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Introduction	

-  Patient	de	66	ans	
-  Diabète	de	type	2	
	
-  	CMD		ischémique	
			(	Multiples	revascularisations	coronaire	,	FeVG	20-25%	depuis	2014)	
					patient	inscrit	sur	liste	de	greffe	depuis	2015	
	
-  FA	permanente	(Xarelto	20	mg)	
-  CRT-D		+	ARF	NAV		2017	avec		programmation	VVIR	60/min	

-  créatinine	à	96	μmol/L		MDRD	=	69	ml/min/m2		mais	IRA	fonctionnelle	à	de	
nombreuses	reprises	

-  4	admissions	pour	décompensation	cardiaque	globale	entre	2019	et	07/2020	
								(	Erysipèle	,	déshydratation		)	
	
	
				

	
	
 
 



Traitement	à	visée	cardiologique		
	
-  BISOPROLOL													2,5	mg											2/jour	
-  ENTRESTO															97mg/103mg	2/jour	
-  LASILIX																						375	mg	matin	250mg	midi			
-  FORXIGA		 	 	10	mg			1cp/jour	
-  Spironolactone	et	Esidrex	suspendu	
	
	
-	Patient	observant	,	surveillance	du	poids	régulière	,	surveillance	cardiologique		
		rapprochée	
	
				

	
	
 
 



§  Multiples	problèmes	
	
-  Clinique	?	(	quand	l’hospitaliser	?	Que	dire	aux	patients	?	COVID	19…)	
-  Thérapeutique	?	(	Augmenter	diurétiques	combien	de	temps	?	Autres?)	
-  Psychologique	…	
-  Economique….	Pénalité	aux	USA	…	

	
	

PREVALENCE	
En	FRANCE	

2,3% 
Prevalence 

1,5 M  
Patients IC 

> 165 000  
Patients hospitalisés IC/
an 

INCIDENCE	
1 adulte sur 5 

développera une IC au cours de sa vie. 

MORBIDITE	AND	
MORTALITE	

45%  
Réadmission dans les 

12 mois 
 

25%  
Réadmission dans les 3 

mois 

29%  
Décès dans l’année pour IC 

 
Tuppin P, Arch Cardiovasc Dis. 2016 ;  
 

30	%	d’augmentation	du	taux	de	réadmission	pour	IC	depuis	2002	
Plus	d’1	milliard	d’euros	de	coût	d’hospitalisation	par	an	



§  Multiples	problèmes	
	
-  Aggravation	clinique..	«	la	spirale	descendante	de	l’IC..	»	

	
	

À chaque hospitalisation pour décompensation, le patient quitte 
l'hôpital avec une nouvelle diminution de sa fonction cardiaque1 
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1.		Gheorghiade	MD,	et	al.	Am	J.	Cardiol,	2005.	



Long-term	Mortality	Risk	Increases	with		
Multiple	Hospitalizations	

�  Setoguchi	S,	Stevenson	LW,	Schneeweiss	S,	Am	Heart	J,	2007;154:260-264.	

1st	admission	
(n	=	14,374)	

2nd	admission	
(n	=	3,358)	

3rd	admission	
(n	=	1,123)	

4th	admission	
(n	=	417)	

§  Résultats…	
	
-  Aggravation	Clinique..	«	la	spirale	descendante	de	l’IC..	»	

	
	



�  Adamson	PB,	et	al.	Curr	Heart	Fail	Reports,	2009.	

GAIN	IN	TIME	

Proactive and 
Actionable 

Reactive 
and Inexact 

Hemodynamically Stable Decompensation 

HOSPITALIZATION	
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§  Que	Faire	?	
	
-  Prévenir	?		(	Avec	quel	paramètres	?	Suivi	?	)	
-  Comment	personnaliser	?	
	
	



§  CARDIOMEMS		C’est	quoi?	
	

