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Uvod
dCelosvetovo i na Slovensku sa pocty implantacii
CIED zvysuju

dVelka ré6znorodost’ CIED (KS, ICD, CRT, CCM
implantabilne monitory, S-ICD, leadless stimul.")

infekcie stupaju viac,akoby sme ocakavali

dMame priestor na zlepsenie???



Radostne stranky
implantologie




Tienisté stranky implantologie




Vzostup infekciit CRDM v USA za
10 rokov/ 1996-2006

Trends in CRM Device Implantation and Infection
in the United States

Infections: + 57%

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Infekcie stupaju rychlejsie ako pocCty implantacii

... mozné vysvetlenie tejto epidémie- implantuju sa starsi,polymorbidni

pacienti,viac komplexnych procedur, revizii,upgradeov,rezistencia mikroorg

Aoigt et al, PACE 2010; 33:414-419




Rizikové faktory asociované s

Infekciou CIED

Patient-Related Factors Procedure-Related Factors Device-Related Factors

Age>60y Lack of antibiotic prophylaxis  Defibrillator (vs pacemaker)

Male sex Device replacement/revision Dual chamber (vs single chamber)
Chronic obstructive Early reintervention Biventricular device

pulmonary disease
Congestive heart failure
Diabetes
Renal disease (dialysis)
Steroid use
Prior infection
Presence of a central venous
catheter
Anticoagulant use
Preoperative fever

Procedure duration
Operator experience
Postimplant hematoma

Abdominal pocket
Epicardial leads

Aljabri K et al. Card Electrophysiol Clin 2018;10:153
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Table | Characteristics of the included studies ( prospective studies)

Age Follow-up Infection Identified risk factors®

Muers 1981 228 (F—40) Lack of antibiotic prophylaxis

Ramsdale 1984 3-12 4.2 (0.6)

Bluhm 1984 1-43 8 Lack of antibiotic prophylaxis

Bluhm 1986~ 14 (7—35) o

Glieca 1987 MR & Lack of antibiotic prophylaxis

Mueller 19907 16 0.9

Bru 1991 {1—38) 1.4

Lininghake 1933%* (12— 48) 5

Mounsey 1934 19 (F—26) 2 Lack of antibiotic prophylaxis: reinterventon; procedure
duration; inexperienced operator

Chauhan 199477 1.5 0.8 Temporary pacing

Aggarwal 19957 rl 1.8 (0.9) Temporary pacing wire

Kron 2003 27 26(2) Lack of antibiotic prophylaxis; abdominal pocket

Bertaglia 20067 1.8 (0.7) Generator replacerment, malke sex; shorter procedure
duraton

Klug 200 ad 3 Lack of antibiotic prophylaxis®; temporary pacing®;
re-intervention®; fever within 24 h before implantation®;
device repboement™

CHiveira 20092 Lack of antibiotic prophylaxis*®; procedure duration:
haematoma®; generator replacerment

Rormesy er-Bouchard - . Reintervention®; procedure duration™; haemodialysis®;

201077 haematama; ICD device type™; lead dislodgement

Krahn 201197 . 26017 Haematoma

Metais 2011% 2.3 Reintervention; anticoagulant/fantip htelet drug use; histary
of contralteral implant

Landolina 2011%* 1100 pt-yrs Generator replacement®; COPD*

MacFadden 2017 1.9(1)

Uslan 20129 1.3 (0.8) Abdominal pocket hasmatorma




Table 2 Characteristics of the included studies (retrospective studies)

Study 1D

Bloorm 20067

Sohail 20077

r““l.arsr_;ha.ll
200752

L em e riem
2008 !
Gould 2008
Mery 20103

Sobhail 20117

Faad 201277

Herce 20137

Rao 1974~
Mugica 19770
Hartstein
197E"

Trappe 19357
Spinler 1998"
Srmith 19987

Harcormibe
199857

Kiviniermi 1999
Higgins 20005
Mela 2000157
Wiegand 2004
hI-Kh:arLib
200555

Gil 200852

Catanchin
200757

Crasg upta
200754

Cengtz 20105
Borkeffs 201070

MMargey 20107

Totals
()

Case—ocontrol studies

“+B56

12799

116

3410

451
2417

204

T2

2868

Retros pective coborts

401
2016

298

263

335
171
1831
2621

+3E
174
1406
3164
FB54

423

1481

164

71
S&7

B0

3161

3105

Male
(3a)
rar

Té

&3
3

72
&7

B1

72

554
MR

59.8
] o

21

7B
5%

41
B45

MR
58
7B

B&
5&

1

51

57

&3

Age (yrs)®  Follow-up

&7

&3

&2

&7
&B.5

Miedian:
&5.5
O

73

MR
MR
72

R

5&6
&1

&3
74

Fa
&3

72
= &S5

Median: 75
&5

58
Fa

Range:
18104
&2

Median: 69

(rmo)®

1

232
(15.6
MR
MR

102)

