).  

Regarding the nature of available data,  

• clinical and biological data will be available in all cohorts, 

• radiographic data will be available in the PARADISE and PURPLE studies, 

• echocardiographic data will be available in all patients from the AHF-CORE cohort, a 

majority of patients from the European pooled patient dataset and some patients in the 

updated version of the PARADISE and PURPLE studies. 

• lung ultrasound data will be available in all patients from the AHF-CORE cohort and 

European pooled patient dataset 

These cohorts will consequently enable us to cover both diagnostic and prognostic aspects using 

a range of congestion variables of various natures. 
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7.1.1 The Pathway of dyspneic patients in Emergency (PARADISE) 
 

The PARADISE cohort is a retrospective cohort study including patients aged ≥18 years 

admitted in the emergency department of the Nancy University Hospital (France) between January 1, 

2015 and December 31, 2015 168, 179. Investigators systematically reviewed the hospital’s electronic 

charts (Resurgences®), and identified all patients admitted for acute dyspnea. All patients with signs or 

symptoms of dyspnea, or requiring oxygen treatment during their emergency department stay were 

included. Patients with shock or cardiac arrest were excluded. Demographic parameters, medical history, 

physical examination, laboratory findings and treatment received in the ED were retrieved from the 

patients’ electronic records. The primary outcome was in-hospital mortality. The PARADISE cohort 

was approved by the Commission d’Informatique et Libertés (CIL) (Number R2016-08) and registered 

on “clinicaltrials.gov” (NCT02800122).  

We are currently extending this cohort to have access to data on a 10-year period in a multicenter 

setting. This would gather the data from more than 80 000 patients. To do so, we validated an 

identification algorithm that can automatically spot patients meeting the inclusion criteria of the initial 

PARADISE cohort. In addition, the CIC-P team has been working over the past 3 years on text mining 

procedures able to assess the presence/absence of comorbidities, symptoms and clinical signs from the 

electronic records. Promising results are emerging following this important work. This “expended” 

version of the PARADISE cohort will importantly improve the statistical power and expand the possible 

hypothesis that can be tested on this cohort. In addition, in the version we worked on of the dataset from 

the PARADISE cohort, echocardiographic data was not available, although these parameters are known 

important factors for the diagnosis and prognosis of HF. Our updated dataset will incorporate 

echocardiographic parameters in patients in whom an echocardiography was performed during the 

hospital stay, and consequently likely provide better modeling.  

Importantly, the CIC-P has already retrieved the 1-year mortality of patients from the 2015 

PARADISE cohort, and as already exported the vital status of 8 000 patients from the “extended” cohort. 

This additional data will obviously be used in prognostic analysis. 
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7.1.2 Pathway and Urgent caRe of Dyspneic Patient at the Emergency Department in LorrainE 
District (PURPLE) 
 

The PURPLE cohort is an ongoing observational prospective multicenter study of patients 

admitted for acute dyspnea in an emergency department of the participating centers in the Lorraine 

district since November 2017. The main objective is to assess clinical outcomes of this population 

according to the cause of acute dyspnea as well as determine the predictors of these outcomes, both 

overall and according to each acute dyspnea cause. As for the PARADISE cohort, all patients aged ≥18 

years with acute dyspnea, or requiring oxygen treatment during their emergency department stay are 

included and patients with shock or cardiac arrest were excluded. Demographic parameters, medical 

history, initial treatments, physical examination and laboratory findings were prospectively assessed. 

The primary outcome is in-hospital mortality. The secondary outcomes are all-cause mortality within 1 

year or changes during hospital index in demographic, clinical, treatment, biological parameters. All 

patients recruited in PURPLE study were given written informed non-opposition documents to verify 

their willingness to participate in the study (ClinicalTrials.gov Identifier: NCT03194243).   

This diversity of data nature, mixing imaging and biological data, in large multi-center datasets 

from the PARADISE and PURPLE cohorts, will permit to provide a true integration of congestion 

variables for both diagnostic and prognostic analyses. In addition, the multiplicity of centers will provide 

opportunities to implement derivation/validation strategies. 

