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Prevalence of bacterial colonization of generator
pockets in implantable cardioverter defibrillator
patients without signs of infection undergoing
generator replacement or lead revision

Thomas Kleemann™, Torsten Becker', Margit Strauss', Ngoe Dyck!, Udo Weisse',
Werner Saggau', Ulrich Burkhardt?, and Karlheinz Seidl'
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Alms This study was desigred 1o evaluae the prevalence of bacterial colonizrtion of generstor pockets in implancabie
cardiowerter defibrillator (ICD) patieres without sigre of infection 2nd to analyse the impact of lacterial colonization
an the ncidince of divice infection during follow-up.

Methods I 122 ICD patients undergoing generator rephoement or surgical |sad reviskon benween |araary 2006 and july 2008,
and results microbiclogiosl cultures of pererator pociets and extracted leads were conseoutoly obtaired. Patienns with clinical
eidence of 2 device infiection were excluded. Py pocket and keads were found in 40

per
{33%) patierts. The mast common bacteria isalated were coapulase negative staphylococc) (8%, During 2 medan
Folkowe-upo time of 203 cays. afver the revaion device infection ourred in three [7.5%, confidence interval (TT) 16—
04%] patients whth a posthve cture v two (245, €1 0.3-B.5%) pationts with 2 negasve cubure (P = 033). Time
from revision to infection was 108 + 73 duys in patients with positve culbure vs. 50 + 39 cays in patients with nega-
tive culture (F = 050).

Conclusian A thind of ICD patients undergoing generator repiacement or lead revision have an asymptomatic bacterial calontza-
g of gunerstar patkets, After reviion 7.5% of thise patiets dewlop a cevice infection with thie same spacies. of

= 35%
at the time of ICD replacement

showed asymptomatic bacterial
colonisation of the pocket

microorganism
........ B
Introduction abarved  five-fold increased complication rate in patinnts uer-

The rate of cevice mplntations i Increasing with ageing of the
pererd popudation and the formuiation of rew neicatiors.’
Although corferring abvios benefits, the uie of these implantabie
devices & assodated with serious complications, Induding irfec-
tiom, Faeparted indidince rati of grdias dinice infactians rangs
from 0.13% 10 12.9% and 00K 1o 3.7% for pacerrakers and implan-
tble cd Erilatars (D), resp 4 Dovice
repladermient or rapest rtenenbon ane w10 be asscites
with a1 incressed rate of cevice bection” Hareormbe et ol

guing elesthn generator rephicerent companed with patients
recewing first Implantatian of a permanent pacemaker. The most
cornimGn pithagens of pacerakerICD infection are dkin Tora
rehadng Suphrkencs and Coprebodenis | Altwugh seanl
stucies have focused on the mechanism of device infection, there
% d cordidirable weertarty about the sources of device infiec-
tier, ™" Qe pathaphysiclogical mecharism is omtamingtion of
the pocket at the time of cevice Implaniztion. Repeat intervertians
sy ceduce the patients defence to the bacters which might
becoene clirically relvant after revision, Therefore, the am of

~8%
developed device infection

with the same microorganism
after 3-4 months

Kleemann et al_Europace 2010; 12: 58-63
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The TYRX Absorbabie Antibacterial Envelope

Bioabsorbable (over 9 weeks) multifilament knitted mesh
copolymer made of glycolide, caprolactone and trimethylene
carbonate that is coated with a bioabsorbable polyarylate
polymer (tyrosin)

Eluting minocycline and rifampin (over 1-2 week)




The mesh has a high coefficient of friction, and will require
upsizing the subcutaneous device pocket 10%-15% by
volume to allow ease of entry.

