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Although cardiac implantable electronic device 
infections (CIEDI) remain a rare complication, its 
financial and human burdens are staggering 
[1, 2]. Thus, it is no wonder that CIEDI prevention 
has been the focus of multiple investigations 
and, currently, the only area in which clinical 
trial data are available regarding this syndrome. 
The search for cost-effective strategies to 
reduce the risk of CIEDI has led to the devel-
opment of improved antibiotic prophylaxis 
(AP) protocols, drug-eluting envelopes, and 
novel device designs (i.e., leadless pacemakers)  
(Figure 1). For over two decades, meta-analysis 
[3] results have bolstered the notion that peri-
operative AP is beneficial in reducing the rate of 
CIEDI as a complication of surgical site infection. 

Since the bulk of these infections are due to 
staphylococcal species, one dose of pre-oper-
ative cefazolin has been advocated. A recent 
large, randomized, double-blind, placebo-con-
trolled trial [4] demonstrated a five-fold lower 
incidence of CIEDI in the group who received 
pre-operative cefazolin vs. that of the placebo 
group (0.63% vs. 3.28%). As a result, the study 
was terminated early, and AP administration for 
the prevention of CIEDI was further solidified as 
a standard of care.

More recently, Krahn and colleagues [5] test-
ed whether a single dose of pre-operative cefa-
zolin was as efficacious as an “incremental” peri-
operative antibiotic regimen to reduce CIEDI in 
a cluster randomized crossover trial (PADIT Trial) 

Figure 1. Summary of randomized clinical trials studying prevention of cardiovascular implantable electronic 
device infection 

Abbreviations: ABE, antibacterial envelope; CIED, cardiovascular implantable electronic device; CIEDI, cardiovascu-
lar implantable electronic device infection
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that included 28 institutions with over 19 000 patients. The 
incremental regimen consisted of pre-procedural cefazolin 
plus vancomycin, intraprocedural bacitracin pocket wash, 
and two-day post-procedural oral cephalexin. The reported 
CIEDI rates were lower (1.03% vs. 0.78%) than expected for 
both groups and were not statistically different. 

Following the publication of multiple non-randomized 
trials of the efficacy of an absorbable “antibiotic envelope” 
impregnated with minocycline and rifampin in preventing 
CIEDI, a sentinel multinational, randomized controlled 
clinical trial was conducted with almost 7 000 patients en-
rolled in the WRAP-IT study [6]. Overall, the use of a “second 
generation” antibiotic envelope resulted in a 40% reduc-
tion in the major CIEDI rate (0.7% in the envelope group 
vs. 1.2% for the standard of care group) during a 12-month 
follow-up period. Moreover, there was a 60% reduction in 
CIEDI involving pocket sites, an infection presentation seen 
in 75% of randomized patients. Importantly, no increased 
risk of complications or allergic reactions among the enve-
lope group was reported. However, the number needed to 
treat (NNT) to prevent one CIEDI was 200, raising concerns 
regarding the clinical impact and cost-effectiveness of this 
adjunct in the prevention of CIEDI. 

The use of a gentamicin-collagen sponge (GCS) at the 
time of device placement to prevent surgical site infection 
has been investigated in other prosthetic device-related 
procedures [7] and showed promising results. The pro-
posed mechanism of action involves the release of a high 
local concentration of gentamicin for several days, which 
prevents bacterial colonization of a prosthetic device. 
Furthermore, the collagen fibers promote blood coagu-
lation and reduce the risk of hematoma formation, which 
is a well-recognized factor that predisposes to CIEDI. Its 
efficacy for CIEDI prevention, however, has not been widely 
studied. 

In this issue of Kardiologia Polska (Polish Heart Journal), 
Kaczmarek et al. [8] present a single-center, retrospective 
study to evaluate the efficacy, safety, and cost-effectiveness 
of a gentamicin-collagen sponge (GCS) in preventing CIEDI 
in 312 patients with 6-month follow-up after device and 
sponge implantation. 