	
	

Capteur	de	
PAP	

Unité	
Patient	

MERLIN.NET
™	

Position	cible	
du	capteur	de	
PAP	

Unité	
Hospitalière	

�  Une surveillance et une gestion proactive de l'insuffisance cardiaque 
grâce à une mesure quotidienne de la PAP 

Implantation 
du capteur 
PAP par KT 
droit 

Mesure 
quotidienne de 
la PAP au 
domicile du 
patient 

Revue des 
données par le 
centre et prise de 
contact avec le 
patient si 
nécessaire 

Données 
transmises sur 
le site 
Merlin.net 



CardioMEMS - Le Capteur 
Absence de batterie et d’électronique 

-  Déformation	du	capteur	est	traduite	en	fréquence	puis	en	pression	
-  Capteur	inactif…puis	s’active	lors	de	la	communication	avec	transmetteur	
-  «	équivalent	d’un	stent	qui	donne	les	pression	de	l’AP	»	
-  «	Swan-Ganz	tous	les	jours	»	
-  Boucle	en	Nitinol	et	bobine	recouverte	d’or	
				

	
	
 
 



CardioMEMS – La 
communication RF 

�  Absence de batterie 

�  Absence de sonde 

 

 

Les capteurs et les systèmes électroniques communiquent via l'énergie radiofréquence 

PA 



Automesures RF (quotidienne) 
à 60 secondes dont 18 secondes de mesures 

 
 



Procédure d’implantation – cathétérisme droit 
ponction veineuse fémoral sous échographie , 12 French (capteur 3,5mm) 



�  Pr	Roubille	CHU	Montpellier.	

Diamètre minimum 7mm (4xSwan 2,3mm) , AngioTDM possible avant 



Echange sur guide rigide longueur 2,5m 

�  Pr	Roubille	CHU	Montpellier.	



�  Dr	Benhenda	CHPG	Monaco	



Quels patients sont éligibles au dispositif  CardioMEMS™ ? 

 
ü Une insuffisance cardiaque de classe NYHA III 
ü Une hospitalisation pour insuffisance cardiaque au cours des 12 

derniers mois 
ü Peut bénéficier d’une double antiaggrégation plaquettaire 

pendant 
   1 mois minimum 

	

LES	PATIENTS	BÉNÉFICIANT	LE	PLUS	COURAMMENT	DU	DISPOSITIF	CARDIOMEMS	ONT	
UN	TRAITEMENT	MÉDICAL	STABLE	CONFORME	AUX	RECOMMANDATIONS	ET	CEUX	QUI	
PRÉSENTENT	L'UNE	DES	CONDITIONS	SUIVANTES:	

□ Volumes de liquide difficiles à connaître ou à gérer 

□ Évaluation physique difficile 

□ Patient atteint d'ICFEP ou d'ICFER 

□ Conformité avec les soins médicaux pour le traitement 
de l'insuffisance cardiaque 
 
□ Patient bénéficiant de la surveillance à distance s'il vit  
loin d'un centre ou si le trajet vers un centre est compliqué 



Diminution	significative	des	hospitalisations	pour	IC	
	en	vie	réelle	1,2	

Large	(N	=	1114)	retrospective	cohort	study	using	the	CardioMEMS™	HF	System	patients	from	CMS	database	
1.  Desai	AS,	et	al.	J	Am	Coll	Cardiol,	2017;69(19):2357–65.	 2.  Abraham,	et	al.	Presented	at	ACC	2018	

3.  Abraham	WT,	et	al.	The	Lancet,	387(10017),	453-461.	

Pre-implant 
Post-implant 

§  Est-ce	que	
			cela	marche	?		

	

	
	

Articles
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hypothesis and the regulators’ need to be able to 
distinguish the impact of the compliance procedures 
from the impact of the diagnostic information itself.33,34

No sponsor communications occurred during the open 
access period allowing for effi  cacy analyses of pulmonary 
artery pressure-guided heart failure management without 

protocol reminders from the sponsor. The original 
statistical analysis plan did not prespecify methods to 
evaluate effi  cacy fi ndings from the open access period so a 
second statistical analysis plan was developed in 
collaboration with the US FDA before commencing data 
analysis. This prospective-retrospective approach included 
a longitudinal analytical method to compare a patient’s 
rate of admission to hospital for heart failure during open 
access to that patient’s previous rate of admission to 
hospital for heart failure during randomised access.