Inverting the TYRX to turn the seal to the inside allows
easier entry of the generator

Gently moistening the sleeve immediately prior to insertion
in the pocket with saline




Combination of Minocycline and Rifampin:
in vitromodel

The Journal of
e Infectious
hovma ) D :

Antistaphylococcal activity of rifampin with other
antibiotics. J Infect Dis 1981; 144:365-371

Antimicrobial
Agents

Antibiotic susceptibility of staphylococcal isolates from
patients with vascular catheter-related bacteremia:
potential role of the combination of minocycline and
rifampin. Int J Antimicrob Agents

i I

In vitro activity of minocycline and rifampin against
staphylococci. Diagn Microbiol Infect Dis 1989; 12:253-255




- Randomised clinical studies -

Risk reduction of infection caused by

Risk reduction of i(ifect.ion Coagulase (-) Staph. and Staph. Aureus
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TYRK: preclinical /# vivomodel

In Vivo Model of Human Pathogen Infection
and Demonstration of Efficacy by an Antimicrobial
Pouch for Pacing Devices

LINDA K. HANSEN, Pu.D..* MARY BROWN, B.5.,* DAVID JOHNSON, V.T., L.A.T.,*
DONALD F. PALME II, Pe.D.,* CHARLES LOVE, M.D.,t and RABIH DAROUICHE, M.D.#
From the *WuXi AppTec, Inc., 5t. Paul, Minnesota; tDivision of Cerdiovascular Medicine, Depertment of Internal
Medicine, The Ohio State University Medical Center, Columbus, Ohie; and #Micheel E. Debekey Veterans Affairs
Medical Center, Houston, Texas

Background: Device-related infections represent o significant elinical challenge. Onee established,
these infections prove difficult to treat with existing antibiotic regimens, compromising the health of
device recipients, and usuelly requiring surgical infervention to resolve.

Objective: The purpose of this study was to determine the efficocy of the AIGISz,™ entibacterial
envelope (TyRx Pharma, Inc., Monmouth Junction, NJj, USA] designed to reduce device-related infections
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. . incidence of implantable device-related that CIED infections remain a crit
B I Ofl | m 5 continues to pose significant clinical cern. Further, CIED infection inc
. During the period 1996-2003, there was mortality more than I""_]falgl com

in the number of new cardiovascu- cipients without infection.* The

‘ TYRX prevented biofilm formationl

when treating such implant infect

—_— the critical need to develop improved methods of
The testing presented in (his manuscripl was sponsoned by proventing the infection of implantable devices.

TyRx Phasma, Inc,, menufacturer of the AIGISR: ™ produst, The most common bacterial strains involved
Address for reprints: Linda K. Hansen, PrD., WuXi AppTee, in the etiology of cardiac device infections include
Inc., St Peul, MN 35120, Fax: 631-675-2005; e-mail: linda. Staphylococcus aureus (5. aureus), and coagulase-
Lansea@wuiapplec.com negative Staphylococei such as Stephylococcus
Received October 22, 2008; revised December 12, 2008; ac- epidermidis (S. epi). Staphylococcal species ac-

cepted Fabruary 13, 2009, count for more than two-thirds of cardiac device

PACE 2009;32:898-907



Implantation Success and Infection in Cardi I

TYRK: clinical studies

CITADEL/CENTURION STUDY RESULTS: USE OF AN ANTIBACTERIAL

ENVELOPE IS ASSOCIATED WITH VERY LOW 6-MONTH CIED
RATES

Porand, OR -
. Mayo Clinic

.

e M - Grant R. Simons. iology, Englewood|
Hosplral, Englewood, NJ - Daniel J. Lerner, TYRX, Inc., Monmouth Junction, NJ
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Cardiac implantable electronic device infections:
Incidence, risk factors, and the effect of the AigisRx
antibacterial envelope @
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Use of an Antibacterial Envelope is Associated with
Reduced Cardiac Implantable Electronic Device
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Antibacterial Envelope
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Henrickson et al_Abstract, Scientific Session