 

7.1.3 Acute Heart Failure -COngestion Repeated Evaluation (AHF-CORE) 
 

The AHF-CORE study is an ongoing prospective multicenter regional cohort targeting to 

include 80 patients hospitalized for acute HF and assess numerous congestion markers (clinical, 

biological and ultrasound) on admission and discharge. Patients aged ≥60 years hospitalized for left-

sided or global AHF due to exacerbation of CHF within 72 hours of admission to hospital are eligible 

for enrollment. The main exclusion criteria is comorbidity reducing life expectancy to ≤3 months, 

diagnosis of HF made less than 3 months prior to inclusion, exacerbation of HF attributed to acute 

coronary syndrome, and estimated glomerular filtration rate <15 ml/min/m² at baseline, history of 



152 
 

pulmonary lobectomy or pneumonectomy, severe pulmonary or pleural disease preventing the reliable 

acquisition of pulmonary ultrasound images. All patients recruited in AHF-CORE study give written 

informed consent to participate in the study (ClinicalTrials.gov Identifier: NCT03327532).  

Patients undergo a complete evaluation of congestion at inclusion and discharge, including 

echocardiography, lung ultrasound, renal venous doppler and jugular vein evaluation. In addition a 

complete biological is performed. 

The primary outcome is the composite of all-cause death and/or HF re-hospitalization within 3 

months. The second outcomes are changes from admission to discharge in clinical (i.e. rales, JVD, 

edema, fatigue, dyspnea, orthopnea), biological (i.e. BNP, hemoglobin and hematocrit) and ultrasound 

congestion markers (i.e.,  B lines, pleural effusion, E/e', tricuspid regurgitation velocity, jugular diameter 

and renal venous blood flow pattern).  

This study, given the extensive congestion evaluation performed both at admission and 

discharge will permit to determine which are the most important congestion variable, namely the most 

associated with subsequent outcome in patients hospitalized for worsening HF. The AHF-CORE cohort 

will permit the integration of congestion measurements in a cardiology environment, with a special 

emphasis on imaging of congestion, whereas the PARADISE and PURPLE cohort will have less 

detailed information and will give insights for the emergency department management (rather than 

cardiology ward as in the AHF-CORE study). The focus of the AHF-CORE study will be prognosis 

analyses. 

 

7.1.4 Pooled patient data from the European countries (Nancy, Perugia, Pisa and Siena cohorts) 
 

We recently performed a patient-level meta-analysis combining datasets from four independent 

international cohort studies of patients admitted for worsening HF. 

• The Nancy cohort study 180; The Nancy cohort study included 50 patients who were hospitalized 

for ADHF at the Institut Lorrain du Coeur et des Vaisseaux in France from April 2014 to August 
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2015. Physical examination and laboratory data were assessed on admission, and LUS was 

performed during the first 3 days following admission. 

• The Perugia cohort study 120; The Perugia cohort study included 60 patients who were hospitalized 

for ADHF at the Division of Cardiologia e Fisiopatologia Cardiovascolare in Perugia from April 

2014 to October 2014. Physical examination, laboratory data, and LUS were assessed at discharge. 

• The Pisa cohort study 121; The Pisa cohort study included 268 patients who were hospitalized for 

ADHF in the Cardiology Department in Pisa from October 2004 to October 2008. Physical 

examination, laboratory data and LUS were assessed on admission. 

• The Siena cohort study 181; The Siena cohort study included 162 patients with ADHF in sinus 

rhythm. All patients underwent echocardiography within 12 hours from admission. Clinical, 

biological and LUS data were assessed both on admission, and at discharge. 

Main exclusion criteria in the merged population were; (i) poor acoustic window, (ii) pulmonary 

fibrosis, previous pneumectomy or lobectomy, pulmonary cancer or metastases, breast prosthesis; (iii) 

acute myocardial infarction, (iv) cardiogenic shock and (v) severe sepsis.  

