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Site-specific  

prophylaxis of pocket infection 

FDA license in May 2013  

CE Mark in September 2014  

60% of CIED infections are pocket infection 



Kleemann et al_Europace 2010; 12: 58–63  

Latent colonization of the pocket 

≈8%  
developed device infection  

with the same microorganism  

after 3-4 months  

≈ 35%  

at the time of ICD replacement  

showed asymptomatic bacterial  

colonisation of the pocket 

http://europace.oxfordjournals.org/content/current


Planktonic (free-floating) mode Biofilm mode 

Staphylococcus  



Eluting minocycline and rifampin (over 1-2 week) 

The TYRX Absorbable 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) 



Implantation technique 

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.  

Gently moistening the sleeve immediately prior to insertion 

in the pocket with saline  

Inverting the TYRX to turn the seal to the inside allows 

easier entry of the generator  



 
 
 

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 1995; 6:31–36 

Antistaphylococcal activity of rifampin with other 

antibiotics.  J Infect Dis 1981; 144:365–371 

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

Combination of Minocycline and Rifampin:  

in vitro model 



1 Hanna H, et al. J Clin Oncol. 2004;22:3163-3171. 
2 León C, et al. Intensive Care Med. 2004;30:1891-1899. 
3 Zabramski JM, et al. J Neurosurg. 2003;98:725-730. 

Risk reduction of infection 

by a factor of 4.8 (relative risk =0.2)  

Risk reduction of infection caused by 
Coagulase (-) Staph. and Staph. Aureus  

by a factor of 20.6 (relative risk=0.05)  

Coated MD with Minocycline and Rifampin: 
- Randomised clinical studies - 

 

4 Chatzinikolaou I, et al. Am J Med. 2003;115:352-357. 
5 Raad I, et al. Ann Intern Med. 1997;127:267-274. 

 

 



Biofilm  TYRX prevented biofilm formation 

TYRX: preclinical in vivo model 

PACE 2009;32:898-907 



TYRX: clinical studies 

More than 100.00 pts underwent CIED 
implantation combined with TYRX 
 
Close to 3.000 pts  have been enrolled 
in completed clinical studies  



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

undergoing ICD or CRT replacement from 2009 to 2014 
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ICD/CRT replacement 
with TYRX 
(n=1.129) 

Historical control data  
(Gould, Heart Rhythm 2008) 

(n=533) 

p=0.002 

Henrickson et al_Abstract, Scientific Session 

Non-Absorbable Antibacterial Envelope  

12-month major CIEDs infection rate 

2.2% 

0.44% 

-80% 



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) 

Non-Absorbable Antibacterial Envelope  

 

Infection rate 

1.5% 

 

Infection rate 

0.6% 

2007-2009 

2010-2011 Freedom from 6-month infection 

 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 

Mittal et al_Heart Rhythm 2014;11:595–601  



275 patients with TYRX matched with respect to high-risk characteristics with 275 patients in the pre-envelope era 

Propensity analysis 

Mittal et al_Heart Rhythm 2014;11:595–601  

Freedom from 6-month infection 

 

Infection rate 

3.6% 

 

Infection rate 

1.1% 



Risk score for CIED infection 

p=0.009 

p=ns 

  

1. Diabetes mellitus 

2. History of CHF 

3. Male gender 

4. GFR ≤60 ml/m 

5. Upgrade procedures 

6. Hypertension 

7. Early pocket exploration (within 30 days) 

Risk factors for CIED infection 

6-month infection rate * 

Mittal et al_Heart Rhythm 2014;11:595–601  

* Only patients with ICD or CRTD 



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 

Absorbable Antibacterial Envelope  

  

1. Diabetes mellitus 

2. Heart failure 

3. Anticoagulation (Heparin, Warfarin, NOA) 

4. Chronic corticosteroid use 

5. CKD (creat ≥1.5 mg/dl) 

Risk factors for CIED infection 

  

6.      Prior CIED infection 

7.      ≥ 3 leads  

8.      Fever/leukocytosis 24H prior to implant 

9.      Temporary pacemaker at implantation 

10.    Early pocket reentry (within 14 days) 

n=135 N=353 N=636 



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

TYRX 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 
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no-TYRX 
(n=1.111) 

yes-TYRX 
(n=365) 

p=0.006 

6-month infection rate 

Similar preoperative infection risk 

 Each factor was assigned of 1 point 

  

1. Diabetes mellitus 

2. Heart failure 

3. Oral anticoagulation 

4. Chronic corticosteroid use 

5. Renal insufficiency or failure 

6. Prior CIED infection 

7. Leads > 2 

8. Epicardial lead(s) 

9. Temporary pacemaker at implantation 

10. Generator replacement or upgrade  

 

 Early reintervention (within 1 month) 

 

 

Risk Score 
1.7% 

0 % 



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

Financial implications 

* 

* 



Risk score per pazienti candidati  

ad impianto/sostituzione/upgrade 

di ICD, CRT-D, CRT-P 
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Tarakij et al_ Am Heart J 2016;180:12-21  


