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Objective: Cardiac implantable electronic device (CIED) infection is the most devastating adverse event related to any invasive 
CIED procedure. Our study investigates the adjunct use of a novel taurolidine containing antimicrobial solution during cardiac 
implantable electronic device placement to prevent cardiac implantable electronic device infection.

Methods: The authors prospectively evaluate all consecutive CIED procedures performed with adjunct use of the taurolidine 
containing antimicrobial adjunct in our centre. Cardiac implantable electronic device, procedure and patient related risk factors 
are recorded. Primary endpoint was  major CIED infection. Patients were followed-up three months after implantation  for acute 
CIED  infections and one year after for subacute CIED infections. 

Results: From September 2023 to January 2024, 26 high-risk CIED procedures were conducted with the taurolidine-based 
antimicrobial adjunct. Throughout the 3-month follow-up period, no infections were observed. Additionally, only one adverse 
event related to the CIED was recorded, with no adverse events of any severity related to the procedures or the antimicrobial 
adjunct, nor was any all-cause mortality reported during the follow-up period.

Conclusions: The use of the taurolidine containing antimicrobial adjunct for any CIED procedure is safe. No adverse event in 
relation could be recorded. 
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Graphical abstract

Introduction

Cardiac implantable electronic devices (CIEDs) play a critical 
role in treating arrhythmias and preventing sudden cardiac 
death (1). Despite their therapeutic importance, CIED 
procedures carry risks of adverse events (AEs), including 
procedural complications (e.g., hematoma formation, lead 
dislodgement) and device- or patient-related issues (2-5). 
One of the most severe AEs is CIED-associated infection 
(CIEDI), which, although infrequent (1–4% incidence), leads 
to significant morbidity, mortality, and healthcare burden 

(6-10). Infections may remain localized to the surgical site or 
pocket but can extend to transvenous leads, causing infective 
endocarditis (L-IE). Upon diagnosis, complete removal of the 
device system is necessary, further compounding health risks 
and costs (11).

The rising incidence of CIEDI, surpassing the growth rate 
of implantation procedures, is attributed to the increased 
fragility of patients (e.g., advanced age, comorbidities) and 
the complexity of newer devices, which necessitate longer 
and more intricate surgeries (12-14). 
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Preventive measures such as preoperative intravenous 
antibiotic prophylaxis and antibiotic-eluting envelopes 
have demonstrated efficacy in reducing infection rates and 
are recommended by clinical guidelines (15-17). However, 
evidence for other interventions, such as pocket irrigation 
with antibiotics or antiseptic solutions, remains inconclusive, 
and guidelines generally discourage their routine use due to 
variable study outcomes.

TauroPace™ (TP), a taurolidine-based antimicrobial solution, 
offers a novel approach to infection prevention (18-20). 
Taurolidine, derived from taurine, exhibits broad-spectrum 
antimicrobial activity without promoting resistance. Upon 
in vivo metabolism, it produces active compounds that 
disrupt bacterial adhesion, inhibit biofilm formation, and 
neutralize toxins (21-27). Unlike many antiseptics, TP can be 
safely exposed to the bloodstream, enhancing its application 
as both a surgical antiseptic and a disinfectant for medical 
devices (28, 29).  It is increasingly being used throughout 
Europe in different healthcare settings (30-33).

This study evaluates the efficacy of TP in reducing CIEDI 
rates during implantation or revision procedures under 
standard clinical conditions. By addressing an unmet need for 
innovative, evidence-backed infection control measures, TP 
has the potential to improve outcomes in a high-risk patient 
population.

Methods
Study design and population

Study design is prospective observational, open-label, single-
center study.

Patient population and observation duration: The study 
enrolled 26 consecutive patients undergoing CIED placement 
with the use of taurolidine-containing antimicrobial adjunct, 
following them prospectively until hospital discharge and 
through specific intervals for a 3-month follow-up.

Inclusion criteria: Inclusion criteria for this study were based 
on the presence of at least five recognized risk factors for 
CIED infections, identified through a comprehensive analysis 
of patient-, procedural-, and device-related risks as well as a 
Charlson Comorbidity index of 12 points and above. These 
criteria were chosen to align with clinical observations and 
literature, acknowledging their imperfect alignment with 
existing risk stratification models such as PADIT, SHARIFF, RI-
AIAC, BLISTER, PACE DRAP, or KOLEK.

Patient-related risks included renal impairment reflecting 
their strong association with immunosuppression and wound 
healing complications. Additional risk factors comprised 
systemic conditions such as congestive heart failure, diabetes, 
neoplasia and immunosuppression, as well as a history of prior 
infections involving implants, which heightened susceptibility 
due to microbial colonization.