The primary outcome was the composite of all-cause mortality and/or HF re-hospitalization. All 

patients were systematically followed after discharge in each institution. The median follow-up periods 

of each cohort study were 90.0 [64.3–71.3] days in the Nancy study, 90.0 [61.0–90.0] days in the Perugia 

study, 416.0 [233.0–923.0] days in the Pisa study, and 180.0 [98.0–180.0] days in the Siena study. 

Each cohort study was conducted in accordance with the Declaration of Helsinki and approved 

by the Institutional Ethics Committees. 

This meta-analysis is valuable has it gather LUS Data along with echocardiography data in a 

sizeable number of patients. Again, congestion variable integration will be efficiently performed in this 

cohort given the variety of data nature available, with a special emphasis on imaging variables. This 

dataset will be used in prognostic analyses. 
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7.2. Integration of all evaluation tools of congestion using machine learning approach 

7.2.1 Outline of the machine learning approach 

A number of congestion variables exist, covering different dimensions of congestion as 

proposed in the first part of this thesis (Figure 5). There is an overlap of some variables with one 

another. In addition, it is very probable that some variables interact between each other, p.e. that one 

congestion variable is relevant in patients with determined clinical characteristics and not in other 

patients. At last, multicollinearity can be an issue as some variables do investigate the same 

“dimension” of congestion. 

Usual statistical methods will usually have important difficulties to unravel this complexity. 

First, multicollinearity is an important issue in multivariable modelling. In addition, interaction is a 

concept that is difficult to tackle in the setting of model building given the low statistical power of 

interaction tests. At last, statistical methods have to assess associations with predefined relevant 

outcome and cannot identify profiles or patterns, which would nonetheless be useful in our 

understanding of congestion, as highlighted in our introduction to our thesis. 

To tackle the high dimensional and possibly nonlinear effects of congestion variables, which 

can represent true “big data” in the setting of integrated multiple congestion markers evaluation, we 

propose to use machine learning (ML). ML can provide better information over conventional statistical 

techniques as it can learn rules and identify patterns progressively from data, without any a priori 

assumptions. This technique has been used in cardiovascular medicine to find novel phenotyping of 

existing diseases182, 183, improve the quality of healthcare service184 and predict mortality and 

cardiovascular events185, 186. As for other high dimensional information regarding biomedical science 

such as proteomics, metabolomics, lipidomics and genetics, the integration of all clinical, biological 

and imaging congestion data may provide new discoveries.  

ML is categorized into supervised and unsupervised learning approaches (Table 2). Supervised 

ML is applied for classification and regression models, using labeled dataset to predict known 

outcomes. This technique has been successfully applied to build the models for the diagnosis, 

prediction and treatment of cardiovascular disease as well as cardiovascular imaging analysis. A recent 

intriguing paper in the TOPCAT trial compared five methods (i.e. machine learning and conventional 
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statistical techniques) to determine the best prediction model for assessing risks of cardiovascular 

outcomes in patients with HFpEF 185. A total of 86 clinical variables were included in these models, 

and their data showed that random forest (a supervised ML method) was the best performing model.  

Unsupervised ML is used to identify novel mechanisms, phenotypes or genotypes from hidden 

patterns presented in the dataset. Cluster analysis is classified as an unsupervised ML technique which 

determines the hidden patterns of unlabeled data to create homogenous groups without a priori 

knowledge and assumption. Data are grouped into categories (cluster group) based on some measures 

of similarity or distance. In cardiovascular research, cluster analysis is used to characterize the 

homogenous patient profiles, for example, patients with HFpEF183 or those with cardiac alterations 

due to diabetes mellitus182. 

A major concern for this technique is its external validity. After an algorithm has been identified, 

an important next step is to confirm whether this algorithm remains accurate when new data are 

applied. Generally, data are required for both training data (for developing the algorithm) and testing 

data (new data, for applying this algorithm) to validate this algorithm. When external validation is not 

feasible, the same dataset is subdivided, and the validation is performed iteratively on data not used 

for derivation (x-fold cross validation).  