27 (0—72)
IR

35

3

Infectiomn
rate {3)°

Q23

164

4 (2.2)
1 (0.%)

3w
45
12
Loy

1.8
17
12
a3
11

24
1.6
3(1.8)

1.4
1% (1.2)

25

L2100
HZCr-yrs

Identified risk factors™®

Generator replacerment™: diabetes muellitus: renalinsufficiency*; oral
anticoagubhns®™; CHFY male sex™: age

Lack of antdbiotic prophy lauxis®; device replacementupgrade; CWiC
malignancy: corticosteroids®; history of device infection: number
of device-related procedures ([ = 2); number of leads (= 2)*

Drevice replacerment’ revision; abdominal podcet

Drevice replacermenty revision™; diabetes rmellitus: renal
insufficiency*; elevated serum Cr; oral anticcagulnts®

Consultant operator

Generator rep bhosrment™; lead dislodgerment; doa Vrip e -chamiber
device®

Temporary pacing: basmatoma; basmodialysis; COPO; history of
device infection; dhronic skdn disorders; nom ber o f dewvic e-related
procedures (= 3); duration of hospital-stay { = 2 d)*; Charlson
index [ =4); epicardial lead*; any post-operative complicaticn®

Generatorflead replacerment; hasmatoma; dual-cdhamber dew ice;
history of device infection; post-procedural trauwma

Feintervention: diabetes rmellitus*; dual-c hamber device®: heart
disease™; simultanecsus invasive procedure

Ladk ofantbiotic prophy baocis
Llse of drains

Epicardial lead placement

Cria betes mwellitus®

Presence of suboutaneous defibrillation patch™®
Crevic e replacerment

Crevice upgrade to dual dhamiber
SAlbdominal podket

1Ty desic e tyjpee

Operator esgperience®

SAbdominal podket; two-stage surg ery: subcostal approach of lead

placerment: traurma at podket; decubitus ulcer
Male sewx; numiber of pricor procedures ( >=1)

Feintervention: temporary pacing
Lack of antdbiotic prophy laxis®; generator replacement®;
hasmatorma; anticoagulants; corticosteroids; WY, aget

Crevice (generaton ead) replacement

CRT device™: number of leads [ =2): screening tirme
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Table 2 Continued

Age (yrs)® Follow-up
b

Bloom 20117

Johansen Median: 76
2011747

Charytan
2011%

Tompkins

201179

Lyrran 20119

;"'mna:j_r:a.nija.n

2012°*

Schuchert 12
2013"

Peterson 2013™ 3

Palmisana Median: 27
2013™

Infection Identified risk factors?

7141000 Lack of antibiatic prophy bods*; device replacement; dual-chamber
PPM-yrs device; male sexc®; younger age (20-49 yrs)*; imphntation during

the sary yrs of study™; procedune complexity: number of prior
procedures®; indication (AY blodk)

42100 pt-yrs  COPD; age; black race (vs. caucasian); dialysis modality (vs
haemodialysis)®: recent infection™: cerebrovascular accident)
TIAa*; Gl bleeding

Renal insufficiency; end-stage reral disease

Generator replacement/sy stem upgrade®; CRT doviee*

Europace (2015) 17, 767-777
doi10.1093/europacefe nv053
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Table 3 Variables identified as significant risk factors for CIED infection in at least two studies™

Prospective studies (n) Case— control studies (n) Retrospective cohorts (n)
Univariate  Multivariate

Host-related factors
Jﬁlg{_' L6 1.6 31‘1_“.'.&]'
Male sex 411 157

Drabetes mellitus 31150451 112

Renal insufficiency 71151
ESR.Cydiabysis 115
COPD 115
Anticoagulants 91151

Corticosteroids 118
WL 1%

History of device infection 3151akd
Imﬁla.nL Site trauma ‘

Procedure-related factors

Lack of antibiotic praphy s 78303133 594042 3506770
3#:.3?.13 - 6.'!!. SlLe4.666T7. 79

154

Drevic e replacernent! revision
Reintervention g3 AQAE AT b 171 )

Mo. of prior device-related procedures . 2% Fakto r o
Temporary pacing 30 : 171 Modifikovatelné

Procedure duration 430333747

Orperator experienc e 134 k 155 NemOd |f| kovatel’n O

Lead dislodgement 17

Post-op hasmatoma
Chevice-related factors
ICD device 1%

CRT 31479

Crual-c hamber system

" " [ &0
532..31.‘11.‘1?.4& -I_ll.

