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Thèmes principaux 
• Classification
• PediMACS, Paedi-EUROMACS
• Hémostase - Anticoagulation - Antiaggregation
• Hémorragie
• Jarvik• Jarvik
• Impella
• MCS et CHD
• Destination therapy
• Qualité de vie
•Conclusions
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Classification

Description of device

- Extracorporeal Pump for device located outside of the body ECMO, CPB, 
EXCOR

- Intracorporeal Pump for device located with the body HeartMate 3, HVAD, 
Jarvik

- Temporary Device intended for limited duration of support (hours-
days; 3 weeks ?)

Impella 2.5, Impella 
CP, ECMO

- Durable Device with capability of support for months-years HeartMate 3, HVAD, 
Jarvik

- Partial Support Device provides less flow than complete cardiac 
output 

Impella 2.5-5.0-CP

- Full Support Device provides complete cardiac output ECMO, EXCOR,  
INCOR, HeartMate 3, 
HVAD

- Dischargeable Device does not require hospitalization for continued 
support

HeartMate 3, HVAD
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Classification

Type of Flow
- Pulsatile Device with flexible membranes that creates 

intermittent flow and a pulse
Total artificial 
heart, EXCOR

- Non pulsatile/ 
Continous flow

Device that provides constant blood flow HeartMate 3, 
HVAD, Pedimag, 
RotaFlow, JarvikRotaFlow, Jarvik

- Axial Device with inlet and outflow in the same axis 
and flow produced by rotating impeller

HeartMate 3, 
Jarvik

- Centrifugal Device with inlet perpendicular to outflow 
tracts. Flow produced by centrifugal force.

HeartMate 2, 
HVAD, RotaFlow
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Classification

Indication for MCS use

- Bridge to 
transplant

Device implanted to support patient until a heart 
transplant 

HeartMate II, 
HVAD

- Bridge to 
candidacy

Device implanted to support patient until can 
determine whether eligible for a heart transplant

HeartMate II, 
HVAD

- Bridge to Device implanted until myocardial recovery from HeartMate II, - Bridge to 
recovery 

Device implanted until myocardial recovery from 
injury 

HeartMate II, 
HVAD

- Destination 
therapy

Device implanted to support patients who are 
ineligible for heart transplant

HeartMate II, 
HVAD, Jarvik

- Short term New term to describe device implanted with 
intention for weeks-months of support (replaces 
bridge to transplant or recovery)

ECMO, Impella, 
Tandem, EXCOR

- Long term New term to describe device implanted with the 
intention for years of support (replaces 
destination therapy)

HeartMate II, 
HVAD, Jarvik(?)
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Long term MCS in CHD
Device Manufacturer Type of flow Flows

BSA (m2) ou poids
(kg) Reference

Berlin Heart
EXCOR®

Berlin Heart GmbH,
Berlin, Germany

Pulsatile 10, 15, 25, 30,
50, and 60
mL (SV)

>0.7

> 3 kgs

Morales et. al (2011)
Fraser et. al (2012)
Almond, et al (2013) 
Weinstein et. al (2014) 
Conway, et al (2015)
Morales, et al (2017)

HeartWare
HVAD ®

Heart-Ware, Framingham,
MA, USA

Continuous 2–10 L/min >1
> 15kg

Miera et. al (2011) 
Padalino et. al (2014)
Sparks et al (2015)
Stein et. al (2016)
Miera et. al (2016)
Imielskii et. al (2017)
Pac, et al (2018

HeartMate II Thoratec, Pleasanton, CA,
USA

Continuous Max 10 L/min >1.2 Owens et. al (2010)
Morales et.al (2011)

9

USA Morales et.al (2011)
Cabrera et. al (2013)
Lorts, et. al (2018)3

HeartMate III Thoratec, Pleasanton, CA,
USA

Continuous Max 10 L/min >1.2
> 30 kgs

Total artificial
Heart

Syncardia,
Tucson, AZ, USA

Pulsatile 50cc and 70
cc
(stroke
volume)

> 1.7 Morales et. al
(2012) 
Rossano et. al (2014)
Adachi et. al (2014) 
Si et. al (2015)
Ryan et. al (2015)
Villa et. al (2017) 
Morales et. al (2017)

Jarvik 2000 Jarvik Heart,Inc.,
New York, NY, USA

Continuous 3–7 L/min >1.2 Shah et. al, (2013) 

Inf Jarvik 2015 Jarvik Heart, Inc., New  
York, NY, USA

Continuous >1.2L/min >0.4
> 8 kgs

Adachi, (2018)



Physiopathologie insuffisance cardiaque
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INTERMACS

PEDIMACS
Interagency Registry for Mechanically Assisted Circulatory Support 

Pediatric Interagency Registry for Mechanically Assisted Circulatory Support
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J Heart Lung Transplant. 2016 May;35(5):578-84

PEDIMACS

• 1er registre Pédiatrique (Basé sur INTERMACS)
• < 19 ans, tous types de VAD, > 200 pt,  222 devices
• Multicentrique, rétrospective
• Sept 2012 - Juin 2015, 37 hôpitaux USA, statistique simple 
plutôt descriptive 
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• Classification : durable – temporary
• Profile des patients au moment de l’implantation du VAD : âge, poids,
diagnostique, CHD, previous cardiac surgery, INTERMACS,
≠ pulsatile devices vs continous implantables, previous ECMO
• Device strategy : LVAD, BiVAD, RVAD, TAH ; indications et suite
(Transplantation, bridge to recovery, destination therapy)
• Survival : à 6 mois, différences selon profile INTERMACS

PEDIMACS

• Survival : à 6 mois, différences selon profile INTERMACS
• Causes/modes of death : 19% ; MOF 39%, Neuro complic 14% ; 18%
stop traitement
• Competing outcomes : greffe - survie on VAD - décès on VAD
• Evénements indesirables : 502 ; infections (Tardives),
saignement/hémorragie (Précoces), problèmes sur le VAD, neuro ++

Blume ED, J Heart Lung Transplant. 2016 
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Objectifs du PediMACS

• Définir la meilleur stratégie de support pour enfants et ados

• Peaufiner la sélection des patients < 19 ans à soumettre à
implantation de VAD

PEDIMACS

Blume ED, J Heart Lung Transplant. 2016

implantation de VAD

• Développer «les bonnes pratiques» par analyse des résultats

• Favoriser et guider développement et surveillance clinique
des différentes type de VAD Ped et Adulte utilisés sur
patientes < 19 ans
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• Focus on caractéristiques pre-implantation. 
Outcomes et événements indésirables 

• < 19 ans, 364 pt,  432 devices
• > 4 ans (Sept 2012-Sept 2016), 42 centres USA
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Blume ED J Heart Lung Transplant 2018