Importantly, ML approach depends on the quality of supplied data, incorporated variables and 

the appropriateness of method/software used. In the following, we propose examples (i.e., cohorts, 

parameters and methods) to explore diagnostic and prognostic values of an integrated congestion 

approach using ML.   
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Table 2. Machine learning approach (Adapted from Dey et al. 187)   

Supervised 
 

Support vector 
machines 

Whereas regression analysis may identify linear associations, support vector machines provide nonlinear 
models by defining “planes” in higher-dimension that best separate out features into groups that predict 
outcomes. 

Random forests Identify the best cut point values in different features of individual groups of related data to be able to separate 
them out to predict a particular outcome.  

Convoluted neural 
networks (CNN) 

A multilayered network, often applied to image processing, simulating some of the properties of the human 
visual cortex. A mathematical model is used to pass on results to successive layers. 

Deep learning 
(often described as 
CNN) 

This technique is defined as a class of artificial neural network algorithms, in which more internal layers are 
used than in traditional neural network approaches (“deep” merely describes a multilayered separation 
approach).  

Unsupervised 
 

Principal component 
analysis 

Simple form of unsupervised learning in which the features that account for the most variation in a dataset 
can be identified. 

Hierarchical clustering  Creates a hierarchical decomposition of the data based on similarity with another cluster by aggregating them 
(an agglomerative approach) or dividing them as it moves down in hierarchy (a divisive approach).   
*Strength - easy comprehension and illustration using dendrograms, insensitive too utliers. 

 
*Difficulty - arbitrary metric and linkage criteria, does not work with missing data, may lead to 
misinterpretation of the dendrogram, difficulty finding optimal solution. 

Partition algorithms 
(K-means clustering) 

Form of cluster analysis that identifies degree of separation of different features within a dataset and tries to 
find groupings in which features are most differentiated. It does this by defining similarity on the basis of 
proximity to the centroid (mean, median, or medoid) of the cluster. The algorithm modulates the data to build 
the cluster by iteratively evaluating the distance from the centroid.  
 

*Strengths - simple and easy to implement, easy to interpret, fast, and efficient. Has remained relatively 
underutilized in cardiology despite its simplicity in implementation and interpretation.  
*Difficulty - uniform cluster size, may work poorly with different densities of clusters, difficult to find k, 
sensitive to outliers. 

Model-based algorithm This clustering algorithm makes a general assumption that the data in each cluster is generated from 
probabilistic (primarily Gaussian) model. 
 
*Strengths - distributional description for components, possible to assess clusters-within-clusters, can make 
inference about the number of clusters. 
*Difficulties - computationally intensive, can be slow to converge 
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7.2.2 Diagnosis value for acute heart failure of machine learning based integration of congestion 

markers 

7.2.2.1 Included cohorts 

PARADISE cohort and PURPLE cohort. 

7.2.2.2 Candidate variables 

• Demographic data  

age, sex, body mass index 

• Medical history 

hypertension, diabetes, prior HF hospitalization, coronary artery disease, myocardial infarction, 

atrial fibrillation/flutter, chronic obstructive pulmonary disease 

• Physical examinations 

systolic blood pressure, heart rate, respiratory rate, saturated oxygen 

• Clinical congestion data 

leg edema, jugular venous distention, rales, dyspnea pattern, hepatomegaly, NYHA class  

• Biological congestion data  

hemoglobin, hematocrit, sodium, potassium, blood urea nitrogen, estimated glomerular filtration 

rate, NPs, ePVS 

• Imaging congestion data  

CSI 

Lung ultrasound (when available) 

Echocardiographic data (when available) 

7.2.2.3 Outcomes 

• Discharge diagnosis of AHF 

7.2.2.4 Machine learning approach 

As a first approach, logistic regression with a lasso regularization for variable selection  

Then, supervised ML based on random forests will be used to build diagnostic model for AHF in the 

derivation cohort (PARADISE). This random forest model will be validated in the PURPLE cohort. All 

candidate variables with low missing data (<10%) will be incorporated in this model. Random forest 

will permit a classification of most important variables. In addition, decision trees could be constructed 

to provide a tool that could be readilly used in clinical practice, based on all available data in the 

emergency department.  
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7.2.3 Prognostic value of integrated congestion approach derived from machine learning methods 