CITADEL and CENTURION studies

Heart EW
Rhythm 2015

36th Annual Scientific Ses

Prospective non-randomized multicentre (66 US centers) cohort studies,1.129 patients (expected 4.300)

undergoing ICD or CRT replacement from 2009 to 2014

12-month major CIEDs infection rate I

2,5 2.2%

1 N— p=0.002 |

0.44%
0,5
0
ICD/CRT replacement Historical control data
with TYRX (Gould, Heart Rhythm 2008)

(n=1.129) (n=533)
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o Mittal et al_Heart Rhythm 2014;11:595-601

ley Health System Study

Retrospective analysis of a large contemporary cohort of 2.891 consecutive patients
in the pre-envelope era (n=1.651) and post-envelope era (n=1.240)

Freedom from 6-month infection I

1.00

Freedom from 6-month infection

!

2010-2011

Infection rate

0.6%

. Envelope Era /

Pre-Envelope Era

2007-2009

™

Infection rate

1.5%

p=0.029

1 1 I I I

1
0 30 60 90 120 150 180

Time to Infection (days)

After its availability, TYRX was

used at discretion of the implanting

physician in 275 (22 %) of 1.240

patients deemed high risk for

CIEDs infection




mer Mittal et al_Heart Rhythm 2014;11:595-601
5 Valley Health System Study

275 patients with TYRX matched with respect to high-risk characteristics with 275 patients in the pre-envelope era
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mer Mittal et al_Heart Rhythm 2014;11:595-601
<5 Valley Health System Study

Risk factors for CIED infection

Diabetes mellitus
History of CHF
Male gender
GFR <60 ml/m

Upgrade procedures
Hypertension
Early pocket exploration (within 30 days)

* Only patients with ICD or CRTD I

12.0%
10.0%
8.0%
6.0%
4.0%
2.0%

6-Month Infection Rate

0.0%

Pre-Envelope, n

6-month infection rate * I

B Pre-Envelope Era

1.1%
3.4%
1.0%
|
0-7 8-14 15-25
Composite Risk Score
204 416 27



Kolek et al_ J Cardiovasc Electrophyol 2015;26:111-6

Single-centre retrospective cohort study of 1.124 patients with at last 2 risk factor for CIED infection,
from 2009 to 2014, minimum follow-up 300 days

n=135 N=353 N=636

1 ! !

Frequency of Cardiac Implantable Electronic Device Infections Among Antibacterial Envelope Recipients and Controls in the Entire Study Cohort and in
the Propensity Score-Matched Cohorts

TYRX™.A TYRX™ Controls P-Value"

Entire study cohort (N = 1,124) 0 1(0.3%) 20(3.1%) 0.001

*P_values from Fisher's exact test. Propensity-matched cohort 1 includes TYRX™.-A and TYRX™ recipients and matching controls. Propensity-matched
cohort 2 includes TYRX™-A recipients and matching controls,




Shariff et al_J Cardiovasc Electrophysiol 2015;26:783-9

TYRNX as standard of care

Single centre retrospective analysis of 1.476 pts who underwent CIED implantation; during the study (2011-2015)
some implanters used the TYRX as a standard of care

Risk Score

1.7% 6-month infection rate

U Each factor was assigned of 1 point

Diabetes mellitus

Heart failure

Oral anticoagulation

Chronic corticosteroid use

Renal insufficiency or failure

Prior CIED infection

Leads > 2

Epicardial lead(s)

Temporary pacemaker at implantation
. Generator replacement or upgrade

B R O R U o T

no-TYRX yes-TYRX
U Early reintervention within1mo (n=1.111) (n=365)

—— Similar preoperative infection risk



Shariff et al_J Cardiovasc Electrophysiol 2015;26:783-9
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A University of Pittsburgh score
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TABLE 4
Financial Implications of Use of AIGISExX as a Standard of Care

Infection Infection Differential
N Rate (N) Care Cost Cost*

All patients 365 1.71% (6.20) $342,854 $23,863




™WRegione Emilia-Romagna

Direzigne Generale Cura della persona, Salute e Welfare

Commissiane Regiongle Dispositiv medici
(DGR a. 1523/2008; Determing n. 14363/2016)