Blume ED J Heart Lung Transplant 2018



- Les données sur les résultats ont été analysées par patient plutôt que 
par type d'appareil : certains patients pédiatriques prise en charge sur 
plusieurs types d'appareils (temporaires et durables) pendant toute la 
prise en charge
- Echange d'appareils PAS une complication liée à l'appareil (Comme 
dysfonctionnement ou thrombose pompe, typique des adultes). VADs

PEDIMACS ≠ INTERMACS

Blume ED J Heart Lung Transplant 2018

dysfonctionnement ou thrombose pompe, typique des adultes). VADs
pédiatrique : échange de dispositif lié à facteurs spécifiques du patient,  
associés aux changements dans les besoins physiologiques et 
hémodynamiques, 
- PAS le reflet de l'efficacité du dispositif, mais plutôt la complexité en 
constante évolution des patients pédiatriques VAD 
- Les résultats et les événements indésirables de Pedimacs : analyse de 
ces événements tout au long du parcours du patient assisté par le VAD, 
quel que soit le besoin d'une nouvelle pompe
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• < 19 ans, 423 pt, 508 devices , > 5 ans (Sept 2012-Sept• < 19 ans, 423 pt, 508 devices , > 5 ans (Sept 2012-Sept
2016), 30 centres USA (Problèmes avec STS 1 Aout 2018 
>750 devices et > 600 patients PEDIMACS)

• Statistique plus complexe (Multivariate analysis)
• Pedimacs ≠ Intermacs
• Abordés les discours de la sortie à la maison (IC) et la
qualité de vie
•Fc rénale eGFR et not 19



Focus on résultats globaux + facteurs associés
au risque de décès précoce, tardif et constant
influencé par type de pompe et les différences
correspondantes entre les cohortes des

D  Morales Ann Thorac Surg 2019

correspondantes entre les cohortes des
appareils, compris les données
démographiques de leurs patients et les taux
des événements indésirables



Pedimacs 1 21



Pedimacs 2 22



INCLUSION CRITERIA FOR MCS
1. NYHA IV (Ross IV pts 6 ans), insuffisance cardiaque 

réfractaire traitement médical, avec  1 des critères 
suivant :

a) INTERMACS 1 ou 1A: choc cardiogénique
b) INTERMACS 2 OU 2A : risque décès non immédiat 

moins < réponse inotropes ; dégradation à cause 

Pedimacs 2 23

moins < réponse inotropes ; dégradation à cause 
TDR + 1 des critères suivant :  

* dégradation fc rénale 
* dégradation état nutritionnel 
* dégradation mobilité, déambulation secondaire à insuffisance 

cardiaque ou ses traitement (IOT  Bed rest)
c) ECMO ou Short-Term MCS
d) Pose CEC IMPOSSIBLE(CHD ; inscription liste greffe)



INCLUSION CRITERIA FOR MCS

2. Inscription en liste
3. Circulation BiV, cardiomiopathie, CHD reparé

(ALCAPA; Sténose Ao), cardiopathie acquise 
(Myocardite, Kawasaki)

4. Age 0-16 ANS ; âge gestationnel corrigé > 37 SA

Pedimacs 2 24

4. Age 0-16 ANS ; âge gestationnel corrigé > 37 SA
5. Poids >/= 3 kgs e =/< 60 kgs
6. Tutelle parentale/légale (Et patient si âge 

appropriée), comprend la procédure et la prise en 
charge à long-terme, signature consentement écrit 
avant implantation



EXCLUSION CRITERIA FOR MCS

1. CIV apicale ou autres lésions à réparer
2. TIH, pathologies plaquettes ou contrindications AC/AG
3. Pathologie coagulation (Déficit FVIII, CIVD) ou thrombofilie

(Mutation FV Leiden)
4. Maladies hématologiques  fragilité GR ou hémolyse
5. Infection récente (</=48H) avec Hémoc +/T > 38°C/↑ CRP/ 

Leucocytoses > 15x10*3/ml)

Pedimacs 2 25

Leucocytoses > 15x10*3/ml)
6. HIV, SIDA, Cancer
7. AVC < 30 jours, malformation SNC associée risque 

saignement (MAV, Moya-Moya)
8. Maladies psychiatriques, altérations du comportement 

(Antisociaux) avec risque de pas adhérer au traitement   
9. Autre protocole investigation-Drug Trial non complétés ou 

follow-up non terminé 



• Age
• Poids
• Diagnostic
• Profile INTERMACS
• Type de pompe
(G/D/B/TAH)
• Stratégie
• ATCD Chir Cardiaque

Pedimacs 3
D Morales Ann Thorac Surg 2019;107:993–1004

• ATCD Chir Cardiaque
• ALT (foie)
• Bilirubine (Cholestase)
• eGFR /fc (rein)
• Intubation
• Inotropes
• Curarisation
• Nutrition



• Mortalité et EI    ↔  Timing implantation et profile INTERMACS

• Durable VAD si profile 1  outcome plus mauvais 

• < poids et CHD mauvais pronostique  vs  CMD et enfants plus âgés 

• Groupe IC moins « malade » plus âgé moins CHD VS groupe  PC - PP 

D Morales Ann Thorac Surg 2019

• Groupe IC moins « malade » plus âgé moins CHD VS groupe  PC - PP 

• PC ≈ PP mais  PP plus CHD (>50%) état pré-implantation plus mauvais 
(Profile 1 50%, IH 52% et IR 47%)  Probablement indication/projet ≠ 
 20%  patients PC  recovery dans 3 mois VS < 1% recovery pour IC-PP

• PC device : assistance temporaire de 1ere choix pour BRIDGE TO
TRANPLANTATION population « haute risque » (VU, < 5 kgs,
AntiCoagulation difficile) > 30% greffés à 6 mois



VU < 5 kgs, LCOS ???

