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Introduction

LVVAD:
« En destination

« Bridge to transplantation
« Bridge to recovery

Complications:

« Infectieuses
 Hémorragiques
 Thrombo-emboligues

« Deéfaillances mécaniques

Mortalité non négligeable

Freedom from Adverse Events with Mag-Lev LVAD
Stroke Gastrointestinal Bleeding

1yr:93%, 5 yr:87% 1yr:86%, 5 yr: 72%

Device Thrombus / Malfunction

1yr:97%, 5 yr:83%

Device Infection
E

1yr:86%, 5 yr: 61%

Agence de la biomédecine, 2010
Jorde et al, Ann Thor Surg, 2024



Introduction

Définitions
Est-ce fréequent ?
Est-ce grave ?

Comment prendre en soins ces infections ?



De quoi parle-t-on ?

Working formulation for the standardization of definitions
of infections in patients using ventricular assist devices

The Journal of Heart and Lung Transplantation, Vol 30, No 4, April 2011

Margaret M. Hannan, MDl, Shahid Husain, MD," Frauke Mattner, MD,“ Lara Danziger-Isakov, MD,d Richard J. Drew, MB,?
G. Ralph Corey, MD,* Stephan Schueler, MD, PhD,? William L. Holman, MD,h Leo P. Lawler, MD,? Steve M. Gordon, MD,d
Niall G. Mahon, MD,? John M. Herre, MD,f Kate Gould, MB,? Jose G. Montoya, MD, Robert F. Padera, MD, PhD,3

Robert L. Kormos, MD,* John V. Conte, MD,' and Martha L. Mooney, MD®

VAD-specific
0 Pump/cannula infections
0 Pocket infections
0 Percutaneous driveline infections

External | aspect VAD/pocket
0 Infective endocarditis
0 Bloodstream infections R e :
[l V2D - related Bloodstream infection (BSI) ermety . : .
. . .. Time difference between CVC and PVC blood cultures T Driveine exhas
1 Mediastinitis e ¢



Infection de pompe ou de canule ?

Proven:

« 2 major criteria

» Positive culture of an
explanted material

« Major criteria:
e 2 or more positive blood cultures taken
> 12 hours apart
« Echocardiography positive for infective

endocarditis
Probable:

* 1 major + 3 minor
criteria or
* 4 minor criteria

« Minor criteria:
« Fever>38° C
« Vacular phenomena
* Immunologic phenomena

. Positive blood cultures that not meet * Possible: |
criteria noticed above 1 _maj_or + 1 minor
criteria or

Hannan, 2011 3 minor criteria



Diagnostic

Table 3. Clinical Presentation of Different Left Ventricular Assist Device—Associated Infections

Variable Total (n =78) Endovascular (n=41) Local (n = 37)
Fever 37 (48) 30 (73) 7(19)

* Criteres INTERMACS:
* Infection clinique
« Et prélevement microbiologique et/ou nécessité de
traitement

Nienaber et al, CID, 2013
INTERMACS (Interagency Registry for Mechanically Assisted
Circulatory Support)
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CONSENSUS STATEMENT
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Tabla 1 | Mechanical Circulatory Support Devices in Use Worldwide

Typa Device name
Intracorporaal VADs Abbott HeartMate 3
Abbott Hearthate ||
Medtronic HeartWare
Jarvik 2000
EVAHEART
DuraHeart
Berlin Heart INCOR
Total artificial heart SynCardia TAH
Carmat TAH
Paracorporeal VADs Berlin Heart EXCOR
Abbott PadiMag
Toyobo-LVAS (Japan)

MNondizchargeable acute MCS |ABP
devices

ECMO
Abbott Centribag
Ablomed Impella 2.5
Ablomed Impella CP
Abiomed Impella 5.5
Abiomed Impella RP
Abiomed Impella RP Flex
LivaNova TandamHeart
Dizchargeable acute MCS devices Ablomed Impella BTR
MuPulse |IABP
Abbreviations: BTR, bridge to recovery; ECMO, axtracorporeal membrane oxygenator; IABP, intra-

aortic balloon pump; LVAS, left vantricular assist system; MCS, mechanical circulatory support; TAH,
total artificial heart; VAD, ventricular assist device.