7.2.3.1 Included cohorts 

AHF-CORE (derivation cohort), Pooled patient data from the European countries (validation cohort) 

7.2.3.2 Candidate variables 

• Demographic data 

age, sex, body mass index 

• Medical history 

hypertension, diabetes, prior HF hospitalization, coronary artery disease, myocardial infarction, 

atrial fibrillation/flutter, chronic obstructive pulmonary disease 

• Physical examinations (admission and discharge) 

systolic blood pressure, heart rate, respiratory rate  

• Clinical congestion data (admission and discharge) 

leg edema, jugular venous distention, rales, hepatomegaly, NYHA class 

• Biological congestion data (admission and discharge) 

hemoglobin, hematocrit, sodium, potassium, blood urea nitrogen, estimated glomerular filtration 

rate, NPs, ePVS 

• Imaging congestion data (admission and discharge) 

Detailed echocardiography and lung ultrasound data 

7.3.3.3 Outcomes 

• the composite of cardiovascular mortality and/or HF (re) hospitalization 

• the composite of all-cause mortality and/or HF (re) hospitalization 

• cardiovascular mortality 

• all-cause mortality 

• HF (re) hospitalization 

7.3.3.4 Machine learning approach 

Random forest will be used to build prognostic model in derivation (AHF-CORE) and validation (pooled 

European database) cohorts. All candidate variables with low missing data (<10%) will be incorporated 

in this model. In addition, a decision tree taking into account survival analysis (p.e. the CART algorithm) 

constructed in the AHF-CORE cohort could be applied in the pooled European database to ensure its 

external validity.   
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7.3. Artificial intelligence approach to Congestion Score index 

An important issue of novel imaging techniques is related to their generalizability. This 

obviously remains true for imaging congestion markers since these markers may be limited by the 

somewhat subjective and qualitative nature of their interpretation. However, recently, deep learning, a 

branch of ML, has been used to analyze cardiovascular imaging to measure cardiac function, assess 

coronary artery stenosis and predict incident HF189-191. This novel approach may confer an objective and 

quantitative evaluation of imaging, and previous studies showed the possibility that deep learning-based 

assessment may provide better diagnostic values than experienced clinicians192, 193.  

We intend to first use this approach on chest radiography and determine whether neural 

networks applied on chest radiography can identify new approaches to this imaging technique to better 

diagnose AHF. This could be readily performed from the “initial” version of the PARADISE cohort. In 

addition, the correlation between artificial intelligence evaluation and CSI could be evaluated. This 

approach would use artificial intelligence not in the integration of data measured by men, but would 

actually measure directly, from raw data, relevant information that can predict the presence of AHF in 

the emergency department. 

 

7.4. Integration of congestion markers in electronical healthcare records 

Random forests derived models, that cannot be applied following a simple rule in each patient, 

will likely have better intrinsic performance than decision tree models in the analysis described above. 

This could greatly limit the implementation of these ML-based tools in clinical practice. However, 

creating online apps on which physician would enter the data to obtain the prediction of the model could 

overcome this difficulty. Yet, this solution could be very time consuming and constitute an important 

barrier in the development of these approaches.  

Beyond these implementation difficulties, Cook et al. reported, based on guidelines, the 

overestimation of the pooled cohort equations in primary prevention external cohorts, and suggested the 

possibility of real-time calibration of risk prediction equations with big data analytics188. This suggest 

that an evolution of the model is advisable, to prevent mid-term mismatch with changes in medical 

practice. 
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To overcome these difficulties, it is likely that embedding the ML-based models within health 

records will both decrease the time needed for physicians/health professionals to obtain model outputs 

and prevent model mismatch. In clinical practice, there are large amounts of accessible data including 

electronic medical records (i.e. health records, prescribing and outcome data), patient data (i.e. life style, 

activity and diet) and image-derived data (i.e., chest radiography, echocardiography and lung 

ultrasound). In the future, we will be able to recode unstructured data from patient files into structured 

data (as in the dataset of a cohort study) using text mining. Following this step, algorithms could 

incorporate these “big” clinical data to provide diagnostic score of AHF and prognostic score in patients 

with HF (Figure 6). Moreover, this prediction score may be improved by the accumulating evidence 

from the literature, and such personalized medicine could help and perhaps guide clinicians manage 

patients with HF in the similar way that a proficient expert would.  

