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A b S T R A C T
Background: Cardiac implantable electronic device (CIED) infections are associated with significant 
morbidity, mortality, and increased healthcare expenses. Apart from standard systemic antibiotic 
therapy, locally acting agents are under investigation as a potential approach for the prevention of 
this complication. 

Aims: The study aimed to summarize our experience with a gentamycin-collagen sponge (GCS) in 
a multi-component prevention strategy of cardiac implantable electronic device infection. 

Methods: We retrospectively analyzed medical records of 312 consecutive patients who underwent 
CIED-related surgery and had at least a 6-month follow-up. All the individuals had GCS applied during 
surgery. An incidence of CIEDs-related infection in our group was compared to the risk level calculated 
according to the commonly used scores. Analysis of cost-effectiveness was also performed. 

Results: Incidence of CIED-related infection, defined as a primary endpoint, occurred relatively rarely 
(0.33%) as compared to the infection risk calculated according to commonly used scores Prevention of Ar-
rythmia Device Infection Trial (PADIT) — 0.83%; CIED-AI — 0.90% or Mittal score — 1.00%; P <0.001 — for 
all). We did not record any complications related to GCS. We analyzed the cost-effectiveness of our 
GCS-based approach, which appeared to be financially beneficial (number needed to treat 149–200; 
difference of CIED infection treatment cost and GCSs price was 5093–26525 $). 

Conclusions: We conclude that: (1) the use of GCS to reduce CIEDs infections is feasible and safe;  
(2) our multicomponent prevention strategy involving the GCS application seems to significantly reduce 
the rate of CIED infection, and it is cost-effective. 

Key words: antibiotic prophylaxis, cardiac implantable electronic device, gentamycin-collagen sponge, 
infection
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INTRODUCTION
Cardiac implantable electronic devices (CIED), excluding 
subcutaneous implantable cardioverter-defibrillator (ICD), 
have a direct connection with the bloodstream and the 
cardiovascular system. As a result, a CIED infection (CDI) 
frequently leads to a life-threatening severe systemic 
infection (sepsis or/and infective endocarditis). The CDI 

rate 6–12 months after implantation was reported as 
2.3%–3.4% [1, 2] in retrospective studies, and 0.6–1.3% in 
prospective observational studies [3, 4], registries [5], the 
cross-over cluster Prevention of Arrhythmia Device Infec-
tion Trial (PADIT) [6], and randomized trials, World-wide 
Randomized Antibiotic Envelope Infection Prevention 
(WRAP-IT) [7]. CDIs are associated with a significant mor-
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W H A T ’ S  N E W ?
The use of gentamycin-collagen sponge (GCS) to reduce cardiac implantable electronic devices infections (CDI) is feasible 
and safe. Our multi-component prevention strategy involving the GCS application seems to significantly reduce the rate of 
CDI and it is cost-effective.

tality rate, morbidity, and a significant financial healthcare 
burden [8–10].

Adequate prevention procedures should be imple-
mented to avoid these catastrophic consequences. Accord-
ing to the European Heart Rhythm Association (EHRA) in-
ternational consensus document [8], preventive measures 
are recommended to modify or eliminate several factors 
associated with CDI, present in pre-, peri- and postoperative 
periods. It is well-known that bacterial colonization and 
bacterial biofilm, ubiquitous in nature, are the most impor-
tant cause of device-associated infection. As systemic an-
tibiotic therapy has a limited impact on biofilm formation, 
antimicrobial agents that act locally or even on the surface 
of implants are thought to be promising [11]. In our center, 
we have implemented a multi-component prevention strat-
egy involving systemic antibiotics and the administration 
of a local gentamycin-collagen sponge (GCS; garamycin). 
Gentamicin sulfate inhibits the synthesis of bacterial pro-
teins and has a broad spectrum of antibacterial efficacy. 
Naturally structured collagen fibers of GCS activate blood 
coagulation, which prevents hematoma formation and, 
therefore, reduces the risk of bacterial colonization. GCS is 
successfully used to prevent a local infection of high-risk pa-
tients and in procedures in orthopedics and traumatology 
[12], cardiac surgery [13–15], and proctology [16]. There is 
only one single report in the Congress proceedings related 
to the prevention of CDI [17]. To the best of our knowledge, 
we present the first complete study on the application of 
GCS in the prevention of CDI. 