Pose canules Berlin-Heart EXCOR 

ECMO V-A Pedimag, Centrimag, etc (pas oxygenateur) ECMO V-A Pedimag, Centrimag, etc (pas oxygenateur) 

Récupération 

Sevrage 

Ablation canules et pompe

PAS de récupération 

Implantation device long durée  

Mise en liste de greffe sans MOF

PAS de récupération 

Implantation device long durée  

Mise en liste de greffe sans MOF

Récupération 

Sevrage 

Ablation canules et pompe
28



• Infection, saignement, complications neurologiques,
dysfonctionnement du dispositif : > 60% MCS 1 ou plus;
principalement < 3 mois ; 25% hémorragie majeure ou infection ;
principalement PC

• ≠ entre centres USA

• ACTION = Advanced Cardiac Therapies Improving Outcomes Network

Evénements indésirables (EI) 

D Morales Ann Thorac Surg 2019

• ACTION = Advanced Cardiac Therapies Improving Outcomes Network

• NEURO : AVC hémorragiques et ischémiques + convulsions, 
encéphalopathie, lésions radiologique asymptomatiques, état 
confusionnel, frontalisation, autisme, saignement extrassial
23% précoces et 5% tardifs, AVC 11% préc et 2% tard; IC < que PP/PC

• AVC ischémiques > hémorragiques (Optimisation anticoagulation ?
Amélioration surveillance ?) = rôle du réseau ACTION 29



D Morales Ann Thorac Surg 2019
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D Morales Ann Thorac Surg 2019
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Mortalité et outcomes

D Morales Ann Thorac Surg 2019



D Morales Ann Thorac Surg 2019;107:993–1004
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• Outcomes dépendent de facteurs démographiques et 
gravité  maladie pré-implantation

• Facteurs associés à mortalité  :  percutanée, BiVAD , 
centres avec moins de volume (< 15 VADs/année)

D Morales Ann Thorac Surg 2019

• IC-VAD : ECMO pré-implantation

• PP-VAD : gravité maladie (Dialyse), inexpérience  avant 
2014, < 15 patients/center, petite âge 

• PC-VAD : gravité maladie(IH, dysfonction VD sévère), 
chirurgie valvulaire, groupe O (Difficile à greffer) 



• Fourth Annual Pediatric Interagency Registry for 
Mechanical Circulatory Support (Pedimacs) Report
David  L.S.MoralesMDaIkiAdachiMDbDavid.  Peng MDcPranavaSinhaMDdAngelaLorts MDaKatrinaFieldsBSN, RNaJenniferConwayMDeJames D.St. 
LouisMDf RyanCantorPhDg DevinKoehlMSDSg Jeffrey P.JacobsMDh James K.KirklinMDg Elizabeth D.BlumeMDi Joseph W. RossanoMDj Pedimacs
Investigators

IC VADs, the most common VAD type placed in children, are
associated with improved outcomes compared with PP and PC devices,

D Morales Ann Thorac Surg 2020

though PP and PC devices are limited to supporting our most challenging
patients.

Noteworthy, the incidence of cerebrovascular accidents for pediatric
VADs has significantly decreased and is now 11% overall.

This report demonstrates again that although often attributed to age, size,
or device type, much of the burden in mortality and adverse events is
correlated to the patient’s overall state at VAD implantation.



 PATIENT EVALUATION AND TIMING OF 
IMPLANTATION

 PREOPERATIVE ORGAN FUNCTION 

 POSTOPERATIVE MANAGEMENT IN 
ICU INTENSIVE CARE UNIT

 ANTICOAGULATION 
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 PREOPERATIVE ORGAN FUNCTION 
OPTIMIZATION

 CONCOMITANT CARDIAC 
CONDITIONS INCLUDING 
ARRHYTHMIAS

 MANAGEMENT OF NON-CARDIAC 
COMORBIDITIES

 SYSTEM SELECTION 
 ANAESTHETIC MANAGEMENT
 OPERATIVE TECHNIQUE
 PAEDIATRIC OPERATIVE TECHNIQUES

 ANTICOAGULATION 
 REHABILITATION 
 OUTPATIENT CARE
 MYOCARDIAL RECOVERY
 PUMP THROMBOSIS AND OTHER LATE 

ADVERSE EVENTS
 AORTIC INSUFFICIENCY AND LATE 

RIGHT HEART FAILURE 
 INFECTION
 END-OF-LIFE CARE



PAEDIATRIC OPERATIVE TECHNIQUES

• Introduction: PEDIMACS EUROMACS  CF-VAD discharge home
• Small children – system selection: CHD, Berlin Heart EXCOR ; CF-
VAD > 1.2 m² ; CF vs P VAD  stroke, device failure
• Single ventricle – Fontan haemodynamics: case reports, small
case series, high mortality ; VAD in Glenn challenge ++ ; FONTAN 
circulation failure 1) Systemic ventricular failure 2) Failure at level
of the CPC ; BiVAD in Fontan after revision of the Fontan pathway

38
Potapov 2019 EACTS

of the CPC ; BiVAD in Fontan after revision of the Fontan pathway
• TAH: Transplant or DT ; 70-cc TAH adulte (Approved)  – 50-cc TAH 
complex pediatric cases ; high mortality
• Special cases: VAD in CHD with SV ; surgically Corrected TGA 
(Senning, Mustard) or Corrected Congenital TGA  possible, 
challenge +++, dedicated heart team discussion ; adult CHD and 
NON adult CHD = survival
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• EUROMACS : EACTS ; only Euro-based durable MCS registry for all devices CE Marking in 
Adults and Children
• Transplantation, weaning and death
• Retrosepective, 25 H  14 countries  </= 19y ; 01/2000 (07/2011)  12/2017; 237 VADs 210 
pts; follow-up 2 years (6 mois-12- mois- 24 mois) 
• 129M (61.4%9  89F (38.6%) 9.3Y 20% < 1Y Dx CMP (CM 55.7% With myocarditis 15.7) 150 
(71.4%) CHD 39 (18.6%) other 21 (10.4%); INTERMACS 1-2-3 (21% class 19; inotropes 70.5% 
46.8% BH EXCOR 27% HeartWare HVAD Heart Mate II 5.9% HeartAssist5 0.8%



401th Paedi-EUROMACS



•Mean supp time 11.6m 
• ICU-LOS 37d 44.3%  Home/Rehabilitation facility
• 82.4%  alive at 2Y Transplant 33% 6m 38% 12m Death 37 
pts (17.6%) (1/4 AVC 13.5% MOF) 5.4% Sepsis 5.4% Bleeding
5.4% CP failure, etc
• Survival 12m LVAD 81% BiVAD 63%

411th Paedi-EUROMACS

• Survival 12m LVAD 81% BiVAD 63%
• Event free survival 6m 81% 12m 78% 24m 66%
• Survival rate 1Y et 2Y : age 11-19 = 6-11 (86% , > 70%) > 1-5 
(69%, 55%)  >> < 1Y (54%, 43%)
• Competing outcomes : 24m  51% Transplant  17% Death
9% wean 22% on VAD



• Adverse events: using INTERMACS definition
•151 AV    38 < 3m      113 > 3m

• Device malfunction (pump exchanges for thrombosis) > Infection > 
Major bleeding (Internal or external bleeding, death, reoperation, 
hospitalisation, massive transfusion) > neurological events (Stroke; 
sometimes weaning or transplant after neuro event)
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sometimes weaning or transplant after neuro event)