Procedural and device-related risk factors incorporated the 
complexity and duration of the implantation process. Criteria 

included complex devices (e.g., defibrillators or cardiac 
resynchronization therapy systems), revision procedures 
(e.g., lead replacement or system upgrades), and procedure 
durations exceeding 60 minutes. The presence of abandoned 
leads in situ was also included due to its recognized impact 
on infection risk.

Ethical Considerations: This study was conducted in 
accordance with the highest ethical standards, fully 
complying with the principles outlined in the Declaration of 
Helsinki (World Medical Association, 2013). The study utilized 
fully de-identified data, ensuring that no individual could be 
re-identified at any stage. In line with Recital 26 of the General 
Data Protection Regulation (GDPR) of the European Union, 
such data, anonymized to the extent that individuals are no 
longer identifiable, falls outside the scope of data protection 
laws. Consequently, the relevant institutional review board 
(IRB) granted a waiver for informed consent, as the use of 
completely de-identified data posed no risk to individual 
privacy. All research activities adhered to applicable clinical 
research guidelines, including the International Council for 
Harmonization (ICH) Good Clinical Practice (GCP) standards.

Baseline characteristics

The following demographic, anthropometric and clinical 
characteristics were recorded: age, sex, body mass index, 
history and risk factors as therapy with oral anticoagulation 
and dual antiplatelet therapy, heart failure, diabetes, 
cardiomyopathy, chronic obstructive pulmonary disease, 
previous device infections, and  immunocompromized state. 

All patients underwent diagnostic tests such as physical 
examination, echocardiography, complete blood count, and 
blood cultures were conducted if infection was suspected, 
with samples sent for microbiological analysis.

Test device

The study utilized a CE-marked taurolidine-containing 
antimicrobial adjunct (TauroPace™ ; Tauropharm, Bavaria, 
Germany) in accordance with the manufacturer's guidelines. 
This device is routinely employed as the standard of care at 
our institution for high-risk procedures.

Alternative measures, such as antibiotic-eluting or 
extracellular matrix envelopes and antiseptic irrigation 
solutions (e.g., aqueous chlorhexidine or povidone-iodine), 
are not implemented in our center's practice. 

Physicians: Surgeons from the Department of Cardiovascular 
Surgery University Hospital La Paz, P.º de la Castellana, 261, 
28046 Madrid, Spain performed the procedures, with those 
conducting fewer than 50 CIED procedures annually and 
fewer than 200 within three years considered a procedural risk 
for CIED infections.

Procedure packs: All-inclusive CIED-placement procedure 
packs tailored to meet specific needs were introduced a 
decade ago at the center, ensuring proper sterile conditions 
during placement procedures.
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Sterile barrier conditions: Procedures were conducted in 
a positive-pressure operating room with maximum sterile 
barrier precautions, including wearing caps, masks, sterile 
gowns, gloves, and employing large sterile drapes made of 
polypropylene (PP).

Skin disinfection: Antimicrobial compound containing 2% 
chlorhexidine gluconate in ethanol 70% was used for skin 
disinfection by the attending surgeons.

Placement site selection: For de novo placement, the pocket 
was prepared latero-caudal to the left collarbone, while 
intermuscular positioning was adopted for subcutaneous 

implantable cardioverter defibrillator placement. Vein 
preparation for transvenous lead placement was performed 
in the all patients. Procedures were conducted under local 
anesthesia, involving infiltration of the device implantation 
area, venous puncture, skin incision, subcutaneous dissection, 
and creation of the pocket.

Surgical Technique: All implant procedures were carried out 
in accordance with the guidelines set forth by the European 
Society of Cardiology (ESC). Representative images of the 
procedure, including preparatory steps and the procedure 
itself, are provided in Figures 1-3.

Figure 1. Procedural details, highlighting the use of the antimicrobial adjunct TauroPace™ 
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Figure 2. Preparation of the procedure, including immersion of all hardware in TauroPace™  solution and application of 
TauroPace™ -soaked swabs. The surgical site was also irrigated with TauroPace™  to ensure comprehensive antimicrobial 
coverage throughout the procedure

We recorded following  procedural variables as procedure 
duration, procedure >60 minutes, revision and de novo device 
implantation, and type of CIEDs  (pacemaker -PM, implantable 
cardioverter defibrillator – ICD, cardiac resunchronization 
therapy device - CRT).

Endpoints and follow –up

Endpoints: The primary endpoint was major CIED infection 
within the 3-month follow-up, while secondary endpoints 
included all-cause mortality and adverse events.

Endpoint assessment: Diagnostic tests such as physical 
examination, echocardiography, complete blood count, and 
blood cultures were conducted if infection was suspected, 
with samples sent for microbiological analysis.

Statistical analysis 

Data are presented as mean (SD) and number (%).
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Figure 3. Completion of the procedure, demonstrating wound closure followed by the application of CHX gluconate for 
skin antisepsis post-closure

Results

Baseline characteristics of the patients, procedures, and CIEDs 
are provided in Table 1.