For patients in the control group, the longitudinal 
analysis measured the effi  cacy of pulmonary artery 
pressure-guided heart failure management provided for 
the fi rst time during open access and without sponsor 
communications. For patients in the treatment group, the 
longitudinal analysis measured whether the termination 
of sponsor communications aff ected the effi  cacy of 
continued pulmonary artery pressure-guided heart failure 
management of these patients. A frailty variable was 
added to the Andersen-Gill model to account for possible 
within-participant dependence between randomised and 
open access periods. Extensive robustness testing of the 
models was done including an assessment of the model 
assumptions, competing risk analyses including death as 
an endpoint, use of non-parametric procedures including 
bootstrapping, and evaluation of other parametric models 
including negative binomial and Poisson regression 
within a generalised estimating equations model.35–38

A clinical event classifi cation (CEC) committee of heart 
failure cardiologists masked to patient’s study assignment 
was established and equipped with a charter that included 
procedures and endpoint defi nitions for endpoint 
adjudication. All adverse events, admissions to hospital, 
and deaths from the randomised access and open access 
periods were adjudicated by the CEC committee.

This trial is registered with ClinicalTrials.gov, number 
NCT00531661.

Role of the funding source
This study was funded by CardioMEMS Inc, which was 
subsequently acquired by St Jude Medical. The funder 
was responsible for data collection and analysis. 
Interpretation of the results was primarily the 
responsibility of the steering committee and principal 
investigators with assistance from employees of the 
funder. The writing of this report and the decision to 
submit it were made by all authors, who take 
responsibility for the manuscript content. The principal 
investigators (WTA and PBA) personally reviewed the 
datasets and had total access to all the data.

Results
Between Sept 6, 2007, and Oct 7, 2009, 575 patients met 
the clinical inclusion/exclusion criteria, provided written 
informed consent, and underwent the right heart 
catheterisation procedure, 25 patients did not receive a 
device implant and were not randomised (fi gure 1), 

 Treatment group (n=270) Control group (n=280)

Demographics

Age (years) 61·3 (13·0) 61·8 (12·7)

Men (%) 194 (72%) 205 (73%)

White (%) 196 (73%) 205 (73%)

Laboratory fi ndings

BMI (kg/m²) 30·5 (6·5) 30·9 (7·3)

Systolic blood pressure (mm Hg) 121·2 (22·5) 123·2 (21·0)

Heart rate (beats per min) 72·4 (12·9) 73·0 (12·1)

Creatinine (mg/dL) 1·4 (0·5) 1·35 (0·4)

GFR (mL/min/1·73 m²) 60·4 (22·5) 61·8 (23·2)

BUN (mg/dL) 29·6 (18·0) 28·1 (16·2)

Ejection fraction ≥40% (%) 62 (23%) 57 (20%)

Haemodynamics

PA systolic pressure (mm Hg) 44·3 (14·2) 45·4 (15·2)

PA diastolic pressure (mm Hg) 18·6 (8·5) 19·3 (8·1)

PA mean pressure (mm Hg) 28·9 (9·9) 29·9 (10·0)

Cardiac output (L/min) 4·48 (1·4) 4·56 (1·5)

Cardiac index (L/min/m²) 2·13 (0·6) 2·17 (0·6)

PVR (Wood units) 2·88 (2·0) 2·7 (1·8)

Medical history

Ischaemic cardiomyopathy (%) 158 (59%) 174 (62%)

Chronic obstructive pulmonary disease (%) 76 (28%) 83 (30%)

Coronary artery disease (%) 182 (67%) 202 (72%)

Diabetes (%) 130 (48%) 139 (50%)

History of myocardial infarction (%) 134 (50%) 137 (49%)