1th Paedi-EUROMACS



431th Paedi-EUROMACS



• EUROMACS registry largest database monitoring children in Europe
• Paedi-EURAMACS ≠ PEDIMCACS (North America) weating time for 
Heart Transplantation on VAD 33% 6m et 38% 12m Transplanted in 
Europe vs 50% in PEDIMACS 
•Lack of suitable organ donors, small countries, Eurotransplant
• Death 15% at 1Y  17% at 2Y  Durable VAD FEASIBLE !
• 44% Dicharged
• Bridge to recovery 7.1%, rare; 24/210 pts; bridge to recovery = 
explanted to recovery Lack of standardized guidelines ECHO and 

441th Paedi-EUROMACS

explanted to recovery Lack of standardized guidelines ECHO and 
Hemodynamic for LVAD removal in children
• Neuro events leading cause of death (=PEDIMACS)
• Low stroke early-late in CI-VAD and P-VAD  change in 
antithrombotic startegy in Edmonton Protocol / Stanford Protocol
•High infection rate (20.5%) More late prolonged ICU and H LOS
• To be investigated: dicharge, anticoagulation, CHD  2nd Paedi-
EUROMACS
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1 January 2018, +6/-1  hospitals EUROMACS,  1 July 2019. Total of 29 centres in 15 
countries
Now that the follow-up > 8 years, longitudinal outcomes and comparisons between 
eras <2014 and >2015 possible
January 2000 - 1 July 2019, 398 implants in 353 patients were registered  150 (42.5%) 
F and 203 (57.5%) M. Mean age was 8.9Y from 0 to 19 years, with 55 (15.6%) < 1 year



• Primary diagnoses CMP 
215 (61%), Myocarditis 57 
(16.1%), CHD 58 (16.4%) 
other 23 (6.5%) 
• INTERMACS patient 
profiles 1, 2 and 3 (21%, 
49.6% and 19.3%, 
respectively) 
• 81.3% on inotropic
support 

462nd Paedi-EUROMACS

support 
• 25.3% on MV prior to 
VAD implantation
• ECLS 17.2% (IABP 1.7%) 
prior to VAD implantation

2-year survival rate 
Era 1    71.2%  Era 2    
65.4%  



472nd Paedi-EUROMACS



482nd Paedi-EUROMACS

•51.6% Berlin Heart EXCOR, 31.7% 
HeartWare HVAD 4.8% HeartMate II 3.7% 
HeartMate , 0.6% HeartAssist5  

70 patients: 1/multiple concomitant 
cardiac procedure(s) (12 CHD, 19 
valve procedures, 47 other 
procedures) 



492nd Paedi-EUROMACS

83.3% VAD intention to transplant 
(bridge to transplant or possible 
bridge to transplant)

• Median support time 4.2 months (0–83.6 
months). Median ICU LOS 22 days (0–422 days)
265 (80%) children survived 2-year follow-up
• 6m  33.2% 12m 46.7% 57.5% 2Y  transplanted 
post VAD implantation
• 68 patients died (38.2% died of 
cerebrovascular accidents, 19.1% MOF)



502nd Paedi-EUROMACS



512nd Paedi-EUROMACS

• Survival all patients with MCS  79.9% 6m 75.5% 12m   67.9% 2 years
• Stratified for device type Survival   1 year       81.3% for LVADs    52.9% for BiVADs



522nd Paedi-EUROMACS

Stratified by age, 11–19Y survival rate 1Y 84.5%  2Y 78.4%   6–10Y survival rate 1Y  
80.3% 1–5Y survival rate 1Y 69.4%   <1 year old poorest survival rate of 49.3% at 1 
year (P = 0.01)



532nd Paedi-EUROMACS

1-year survival rate stratified by device strategy  survival rates 82% bridge to 
recovery, 78.9% for bridge to transplant, 74.7% for possible bridge to transplant 
worst survival rate (51%) for rescue therapy (P = 0.0019)



542nd Paedi-EUROMACS

Significantly worse survival rate for patients weighing <20 kg (P = 0.015)



552nd Paedi-EUROMACS

Patients lower BSA (<1m2   or between 1 and 1.5m2) worse survival rate than 
patients with a BSA >/= 1.5m2 (P = 0.0099)



562nd Paedi-EUROMACS

P-VAD compared to CF-VAD device significantly worse survival for paracorporeal
support (71% vs 88%; P = 0.017)



572nd Paedi-EUROMACS

Groups intracorporeal and paracorporeal devices separated by weight
categories, >10 kg do not have a significantly different outcome but do differ
significantly between weight categories (P = 0.0022)



582nd Paedi-EUROMACS

A comparison of survival rates of patients with or without ECLS/IABP  with support 
have a significantly worse outcome (P = 0.0081)



592nd Paedi-EUROMACS

• Older patients and patients supported by an LVAD  (compared to BiVAD) lower risk 
of death
• Patients rescue therapy had a significantly higher risk of death
• Compared to patients <1 year old, the HR for death was statistically significant for 
patients aged 1–5 years: 0.40 and for patients >10 years: 0.32, trended towards 
significance for patients aged 6–10 years 
• Rescue remained a predictor for a significantly worse survival rate 
• The use of an LVAD was associated with a lower probability of death



• 425 adverse events were reported during VAD support

602nd Paedi-EUROMACS

• 425 adverse events were reported during VAD support
• < 3 months 225 events    200 > 3 months 
• Most frequently device malfunction        106 times < 3 months which resulted in 1.69 events 
per patient-year
• After 3 months, 0.60 device malfunctions per patient-year were reported
• Event rates for neurological dysfunction and infection were 0.78 (n = 49) and 0.64 (n = 40) per 
patient-year, respectively, for the first 3 months. 
• After 3 months, 0.13 events of neurological dysfunction (n = 24) and 0.35 infections per 
patient-year (n = 62)
• 30 events of major bleeding < 3 months (0.48 events per patient-year) and 7 events after 3 
months (0.04 events per patient-year)



• 2nd more details than 1th Paedi-EUROMACS, demographic characteristics =
• Differences PEDIMACS --- 2nd Paedi-EUROMACS: INTERMACS 1 33% vs 21%;
• MV 45% vs 25.3%; ECLS 12.6% vs 17.2%
• PEDIMACS early transplant vs 2nd Paedi-EUROMACS at 6 months (50% vs 35%) at
12m 51.4% vs 46.7% 
• 2nd Paedi-EUROMACS > Adverse Events than 1th Paedi-EUROMACS (Sicker ??)
• BiVAD Era 1 23.7% vs Era 2 8.6% 
• Class at high risk < 1y in all reports (Europe = North America)
• < 20 kg high risk

612nd Paedi-EUROMACS

• < 20 kg high risk
• > 10 kg P-VAD = CF-VAD about mortality
• < 1 m2 of BSA mismatch ventricle of BH EXCOR with BSA  > thromboembolic
events
• Better mortality in CHD 
• Higher mortality in myocarditis
• PEDIMACS registry in North America MANDATORY not in Europe for EUROMACS