As can be seen from Table 1, our study population included 
54% males and 46% females with mean age of 73 years. 
Among them 38% underwent PM, 30%  - ICD and 32% CRT 
device implantations. There were  62% de novo implantations 
and 30%  - revision.  More than half of patients had heart 
failure, 1/3 - diabetes and 1/3 renal impairment.  

Procedural and follow –up outcomes 

Analysis of 26 patients demonstrated no major CIED infections 
during the follow-up period. Additionally, no adverse events, 
regardless of severity, were associated with the procedures,  or 
the antimicrobial adjunct used. One early revision due to CRT 

dysfunction was necessary. No patient succumbed during the 
observation. 

Discussion

This study adopted a prospective observational approach, 
characterized by an open-label design, and was executed at a 
single center. It enlisted 26 consecutive patients undergoing 
CIED procedures, administered with a taurolidine-containing 
antimicrobial adjunct, and prospectively followed after 
hospital discharge, with a minimum 3-month follow-up 
period. Analysis of the 26-patient cohort unveiled no major 
CIED infections during the follow-up period 

The cohort encompassed patients with diverse comorbidities 
and an anticipated increased risk for CIED infection, with no 
serious complications in relation to the antimicrobial adjunct 
detected.
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Table 1. Baseline characteristics and the most important risks in relation to devices, procedures and patients

Variables Mean (SD) or n(%)

Age, years 73.2 (15.8)

Male sex, n(%) 14 (54)

Body mass index, m/kg2 25.2 (4.3)

Risk factors, n(%)

Heart failure 14 (53)

Cardiomyopathy 16 (62)

Diabetes 8 (30)

Chronic obstructive pulmonary diseases 5 (20)

Renal impairment 8 (30)

Immunocompromized state 16 (62)

Previous device infection 2 (8)

Oral anticoagulation therapy 9 (35)

Dual antiplatelet inhibition 5 (20)

Devices, n(%)

Pacemaker 10 (38)

Implantable cardioverter defibrillator 8 (30)

Cardiac resynchronization therapy device 10 (32)

Procedural details

Revision, n(%) 8 (30)

De novo  implantation, n(%) 18 (62)

Procedure >60 minutes, n(%) 4 (15)

Procedure duration, min 36.0 (20.5)

CIED infections pose significant challenges, with recent data 
indicating increased incidence and underdetection (34-
36). Various factors contribute to infection risk, including 
patient comorbidities and procedural complexity (12). 
While guidelines offer recommendations for prevention, 
the effectiveness of certain preventive measures remains 
uncertain (16, 17, 37). 

The absence of major CIED infections in the 26-patient 
cohort observed in this study is a significant finding that 
warrants attention in the context of existing literature on 
CIED infections. The utilization of a taurolidine-containing 
antimicrobial adjunct during CIED procedures, coupled 
with meticulous follow-up for a minimum of 3 months 
post-procedure, suggests a promising avenue for infection 
prevention.

Prospective observational studies, such as this one, are 
valuable in providing real-world insights into the effectiveness 
of preventive measures (19). The open-label design and 
execution at a single center enhance the study's internal 
validity, allowing for a focused evaluation of the intervention's 
impact on infection rates.

The diverse nature of the patient cohort, characterized by 
the presence of various comorbidities and an anticipated 

increased risk for CIED infection, reflects the real-world 
complexity of CIED implantation scenarios. Despite these 
challenges, the absence of major infections underscores the 
potential efficacy of the taurolidine-containing antimicrobial 
adjunct in reducing post-procedural infectious complications.

These findings align with existing literature that recognizes 
the importance of infection prevention strategies in CIED 
procedures employing taurolidine (18).  Studies have 
highlighted the substantial morbidity, mortality, and 
healthcare costs associated with CIED infections, emphasizing 
the need for effective preventive measures (38).

Taurolidine is a compound with broad-spectrum antimicrobial 
properties that has been investigated for its potential in 
preventing various types of infections, including those 
associated with medical device implantation (20, 39-41).

The extant literature on taurolidine indicates its general 
tolerability as an antimicrobial agent. Potential side effects 
may encompass a metallic taste subsequent to its central 
venous administration; however, the adverse events reported 
are attributed to adjunctive fibrinolytics or anticoagulants 
(i.e., citrate) in commercially available antimicrobial central 
line locks, as no such occurrences have been documented 
thus far for taurolidine itself (29, 42, 43).
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Within the framework of the described study, the lack of 
adverse events associated with taurolidine employment 
emerges as a significant discovery bolstering its safety 
profile. The absence of serious complications within the 
cohort, notwithstanding the inclusion of patients exhibiting 
varied comorbidities and undergoing prolonged procedural 
durations, provides reassurance.