Hyperlipidaemia (%) 204 (76%) 218 (78%)

Hypertension (%) 207 (77%) 220 (79%)

History of atrial fi brillation (%) 120 (44%) 135 (48%)

Treatment history

ICD only (%) 88 (33%) 98 (35%)

CRT-D (%) 91 (34%) 99 (35%)

CRT-D or ICD (%) 179 (66%) 197 (70%)

ACE/ARB (%) 205 (76%) 222 (79%)

β blocker (%) 243 (89%) 256 (84%)

ACE/ARB and β blocker (GDMT) (%) 188 (68%) 205 (63%)

Aldosterone antagonist 117 (43%) 114 (41%)

Nitrate 64 (24%) 56 (20%)

Hydralazine 36 (13%) 33 (12%)

Diuretic loop 248 (92%) 258 (92%)

Diuretic-thiazide-standing 30 (11%) 35 (13%)

Diuretic-thiazide-PRN 20 (7%) 18 (6%)

BMI=body-mass index. GFR=glomerular fi ltration rate. BUN=blood urea nitrogen. PA=pulmonary artery. 
PVR=pulmonary vascular resistance. ICD= implantable cardioverter-defi brillator. CRT-D= cardiac resynchronisation 
therapy defi brillator. ACE/ARB=angiotensin converting enzyme inhibitor/angiotensin receptor blocker. 
GDMT=guideline-directed medical therapy. PRN=as needed.

Table 1: Baseline clinical and demographic characteristics



Le taux de mortalité des patients implantés d’un CardioMEMS est inférieur par 
rapport au groupe contrôle * après 12 mois de suivi 

Réduction significative de la mortalité1* 

*Based	on	retrospective	cohort	study	using	the	CardioMEMS™	HF	System	patients	from	
CMS	database.	The	CardioMEMS	HF	System	is	not	indicated	for	a	reduction	in	mortality.		
	
1. Abraham,	et	al.	Presented	at	ACC	2018	

30%  
reduction 
in mortality 

Control Cohort     N = 1087 
Treatment Cohort     N = 1087 
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Month	Since	Implant	

HR = 0.70 (0.59 - 0.83), p < 
0.0001 
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Le système CardioMEMS ™ est le seul outil de gestion de l'insuffisance 
cardiaque ayant montré son efficacité pour les patients  à FE préservé	

Meilleure gestion des IC avec FE préservée 

Heywood, Raval(?) 

REDUCTION	IN	HEART	FAILURE	
HOSPITALIZATIONS	

Treatment, HFpEF 

Control, HFpEF 
50%  
Reduction in  
Heart Failure 
Hospitalization1 

Avg.	18	months	follow-up,	p	<	0.0001	

EF ≥ 
40 
EF < 
40 

REDUCTION	IN	PA	PRESSURES	

SIMILAR	REDUCTION	IN	PA	
PRESSURES	between HFpEF and HFrEF 
patients2 

1.  Jermyn	R,	et	al.	Clinical	Cardiology.	doi:	10.1002/clc.22643.	
2.  Heywood	JT,	Jermyn	R,	Shavelle	D,	et	al.	Circulation	2017;135:	1509–17.	
3.  Adamson	PB,	et	al.	Circ	Heart	Fail,	2014	Nov;7(6):935-44.	



	

	
	

Majoration	
DIuretiques	

PAP diastolique = meilleur marqueur corrélé 
à la congestion donc Pcap et moins variable / pulsatilité 
de la PAP systolique 



§  Diverses	questions	pratiques?	