Based on a comprehensive multi-component CIEDI 
risk score developed by the study group, patients consid-
ered to have a low risk of infection received ceftriaxone 
(or vancomycin if allergy reported) 60–120 minutes prior 
to the procedure. In contrast, high-risk patients received 
AP for 72 hours after CIED-GCS implantation. The authors 
report a single case of CIEDI (0.33%) and an NNT between 
149 and 200, based on extrapolation from previously re-
ported data [5]. No safety issues associated with the use of 
GCS were noted. The analysis of the cost associated with 
the management of CIEDI and that of GCSs to prevent one 
CIEDI concluded that the use of GCS may be a cost-effective 
intervention. 

The authors acknowledge that relatively low rates of 
CIEDI observed in their study may not be solely attributed 

to the use of GCS. A predominant inclusion of patients at 
low risk of CIEDI, broad-spectrum AP (with longer duration 
in some cases [17%]), and the surgical technique employed 
(i.e., separate pocket closure with absorbable sutures) may 
have contributed to a low CIED rate. 

In addition, the short follow-up (6 months) and exclu-
sion of patients who did not survive the study period may 
have overestimated the effect of GCSs, as CIEDI can occur 
up to 12 months or longer following device placement 
[1, 9, 10]. Moreover, the lack of a control group prevented 
a comprehensive analysis of the cost-effectiveness of the 
proposed bundle strategies against standard of care.

The results of this study are encouraging; however, 
several questions remain. First, as suggested by this study, 
is it time to recommend GCSs for all patients undergoing 
CIED implantation?

The estimated cost of GCS can vary depending on the 
country, local geographic area, and, in some cases, type of 
healthcare system model and insurance coverage, if appli-
cable. Kaczmarek and colleagues mentioned that the cost 
of one GCS at their institution was approximately 79 USD 
(we assume that this was an acquisition cost), which is con-
siderably less than that of the currently available second- 
-generation antibiotic envelope. Based on the reported 
low rates of CIEDI and high NNT, we believe that not all 
patients would benefit from GCSs. Whether this strategy 
would impact outcomes of patients at high risk of CIEDI is 
yet to be determined. However, it is important to highlight 
that although risk factors associated with CIEDI have been 
widely reported in the literature [1], at present, a risk score 
to define a population at high risk of CIEDI has not been 
validated, and a decision to use adjunctive local AP in 
a given patient is usually left at the discretion of the treating 
physician. Moreover, a comparison of the cost-effectiveness 
of this approach versus emerging technologies with a pre-
sumably lower risk of CIEDI, such as leadless pacemakers is 
lacking [11, 12]. Second, if a patient is deemed a candidate 
for a local antibiotic-delivered therapy at the time of CIED 
implantation, then should GCS or the minocycline and 
rifampin envelope be used? 

To date, there are no clinical trial data that have exam-
ined outcomes in patients randomized to receive either 
of these two adjunctive therapies at the time of CIED im-
plantation. In a comprehensive analysis of breakthrough 
CIEDI cases in the WRAP-IT study [13], a small but sizable 
proportion of cases were due to Gram-negative aerobic 
bacteria. The use of GCSs could, in theory, have better 
activity against this group of organisms compared to 
minocycline and rifampin. Although systemic absorption 
of locally delivered gentamicin is almost nil, it would also 
be important to examine if the broader-spectrum cover-
age of gentamicin could lead to breakthrough infections 
due to multidrug-resistant organisms or fungi. Lastly, the 
authors comment that the unit price of GCS is much lower 
than the minocycline and rifampin envelope. The cost may 
ultimately influence clinical decisions if similar efficacy and 
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adverse events related to the type of adjunct therapy are 
determined in future clinical trials.

Until randomized clinical trials compare the use of 
GCSs to the standard of care, other commercially available 
antibiotic envelopes [14], and newer device technologies 
become available, recommendations on the use of GCSs 
in patients undergoing CIED implantation will remain in-
conclusive.

Article information
Conflict of interest: LMB reports autorship duties from UpToDate, 
Inc. Royalty payments, and consultant payments from Botanix Phar-
maceuticals, Boston Scientific, and Roivant Sciences. ZEG reports no 
conflict of interest. 