However, it is important to acknowledge that the study may 
not have captured all potential adverse events, particularly 
rare or long-term complications. Additionally, the duration 
of follow-up in this study was limited to a minimum of three 
months, which may not be sufficient to detect delayed or 
uncommon adverse reactions.

A three-month follow-up period is sufficient for assessing 
CIED infections, as the majority occur within this timeframe, 
aligning with findings from large randomized controlled trials 
(RCTs) such as the WRAP-IT and PADIT trials (36, 44). These 
studies demonstrated that early infections, often linked to 
procedural factors, typically manifest within the first 90 days 
post-implantation. Late-onset infections beyond this period 
are comparatively rare and often associated with patient-
specific factors or unrelated events (35). Thus, a three-month 
period captures the clinically relevant window for device-
related infections, providing a robust basis for evaluating 
infection rates in both research and clinical practice.

As with any medical intervention, the safety of taurolidine 
should be evaluated in the context of its benefits. While the 
findings from different studies suggest that taurolidine may 
effectively prevent major CIED infections, further research 
is needed to fully assess its efficacy and safety profile over 
longer periods and in larger patient populations.

Although the lack of significant infection complications 
is promising, it is imperative to recognize the constraints 
of this study, such as its relatively modest sample size 
and confinement to a single center. Further investigation, 
encompassing larger multicenter studies and ideally 
randomized controlled trials that directly compare with the 
gold standard, is necessary to substantiate these results and 
ascertain the broader effectiveness of taurolidine-containing 
antimicrobial adjuncts in CIED procedures.

Compared to antibiotic-eluting envelopes, such as TYRX, 
which demonstrated a 40% relative risk reduction in infections 
in the WRAP-IT trial (36) taurolidine offers a simpler, less 
costly approach with fewer logistical requirements, though 
it currently lacks validation through RCTs. While antibiotic 
envelopes provide sustained, localized antibiotic delivery for 
up to seven days, their high number-needed-to-treat (NNT 
= 200) limits cost-effectiveness in low-risk populations (45). 
In contrast, taurolidine may offer a broader applicability if 
substantiated by further studies.

Study limitations

This study, while providing valuable insights into the use of 
the taurolidine-based antimicrobial adjunct, faces several 

limitations. First, the cohort size of 26 patients is relatively 
small, which may limit the generalizability of the findings. A 
larger sample size would be required to confirm these results 
and better assess the effectiveness of the antimicrobial 
adjunct across diverse patient populations and procedural 
contexts. Second, the observational, open-label design 
of the study lacks a control group, which may introduce 
potential biases in the interpretation of outcomes, such as 
the absence of infections or adverse events. Moreover, the 
study's short follow-up period of 3 months restricts the ability 
to evaluate long-term efficacy and safety. Additionally, while 
the use of a taurolidine-containing antimicrobial adjunct 
was standardized, the absence of a direct comparison with 
other infection prevention strategies limits the ability to 
draw definitive conclusions on its superiority. Finally, the 
study relied on clinician-based assessments for infection 
and adverse event outcomes, which may not fully account 
for all potential subclinical infections or complications that 
could have occurred post-procedure. Future research with a 
randomized controlled design, longer follow-up, and a larger 
patient cohort is needed to address these limitations and 
further validate the findings.

Conclusions

In conclusion, the results of this study contribute to the 
growing body of evidence supporting the potential role of 
taurolidine-containing antimicrobial adjuncts in preventing 
or fighting CIED infections (20, 30-33, 46, 47). While the study 
provides valuable insights into the safety of taurolidine as 
an antimicrobial adjunct in CIED procedures, continued 
vigilance and research are necessary to ensure its safe and 
effective use in clinical practice. Continued research efforts 
in this area are essential for refining infection prevention 
strategies and improving outcomes for patients undergoing 
CIED procedures. Close monitoring of patients and ongoing 
evaluation of adverse events will be essential in establishing 
the risk-benefit balance of taurolidine in infection prevention 
strategies.

Ethics: This study was conducted in accordance with the 
highest ethical standards, fully complying with the principles 

outlined in the Declaration of Helsinki (World Medical 
Association, 2013). The study utilized fully de-identified 
data, ensuring that no individual could be re-identified 
at any stage. In line with Recital 26 of the General Data 

Protection Regulation (GDPR) of the European Union, such 
data, anonymized to the extent that individuals are no 

longer identifiable, falls outside the scope of data protection 
laws. Consequently, the relevant institutional review board 

(IRB) granted a waiver for informed consent, as the use of 
completely de-identified data posed no risk to individual 

privacy. All research activities adhered to applicable clinical 
research guidelines, including the International Council for 

Harmonization (ICH) Good Clinical Practice (GCP) standards.
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