METHODS
This retrospective observational study included all con-
secutive patients who underwent CIED implantation at 
the Electrocardiology Department of the Central Univer-
sity Hospital in Lodz in the third and fourth quarter of 
2019. This analysis covered all classic devices implanted 
in the subclavicular region and connected to transvenous 
leads. Subcutaneous ICD, leadless pacemakers, and de-
vices with epicardial leads were excluded. Data regarding 
demographics, laboratory tests, treatment, and clinical 
course including hospitalizations, procedural details, as 
well as out-patients clinic visits, were collected based on 
the hospital’s electronic medical records. The follow-up 
was at least six months. In the case of missing follow-up 
records, we made phone calls to fill in this information. 
Special attention was paid to patient-related risk factors, 
including the history of device infection, chronic kidney 
disease, immunosuppression, chronic obstructive pulmo-
nary disease (COPD), diabetes, chronic heart failure, New 

York Heart Association class, skin disorders, malignancy, 
and antithrombotic medications. Then procedure-related 
details were collected: the type of procedure (de novo im-
plantation, device replacement, revision, or upgrade), pro-
cedure duration, hematoma, need for early reintervention, 
temporary pacing, and antibiotic prophylaxis. Additionally, 
device-related details, such as the type of generator pocket 
(i.e., subclavian, abdominal pocket), type of lead (endocar-
dial and epicardial), and the number of leads implanted 
were recorded. CDI was considered as a primary endpoint 
of our study; however, any type of complication related to 
CIED was carefully analyzed. 

Infective complications were defined following the 
EHRA international consensus [8] and included: superfi-
cial incisional infection and CDI with 2 variants: pocket 
infection and CIED systemic infection/infective endocar-
ditis. For precise pocket hematoma classification, we used 
the hematoma grading based on the recently published 
classification [18]. 

We have performed CIED implantation according to 
a locally established standard regarding pre-, intra-, and 
postoperative periods. Our preoperative management 
included an appropriate selection of patients eligible for 
CIED implantation, identification of risk factors associated 
with CDI and, if possible, their elimination (e.g., avoiding 
central venous catheters, discontinuation of antithrombot-
ic therapy). We excluded patients with any current infec-
tion. Moreover, we inspected oral cavities and performed 
sanitation when required. Electrocoagulation used as 
a supportive measure for surgical hemostasis was con-
sidered as the standard of care. GCS with a dimension of 
10 × 10 × 0.5 cm, containing the aminoglycoside antibiotic 
gentamicin sulfate (200 mg: 2 mg/cm2) and purified bovine 
collagens (type I — 95% and type III — 5%), was routinely 
put into the generator pocket. GCS provides a high local 
concentration of gentamicin (reached after 1–2 hours 
and maintained at this level for several days) with cor-
responding low serum levels [19, 20]. Based on relevant 
papers published previously, as well as nearly 20 years of 
experience at our center, in 2018 we implemented our 
recommendation for antibiotics prophylaxis, which was 
approved by the hospital team for the control and preven-
tion of infections. We created a multi-component risk score 
system of CIED infections that defined the score 3 points 
as high risk (Table 1) [21]. Accordingly, in low CDI-risk pa-
tients, we recommended an intravenous administration 
of ceftriaxone (2.0 g) within 60–120 minutes before the 
planned beginning of a procedure (vancomycin in case of 
allergy to cephalosporins or carriers of methicillin-resistant 



1081

Krzysztof Kaczmarek et al., Gentamycin-collagen sponge in cardiac implantable device infections

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a

staphylococcus aureus). In the case of high-risk patients, 
we recommend prolonging antibiotic prophylaxis treat-
ment up to 72 hours after the procedure. As described 
above, a fragment of GCS was obligatorily inserted into 
each generator pocket, which was subsequently closed 
with absorbable sutures. Thereafter, the remaining portion 
of GCS (approximately 1/5) was placed below sutures on 
the subcutaneous tissue. A prolonged course of antibiotics 
was also indicated in the case of a pocket hematoma, fever, 
or symptoms of infection. If the patient’s discharge was 
planned before the completion of antibiotic treatment, 
ambulatory oral therapy was prescribed (cefuroxime 0.5 g 
2 times a day or in the case of allergy to cephalosporin 
clindamycin 0.6 g 3 times a day). 