• Du fétus à l’ âge adulte : developmental hemostasis
• Principales changements premières 6-12 mois, encore
jusqu’à 16 ans
• Naissance : [protéines coagulations] 50% des adultes
• Facteurs ↑ progressivement
• FVII encore plus de temps

Anticoagulation

• FVII encore plus de temps
• [Fibrinogène] : naissance VN  ↓ 6—12 mois  1-5 ans
VN
• ATIII signif ↓ naissance 3-6 mois, normalisation > 1 ans
• Protéine C ↓ naissance, VN à 16 ans
• Protéine S ↓ naissance, VN après 3 mois
• Plasminogene ↓ naissance, VN > 6 mois
• t-PA et D-dimeres ↑

62



Toulon, Int. Jnl. Lab. Hem. 2016, 38 (Suppl. 1), 66–7763



Problemes vs solutions

• Interaction surface sang ↔ éléments externes du
circuit Compatibilité des circuits

• Activation de la chaine de la Coagulation 
Médocs AntiCoagulants (Efficacités, dosage ↔Médocs AntiCoagulants (Efficacités, dosage ↔
surdosage, effets collatéraux)

• Activation des plaquettesMédocs antiagrégants
• Réponse inflammatoire systémique stéroïdes ?
• Infection  prévention et traitement
• Acquired vWS dans les patients avec VADs
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Médicaments AC et interactions 

Unfractionated heparin
Enoxaparin 
• FII, FX, FIX, FXI, FXII

Héparine non fractionée (UFH)
•Besoin rempl ATIII
•Resistance 
•Limitations PK pour lien  proteins
plasma (PF4)
• Risque TIH (NN 0-1.7%, Enfants
1.3-52%)

HBPM
• Ponction BID, long term QOLWarfarin

AC
↓

INIB activ C 
↓

Eviter EI sur VAD 

Argatroban 
Bivalirudin 
• FII

• Ponction BID, long term QOL
• Demi-vie long, no rev agent 

Warfarin
• FII, FVII, FIX, FX

Warfarin (VKOR Enzime)
Interactions, alimentation, 
diff AND, Infections

Bivalirudin, Argatroban
>No reversal agent 
>Little data

Massicotte, Edmonton, Canada
Giorni, Rome, Italie
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Arachadonic acid
Pathway 
ASA

ADP receptors 
Clopidogrel

Limitations antiaggregants : quel agent ? Dosage ?

Clopidogrel
Dipyridamole

PDE
Pentossifilline (TAH)

SANG ↔ Materiel  activation hémostase, plaquettes, etc 
+ debit non lineare, stress parois activation PLT

Axial LVAD x100 plus haut stress de parois que arterioles 
Jaffer et al J Thromb Haemost 2015 66



EI associés à l’hémostase

Hémolyse
• Marqueur traumatisme CG pour « shear stress », débit
turbulent ou thrombose du VAD
• Temporary VAD, IC axiale, roller pump (ECMO) > IC et EC-
VAD avec pompe centrifuge
• Labo : ↓ Hb (TAH 5-7 g/dl transfusion) ↑ Hb plasmatique• Labo : ↓ Hb (TAH 5-7 g/dl transfusion) ↑ Hb plasmatique
(> 40 mg/dL) Ramirez A J Extra Corpor Tachnol 2016

↑ LDH (Signe précoce; si > 1000 UI/ml ou dysfonction pompe
 Changer pompe)
• Hb pl↔vWF A2 thrombose pompe du VAD
• Hb pl ↑adhésion PLT ↔ vWF A1 ↔ Fibrinogéne
 thrombose pompe du VAD

Birschmann I JHLT 2014   Kirklin JK JHLT 2015 Da Q Blood 2015 
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Thrombose
• Canules EXCOR transparents : facile localisation
• Dimensions, position, couleur, mobilité thrombus
• Changement BH-EXCOR pump bedside, canule OR
• Risque AVC ischémique  (Evolution hémorragique) ou TE 
arteriel NON SNCarteriel NON SNC
• IC thrombose ↔ hémolyse  dx Clinique+ LABO
• Minor hemolysis LDH x 2.5 vn et Hb pl > 20 mg/dL
• Episode HEMOLYSE : Hb pl > 40 / symptoms HF / ↓Hb et
dysfonction pompe

Gravlee CPB and MCS: Principles and Practice 2016                            Fraser NEJM 2012
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Thrombose
• Fonction pompe : VAD speed- Power spikes
• Jarvick 2015 : dx thrombose = Hb pl + Clinique
• HeartWare : changements pump power-rotor speed-
estimated flow évaluation/diagnostic
• Treatement thrombose : héparine IV (Résolution 23%),• Treatement thrombose : héparine IV (Résolution 23%),
Bivaluridine/Argatroban (56%) Thrombolyse (Haut risque
hémorragique)
• IC dysfonction (princ thrombose) 16% (x 2 que adultes)
• Facteurs ↑ risque thrombose : différences anatomiques
(Ventricules petits, VD en position systémique,
dextrocardie), causes différentes de HF, différences
hémostase P-A

Jorde UP JACC Heart Failure 2015        Dang G  ASAJO 2017        Roenthal DN JHLT 2016
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Thrombose
Facteurs ↑ risque thrombose : différences anatomiques (Ventricules
petits, VD en position systémique, dextrocardie), causes ≠ insuffisance
cardiaque hémostase Péd ≠ Ad

1) Facteurs liés aux patients :
-- âge, BMI, SC, sexe-- âge, BMI, SC, sexe
-- cardiopathie congénitale type cyanogène
-- thrombophilie congénitale ou acquise
2) Facteurs liés au management du patient
-- Traitement antiagrégant (Efficacité)
-- positionnement pompe et position des canules (Zones de stasis
 > risque de formation thrombus)
-- Pompe travail à vitesses basses
-- HTA non contrôlée
3) Facteurs associés au design de la machine/pompe 70



• Successful use BIVALIRUDINE in Prevention and Management of 
pump THROMBOSIS with 10 HeartWare, 5 HeartMate II, 2 BH Excor
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pump THROMBOSIS with 10 HeartWare, 5 HeartMate II, 2 BH Excor
• 14 pts, 17 episodes, 92% M, age 15d-67y median age 45y, 5 pts < 18y
• aPTT - dosage Bivalirudine, LDH Dx thrombose et efficacité
• AdverseE vents (Reactions, beleeding, neuro events)
• Efficacy to treat
• Rescue therapy
• Median start after VAD insertion 116d (3-1870)
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• Early start (LDHx2.5N) vs Late (LDH > 3.2xN) 
• Bivalent DTI 1) Inhibition circulating and fibrin-bound Thrombin wich
is reversible) 2) Inhibition Platelet Adhesion
• Less immunogenic tha heparine
• Attention: aPTT verify good performed
• Short half-life (30m)
• Less risk of bleeding
• Indipendent by AT
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• Indipendent by AT
• Optimal profile in standard use (Thrombosis in first 3 months +++)
• Disavantages : more fibrin/thormbus in stagnant flow (Off-pump
insertion), ECMO pigtails, low-flow state; daily fluctuation
• Early use is better
• Difference pediatric vs adult in pharmacology
• More studies for safety, efficacy