The increasing availability of automated real-time evaluation in electronical healthcare records 

(EHRs) could provide in the future more precise and clinically relevant patient information about 

congestion assessment, while not increasing the workload of doctors and nurses (data entry, modeling 

and calculation being imbedded within the routine healthcare file). We believe this could constitute the 

future of congestion evaluation, and possibly, more generally of medicine. 
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Figure 6. Future electronic medial records 

 

  



162 
 

8. Conclusion 

 

We showed the clinical utility of readily and widely available congestion markers evaluated 

from chest radiography and hemoglobin/hematocrit. Estimated Plasma Volume, Congestion Score 

indexed evaluated form chest radiography and their combination provide better diagnostic performance 

and patient risk-stratification in patients with HF, while reflecting the severity of congestion. Sequential 

assessments of these congestion markers may help clinicians determine the “best” timing of (re-) 

hospitalization for HF and discharge in patients with HF in the future. Additional research, probably 

targeting the integration of all congestion evaluation, are needed.  
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9. Articles 

 

9.1. Congestion Score Index Evaluated from Chest Radiography for Diagnosing Acute Heart Failure 

in the Emergency Department: insights from the PARADISE cohort (submitted in PLOS Medicine) 

9.2. Mid-term prognostic impact of residual pulmonary congestion assessed by radiographic scoring in 

patients admitted for worsening heart failure (published in Int J Cardiol) 

9.3. Association of Estimated Plasma Volume Status with Hemodynamic and Echocardiographic 

Parameters (published in Clin Res Cardiol) 

9.4. Prognostic value of estimated plasma volume in acute heart failure in three cohort studies 

(published in Clin Res Cardiol) 

9.5. Prognostic Impact of Plasma Volume Estimated from Hemoglobin and Hematocrit in Heart 

Failure with Preserved Ejection Fraction (published in Clin Res Cardiol) 

9.6. Estimated plasma volume status in heart failure: Clinical implications and future directions 

(submitted in European Journal Heart Failure) 

9.7. Chest X-ray Quantification of Admission Lung Congestion as a Prognostic Factor in Patients 

Admitted for Worsening Heart Failure from the ICALOR Cohort Study (published in Int J Cardiol)
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Abstract (English version) 
Congestion generally expresses systemic and pulmonary edema associated with elevated intracardiac pressure and is a 
major predictor of poor prognosis in patients with heart failure (HF). Therefore, it is of paramount importance to best 
assess and monitor congestion at each point of patient management (i.e., before progression to decompensation, 
emergency department (ED), hospital stay, prior discharge assessment and outpatient clinic). Accumulated data 
highlighted that several evaluation tools of congestion derived from clinical, biological, imaging and hemodynamic 
markers/parameters can help clinicians diagnose acute HF, understand the underlying causes and manage optimally 
patients with chronic HF or acutely decompensated HF. However, the availability of these congestion markers may limit 
their clinical utility. Readily and widely available evaluation tool is warranted to quantify and/or monitor congestion and 
eventually improve risk-stratification. Congestion score evaluated from chest radiography and plasma volume (PV) 
estimated from hemoglobin and hematocrit may provide relevant information in patients with HF.  
Our specific aims were; 1) to evaluate the diagnostic and prognostic performance of radiographic pulmonary congestion 
quantification in patients with acute dyspnea; 2) to evaluate the clinical and prognostic implications of estimated PV 
quantification in patients with HF; and 3) to assess the prognostic value of the combination of these congestion markers 
in patients hospitalized for worsening HF.  
In this PhD, we showed that radiographic congestion score improve diagnostic performance for acute HF in dyspneic 
patients in the ED on top of clinical variables and have a diagnostic accuracy of similar magnitude to natriuretic peptide. 
In addition, we showed that residual radiographic pulmonary congestion (rather than admission congestion) convey a 
worse prognosis in patients admitted for acute HF in Cardiology and ED.  
We investigated the associations of estimated PV with well-known biological, echocardiographic and hemodynamic 
markers of congestion and showed that estimated PV acts rather as a left-sided congestion marker and is an independent 
prognostic marker in acutely decompensated HF (in three international cohorts) and ambulatory HF with preserved 
ejection fraction (in the TOPCAT trial). Furthermore, the prognostic value of the combination of radiographic congestion 
score and estimated PV on admission in patients hospitalized for worsening HF in cardiology department appears as a 
promising prognostic approach for in-hospital outcomes and post-discharge short-term outcomes. 
Our work shows the clinical relevance of radiographic-based pulmonary congestion scoring, estimated PV and their 
combination (exploring different components of congestion) in patients with HF. The integration of multiple congestion 
markers may provide, in the future, more pragmatic, useful and personalized congestion profiling in HF.  
 
