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Abstract

Background: Cardiac implantable electronic devices (CIEDs) are commonly used to treat cardiac arrhythmias and
prevent sudden cardiac death. Complications of CIED therapy include component malfunction, lead dislodgement,
skin erosion and infection. Infection can result in significant morbidity and even mortality. The recommended treat-
ment of CIED skin erosion and infection is urgent complete device extraction. When this is infeasible due to patient or
resource factors, an attempt could be made to salvage the exposed or infected CIED system by debridement of all the
infected necrotic tissues and irrigation of the pocket and contaminated hardware with anti-septic/antibiotic solutions.
Taurolidine, when dissolved in an aqueous solution, produces a broad spectrum of antimicrobial actions and may be
used as a novel irrigation agent during CIED salvage.

Case presentation: This report describes the first use of a taurolidine-containing solution for pocket irrigation and
in situ hardware sterilisation that resulted in the successful salvage of a CIED infected with multi-resistant Staphylococ-

cus epidermidis.

Conclusions: A taurolidine-containing antimicrobial solution can be a safe and effective alternative to traditional
antiseptic/antibiotic solutions for pocket irrigation and in situ hardware sterilisation during CIED salvage, and may
produce better clinical outcomes by some unique mechanisms of action such as inhibition of biofilm formation and
neutralisation of endotoxins, with little risk of inducing and encountering resistance.
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Background

Cardiac implantable electronic devices (CIEDs) deliver
lifesaving and transforming therapies for millions of
patients worldwide every year. Globally, CIED implanta-
tion has been increasing year-on-year in many countries
[1]. However, the growth in CIED implantation has coin-
cided with a higher-than-expected rise in CIED infection
[2, 3]. The reasons of the excess rise in CIED infection are
many and include older CIED recipients with more co-
morbidities and a larger portion of complex and revision
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procedures (e.g. pulse generator replacement, lead inser-
tion and removal) [4, 5]. The current guidelines recom-
mend complete removal (including all the leads) of any
infected CIED system [3]. However, this radical treat-
ment strategy might not always be feasible due to patient
and resource factors, in which case an attempt could be
made to salvage the infected CIED system [6]. Successful
salvage of infected CIED system with in situ sterilisation
of the contaminated hardware has been reported [7, 8].
TauroPace”" (TauroPharm GmbH, Waldbiittelbrunn,
Bavaria, Germany) is an antimicrobial agent specifically
developed for use during CIED procedures. Its active
ingredient is taurolidine. Dissolved in an aqueous solu-
tion (which contains povidone to increase its stability),
in presence of esterase and enzymes, taurolidine and
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cyclo-taurolidine are hydrolysed to the active compounds
n-methylol-taurultam, taurultam and n-methylol-tauri-
namide [9, 10]. The metabolites degrade further through
hydrolysis into taurine, a naturally occurring amino-
sulfonic acid found in many biological tissues and secre-
tions. In the process, 3 methylol groups are generated
and these are believed to be the chemical active species
responsible for taurolidine’s antimicrobial actions, which
include denaturation of the pathogen cell wall and surface
fimbrae or flagellate, inhibition of adherence to human
epithelial and fibroblast cells, interference with biofilm
formation, neutralisation of endotoxins and some exo-
toxins [11-15]. After all the antimicrobial actions have
been delivered, the end-product of taurolidine metabo-
lism, taurine, has anti-oxidant and anti-inflammatory
properties and has been shown to enhance wound heal-
ing in vitro and in animal models in vivo [16—18]. Taurine
creates an acidic local environment that further enhances
the hydrolysis of taurolidine. The half-lives of the active
metabolites methyl-taurultam and methylol taurinamide
are 1.56 and 6 h in the presence of saccharides, peptides
and glycans [19].

Case presentation
A 70-year-old male patient was implanted with a sin-
gle-chamber implantable cardioverter defibrillator
(ICD) in February 2012. In February 2017, his device
was upgraded to an ICD capable of delivering cardiac
resynchronisation therapy. The upgrade procedure
was straightforward and the patient received antibiotic
prophylaxis as per the implantation centre’s protocol. The
patient made an uncomplicated recovery from the proce-
dure. He had no issues with device malfunction or wound
infection/skin erosion at 4 weeks and 12 weeks follow-up.