Bates ASAIO 2019
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Excellente review, analyse complète de tous les aspects critiques de la 
prise en charge de l’anticoagulation et de l’antiagrégation sur
assistances mécaniques pédiatriques (ECMO, VAD, courte et longue 
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assistances mécaniques pédiatriques (ECMO, VAD, courte et longue 
durée)

• Evenements indesirables (Prévention et traitement)
• Collaboration plusieurs centres ; utilité étude prospective randomisé
• ACTION Network
• Problèmes logistique, éthiques, économiques
• Surveillance
• Bivalirudine : safe, facile à apprendre son usage, utile pour management complications

thrombo-emboliques



80



81
Kreuziger-Massicotte Hematology 2018 



82
Kreuziger-Massicotte Hematology 2018 



83Kreuziger-Massicotte Hematology 2018 



2016; 35 (5): 569-772016; 35 (5): 569-77
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Antiaggregants et EI 

• IC
• Etude 2016 enfants vs adultes 2012-2015
• Enfants très bonne outcome mais
saignement 37/109 EI 16/109 11/109
AVC 85



86



Complications 
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Principaux évenements indesirables
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Differences
clinique 

pulsatile vs 
continous VAD 
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Fréquence EI 
200 pts, 418 EI,

précoce vs tard (90
jours)

P ≠ C drainage
péricardiquepéricardique

Enfants < Adultes
Plus frequents: 
device malfunction 
(79), infection (78), 
neurological 
dysfunction (52) 
bleeding (68)

Ensemble 277 EI, 
66% du total. 38% 
pas EI, 16% of > 5 EI 90
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Mechanism
AVWS develops due to Increased shear stress caused by the VAD 
Loss of the HMW-multimers
 Reduced VWF collagen binding activity (VWF:CB), ristocetin cofactor activity (VWF:RCo), 
and VWF:Activity (VWF:Ac) 
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and VWF:Activity (VWF:Ac) 
 Reduction of the corresponding VWF:CB/VWF-Antigen(VWF:CB/VWF:Ag)-ratio, 
VWF:RCo/VWF-Antigen (VWF:RCo/VWF:Ag)-ratio, and VWF:Act/VWF-Antigen 
(VWF:Ac/VWF:Ag)-ratios 
 VWF:CB and VWF:RCo-factor, decreased  in VAD-patients 

- All the CF-VAD patients presented a loss of the VWFHMW-multimers =  AVWS
- Heilmann et al. CF-VAD patients developed AVWS within 1 day 
- Further investigations, acquired VWF defect  within 3 h after VAD-implantation and totally 
reversed after CF-VAD weaning

Rauch Font in Med 2019



CLINICAL IMPLICATIONS OF AVWS IN VAD-PATIENTS: 1) Perioperative bleeding 2) 
Mucosale bleeding (Princ. GI)
PATHOPHYSIOLOGY OF BLEEDING RELATED TO AVWS IN VAD-PATIENTS: 
arteriovenous malformations (AVM) in gastrointestinal and nasal tracts. Neo-
angiogenesis. Angiodysplasia.
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Rauch Font in Med 2019



Hémorragie

• SNC : AVC hémorragique , évolution hémorragique
AVC ischémique. Autres: GI, RESPIRATOIRE, site
opératoireopératoire

• Précoce : essentiel régler problèmes hémostase
chirurgicale < 6-12H

• Tardive : 50% pour protocole (avant changements)
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Hémorragie
TAXI et PALISI
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Hémorragie
TAXI et PALISI

• Transfusion pour garder setting preop

• Optimiser taux Hb pour optimiser DaO2

102

• Grosses différences  pour les pratiques entre centres

• Pas évidences de transfuser si pas d’hémorragie

• Augmentation morbidité-mortalité

• Recommandations gestion clinique et recherche 



Hémorragie TAXI et PALISI
Gestion clinique

1) Targets and red flags
• Choisir target Hb + paramètres physiologiques + biomarkers

VO2 et DaO2 
• Attention sensibilisation ABO et risque développer Ac anti-

HLA augmenté par transfusion
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HLA augmenté par transfusion
• Transfuser que pts symptomatiques

2) CRRT
• Circuits sur < 20 kgs (NIDUS, CARPEDIEM, mini-circuits-

Japon) ; priming ; volume/diluition
• Synthèse EPO
• Hémolyse 



Hémorragie TAXI et PALISI
Recherche 

1. DaO2-markers VO2 (ScVO2, NIRS cérébrale, NIRS rénale, 
oxymétrie régionale)               (Microcirculation ?)

2. Corrélation transfusion  avec allo-immunitation (Ac anti-
HLA), risque perte de chance greffons compatibles, risque 
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HLA), risque perte de chance greffons compatibles, risque 
rejet

3. Critères conservation, manipulation, attribution 
(Irradiation, leuko-depletion, recherche CMV-EBV, 
recherche AG mineurs, lavage CGR, PFC, filtration, âge de 
la poche)

4. CRRT, dialyse



Hémorragie
• Diagnostic : chirurgicale ou médicale ? (Précoce)
• LABO standard vs POC hémostase (TEG, ROTEM)
• Bedside vs integration ICU-labo hémato (Baumann Kreuziger
and Massicotte, Hematology 2018)

Dans le cadre de tests TEG-ROTEM-LABO altérés :
 Protamine sulphate PO immédiat si ACT > 150 sec or RK TEG > 16 min
 PFC 15-20ml/kg ou PCCs (Confidex) 25 UI/kg  hours si TP 70 % 
(Répeter entre 8-12H si besoin)
 Fibrinogène 50 mg/kg si FGN < 1.5 g/L
 Plaquettes 1 UP/5-8 kg  si PLT count < 50000  103  u/L or MA TEG < 45 
mm (TEG)
 SI AVK préimplantation (Warfarin) : Vit K 2.5 -5.0 mg/J pour 3 jours
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Jarvik

