VILNIUS UNIVERSITY
MEDICAL FACULTY

The Final thesis

Infections in patients with implanted cardiac pacemakers and 1CDs

Sumeyya Alper, V1 year, 1 group

Department/ Clinic Clinic of Cardiac and Vascular diseases

Supervisor Prof. dr. Germanas Marinskis

(academic and scientific degree name surname)

The Head of Department/Clinic Prof. dr. Aleksandras Laucevicius

(academic and scientific degree name surname)

2022.05.01

Email of the student sumeyya.alper@mf.stud.vu.lt



mailto:sumeyya.alper@mf.stud.vu.lt

Summary

Cardiac implantable electronic devices are well established treatment options for many heart
conditions, by implanting such a device many deaths have been prevented. At the same time
new challenges have appeared, one of the most severe complications is a device infection,
leading to a higher mortality rate, as well as longer hospital stay accompanied with a burden
for the health system and patient. To deal with this problem clinicians and researchers have
investigate different treatment options but haven not yet found a better solution than removing
the device and simultaneously treating the infection with antibiotics. Not only does this
require repeated surgical intervention which puts the patient at risk for complications, but it
also increases the likelihood for reinfections. Due to drawbacks of present treatment methods
the primary focus is laid on the prevention of infections. An evaluation of the patient for
comorbidities is crucial, as they are known to increase the infection rate, the use of antibiotic
prophylaxis has been proven to be successful. Prevention is not solely based on the patient’s
characteristic; it extends to the device and even the procedure itself. This literature review
with a case report will be mainly focusing on determining the most significant risk factors and
preventive measurements to decrease the infection rates that are reported post implantation,
all this will be done while comparing the case to the found evidence from many different
studies. The studies used include all types like meta-analysis, double-blinded studies,
prospective and retrospective studies that are examining any type of cardiac device

implantation.
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Introduction

Sudden cardiac death (SCD), also called sudden cardiac arrest is defined as an unexpected
natural death that occurs due to a cardiac cause within one hour post symptoms development
(1, 2). If no witness is present to confirm this, SCD is diagnosed, if the death of the person is
noticed less than 24 hours after the person was seen alive (2). SCD along with arrhythmia
account for approximately 15 — 20% of deaths worldwide, which requires immediate actions
like resuscitation and defibrillation to save the patient’s life (2). While many different
aetiologies may cause SCD, coronary heart disease is yet known to be the leading risk factor

(3). The risk of mortality from SCD in patient who have had previously survived cardiac



arrest, is extremely high, but not only those patients have an increased risk of SCD. After
thorough evaluation of risk factors and past medical history of patients, indication for ICD
will be made. The indications can be divided into primary or secondary preventive
measurement (4,5).

In 1980, the first implantable cardioverter defibrillator (ICD) was introduced into clinical
practice, which at first was met by distrust and was rather rejected as a new treatment option.
Clinical trials made it possible to prove the benefit of an ICD in significantly decreasing the
mortality rate in patients with life-threatening arrhythmias, and helped to implement the use
of an ICD as a standard procedure for those patients (6). Over the past decades the indication
for ICD implantation have been expanded for a variety of cardiological conditions. A similar
path was achieved with the successful invention of a pacemaker in 1960, patients who
suffered from bradyarrhythmia could be treated and death caused by this condition could be
prevented (7). CIEDs, which includes any permanent device, that is used for the treatment of
cardiac arrhythmias, have saved many lives over the last decades, but as with any other
procedure implantation of any CIED come with risks. Complications like tamponade,
haematoma, haemothorax, pneumothorax and lead dislodgment have been reported after
CIED implantation (8). Infection of the devices however have been increasing out of
proportion, and are the most challenging of the many possible complications, furthermore it is
considered a very severe complication, which left untreated can lead to the death of the
patient. (9-11).

ICD can be implanted for primary and secondary prevention of SCD. While primary
prevention is targeted for patients without any documented life-threatening ventricular
arrhythmias, but with potential risk for it, secondary prevention is indicated for patients who
survived a cardiac death, hemodynamically instability or syncope due to ventricular

tachyarrhythmias.

Case presentation

Anamnesis and medical report

The 64 — years old male patient with a medical history of primary grade Il arterial
hypertension, ischaemic-hypertensive cardiopathy and dyslipidaemia, had in 2006 an anterior-
lateral myocardial infarction, coronary blood flow was corrected by stent implantation. In
2017 the patient was running a marathon, when he suffered another MI, complicated by
ventricular tachyarrhythmia, the patient was successfully resuscitated and required again

coronary stenting. After the second infarction the patient experienced ventricular arrhythmias,



bradycardia and had a syncope. For secondary prevention of sudden cardiac death, the
decision was made to implant a cardioverter defibrillator, because of concomitant sinus
bradycardia the dual-chamber ICD was chosen. On the ECG prior to the implantation, the
patient had sinus rhythm with the signs of an old infarction and QRS width of 108 ms, so he
did not have complete criteria for cardiac resynchronization ICD (CRT-D) implantation.
Medical course

On the 30™ of May 2018 the implantation was successfully performed, the patient received a
dual-chamber ICD which was placed in his left pectoral region. Prior to the surgery and post-
surgery, the patient received prophylactic 2 g of cefazolin. The patient stayed 7 days after the
surgery in the hospital for observation, during this time no complications were observed, and
he was discharged with a treatment plan and recommendations to be consulted by a
cardiologist.