Cost-effectiveness estimations were performed with 
the use of our own data and information published in the 
United Kingdom. Costs of CDI-related hospitalizations, 
CIEDs extractions, and implantations of new CIEDs sys-
tems, if necessary, were summed up as an approximation 
of expenses connected to CDI. Additionally, data from the 
United Kingdom were also used for cost-effectiveness cal-
culations to give a broader perspective. These costs were 
recalculated in United States dollars (USD). The price of 
one GCS in our institution was approximately 79 USD, and 
in the data published in the United Kingdom — £80 [22], 
whereas the costs related to one patient with CDI in Great 
Britain were estimated at £30 958  [3].

The study was performed in compliance with the Hel-
sinki Declaration and with Good Clinical Practice standards 
and was approved by the local Bioethical Committee (No. 
RNN/175/20/KE). All the patients gave informed consent 
before the CIED-related procedure.

Statistical analysis
Statistical analysis was done using Statistica software (ver. 
13, StatSoft Inc., Tulsa, OK, USA). Continuous variables 
are shown as mean (standard deviation [SD]) if normally 
distributed or as median (interquartile range [IQR]) other-
wise. Categorical data are shown as numbers and frequen-
cies. For CDI rate frequency and 95% confidence intervals 
were calculated [6, 23, 24]. A comparison between the 
expected CDI risk and the CDI rate was done in our study 
with the non-parametric one-sample Wilcoxon signed-rank 
test. Values of P <0.05 were deemed statistically significant.

For the cost-effectiveness analysis, the absolute risk 
reduction (ARR) was calculated according to common 
principles, as a difference between the estimated event 
rate and the experimental event rate. The number needed 
to treat (NNT) was estimated according to the equation: 
NNT = 1/ARR [25]. The financial benefit of preventing one 
CDI was calculated as (NNT) × (GCS price) and was com-
pared to CDI-related costs.

RESULTS
We included 312 patients, who had undergone CIED im-
plantations. We acquired all patients data mostly from the 
hospital or out-patient clinic data sets. In the case of 22 pa-
tients (7.1%), the information was completed via phone 
calls. The study population consisted mainly of males 
(193 patients; 61.9%). The mean age (SD) of our patients 
was 74.1 (10.8) years, and more than one-third (37.5%) 
were elderly (over 80 years old). The majority of patients 
(219; 70.2%) suffered from hypertension, almost half of the 
study population (151; 48.4%) had chronic kidney disease 
with eGFR lower than 60 ml/min, approximately one-third 
(34.9%) had diabetes, and one in ten (30; 9.6%) patient had 
COPD. Atrial arrhythmias were diagnosed in 141 patients 
(45.2%), and almost one-third (88; 28.2%) had heart failure 
with reduced ejection fraction. Immunosuppression, the 
history of CIED infection or hemodialysis were rare. Fever 
just before implantation (within 48 hours) was not recorded 
for any individual. A vast majority (249; 79.8%) of patients 
received antithrombotic therapy, most often antiplatelets 
(103; 33.0%) and direct oral anticoagulants (96; 30.8%). 
Detailed characteristics of the study population are shown 
in Table 2. 

De novo implantations were performed in 219 (70.2%) 
individuals, 57 (18.3%) had device replacements, and 
36 (11.5%) patients underwent CIEDs revision or upgrade, 
of which 18 (5.8%) had a transvenous lead extraction. 
A history of at least one surgery related to CIED, performed 
prior to the index procedure, was disclosed in 93 individ-
uals (29.8%). The duration of surgery longer than 2 hours 
was recorded in 32 patients (10.3%). Procedural data are 
presented in detail in Table 3. 

Periprocedural antibiotic therapy longer than recom-
mended was applied in 53 (17.0%) patients, and 8 (2.6%) 

Table 1. Multicomponent CDI risk score system

Factor Points

Early CIED-related surgical reintervention (within 90 
days) 

3

Pocket hematoma 3

Temporary endocardial pacing 3

History of CDI 3

Infection or fever within 48 hours before CIED-related 
procedure

3

Hemodialysis 3

Chronic skin disorder 3

Immunosuppressive therapy 3

History of more than 3 CIED-related procedures 2

Index procedure duration of more than 2 hours 2

Diabetes mellitus 1

Chronic obstructive pulmonary disease 1

Chronic kidney disease (eGFR <60 ml/min/1.73 m2) 1

Many comorbidities defined as Charlson index of more 
than 3

1

Congestive heart failure 1

Sum of the points

<3 — low-risk of CDI; 3 or more — high-risk of CDI
Abbreviations: CDI, cardiac device infection; CIED, cardiac implantable electronic 
device; eGFR, estimated glomerular filtration rate



1082

K A R D I O L O G I A  P O L S K A ,  2 0 2 1 ;  7 9  ( 1 0 )

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a

(4; 1.3%) were the most frequently reported reasons for 
prolonged and atypical antibiotic therapy. 