Scheda di Valutazione del dispositivo medico

TYRX™
INVOLUCRO ANTIBATTERICO RIASSORBIBILE

Documento CRDOM n.3_2016
Settembre 2016

Sottogruppo di lavoro multidisciplinare:

Arlotti Massimo (Medico Infettivologo - Ausl Romagna)

Biffi Mauro (Cardiologo - AOU Bologna)

Boriani Giuseppe (Cardiologo - AOU Modena)

De Palma Rossana (Servizio Assistenza Ospedaliera-RER, componente CRDM)
Di Denia Patrizio (Servizio Assistenza Territoriale-RER, componente CRDM)
Marconi Marco (Cardiologo - Ausl Romagna)

Moro Maria Luisa (Direttore ASSR-RER)

Sassone Biagio (Cardiologo - Ausl Ferrara)

Trapanese Maria (Servizio Assistenza Territoriale-RER, componente CRDM)
Viale Pierluigi (Medico Infettivologo - AOU Bologna)

Risk score per pazienti candidati
ad impianto/sostituzione/upyrade
diICD, CRT-D, CRT-P

."“I';_'.‘IIIIIII‘ Emilia-Romagna

Allegato 1 - SCHEDA IMPIANTO e FOLLOW UP DISPOSITIVO TYRX

Centro: DOAzienda Ospedaliera-Universitaria di Bologna
OAzienda Ospedaliera-Universitaria di Ferrara
OAzienda Ospedaliera-Universitaria di Modena
Oazienda Usl di Ferrara
OAzienda Usl della Romagna

Medico elettrofisiologo di riferimento:

Paziente: COGNOME NOME
Data di nascita: / . Sesso: oM ofF
Data Intervento: ! ! Numero Scheda D Ospedali
Ricovero Procedura Tipologia CIED
3 Ordinario 3 1" Impianto Ko
O Day Hospital 0 14Sostituzione OCRTD
O Sostituzione successiva OCRTR
O Aeimpianto Controlzterale
3 Upgrading
FATTORI DI RISCHID ‘Odds Ratio Barrare
Reintervento precoce (entro 2 mesi da impianto) 15.04 a
CRT-D/CRT-P vs ICD 7.57 a
Almeno 2 alettrodi abbandonati 5.41 a
Sostituzione device /revisione 3.67 a
Pace maker temporaneo in atto 2.46 a
FARMACI PAZIENTE a
Corticosteroidi {tp cronica) 13.90 ju ]
Anticoagulanti orali {tp cronica) 2.82 0
CARATTERISTICHE PAZIENTE a
Insufficienza Renale in Dialisi* 13393 a
Disfunzione Renale Severa [eGFR < 30 ml/min)* 11.97 ju ]
Disfunzione Renale Moderata (eGFR 30-5% ml/min)* 5.46 a
Diabete in trattamento farmacologico 3.50 ju ]
Scompensao cardiaco NYHA 23 257 ju ]
Genere Maschile 2.23 ju |
0DDS CUMULATIVO di rischio infettivo [ -

*| fattori di rischio relativi a: insufficienza renale in dialisi, disfunzione renale severz e disfunzione renale moderata
devoneo considerarsi mutuamente esclusivi.