In September 2019 an echocardiography was performed, which revealed that the patient has
an ischaemic cardiomyopathy with left ventricular (LV) dilatation, also a decreased LV
ejection fraction of 30-35%. Additionally, a first-degree tricuspid valve regurgitation and a
second-degree mitral valve regurgitation were noticed.

Two years after the device implantation, in March 2020, the patient had an accident, where he
bumped into a table with the left side of his chest, following this incident the patient observed
redness, and abrasion in the place of the ICD pocket, which he treated by himself. A few days
later, patient noticed a skin defect through which the ICD device was visible, and he went to
the hospital. Six days after the trauma a revision surgery was performed, where the altered
area of the skin as well as the old ICD were removed, and a new ICD was placed in a slightly
different place. The site of the old device was drained and connected to an active wash
system, which was removed after two days. The patient received oral amoxicillin and
clavulanic acid 500/125 mg, 3 times daily for a total of 4 weeks, and was discharged from the
hospital, with instruction how to continue the treatment.

In May 2021, the patient complained about new appearing symptoms, like weakness while
climbing the hill and discharge of ICD, during the interrogation of the ICD ventricular
tachycardia was recorded.

In the beginning of July 2021 an abscess formed at the implantation site, which got worse
over time and was accompanied by increased redness and a feeling of stretching and soreness.
On the 28™ of July 2021 the patient was hospitalized for a removal of the entire ICD system,

which was done on July 301,



During the revision surgery the ICD and both leads, and the infected skin area were removed,
before closing the wound, the wound was washed with an antiseptic solution and a drainage
was placed. Wound revision and haematoma evacuation was performed on 2" of August
2021, with no more surgical complications.

Six days after the revision surgery an ultrasound of the patient’s upper arm was performed,
soft tissue oedema of the left arm, and haematoma of the soft tissue of the chest were
detected.

During the hospital stay the patient had atrial flutter, and sinus rhythm was treated by
amiodarone and electrical cardioversion. The patient stayed two weeks after the revision
surgery in the Department of Cardiac Arrhythmias for observation, during this period the soft
tissue haematoma had resolved, part of the sutures had been removed and the follow-up visit
for removal of the remaining sutures had been scheduled. The patient was discharged with an

updated treatment plan and recommendation on how to adjust his lifestyle.

Figure 1 ECG of the patient after device removal
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This ECG done before hospital discharge reflects the medical history of the patient (two Mls,
ventricular arrhythmias, syncope and the clinical death after the second MI) showing

pathological findings like bradycardia, QT interval prolonged because of amiodarone, first



degree AV-block and QRS prolongation. A biventricular ICD is still indicated for SCD
prevention and sinus bradycardia. When the wound healing is successfully completed, the
patient will receive a new device, which will be placed in the opposite site, in his right

pectoral region.

Discussion/Analysis of literature

Indications for cardiac implantable electronic device

While the indications for CIED were rather limited, when first introduced, their implantation
is now well established for many different conditions. In the last few decades, the healthcare
system has made the progress in the prevention of many diseases, that were causing early
death in the population. These achievements led to a higher life expectancy in the population,
and to some changes in the distribution of diseases. With higher life expectancy, many of the
older population are suffering from various chronic conditions, which may require rather
extensive and expensive therapies. One huge challenge, medicine is facing, is the increase of
patients with heart failure, which can potentially cause life-threatening arrhythmias and SCD.
When patients experience severe complications from heart failure, an implantation of CIED
might be indicated as primary prevention measurement (12). Other indications for CIED are
for secondary prevention, which is done in patients who experienced cardiac arrest previously
and were resuscitated. In those patient CIED is implanted to decrease the chance to
reexperience this event, which could end in the patient’s death. As with the case described
above, the patient had experienced two MIs, while one of those was complicated by
ventricular tachyarrhythmia and required immediate resuscitation. After those two Mls, the
patient did not recover fully, he was suffering from bradycardia, tachyarrhythmias and
presented with syncope. Since it is well known that the risk for mortality from SCD is
significantly increasing after the patient has already experienced one event this would justify
the implantation of an ICD. In this patient the implantation of a dual-chamber ICD was

performed, because of the coexisting bradycardia.

Pathogenesis and microbiology of cardiac implantable electronic device infections

The most common pathogens that are detected in CIED infections are Staphylococcal species,
the two species, Staphylococcus aureus and coagulase negative staphylococci are responsible
for more than 70% of all CIED infections. Also infections caused by gram-negative bacilli
and in rare cases caused by fungi were reported (13). The major reason for the persistence of

the infections are the virulence factors of the pathogens, Staphylococcus aureus, which is the



most common pathogen, once attached to the device will form a multi-layered biofilm, which
is used to stay on the device surface, but it also prevents the penetration of antibiotics to the
deeper layer of microbes. Depending on the causative agent, different mechanisms are used to
decrease the antibiotic susceptibility, which is why there is a high rate of relapses. In order to
definitely treat an CIED infection only a complete extraction of device will be successful in
most cases (14). As for this patient, two microbiological tests were performed, one in 2020
and another one in 2021, both of those showed negative results. Regardless of the negative
result, the decision was made to completely extract the device, because any type of infection,
except for superficial incisional infection requires complete removal of the system, the

worsening of the patient’s condition confirmed this decision.