During the in-hospital stay, we observed 4 cases of 
pocket hematomas (1.3%). There were  2 patients with 
first-grade pocket hematoma and 2 patients with third-
grade pocket hematoma requiring discontinuation of 
antithrombotic therapy with prolongation of the antibiotic 
course and hospitalization. Hematomas were completely 
absorbed without any sequelae.

During the follow-up of at least 6 months (median 
[IQR]: 343 [266–420] days), 20 patients (6.4%) died; of these, 
10 patients (3.2%) died within half a year from CIED-related 
surgery. None of the deaths was related to CDI or sepsis 
(Table 4). Eventually, the vast majority of patients (303; 
97.1%) completed a 6-month follow-up alive; therefore, 
these individuals were taken for further analysis of infec-
tious complications related to CIEDs surgery. 

Cardiac electronic device infection was disclosed in 
only one case (0.33%; 95% CI, 0.01%–0.97%). It was an 
isolated pocket infection that was diagnosed 45 days after 
an upgrade from a dual-chamber ICD to a cardiac resyn-
chronization therapy-defibrillator (CRT-D). The infection 
was diagnosed in a 68-year-old male with persistent left 
superior vena cava and a high risk of CDI, according to all 
analyzed scores (our score — 3 points; calculated CDI risk 
from CIED-AI score 2.50%, Mittal score — 3.40% and PADIT 
score — 3.45%) [6, 23, 24]. This patient underwent extrac-
tion of the whole CIED system, and following intravenous 
antibiotic therapy, had a new CRT-D system implanted at 
the right side of the thorax. Additionally, a superficial inci-
sional infection was diagnosed in other 3 patients (0.99%; 
95% CI, 0.0–2.1%). All of them made a full recovery with 
completely healed wounds as a result of ambulatory oral 
antibiotic therapy.

We assessed the risk of CDI in the patients who completed 
6 months’  follow-up using 3 popular score systems: CIED-AI  
score [23], PADIT score [6], and Mittal score [24] (Figure 1). 
The study population’s CDI mean risk was approximately 
1% if estimated with PADIT score (median [IQR]: 0.83 [0.46– 

Table 2. Demographic and clinical characteristics of the study 
population

Total number of patients 312

Age, years 74.1 (10.8)

Female/Male 119 (38.1%)/193 (61.9%)

NYHA class 2.0 (1.0–4.0)

Atrial fibrillation/Atrial flutter 128 (41.0%)/13 (4.2%)

LVEF (%) 53.0 (36.0–58.0)

HFrEF — LVEF <40% 88 (28.2%)

Hypertension 219 (70.2%)

eGFR, ml/min 62.5 (46.9–78.1)

<30 ml/min 25 (8.0%)

Hemodialysis 4 (1.3%)

Prosthetic valve 24 (7.7%)

Chronic obstructive pulmonary disease 30 (9.6%)

Immunosuppressive drugs 6 (1.9%)

Diabetes mellitus 109 (34.9%)

History of previous CIED infection 3 (1.0%)

Transvenous temporary pacing 24 (7.7%)

Antithrombotic treatment 249 (79.8%)

SAPT 70 (22.4%)

DAPT 33 (10.6%)

DOAC 96 (30.8%)

VKA 29 (9.3%)

Others 31 (9.9%)

Previous CIED-related procedure 93 (29.8%)

1 61 (19.6%)

2 25 (8.0%)

≥3 7 (2.2%)

Abbreviations: CIED, cardiac implantable electronic device; DAPT, dual 
antiplatelet therapy; DOAC, direct oral anticoagulants; eGFR, estimated 
glomerular filtration rate; HFrEF, heart failure with reduced ejection fraction; 
LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; 
SAPT, single antiplatelet therapy; VKA, vitamin K antagonists

Table 3. The details of CIED-related procedures

No. of procedures 312

New pacemaker 168 (53.8%)

New ICD 34 (10.9%)

New CRT pacemaker/defibrillator 17 (5.4%)