-  Cela	existe	depuis	quand	?		
			à	2006	1ère	implantation	USA,	2014	commercialisé		FDA	USA	

			
-  Combien	dans	le	monde	?	En	France	?	
		à	15000	depuis	2006	USA,	103	en	France	depuis	2018	

	
-  Remboursement	?	
			à	Fin	2021	….	12000	euros	
	
-  Quel	traitement	après	implantation	?		
	à	Duoplavin	1	mois	puis	Aspirine	à	vie		ou	Anticoagulation	
	
-  Infection	?	Complications	?	
	à	0	infection,	boucle	s’endothelialise	en	24h	,	capteur	en	3	mois	
	à	Point	de	ponction	,	Hémoptysie	,	3	Déplacements	sur	15000	dispositifs	
		à	IRM	compatible	,	ne	sonne	pas,	incinération	possible	
	

	
	



Conclusion	
§  Capteur	de	pression	de	l’AP	,	marqueur	précoce	d’insuffisance	
cardiaque	

§  Anticipe	,	suivi	,	adapte	

§  En	plein	essor	car	télésurveillance,5G+++,	COVID	19…	

§  GUIDE	HF	(3000	patients	NYHA	II	à	IV	)			
§  Concurrents…			
 
 

  nazih.benhenda@chpg.mc 

https://www.facebook.com/watch/?
v=362235744947442	





Non-hemodynamic-based Remote Monitoring  
does not Reduce HF Hospitalization 

TRIAL	 N	 PARAMETER		
MONITORED	

IMPACT	ON		
HF	HOSPITALIZATION	 JOURNAL	

TELE-HF1	 1,653 Signs/symptoms, daily 
weights None The New England Journal  

of Medicine, 2010 

TIM-HF2	 710 Signs/symptoms, daily 
weights None Circulation, 2011 

TEN-
HMS3	 426 

Signs/symptoms, daily 
weights, BP, nurse telephone 
support 

None Journal of the American  
College of Cardiology, 2005 

BEAT-HF4	 1,437 
Signs/symptoms, daily 
weights, nurse 
communications 

None American Heart Association, 
2016 

INH5	 715 
Signs/symptoms, 
telemonitoring, nurse 
coordinated DM 

None Circulation Heart Failure, 2012 

DOT-HF6	 335 Intrathoracic impedance with 
patient alert Increased Circulation, 2011 

Optilink7	 1,002 Intrathoracic impedance None European Journal of Heart 
Failure, 2011 

REM-HF8	 1,650 Remote monitoring via ICD, 
CRT-D or CRT-P None European Society of Cardiology, 

2017 

MORE	
CARE9	 865 

Remote monitoring of  
advanced diagnostics via CRT-
D 

None European Journal of Heart 
Failure, 2016 

Total	 8,793 
�  1.	Chaudhry	SI,	et	al.	N	Engl	J	Med,	2010.	 �  2.	Koehler	F,	et	al.	Circulation,	2011.	 �  3.	Cleland	JG,	et	al.	J	Am	Coll	Cardiol,	2005.	 �  4.	Ong	MK,	et	al.	JAMA	Intern	Med,	2016.	

�  5.	Angermann	DE,	et	al.	Circ	Heart	Fail,	2012.	

�  6.	van	Veldhuisen	DJ,	et	al.	Circulation,	2011.	
�  7.	Brachmann J, et al. Eur J Heart Fail, 

2011.	

�  8.	Cowie	MR,	ESC,	2016.	

�  9.	Boriani	G,	et	al.	Eur	J	Heart	Fail,	2016.	

MULTIPLE	TRIALS,	>	8,500	PATIENTS:	
No reduction in HF hospitalization 



NNT to Prevent One HF Hospitalization for PA Pressure 
Monitoring and Medical Intervention Alone  

�  PART	1:	RANDOMIZED	ACCESS	

�  1.	Packer	M,	et	al.	Circulation,	2002.	
�  2.	Pitt	B,	et	al.	N	Engl	J	Med,	1999.	
�  3.	Cleland	JG,	et	al.	N	Engl	J	Med,	2005.	

�  4.	Hjalmarson	A,	et	al.	JAMA,	2000.	
�  5.	The	SOLVD	Investigators.	N	Engl	J	Med,	1991.	
�  6.	Zannad	F,	et	al.	N	Engl	J	Med,	2011.	

�  7.	Digitalis	Investigation	Group.	N	Engl	J	Med,	1997.	