In November 2018, the patient was incidentally noticed
to have purulent fluid seeping out from a fistula approxi-
mately 8 mm cranial to the lateral end of the device
wound scar when assessed for toe amputation (Fig.1).
The patient was re-referred back to the electrophysiol-
ogy service. On inspection, the inflammation appeared
mild and localised around the device wound scar. Swabs
from the discharging punctum grew methicillin-resist-
ant Staphylococcus epidermidis sensitive to linezolid.
Repeated blood cultures were consistently negative for
bacterial growth. Trans-oesophageal echocardiography
showed no vegetations on the intracardiac portions of the
leads. The patient declined complete ICD explantation
with lead extraction but would agree to a less invasive
device salvage procedure. As a result, the latter treatment
strategy was adopted.

Pre-procedure, empirical antibiotic therapy was started
with cefuroxim. It was changed and the patient received
7 continuous days of intravenous linezolid as per the
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Fig. 1 Picture of surgical site showing discharging punctum just
cranial to the lateral end of the previous incision scar

advice from Microbiology. During the procedure, an
elliptical island of skin around the punctum was excised.
The incision was then extended into the original ICD
wound scar at both ends. The ICD pulse generator was
liberated from the encasing fibrous subcutaneous tissues,
extracted out of the device pocket, detached from the
leads, cleaned of any obvious adherent debris and then
immersed in TauroPace™ (TauroPharm GmbH, Bavaria,
Germany). The sutures holding the anchor sleeves and
leads in place were cut and removed. The anchor sleeves
were removed. Capsulectomy was performed by electric
cautery with simultaneous haemostasis. The debrided
device pocket was irrigated with TauroPace. The acces-
sible segments of the leads were wiped with swabs soaked
with TauroPace'". The connector pins of the leads were
wiped with TauroPace™ swabs before being plugged back
into the ports on the old ICD pulse generator. The torque
wrench was dipped in TauroPace"" before engaging with
the seals covering the set screws. A subpectoral pocket
was prepared and irrigated with TauroPace™ and the
pulse generator and leads were positioned within. The
wound was closed. Another 20 cc of TauroPace” was
injected directly into the subcutaneous tissues around
the wound (not into the pocket!).
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The device wound showed some mild inflammation
the next day but that rapidly settled. Repeat blood cul-
ture was negative for bacterial growth. The patient recov-
ered well from the procedure and was discharged. The
patient was followed up continuously for 33 months from
his device salvage in November 2018 till his death from
causes unrelated to his ICD or infection in August 2021
(Fig. 2). During that time, the patient suffered no recur-
rence of ICD infection or skin erosion.

Conclusions

Despite categorical guideline recommendation of com-
plete system explantation for treatment of CIED infec-
tion [3], lead extraction requires special equipment and
expertise, may not be readily available or acceptable to
the patient, and is associated with a risk (however small)
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of very serious complications (e.g. cardiac avulsion, vas-
cular avulsion, haemothorax and cardiac tamponade)
that may result in emergency open chest surgery or even
death [20]. CIED salvage is an attractive alternative man-
agement strategy if it could be made more effective in
“eradicating” infection, in the sense of no recurrence of
overt clinical infection even if dormant bacteria colonisa-
tion remains [21]. CIED salvage may have been success-
ful in anecdotal reports [7, 8], but was not consistently
effective in larger series [6]. The antimicrobial agents
which have been used for pocket irrigation and in situ
hardware sterilisation include diluted povidone-iodine,
diluted hydrogen peroxide, diluted alcohol and antibi-
otic solutions. TauroPace"" is an alternative antimicrobial
agent that has been successfully used to salvage left ven-
tricular assist device driveline infection [22]. Apart from
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antimicrobial actions, the wound healing enhancement
properties of taurolidine (taurine) when locally applied
(directly injected into the subcutaneous tissues around
the pocket in this case) is an additional bonus [17, 18].
This first report of TauroPace s use in successful salvage
CIED infection provides a proof-of-concept and founda-
tion for future research.
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