J Heart Lung Transplant 2024;43::|039—1E350



Table 2 | Definitions of MCS

Classification

percutaneocus lead infaction

[L.In::nrnpll::atad

[

Complicated parcutanaous
lead infection

]

Diagnostic critera

] .

Pain, tendemess, erythama, drainage, and/or
induration at the percutaneocus |ead
(driveling) site

Positive drainage culture may be prasant.
Blood cultures are negative.

Systemic signs of infection are absent, and
imaging s nagative for fluid collection/abscess,
Clinical improvemant or resolution with
antibiotics.

Pain, tendemess, erythama, drainage,
induration, andfor fistulous tract at
parcutanaous laad (driveline) site: and/or
Fluid collection/abscess at exit site noted on
imaging with positive culture; and/or
Radiographic evidence of findings consistant
with infection along the path of the lead; and/or
Prezence of systamic signa'symptoms
including fever, chills, leukocytosis, systemic
inflammatory response syndroma, and sepsis;
and/or

Positive drainage or blood cultures
(bloodstraam infection), and/or

Cultures demonstrating multidrug-

resistant organisms or fungi; and/or

Prasence of infection of tha extermnal surfacas
of an implantable componant

tha

Investigation

Drainage sample for bacterial and fungal
culture.

Bacterial and fungal blood cultures drawn
from peripharal sitas.

Computed tomaographic or ultrasound
imaging of the affected area to assess for
deeper infactionfluid collaction.

Direct surgical visualization is not neadad.

Drainage sample for bacterial and fungal
culture.

Bacterial and fungal blood cultures drawn
from peripharal sites.

Computed toamagraphic or ultrasound
imaging of the affected area to assess for
deeper infectionfluid collection. FDGPET or
PET/CT can be used as wall, if available, in
the setting of VAD infections.

Direct surgical visualization

Tizsue, fluid, and/or lead matarial sample for
bacterial and fungal culture (surgical

spaciman)

J Heart Lung Transplant 2024;43::|039—1ﬂ50



Visual reprasantation of the location of mechanical circulatory support-specific infections

J Heart Lung Transplant 2024:43:1039-1050



Types d’infection en réesumé

Infection de cable:
* Non compliquée:
 Ecoulement local

« +/- douleurs, signes inflammatoires locaux
« Pas de fievre ou autre signe systémique

« Compliquée:
» Ecoulement local
* Tunnellite
* Infiltration profonde
» Fievre possible

Nienaber et al, CID, 2013
INTERMACS (Interagency Registry for Mechanically Assisted Circulatory Support)
Aslam et al, J Heart Lung Transplant, 2024



Diagnostic: infections profondes

Infections profondes

« Poche (qui contient la pompe)
« De canule

« De pompe

Quand hémocultures positives: infection de pompe !
Quand endocardite valvulaire: infection de pompe !

Quand mediastinite: infection de pompe !

Nienaber et al, CID, 2013
INTERMACS (Interagency Registry for Mechanically Assisted Circulatory Support)
Aslam et al, J Heart Lung Transplant, 2024



Epidémiologie

O

Time to First MCS Infection by Era and Device Type
Intermacs: January 1, 2013 - December 31, 2022
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Years After Device Implant

1. Historical Non-Mag-Lev 2013-2017 (n = 13458, MCS Infection = 3198)
------ 2. Non-Mag-Lev 2018-2022 (n = 3115, MCS Infection = 627)
--------- 3. Mag-Lev 2018-2022 (n = 10920, MCS Infection = 2025)

Shaded areas indicate 70% confidence limits
p (log-rank) = 0.0139
Event: MCS Infection (censored at death, tx, cess. of supp)

Jorde et al, Ann Thor Surg, 2024



Epidémiologie
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Microbiologie

BACTERIES ISOLEES

Autres
7%

Corynebact. sp

11%
S. aureus

32%

P. aeruginosa
16%

Staphylocoque a coagulase
négative
11% Entérobactéries
23%

Siméon S et al, CMI, 2017



Gravite ?

— —No LVAD-associated infection
— |VAD-associated infection
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Simon et al, CID, 2005 Goldstein et al, J Heart Lung Transplant, 2012



Gravite ?