Tipo di infezione {nei 12 mesi successivi all'impianta):
A Infezione superficiale |cellulite regione della tasca con deiescenza della ferita, erosione o drenaggio purulento)
A Infezione profonda della ferita o della tasca
O Batteriemia persistente
3 Endocardite

Data di insorgenza dell'infezione: | __|__I/1_1_1/1_1_1_I_I
Microrganismi isolati:

1 Materiale,

3 Material

3 Material




Worldwide Randomized Antibiotic EnveloPe | )
Infection PrevenTion Trial (WRAP-IT)

Khaldous . Tarakji, MD, MPH,® Suneet Mittal, M]J."cha:lcsmu@cn. MDD, PhD3,© Ralph Corey, MD,*
Jeanme Poale, MD, © Kurt Stromberg, M5, " Daniel R. Lexcen, PhD, " and Bruee L Wilkolf, MID* Cleveland, OH;
Manbattan, NY; Giteborg, Sweden: Durban, NG Seattle, WA: and pile Mounds View, MY

Buckgruuml Cardiac implantable electronic deviee [CIED] infection is o major complication that is associated with
significant markidity and mortality. The cim of this study is to determine whether Mediranic TYRX absorbable envelope reduces
the risk of CIEC infecticn through 12 manths of follow-up pest procedure.

Methods WRAPIT is o randomized, prospective, mulii center, international, single-blinded siudy. Up to 7,784 subjects
who are undergeing CIED generater replecement, upgrade, o revision, or a de nove CRT-D implant, will ke ensclled and
randomized [1:1) ke receive the TYRX anvelope or not. The primary endpoint is major CIED infection throughou 12 months of
follow up afer the procedure. Deta will be anclyzed with n inlenticn 1o frect approach. WERAPT will clio ossess the
performance of Madirenic's leod monitoring algorithms in subjects wheose CIED includes a fronsvenous right ventricubar
defibeillation system.

Conclusions WRAPT is a large randomized clinical frial thot will assess the efficacy of TYEX absorboble envelope in
reducing CIED infection, define its cost effeciveness, and will also provide o unique opportunity 1o beter undarstand the

pothophysiology and risk factors for CIED infection. [Am Heart | 2016;180:12:21))

Background

Over the last few decades, there has been growing
evidence of the impomance of Cardiac Implantable
Hectronic Devices (CIEDs) in improving both quality of
life and survival among patients with heart disease,'™
with growing indications for CIED implanmaton, the
incidence of these procedusres continues o NCrease as
the population ages and the density of comorbidites
pises.” In addition, patients with CIEDs are undergoing
several device-related procedures dee o battery deple-
tion, evolving indications requiring upgrades, and devioe
or lead advisories and recalls® ' This surge in CIED
procedures has led o rising awarencss of associated

From s “Sacfics of Hachopin iolgy ond Facing, Clreslord Chisie, Clrvalong, OH, *Tha
Arhprhenia bsinsie of Yolley Heol Syven, Monhain, MY, “Deperimen of Comkolomcic
Surgury, Sohigremba Unversty Hopil, Gémbong, Seacen, “Dvir Cheic! Rnsench
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complications including CIED infections and lead com-
plications. Many recent studies have indicated thar the
rate of newly diagnosed CIED infection is rsing out of
proportion to the rate of newly implanted devices, ™7
and a large body of evidence from both tertiary centers
and national databases has indicated thar CIED infection
is associated with significant morbidity and mornality, and
represents 4 major fnancial burden. "' The precise
incidence of CIED infection is dependent upon the
duration of follow-up, poorly characterized by the
lireramure and kacks a prospective trial validation.
Improving strategies o reduce infection will be largely
dependent on understanding the contributing factors w
CIED infections. Currently, there are 2 number of risk
factors that have been associated with infection thar can
be caregorized as either procedure or patient related. The
most frequently cited procedure related risks include
device type, foregoing the use of [V prophylaxis, carly
reintervention {rypically o manage a pocker hemarommas
and/or reposition or replace 2 lead), and most commonly
secondary procedures for device replacements of up-
gra.d:s.“'“ A recent study demonstrated thar CRT
devices carried the highest risk for infection and that
replacements nereased the pisk for all devices.** Patient
characteristics commonly associated with CIED infection
include, but are not limited to, diabetes, renal insufficien-
cy, chronic steroid wse, anticoagulation wse, heart filure,
previous open heart su:gcf}'.“"‘ " To date, the use of
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