MNo. of leads

Europace (2015) 17, 767=-777

Abdominal pocket
doi:10.1093/europacefe w053

Epicardial leads




Modifikovatelne a
nemodifikovatelne rizikove faktory

Modifiable risk factors

(1} Colonization with 5 aurneus

(2} Optimization of comorbid
conditions such as DM, CTHF, CKD

(2} Chronic steroid therapy

(4} Skin antisepsis prior to procedure

5} Preoperative antibiotic
prophyvlaxis

5 Antibiotic impregnated envelope
Peri- procedure anticoagulation
Central venous catheter
aspotential source of bacteremia

Experence level of device
implanter
Preseno: of abandoned leads

{10)

CHF: congestive heart failure: COED:

FMorr-modifiable risk factors
Aqge
Comorbid conditions (CRA, CHF,
CK D, Malignancy)

} Temporary pacing lead before

(4]
(6]
(7]
(E]

(%]

{ 10)

canra] lae

permane nt device implantation
History of multiple device-related
procedunes

History of CIED infection
Presence of =2 elecarode leads
ecent device manipulation
Precence of epicardial leads
Chronic skin conditions (psorasis,
dermatit is)

Avtoimmurne diseases requiring
Immunosuppressive therapy

implantable electronic dewvice:

CKD: chronic kidrney disease; DM: diabetes mel litus.

EXFERT REVIEW OF MEDICAL DEVICES, 2017

N7434440.2017.1 322506




Riziko infekcie u pacientov s CIED

' Pacemaker Tl afer 1 year

1[GD 1,7 ater 6 months
1 ORT O ater2yrs

(. ahicang

v 24 o ik aftr cvice replacement o Upgrades

* oy lead extacton: 0.30.%

* Delajed device removel  3Holdncrease in 1 year moralty

v Conseratie therapy 7ol ncrease in 30-cay moralty

MNielsen JC et al. BEur Heart J 2015;36:2484
Sekiguchi Y. J Arrhyth 2016;32:293
Margery R et al. Europace 2010; 12:64-70

Poznaj svojho nepriatela

Microbiology in 816 patients who
underwent CIED extraction for infection
at Cleveland Clinic between 2000-2011

MASA = mechicillin-seststant Stophylococas oureus; MSSA = methicilln-sensttive Staph
ylococeus oureus; MRCONS = methiclln-resstant cagulzse-negitive staphylacoccus;
MSCoNS ~ methicllin-sensitive coaguiase-negative Stapylomaus; VRE = vancomycin-
resstant Enerococcus species; VSE « vancomyon-sensitive Enterococtus species.

MRCONS 18.8% MSCoNS 18.8%
/

Myocabacteria 0.2%,

Fungal 0.9%:\
Anaerobs 1.6%
VRE 1.4%

VSE 2.8%
Streptococei 2.5%

Gram Negative 849%"3’:,‘,
o

Negative Culture 13.2% "~ MRSA 15.0%




Principy prevencie infekcii

Hygiena ruk Chirurgické nastroje

y
[ '/ \\
| prenosu |

\A infekcie
Brana Brana '
vstupu : vystupu
Spbsoby ‘
\

Antisepticka Enviromentalny
Priprava koZze manazment



Prevencia komplikacii CIED
CAVE

Vyber optimalneho kandidata na implantaciu
- Odporucania na implantacie KS, ICD a
CRT 2013,2015,2016
Memento
Je implantacia vobec potrebna?

Indikacia, selekcia pacienta, optimalne
nacasovanie...

12-55% pacientov po extrakciach nebolo
reimplantovanych!!!



Preventivne stratégia na
minimalizaciu infekcii

EXFERT REVIEW OF MEDICAL DEVICES, 2017
VOL. 14, NO. 5, 371-381
https:/ Mdoiorg/ 10010801 7434440 3017.1 322506




Prevencia komplikacii CIED
Co urobit’ preimplantaéne?

»Optimalny vyber pacienta,posudenie individualnej miery rizika a benefitu
»Indikacia ? Optimalizacia typu CIED ( velkost,tvar, komplexnost...)

»CAVE: doCasna KS ( minimalizacia trvania, SpiCka-ad K+C )

»CAVE: zapalovy sy, febrility, subfebrility ( odloZit vykonii!")