TABLE 3 Causes of Death Comparison by Era

Historical HNon-Mag-Lev Hon-Mag-Levw Mag-Lev

Primary Cause of Death 2013-2017 2018-2022 2018-2022 P Value
[n = 5245) [n = 1210) [n = 2343)
<.,0001

Circulatory, other 354 (B8.7) 78 [6.4) 146 (6.2)
Device malfunction 107 (2.0) 35 (2.9) 12 {0.5)
Heart failura 640 (12.2) 143 (11.8) 333 14.2)
Major hlﬂ-adir'lg 99 (1.9) 17 (1.4) 49 (2.1)
Major infection 357 (6.8) 63 (5.2 150 (6.4)
Multisystem organ failure B03 (15.3) 167 (13.8) 375 (16.0)
Meurologic dysfunction 924 (17.6) 154 (12.7) 226 (9.6)
Other 749 (14.3) 189 (16.4) 418 17.8)
Respiratory 279 (5.3) 52 [4.3) 129 (5.5)
Sudden death 176 (3.4) 50 (4.1) 64 (2.7)
Withdrawal of support 757 (14.4) 252 (20.8) 441 18.8)

Jorde et al, Ann Thor Surg, 2024



Pronostic apres transplantation

Impact of Left-Ventricular Assist

Device—Related Comphc AtIONS OIL  Dwvid Baran, MD, Mack Zucker, MD, | Ml\f;a’ristitrcia%?ﬁ;;ﬁbiﬁﬁif}f?ﬁgé,hﬁ?{?
. (Ann Thorac Surg 2017;104:1947-52
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Bilan suspicion infection LVAD

Prélevement local (une fois n’est pas coutume)
Hémocultures systématiques

INR

Scanner abdominal: suspicion infection profonde
Echographie cardiague si hémocultures positives

Place du TEP ?



TEP-scanner juillet 2019

Diapositive David Lebeaux



TEP-scanner Aout 2019
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Comment traiter ?

PEC hospitaliere initiale ou au décours : 80 %

ATB seule (53%), ATB + chirurgie (47%), re-intervention
chirurgicale (18%)

94 % d’ATB suspensive
Evolutions cliniques : inchangée (46%) ou aggravation (46%)

Ablation du DAVG : 21 (60%)
— Transplantation : 17 (81%)
— Récupération : 4 (19%)

Siméon S et al, CMI, 2017
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Tahle 5.

Data for patients receiving either continuous or limited antibiotic treat-

ment for initial episode of left ventricular assist device (LVAD)-associated

infection.
Continuous Limited
antibiotic antibiotic
therapy therapy
Variable (n = 23) (n = 12)° P
Experienced relapse 2 7 003"
Experienced LVAD-associated superinfection 1 b 012°
Duration of LVAD support, mean days = SEM 126 = 26 289 =+ 1M .048°
Total antibiotic therapy, mean days + SEM 81 = 23 123 = 28 NS
Received transplant 21 9 NS
Died from posttransplant infection 5] 1 NS
Length of hospital stay after transplantation,
mean days = SEM 285 7.1 216 £ 48 NS
Experienced invasive infection due to VREF
after transplantation 4 2 NS

1.2

1.0

Probability of remaining free of relapse or Si

00

B Limited therapy

-l

- -

® Limited therapy censored

B Continuous therapy

+ Conlinuous therapy censored

=100
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Alors, comment faire ?

* Premier épisode d'infection de cable:

— Eliminer une infection plus profonde voire de pompe:
« Hémocultures systématiques
» S’assurer de I'absence de collection

— Se poser la question de l'intérét d’'une reprise chirurgicale locale

— Traitement médical « actif » initial:
« 2 a4 semaines de traitement
 Modalités selon la molécule utilisée

— Soins locaux



Alors, comment faire ?

« Traitement suspensif ? Tout dépend du microorganisme en
cause

— Non systématique: streptocoque, enterobactéries, corynebactéries,...

— Probablement nécessaire: Staphylocogues, Pseudomonas

« Modalités du traitement suspensif ?

— En attente de greffe:
» Essayer au maximum de diminuer I'inoculum

» Traitement suspensif plutdt agressif mais sans interaction avec les
Immunosuppresseurs (et les AVK )

— Destination:
» On privilégie le confort et la simplicité (AVK !)
» Nécessité fréquente d’alterner



Conclusions

Infection = complication fréquente

Problematique de l’'infection sur materiel

Guérison difficile sans retirer la machine (...)
Traitement suspensif non systématique mais frequent

Travail en equipe ++++