Abstract (Version française) 
La congestion réfère aux œdèmes pulmonaires et systémiques habituellement observés dans un contexte d’augmentation 
des pressions intracardiaques. C’est un prédicteur majeur de mauvais pronostic en insuffisance cardiaque (IC). Une 
meilleure évaluation et quantification de la congestion au cours du parcours de soins (en amont d’une décompensation, 
aux urgences, en cours d’hospitalisation et en contexte ambulatoire) est souhaitable pour améliorer la stratification du 
risque et le management de ces patients. Des outils d’évaluation de la congestion facilement accessibles et d’utilisation 
simple seraient utiles dans ce contexte.  
Au cours de ce doctorat, nous avons étudié un score de congestion estimé à partir de la radiographie pulmonaire ainsi 
que le volume plasmatique estimé à partir de l’hémoglobine et de l’hématocrite sanguine. Notre but était d’évaluer la 
pertinence de ces paramètres de congestion en IC. Nous avons donc évalué 1) la capacité diagnostique et pronostique du 
score de congestion pulmonaire radiologique dans le contexte de la dyspnée aigue, 2) les implications cliniques et 
pronostiques de la quantification du volume plasmatique estimé en IC et 3) l’utilité de la combinaison de ces 2 variables 
en IC décompensée. 
Nous avons dans un premier temps montré que le score radiologique de congestion pulmonaire améliore la performance 
diagnostique pour l’IC chez des patients admis pour dyspnée aigue aux urgences, en plus de l’utilisation de variables 
cliniques et que la capacité diagnostique atteinte égale celle des peptides natriurétiques. Nous avons aussi observé que 
la congestion pulmonaire radiologique résiduelle (plutôt que la congestion initiale) était associée au pronostic de patients 
admis pour IC décompensée.  
Nous avons évalué l’association du volume plasmatique estimé avec des variables biologiques, échographiques et 
hémodynamiques de congestion et montré que le volume plasmatique estimé est un marqueur de congestion 
préférentiellement gauche (comme les peptides natriurétiques et les pressions de remplissage ventriculaire). Nous avons 
montré que le volume plasmatique estimé était indépendamment associé au pronostic des patients en IC décompensée 
(dans 3 cohortes internationales) et en IC ambulatoire avec fraction d’éjection préservée (dans l’essai clinique TOPCAT). 
Nous avons aussi montré qu’une approche combinée du score radiologique de congestion pulmonaire et du volume 
plasmatique estimé chez des patients IC avait une valeur importante pour la stratification du risque intra-hospitalier et 
dans les suites de l’hospitalisation. 
Notre travail souligne l’utilité clinique du score radiologique de congestion pulmonaire, du volume plasmatique estimé 
et de leur évaluation conjointe dans le champ de l’IC. Dans la lignée de ces travaux, une intégration des marqueurs de 
congestion au sein d’une démarche multi-paramétrique pourrait apporter une meilleure caractérisation du profil congestif 
individuel des patients insuffisants cardiaques.  
 
Keywords, heart failure, congestion, chest radiography, plasma volume, prognosis. 
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