Pacemaker generator replacement 31 (9.9%)

ICD generator replacement 9 (2.9%)

CRT generator replacement 17 (5.4%)

Revision/up-grade 36 (11.5%)

Transvenous lead extraction 18 (5.8%)

Early <3 months 13 (4.2%)

Duration of procedure

≤2 hours 280 (89.7%)

>2 hours 32 (10.3%)

Left-sided CIED system implantation 306 (98.1%)

Right-sided CIED system implantation 6 (1.9%)

Subcutaneous pocket 312 (100%)

Submuscular pocket 0 (0.0%)

Abbreviations: CRT, cardiac resynchronization therapy; ICD, implantable cardiover-
ter-defibrillator; other — see Table 2

had an atypical antibacterial regimen administered, which 
consisted of different than suggested antibiotics and dos-
age. Temporary intravenous pacing (16; 5.1%), respiratory 
or urinary tract infection (11; 3.5%), early surgical reinter-
vention related to CIED (5; 1.6%), delay due to rescheduling 
of implantation (5; 1.6%), and concomitant Lyme disease 

Table 4. Risk of cardiac device infection and study outcomes

Mittal risk, % 1.00 [1.00–3.40]a

CIED-AI risk, % 0.90 [0.00–0.90]a

PADIT risk, % 0.83 [0.46–1.06]a

Cardiac device infection 1 (0.33%)a

Superficial incisional infection 3 (0.99%)a

Death (causes) 20 (6.4%)

 Stroke 5 (1.6%)

 Malignancy 5 (1.6%)

 Heart failure 3 (1.0%)

 Electric storm 1 (0.3%)

 Chronic kidney disease 1 (0.3%)

 Unknown 5 (1.6%)

Lead dislocation 8 (2.6%)

Pocket hematoma 4 (1.3%)

Data are shown as median [IQR] and number 
aCalculated for patients who stayed alive for more than 6 months (n = 302)
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–1.06]%), CIED-AI score (median [IQR]: 0.90 [0.0–0.90]%), 
and Mittal score (median [IQR]: 1.00 [1.00–3.40]%). The 
CDI rate in our study was significantly lower than the 
calculated risks (P <0.001 – for any score compared to the 
study results).

The number needed to treat with our GCS-based 
strategy to prevent one CDI ranged from 149 to 200, de-
pending on which risk estimation was taken for calculations 
(0.83%–1.00%). CDI-related costs in our region were ana-
lyzed in a group of 12 consecutive patients referred to our 
center due to infection caused by implanted devices. The 
expenses related to the treatment of these patients ranged 
from 7531 USD to 36928 USD (mean [SD]: 20893 [8961] 
USD). Furthermore, the costs that resulted from the 
application of GCS to avoid one CDI were estimated at 
11791–15800 USD, if based on our local data, or £11940– 
–16000 (16653–22315 USD) for the United Kingdom. There-
fore, the difference between the costs related to CDI and 
the costs of avoiding this complication could be estimated 
between 5093–9102 USD and £14958–19018 respectively 
(20862–26525 USD), in favor of the GCS-based strategy.

DISCUSSION
The main findings of our study were that: (1) gentamy-
cin-collagen sponges can be safely used for CDI prevention, 
and such a strategy seems to be beneficial in terms of the 
low infection rate; (2) the use of gentamycin-collagen 
sponges seem to be cost-effective.

Although systemic antibiotic treatment is highly ef-
fective in the prevention of bacterial contamination (and 
CIEDs infection) [26, 27], it is inefficient in the elimination of 
bacterial biofilm, therefore, locally acting antibiotics were 
thought to be an interesting additive option. An antibac-
terial multifilament mesh envelope (TYRXTM, Medtronic, 
Plymouth, MN, USA) eluting minocycline and rifampin 
reduced the incidence of CIED infection in the WRAP-IT 
trial (40% lower incidence of a major CIED infection than 
standard-of-care infection-prevention strategies alone) [7]. 
An experimental study, using an in-vitro biofilm system, 
demonstrated that the antibacterial envelope inhibited 
the ability of Staphylococcus aureus to form biofilms on 
mock CIEDs [28]. Like TYRX, GCS releases antibiotics locally, 
and its efficacy in the eradication of bacterial biofilm was 
proved in vitro (on hydroxyapatite surface) [19]. Therefore, 
a high local concentration of antibiotics (in the case of GCS 
— gentamicin) maintained for several days in the generator 
pocket may prolong the inhibition of bacterial colonization 
[20]. In our center, a few years ago the above-mentioned 
rationale led to multidisciplinary consultations, which re-
sulted in the elaboration of a multi-component prevention 
strategy of CDI that included application GCS during each 
CIED implantation apart from standard systemic antibiot-
ic prophylaxis. This approach was incorporated into the 
internal recommendations of our institution, which were 
approved by the hospital team for infection control and 
prevention. 