Open access: This article is available in open access under Creative 
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (CC BY-NC-ND 4.0) license, allowing to download articles and 
share them with others as long as they credit the authors and the 
publisher, but without permission to change them in any way or use 
them commercially. For commercial use, please contact the journal 
office at kardiologiapolska@ptkardio.pl.

How to cite: Baddour LM, Esquer Garrigos Z. Gentamicin-collagen 
sponge and prevention of cardiac implantable electronic device 
infections: Bargain basement or penthouse suite?. Kardiol Pol. 2021; 
79(10): 1055–1957, doi: 10.33963/KP.a2021.0122.

REFERENCES
1.	 Baddour LM, Epstein AE, Erickson CC, et al. Update on cardiovascular 

implantable electronic device infections and their management: a scien-
tific statement from the American Heart Association. Circulation. 2010; 
121(3): 458–477, doi: 10.1161/CIRCULATIONAHA.109.192665, indexed 
in Pubmed: 20048212.

2.	 Blomström-Lundqvist C, Traykov V, Erba PA, et al. European Heart 
Rhythm Association (EHRA) international consensus document on how 
to prevent, diagnose, and treat cardiac implantable electronic device 
infections-endorsed by the Heart Rhythm Society (HRS), the Asia Pacific 
Heart Rhythm Society (APHRS), the Latin American Heart Rhythm Society 
(LAHRS), International Society for Cardiovascular Infectious Diseases (IS-
CVID), and the European Society of Clinical Microbiology and Infectious 
Diseases (ESCMID) in collaboration with the European Association for 
Cardio-Thoracic Surgery (EACTS). Eur Heart J. 2020; 41(21): 2012–2032, 
doi: 10.1093/eurheartj/ehaa010, indexed in Pubmed: 32101604.

3.	 Da Costa A, Lelièvre H, Kirkorian G, et al. Role of the preaxillary flora in 
pacemaker infections: a prospective study. Circulation. 1998; 97(18): 

1791–1795, doi: 10.1161/01.cir.97.18.1791, indexed in Pubmed: 
9603533.

4.	 De Oliveira JC, Martinelli M, Nishioka SA, et al. Efficacy of antibiotic 
prophylaxis before the implantation of pacemakers and cardioverter-de-
fibrillators: results of a large, prospective, randomized, double-blinded, 
placebo-controlled trial. Circ Arrhythm Electrophysiol. 2009; 2(1): 29–34, 
doi: 10.1161/CIRCEP.108.795906, indexed in Pubmed: 19808441.

5.	 Krahn AD, Longtin Y, Philippon F, et al. Randomized cluster crossover 
trials for reliable, efficient, comparative effectiveness testing: design 
of the Prevention of Arrhythmia Device Infection Trial (PADIT). Can J 
Cardiol. 2013; 29(6): 652–658, doi: 10.1016/j.cjca.2013.01.020, indexed 
in Pubmed: 23702356.

6.	 Tarakji KG, Wilkoff BL, Lieberman RA, et al. Antibacterial envelope to 
prevent cardiac implantable device infection. N Engl J Med. 2019; 381(18): 
1782–1783, doi: 10.1056/NEJMc1908355, indexed in Pubmed: 31665583.

7.	 Knaepler H. Local application of gentamicin-containing collagen 
implant in the prophylaxis and treatment of surgical site infection in 
orthopaedic surgery. Int J Surg. 2012; 10 Suppl 1: S15–S20, doi: 10.1016/j.
ijsu.2012.05.020, indexed in Pubmed: 22659311.

8.	 Kaczmarek K, Strzelecki A, Ptaszyński P, et al. The safety, efficacy and 
cost-effectiveness of gentamycin-collagen sponge in multi-component 
prevention strategy of cardiac implantable electronic device infections 
— the single-center experience. Kardiol Pol. 2021 79 (10): 1079–1085, doi: 
10.33963/KP.a2021.0089, indexed in Pubmed: 34392518.