The Jarvik-7-100 total artificial heart is a
pneumatically powered right and left
ventricle replacement device. The device
weighs 480 g, measures approxi¬
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ventricle replacement device. The device
weighs 480 g, measures approxi¬
mately 10 x 10 x 15 cm, and is made of
polyurethane (Fig 1). Blood is pumped
by the action of a pulsed air-activated
diaphragm with unidirectional blood
flow obtained by the use of clinical grade
valves (Medtronic-Hall, Medtronic,
Ine, Minneapolis) (Fig l).10·



Jarvik
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Jarvik
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Jarvik

Avantages Continuos Axial Flow VAD
• Pas de « réservoir » de sang (Zone à risque de thrombose 
et lésions cellulaires)
• Interface sang- VAD réduite
• Pas de valves artificielles (B-H)
• Mouvement unidirectionnel du sang  < risque usure
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• Mouvement unidirectionnel du sang  < risque usure
• < consumation d’ énergie (Autonomie batterie B-H Excor
max 30 min)
• Poids et dimensions petits 
• Pratiquement pas de bruits (Excor !!!)
• < taux infections 
• < taux dysfonction pompe



Jarvik
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Jarvik
Advances in technology +  increased clinical  development of a new type of 
blood pump
Jarvik 2000 Heart: electrically powered, axial-flow left ventricular assist 
device developed in 13 years
Unlike first-generation left ventricular assist devices, 1970s and designed to 
totally capture the CO, Jarvik 2000 designed to normalize the CO by 
augmenting the function of the chronically failed heart for extended 
periods…
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periods…
Interactions tested in 67 animals, and ... Three patients have received the 
Jarvik 2000 as a bridge to transplantation, and 1 patient is being supported  
permanently outside the hospital. All 4 patients have improved from NYHA 
functional class IV to class I, and 2 of them have been discharged from the 
hospital after HT
The experimental and clinical results indicate that the Jarvik 2000 can 
provide physiologic support  minimal complications, reliable, 
biocompatible,easy to implant



Jarvik
↓

Jarvik 2000 
↓

Infant Jarvik 2000
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Infant Jarvik 2000
↓

Pumps for KIDS, Infants and Neonates 
(PumpKIN)

↓
Jarvik 2015 VAD



Années 2000-2010 

Le problème principale dans le milieu MCS au niveau mondiale ?
Absence dispositifs appropriés conçus pour traiter les problèmes 
anatomiques et besoins physiologiques des enfants

Jarvik

113

US federal government financement pour le Pediatric Circulatory 
Support Program of the National Heart, Lung and Blood Institute 
(NHLBI)  

Projet- réalisation de 5 dispositifs d’assistance ventriculaire 
miniaturisés pour les nourrissons et enfants 2 - 25 kg atteints d’une 
maladie cardiovasculaire congénitale ou acquise



1) Duncan BW. Pediatric mechanical circulatory support in the United States: past, present, 
and future. ASAIO J. 2006 Sep-Oct;52(5):525-9. Review

2) Baldwin JT et al. The National Heart, Lung, and Blood Institute Pediatric Circulatory 
Support Program. Circulation 2006;113: 147–155

3) Wearden PD et al. The PediaFlow pediatric ventricular assist device. Semin Thorac
Cardiovasc Surg Pediatr Card Surg Annu 2006; 9: 92–98
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4) Duncan BW et al. The pedipump: development status of a new pediatric ventricular assist 
device. ASAIO J 2005; 51: 536–539 

4) Duncan BW et al. The PediPump: a new ventricular assist device for children. Artif Organs 
29: 527–530, 2005

6) Weiss WJ. Pulsatile pediatric ventricular assist devices. ASAIO J 51: 540–545, 2005

7) Morales DL et al. Lessons learned from the first application of the DeBakey VAD Child: an 
intracorporeal ventricular assist device for children. J Heart Lung Transplant. 2005 
Mar;24(3):331



(1) PediaFlow VAD - an implantable, magnetically suspended,
mixed-flow turbo-dynamic VAD, designed for children up to 2 years of 
age (University of Pittsburg with World Heart Inc.)
(2) Pediatric Pump Lung (PediPL) - an implantable, mixed-flow VAD 

Pumps for KIDS, Infants and Neonates 
(PumpKIN) 

Janvier 2010
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(2) Pediatric Pump Lung (PediPL) - an implantable, mixed-flow VAD 
with a magnetically suspended impeller (University of Maryland with 
Levitronix LLC); 
(3) Pediatric Cardiopulmonary Assist System (pCAS) - a compact
integrated pump oxygenator (Ension Inc.); 
(4) Infant Jarvik 2000 VAD - an axial-flow
impeller pump, apically implanted pediatric VAD (Jarvik Heart, Inc) 
(5) Pediatric VAD (PVAD) - designed as a pulsatile, pneumatic pump.



PumpKIN Clinical Trial
Janvier 2014 

Infant  Jarvik 2000 VAD : unique device à recevoir le financement pour continuer la 
recherche clinique

Début clinical trials prévus 2015  STOP car INACCEPTABLE HEMOLYSE  aux tests « in 
vitro »
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PumpKIN Clinical Trial
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PumpKIN Clinical Trial

Vitro analyses tests (Texas Heart Institute) minor modifications to the 
Infant Jarvik 2000 ↓ hémolysis 1) adding a radius to the impeller tips  2) the 
impeller speed was kept below 20,000 rpms.  
No heating or cavitation.

Running the Infant Jarvik 2000 at 20,000 rpm limit the flow to <0.7 LPM 
alternative ↑ diameter pump  lower speeds  flow range appropriate for 
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alternative ↑ diameter pump  lower speeds  flow range appropriate for 
pediatrics.  

Many impeller blade designs ,evaluated using continuous flow devices, for in 
vitro hemolysis testing. Max level of NIH is 0.10 g/100L initial goal to achieve.  
Only 1  met the initial NIH goal over the specified pump speed/flow range 
Protype selected as the next version Infant Jarvik VAD

Work  completed 2015 + new outer hub diameter of the device was 15mm, 
new version named the “Infant Jarvik 2015 VAD”   “Jarvik 2015 VAD.”



PumpKIN Clinical Trial
Pump  2 circular-arc impeller blades, a set of stator blades, 2 ceramic cone bearings

No inflow cannula, has an 8 mm outflow cannula,  and a Jarvik Heart analogue controller

Jarvik 2015 larger than Jarvik 2000 VAD ↑ rotor hub diameter
Outer diameter 15 mm Overall length 55 mm (AA battery) 

Operating speed range 10,000 to 18,000 rpms,  flow range of 0.5 to 3.0 LPM at DP  45 mmHg
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Design improvements (Surgeons)  
1) an elbow on the outflow of the VAD to reduce the potential for kinking of the outflow graft 

since the flow must be redirected 180° due to placement of the pump and graft 
anastomosed to Ao

2) 8mm ePTFE outflow graft replaced with an 8mm gelatin-sealed, spiral-supported polyester 
graft by Vascutek   potential issues related to bleeding (due to needle punctures during 
suturing) + plasma weeping through the ePTFE grafts

3) Sub-diaphragmatic pocket < 8 kgs (Dividing left hemidiaphragm) (CT and MRIs study)

Changes from a parabolic blade arc to a circular one and the Increase in stator blades from 
three to four.