In our retrospective study, we showed the safety and 
efficacy of our strategy that included GCS. No complica-
tion related to GCS was observed, and the low rate of CDI 
was recorded (only one case, 0.33%). It would have been 
expected approximately 3 patients with CDI (c.a. 1% in 
PADIT score, CIED-AI score and Mittal score). Additionally, 
the risk of CDI infection in retrospective studies is generally 
significantly higher than in prospective trials (2.3%–3.4%) 
[1, 2], which forecasts up to 10 CDI in our population. If such 
predictions are compared with our results, it seems that our 
strategy might have saved from 2 to 8 patients from CDI. 

Nonetheless, it must be underlined that our approach 
was not only based on GCS but included more aggressive 
systemic antibiotic therapy (ceftriaxone iv at least twice 
— one dose before the procedure and one the day after) 
[8], and additionally, a specific surgical technique of sepa-
rate pocket closure with absorbable sutures. A worldwide 
survey [29] showed that longer than recommended [8] 
periprocedural antibiotic therapy is commonly applied, 
which is mainly due to the threat of CDI, recognized as 
a devastating complication. The surgical technique that 
we use could potentially reduce the rate of pocket hemat-
oma, whose occurrence is related to an even nine-fold 
increased risk of CDI [30]. The rate of hematoma in the study 
population was 1.3%, which was lower than rates gener-
ally reported in previously published studies (3.2%–9%) 
[31–33]. However, it should be noticed that GCS applied to 
the pocket might activate blood coagulation and prevent 
the hematoma [12, 16]. Therefore, it could be possible that 
the use of GCS and our specific surgical technique might 
be considered as efficient measures to reduce the rate of 
pocket hematoma. Another important factor influencing 
CDI is the need for early reintervention, as well as long 
complex TLE procedures, which are connected with the 
higher risk of hematoma and prolonged hospital stay [34]. 
In our group, 13 CIED surgeries were performed less than 
3 months after the index procedure. The most frequent 
reasons were lead dislocation (2.5%) and “dry” perforations 
(0.95%), which were also reported elsewhere [31, 33, 35]. 

Our CDI-prevention strategy with the use of GCS seems 
to be cost-effective. Depending on which risk score is used, 
the number needed to treat for saving one patient with 
CDI was 149 to 200 for GCS, which was similar (40–166) to 
the TYRx antibacterial envelope [7, 36]. Moreover, the unit 
price of GCS is much lower than the competing envelope 
(79-110 USD vs. 895 USD) [22, 36]. Thus, the use of gentam-
ycin sponges would remain still cost-effective even if only 
0.3% of patients were spared from CDI. As CDI is connected 
with catastrophic consequences [37], the GCS-based CDI 
prevention strategy should be considered in patients with 
a high risk of infective complication. However, having in 
mind the relatively favorable cost-effectiveness of such 
an approach, using the GCS strategy might be useful in all 
patients undergoing CIEDs-related surgery. 

The study had several limitations, among them the 
most important were a single-center location, retrospective 
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analysis, including a medium-size study population, and 
relatively short follow-up. On the other hand, this study 
reflected real-world management. The lack of personal 
contact with the patients, which was substituted with 
phone teleconsultations, could be a potential reason for 
the under-detection of CIED-related infections. However, 
due to the COVID-19 pandemic, this was the only possible 
option in some cases. Additionally, cost-effectiveness cal-
culations have the potential  of imprecision due to different 
equipment which is used for removal of CIEDs systems 
implanted 12 months or longer before the extraction than 
those inserted earlier.

Based on our results the following conclusions can be 
drawn. The use of gentamycin-collagen sponges to reduce 
cardiac electronic device-related infections is feasible and 
safe. Our multi-component prevention strategy involving 
the application of GCS seems to significantly reduce the 
rate of CIED infection and to be cost-effective. A further 
prospective and randomized multicenter study is needed 
to confirm our findings. 
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