�  8.	Cohn	JN,	et	al.	N	Engl	J	Med,	2001.	

�  9.	Young	JB,	et	al.	Circulation,	2004.	
�  10.	Adamson,	P.	et	al.	HFSA,	2016.		

INTERVENTION	 TRIAL	
MEAN	DURATION		
OF	RANDOMIZED		

FOLLOW-UP	

ANNUALIZED	REDUCTION		
IN	HF	Hospitalization	

RATES	

NNT/YEAR	TO	
PREVENT	1	HF	

HOSPITALIZATION	

Beta-blocker1	 COPERNICUS	 10	months	 33%	 7	
Aldosterone	antagonist2	 RALES	 24	months	 36%	 7	
CRT3	 CARE-HF	 29	months	 52%		 7	
Beta-blocker4	 MERIT-HF	 12	months	 29%	 15	
ACE	inhibitor5	 SOLVD	 41	months	 30%	 15	
Aldosterone	antagonist6	 EMPHASIS-HF	 21	months	 38%		 16	
Digoxin7	 DIG	 37	months	 24%	 17	
Angiotensin	receptor	blocker8	 Val-HeFT	 23	months	 23%	 18	
Angiotensin		
receptor	blocker9	 CHARM	 40	months	 27%	 19	

PA	pressure	monitoring10	 CHAMPION	 18	months	 33%	 4	
PA	pressure	monitoring	led	to	lower	NNT		
to	prevent	one	hf-related	hospitalization	vs.	other	therapies		



The CHAMPION Trial Design  
�  TRIAL HYPOTHESIS 

�  In addition to basing treatment on signs and symptoms, adjusting 
medications based on PA pressures will reduce HF-related hospitalizations. 

1.	Abraham	W,	et	al.	Lancet,	2011.	
2.	Abraham	W,	et	al.	Lancet,	2016.	

CardioMEMS™	PA	SENSOR	IMPLANTED		
n	=	550	

TREATMENT	GROUP	
n	=	270	

CONTROL	GROUP	
n	=	280	

TRANSITION	TO	
FORMER	TREATMENT	

GROUP	
n	=	177	

TRANSITION	TO	
FORMER	CONTROL	

GROUP	
n	=	170	

PART	1:		
RANDOMIZED	ACCESS1	

Study exit 
N = 110 

Study exit 
N = 93 

PART	2:		
OPEN	ACCESS2	

Previously hospitalized 
patients (past 12 months) 
with NYHA Class III HF for 
at least 3 months, 
regardless of LVEF 

575 consented. 25 could 
not be implanted due to 
anatomy, comorbidities, 
etc.  

All took daily readings. 

Randomization 



Randomized and Open Access  
 

�  *575	consented.	25	could	not	be	implanted	due	to	anatomy,	comorbidities,	etc.	All	took	daily	readings.	
�  1.	Abraham	W,	et	al.	Lancet,	2011.	
�  2.	Abraham	W,	et	al.	Lancet,	2016.	

CARDIOMEMS™	PA	SENSOR	IMPLANTED		
n	=	550*	

TRANSITION	TO	
FORMER	TREATMENT	

GROUP	
n	=	177	

TRANSITION	TO	
FORMER	CONTROL	

GROUP	
n	=	170	

Study Exit 
n = 110 

Study Exit 
n = 93 

COMPLETED	OPEN	
ACCESS	
n	=	119	

COMPLETED	OPEN	
ACCESS	
n	=	127	

Study Exit 
n = 43 

Study Exit 
n = 58 

PART	1:		
RANDOMIZED	ACCESS1	
18	MONTHS	

PART	2:		
OPEN	ACCESS2	
13	MONTHS	

31	MONTHS	AVERAGE		
FOLLOW-UP	

Previously hospitalized 
patients (past 12 
months)  
with NYHA Class III HF 
for at least 3 months, 
regardless of  LVEF 

TREATMENT	GROUP	
n	=	270	

CONTROL	GROUP	
n	=	280	



Procédure d’implantation – Déploiement du capteur 