»PrelieCenie koznych afekcii a ulceracii ( dostat vSetko pod kontrolu )
»Konstitucia, BMI, zilova kresba, znamky SZ, CVK, ochlpenie v mieste op.
»Predchadzajuce jazvy v mieste op., tumor ....,hygiena pac.!!! +oholenie op.pola

»Kontrola medikacie- osobitne antitrombotika a antikoagulancia



Prevencia komplikacii CIED
Co urobit’ perimplantaéne?

> rezim operacky“ na implantacnej sale (minimalizacia oséb a pohybu na op)

»ATB profylaxia

»Spravna technika ruskovania pacienta, institucionalny protokol!
(chlorhexidin versus povidon-iodine)

»>trvanie vykonu (implantaény ¢as €o najkratsi )

»hemostaza

»spravna chir. technika (irigacia kapsy-ATB/antiseptika/FR-bez dokazov)
(kapsulektomia niell!)

»Pouzivanie zdvojenia rukavic ( funguje na redukciu infekcii )

»Redukcia ,hardware”



Ake antiseptikum?

OBRIGINAL ARTICLE

Chlorhexidine—Alcohol versus Povidone—
Jodine for Surgical-Site Antisepsis

1.0+
Chlorhexidine—alcohol
(N=409)
0.9+

0.8 4 Povidone—-iodine
(N =440)

074 chlorhexidine—alcohol surgical
prevent an estimated 40% of all

surgical-site infections
P=0.004

atadine

lrargh
v 0.6~

S
%
)
=
‘s
=
g
2
e
a

0.5

»
0.0 /1( T T T
0 10 15 20

Days to Infection

Figure 2. Kaplan—Meier Curves for Freedom from Surgical-Site Infection
(Intention-to-Treat Population).

Patients who received chlorhexidine—alcohol were significantly more likely
to remain free from surgical-site infection than were those who received
povidone—iodine (P=0.004 by the log-rank test). In the chlorhexidine—alco-
hol group, 39 patients had events (9.5%9) and data from 370 patients
(90.596) were censored; in the povidone—iodine group, 71 patients had
events (16.196) and data from 369 patients (83.996) were censored.

Darouiche et al
NEJM 2010




Priprava koze: Chlorhexidin
VS povidone iodine

+ On4/302010 The use of Chlorhexidine

T —— Skin preparation; Chlorhexidine-Alcohol vs Povidone-lodine
started using Betadine Rl .
4 The mpictofChangng Antseptic ki Preprein
+ Did ghatﬂffedwrClED ecton Agntusd for Cancic plntaleElecroni D A TR
B (CED) Proceres e ik of o SRR SR
Reviewed alldevieprocedres T yer (LD G * - 2010:648 povidonedodne e
before and 1 year aler 4302010 MALIENNL L W{M HOASHMA VAN D, v 2011: 678 alcoholic povidone iodine
v Conclusion Preaperative skin aniseptics for prevention of

Follow up 26 months cardic implantable electronic devie nfectons

In one large cohort of patients undergoing

CIED procedures, the anfiseptic agent used
for skin preparation (chlorhexidine-alcohol v 32 CIED fection (2.4%)
povidone-iodine) was not associated with ‘
increased risk of developing CIED infection. At o Ca T, Yo Ot T

T i e Rermeyer-Bochard, Alode Gatertined', Mk Levallls',and Ko
No significant difference befiween 2 agents T

ahistorical.controlled interventional tral
comparing aqueous against alccholc povidone:
fodine solutions

Qintar, Wazni, Wilkoff, Tarakji. PACE. 2015 38 240




Spravna chirurgicka technika

Guideline for Prevention of Surgical Site
Infection, 1999

Alicia J. Mangram, MD; Teresa C. Horan, MPH, CIC; Michele L. Pearson, MD; Leah Christine Silver, BS; William R.
Jarvis, MD; The Hospital Infection Control Practices Advisory Committee

* Gentle traction

* Effective hemostasis

* Removal of devitalized tissues

* Obliteration of dead space

* Irrigation of tissues with saline to avoid excessive drying
* Use of fine, non-absorbed monofilament suture material
* Judicious use of closed suction drains

* Wound closure without tension

From Altemeier, et al. 1984.°4
SSls = surgical site infections.

AJIC
Volume 27, Number 2




ATB a antiseptika predchadzaju
infekciam pri impl. CIED

DAROUICHE, ET AL.