9.	 Mittal S, Wilkoff BL, Kennergren C, et al. The World-wide Randomized Anti-
biotic Envelope Infection Prevention (WRAP-IT) trial: Long-term follow-up. 
Heart Rhythm. 2020; 17(7): 1115–1122, doi: 10.1016/j.hrthm.2020.02.011, 
indexed in Pubmed: 32087357.

10.	 El-Chami MF, Jacobsen CM, Griffiths RI, et al. Device-related infection 
in de novo transvenous implantable cardioverter-defibrillator Medi-
care patients. Heart Rhythm. 2021; 18(8): 1301–1309, doi: 10.1016/j.
hrthm.2021.04.014, indexed in Pubmed: 33887452.

11.	 El-Chami MF, Bonner M, Holbrook R, et al. Leadless pacemakers reduce 
risk of device-related infection: Review of the potential mechanisms. Heart 
Rhythm. 2020; 17(8): 1393–1397, doi: 10.1016/j.hrthm.2020.03.019, 
indexed in Pubmed: 32247833.

12.	 Boersma L, Barr C, Knops R, et al. Implant and Midterm Outcomes of 
the Subcutaneous Implantable Cardioverter-Defibrillator Registry: The 
EFFORTLESS Study. J Am Coll Cardiol. 2017; 70(7): 830–841, doi: 10.1016/j.
jacc.2017.06.040, indexed in Pubmed: 28797351.

13.	 Sohail MR, Corey GR, Wilkoff BL, et al. Clinical presentation, timing, and 
microbiology of CIED infections: an analysis of the WRAP-IT trial. JACC 
Clin Electrophysiol. 2021; 7(1): 50–61, doi: 10.1016/j.jacep.2020.07.021, 
indexed in Pubmed: 33478712.

14.	 Xiang K, Catanzaro JN, Elayi C, et al. Antibiotic-Eluting envelopes to pre-
vent cardiac-implantable electronic device infection: past, present, and 
future. Cureus. 2021; 13(2): e13088, doi: 10.7759/cureus.13088, indexed 
in Pubmed: 33728111.

http://dx.doi.org/10.1161/CIRCULATIONAHA.109.192665
https://www.ncbi.nlm.nih.gov/pubmed/20048212
http://dx.doi.org/10.1093/eurheartj/ehaa010
https://www.ncbi.nlm.nih.gov/pubmed/32101604
http://dx.doi.org/10.1161/01.cir.97.18.1791
https://www.ncbi.nlm.nih.gov/pubmed/9603533
http://dx.doi.org/10.1161/CIRCEP.108.795906
https://www.ncbi.nlm.nih.gov/pubmed/19808441
http://dx.doi.org/10.1016/j.cjca.2013.01.020
https://www.ncbi.nlm.nih.gov/pubmed/23702356
http://dx.doi.org/10.1056/NEJMc1908355
https://www.ncbi.nlm.nih.gov/pubmed/31665583
http://dx.doi.org/10.1016/j.ijsu.2012.05.020
http://dx.doi.org/10.1016/j.ijsu.2012.05.020
https://www.ncbi.nlm.nih.gov/pubmed/22659311
http://dx.doi.org/10.33963/KP.a2021.0089
https://www.ncbi.nlm.nih.gov/pubmed/34392518
http://dx.doi.org/10.1016/j.hrthm.2020.02.011
https://www.ncbi.nlm.nih.gov/pubmed/32087357
http://dx.doi.org/10.1016/j.hrthm.2021.04.014
http://dx.doi.org/10.1016/j.hrthm.2021.04.014
https://www.ncbi.nlm.nih.gov/pubmed/33887452
http://dx.doi.org/10.1016/j.hrthm.2020.03.019
https://www.ncbi.nlm.nih.gov/pubmed/32247833
http://dx.doi.org/10.1016/j.jacc.2017.06.040
http://dx.doi.org/10.1016/j.jacc.2017.06.040
https://www.ncbi.nlm.nih.gov/pubmed/28797351
http://dx.doi.org/10.1016/j.jacep.2020.07.021
https://www.ncbi.nlm.nih.gov/pubmed/33478712
http://dx.doi.org/10.7759/cureus.13088
https://www.ncbi.nlm.nih.gov/pubmed/33728111