PumpKIN Trial
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PumpKIN Trial
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Infant Jarvik 2015

Di Molfetta et al. Artif Organs 2019
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Infant Jarvik 2015
. 

Case Reports J Heart Lung Transplant . 2019 Jul;38(7):789-793.
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2018, 4 ans, 13 kgs 0.6 m2 de SC 3 runs ECMO/ST-VAD,
4 AVC/thrombosis sans consequences
Refuse greffe de la famille 3 semaines après implantation Plusieurs
complications pendant Jarvik 2015
Thrombose pompe
Clopidogrel-Aspirine, Enoxaparine-HNF-Wafarin Bivalirudine

Case Reports J Heart Lung Transplant . 2019 Jul;38(7):789-793.



Infant Jarvik 2015

L'Infant Jarvik 2015 VAD implantable, débit continu, destiné aux jeunes 
enfants 
Il est approuvé par la FDA pour une utilisation uniquement chez les 
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Il est approuvé par la FDA pour une utilisation uniquement chez les 
enfants ayant un poids corporel > 8 kg
Actuellement, le dispositif a été implanté chez 7 enfants (4 en usage 
compassionnel et 3 inclus dans l'essai PumpKIN : Bridge to Transplant
sur 3, explanté chez 1 qui a récupéré, 2 comme BiVAD et 1 décès) aux 
États-Unis 



Impella (L and R) in Pediatric
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Short-term continuous-flow devices
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•Retrospective review describes an institutional experience with VAD 
support for patients with BDG from April 2011 to January 2019

MCS in CHD
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support for patients with BDG from April 2011 to January 2019
•A total of 7 patients with BDG (weights, 5.6 to 28.8 kg; ages, 7 
months to 11 years) underwent VAD implantation.
•3  patients underwent implantation of Berlin Heart EXCOR, 2 had 
HeartWare HVADs  and 2 patients underwent implantation of 
paracorporeal continuous flow devices
• 2 alive et 5 death 



• The surgical strategy and postoperative management of VAD with 
BDG are still evolving

• Successful support can be achieved with:
(1) both pulsatile and continuous flow pumps 
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(1) both pulsatile and continuous flow pumps 
(2) atrial or ventricular cannulation
(3) with or without BDG take-down

• Surgical strategy should be determined by individual patient 
anatomy, physiology, and condition

•OUTCOME ?????

Maeda Ann Thor Surgery 2020



MCS in CHD
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MCS in CHD

130Santamaria Can J Cardio 2019



MCS in ACHD

• All aspects of GUCH in  advanced HF about Transplantation and MCS

• Continued improvement in MCS utilization to improve waitlist outcomes for 
GUCH
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• Mechanical support of the systemic right ventricle with a subpulmonic left 
ventricle and MCS in Fontan population

• Mechanical circulatory support in ACHD more robust outcomes data 
become available to support its benefit  Durable VADs increasingly popular 
option both for optimizing patients listed for transplant or  possible 
destination therapy

• Outcomes in ACHD MCS are likely to improve as perioperative experience 
increases and as patient selection trends toward less critically ill patients



MCS in CHD
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• INTREPID (Investigation of NoneTransplant-Eligible
Patients Who Are Inotrope Dependent), REMATCH
(Randomized Evaluation of Mechanical Assistance for the
Treatment of Congestive Heart Failure)
• Evénements Indésirables VAD différences Adulte vs• Evénements Indésirables VAD différences Adulte vs
Pédiatrique
• Sélection patients
• Type de VAD
• DT VAD Dystrophie Musculaire (Amodeo, Rome)
• DT VAD Failing Fontan (plusieurs type de VAD ;
chirurgie)
• Améliorer QOL plus que survie 133



Quality of Life
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Quality of Life

• Teams efforts to provide each family with private time alone, if at all possible
• Mobile paracorporeal technology is expected to improve the freedom /quality of 
life, but discharge home not expected until proven safety and benefit
• Families struggle with the emotional and practical challenges of the bridging period 
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• Families struggle with the emotional and practical challenges of the bridging period 
and experiences of helpful interventions need to be shared between hospital teams
• In this single-center study, families showed a lack of understanding for the 
complexities of transplant listing status and criteria in general, with a tendency to 
oversimplification
• Transplant teams should ensure that a change in listing status does not become a 
barrier to discharge home, if this is desired and felt to benefit the child
• Goal setting and discharge planning should deal with the specific concerns of 
families and should be individualized and achievable
• Development of a discharge program, co-designed with all relevant parties. 
Working with families around discharge will ensure their views and concerns



Allo-immunisation

• VAD  augmentation AC anti-HLA type I e II pts waiting list 
• Mécanismes multi-factoriels : VAD declance activation

production Ac anti-HLA  deregulation  cross-matching, 
prolongement waiting time et risque augmenté dysfonction
primaire du greffon

• Adultes = induced T-cell apoptosis et ß-cell hyperreactivity
• Enfants : systeme immunitaire immature ; traitement post-
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• Enfants : systeme immunitaire immature ; traitement post-
greffe aggressive +++, surveillance Ac +++

Malickaite R, Rucinskas K, Staneviciene A, et al. Sensitisation and post-transplant
course after the implantation of ventricular assist device. Interact Cardiovasc
Thorac Surg 2009;8:339-42

Meeteren JV, Maltais S, Dunlay SM, et al. A multi-institutional outcome analysis of 
patients undergoing left ventricular assist device implantation stratified by sex
and race. J Heart Lung Transplant 2017;36:64-70

Hetzer R, Javier MFDM, Delmo Walter EM. Role of paediatric assist device in bridge 



• Récuperation toxicité pts onco
• Unloading OG
• Autres mécanismes

Bridge to transplantability

• Autres mécanismes
• Baisse RVP : médocs, 3-6 mois

Adachi I, Spinner JA, Tunuguntla HP, et al. The miniaturized pediatric continuous-
flow device: A successful bridge to heart transplant. J Heart Lung Transplant 
2019;38:789-93

Potapov E, Schweiger M, Lehmkuhl E, et al. Gender differences during mechanical
circulatory support. ASAIO J 2012;58:320-5. 137



Conclusions 

• Network (Pedimacs, Paedi-EUROMACS, ACTION)
• Education 
• Indication
• CHD
• Teamwork• Teamwork
• Centralisation
• Sélection patients
• Complications
• QOL
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Questions ?Questions ?
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