PSA + antiseptic Antiseptic
Events Total Events Total
50
50

100
136
224

Total (85% CI) 874
Total events 3 40
Heterogeneity: Tau® = 0.00; ChP* = 1.67, df = 4 (P = 0.81); F = 0%
Test for overall effect: Z = 4.02 (P < 0.0001)

0.14 [0.02, 1.12]

Not estimable
0.19 [0.04, 0.87]
0.04 [0.00, 0.67]
0.26 [0.01, 6.33]
0.06 [0.00, 1.00]

0.13 [0.05, 0.38]

0.001 01 1 10 1000
PSA + antiseptic Antiseptic

Figure 3. Forest plot of risk ratio for infections: PSA plus antiseptics versus antiseptics.

PACE 2012; 00: 1-13



ATB profylaxia

Pre-operative Antibiotics Prevent Infection

Antibiotics Controls

No. of Patients

1011

1012

Infections

5 (0.5%) 37 (3.7%)

Cefazolin

1g

Controls

No. of Patients 314 335
Infected 2 (0.64%) 11 (3.28%)
Superficial 0 4
Pocket 2 7
Systemic 1 4

Da Costa et al Circulation 1998; 97:1796
De Oliveira et al Circ Arrhythm Electrophysiol 2009;2:29-34

p=0.005

p=0.016

Infected patients
longer procedures

replacements (10/13)

more pocket haematomas




Prevencia komplikacii CIED
Co urobit’ poéas FU

Optimalizacia zivotnosti

Dosledne preliecenie vsetkych
afekcii a infekcii



Alternatlvy CIED

Strunovy
defibrila-

Bezelektrédovy-leadless tor
systém




TYRX™ Antibioticka obalka

Obalka pri implantacii 4 tyzdne po



World-wide Randomized Antibiotic Envelope CIED |nfection

PrevenJion
(WRAP-IT)

- Randomized, prospective, multi center, international, single

market study
- Target population:

1. CIED replacement of upgrade (PPM, CRT-P, ICD, CRT-D)

2. Denovo CRT

About 7,000 patients

Randomized 1:1 (envelope vs no envelope)

Tarakji KG, Mittal S, Kennergren C, Corey R, Poole J. Stromberg K.
Lexcen DR, Wilkoff BL. Worldwide Randomized Antibiotic EnveloPe Infection
PrevenTion Trial (WRAP-IT). Am Heart J 2016:180:12-21



" Prevention of Arthythmia Device

Infection (PADIT)

* Prospective, randomized, unblinded cluster cro

11,000 patients (Secondary procedures)
+ Sites (not patients) are randomized into 2 strategies for pre
antibiotic
— Conventional: Single preop dose of Cefazolin (or vancomycin fo
penicillin-allergic patients)

— Incremental:
» Single preop dose of Cefazolin AND Vancomycin (In patients
allergic to Penicillin, vancomycin alone)
* Intraoperative bacitracin pocket wash
» 2 Days postop antibiotics (Cefalexin or Cephadroxil (or
Clindamycin in penicillin allergic patient)



Zavery

dinfekéné komplikacie CIED nie su zriedkavé a
su na vzostupe. Prevencia zacina pred rozhodnutim

implantovat’ CIED!!!

Prevencia je dolezita a zavisi od vyberu harvéru, techniky,
op.teamu. Treba zodpovedat’ otazky: -
- otazka indikacie
- otazka nacasovania
- otazka pripravenosti pac.
- zdrava kapsa /chir.technika/
- ATB profylaxia

Pri kazdej implantacii mysliet’ na event.-buducu
EXTRAKCIU!!!

dNoveé postupy / TYRX, PADIT, Leadless KS, S-ICD .../



Ake su rizika pre vznik infekcie?

PATIENT PROCEDURES  ODDS RATIO FOR DEVELOPING A CIED INFECTION

Early Reintervention”®
CRT-D vs ICD/PM - :
>2 Leads in Place 541
Device Replacement/Revision™™ 3.67

Temporary Pacing Wire | 2.46

PATIENT MEDICATIONS  ODDS RATIO FOR DEVELOPING A CIED INFECTION

Corticosteroid Use™™™ o
Oral Anticoagulant 2.82
PATIENT CHARACTERISTICS ~ ODDS RATIO FOR DEVELOPING A CIED INFECTION

Renal Fallure

Fever <24 hr Prior to Implantation
Renal Insufficiency

Congestive Heart Failure

Male Gender

Klug D et al. Circulation 2007;116(12):1349-1355. - Lekkerkerker JC et al. Heart 2009;95(9):715-720.
Margey R et al. Europace 2010;12(1):64-70. - Sohail MR et al. Clin Infect Dis. 2007;45(2):166-173.
Bloom H et al. Pacing Clinical Electrophysiology 2006;29(2):142-145.