Diagnostic criteria

With the increased life-expectancy nowadays, much more CIEDs are implanted in older
patients with multiple comorbidities, which puts them at higher risk for post-surgical
complications, but not only older patients are at higher risk for development of complication.
Different risk factors have impact on the post-surgical outcome, one complication, cardiac
implantable electronic device infections (CIEDIs) seems to be extra challenging, they remain
one of the most severe complications. Not only does it lead to prolonged hospital stay and
enormous treatment cost, but it also increases the mortality rate during the hospital stay as
well in long-term.

Diagnosing CIED infection early is of major importance, the early diagnosis can help to
decrease the hospital stay, as well as the treatment costs and most important the mortality rate.
What seems to be easy, is more challenging, since there is still not a single test, that can point
to a definitive diagnosis, it is rather a combination of laboratory and microbiologic testing,
clinical findings, and imaging techniques that help to establish a diagnosis of CIED infection
(6,14). To ensure the most appropriate treatment for the patient, and to avoid severe
complication a correct and prompt diagnosis is essential (15). The modified Duke and ESC
2015 guidelines criteria (Table 1) can be used to diagnose CIED infections and/or infective
endocarditis. The patient can present with different types of CIEDI, “superficial incisional
infection” is the only type of CIEDI, that can be treated without extraction surgery,
considering that it only involves the skin and has no connection to the device or leads (15).
Diagnosing it can be quite challenging, because it’s presentation is similar to CIED pocket
infection, while pocket infection can develop at any stage postsurgical, superficial incisional

infection is limited to the very early time post-surgically (16).



Table 1 Recommendations for diagnosis of CIED infections and/or infective

endocarditis: the Novel 2019 International CIED infection criteria (15)

Consensus statement Statement class Scientific evidence coding Reference

‘Definite’ CIED clinical pocket/generator infection = generator pocket shows swelling, erythema, warmth, pain, and purulent discharge/sinus
formation OR deformation of pocket, adherence and threatened erosion OR exposed generator or proximal leads

‘Definite’ CIED/IE = presence of either 2 major criteria or 1 major + 3 minor criteria

‘Possible’ CIED/IE = presence of either 1 major 4 1 minor criteria or 3 minor criteria

‘Rejected’ CIED/IE diagnosis = patients who did not meet the aforementioned criteria for |E

Major criteria ' E 5

Microbiology A. Blood cultures positive for typical microorganisms found in CIED infection and/or IE
(Coagulase-negative staphylococdi, S. aureus)
B. Microorganisms consistent with |E from 2 separate blood cultures:
a. Viridans streptococci, Streptococcus gallolyticus (S. bovis), HACEK group, S. aureus; or
b. Community-acquired enterococci, in the absence of a primary focus
C. Microorganisms consistent with IE from persistently positive blood cultures:
a. >2 positive blood cultures of blood samples drawn >12 h apart; or
b. All of 3 or a majority of >4 separate cultures of blood (first and last samples drawn >1 h apart); or
c. Single positive blood culture for Coxiella burnetii or phase | IgG antibody titre >1:800
Imaging positive for CIED D. Echocardiogram (including ICE) positive for:
infections and/or |E a. CIED infection:
i. Clinical pocket/generator infection
ii. Lead-vegetation
b. Valve IE

i. Vegetations
ii. Abscess, pseudoaneurysm, intracardiac fistula
iii. Valvular perforation or aneurysm
iv. New partial dehiscence of prosthetic valve

E. ["’F]FDG PET/CT (caution should be taken in case of recent implants) or radiolabelled WBC

SPECT/CT detection of abnormal activity at pocket/generator site, along leads or at valve site
F. Definite paravalvular leakage by cardiac CT

Minor criteria ' E 2

a. Predisposition such as predisposing heart condition (e.g. new onset tricuspid valve regurgitation) or injection drug use

b. Fever (temperature >38°C)

c. Vascular phenomena (including those detected only by imaging): major arterial emboli, septic pulmonary embolisms, infectious (mycotic) aneurysm, in-
tracranial haemorrhage, conjunctival haemorrhages, and Janeway'’s lesions

d. Microbiological evidence: positive blood culture which does not meet a major criterion as noted above or serological evidence of active infection with

organism consistent with |E or pocket culture or leads culture (extracted by non-infected pocket)

Based on merging of the modified Duke and ESC 2015 Guidelines criteria, see text.*”“’ Green text refers to CIED-related infection criteria.
CIED, cardiac implantable electronic device; CT, computerized tomography; E, expert opinion; ICE, intracardiac echocardiography; IE, infective endocarditis; M, meta-analysis;
O, observational studies; R, randomized trials; SPECT, single-photon emission tomography; WBC, white blood cell.
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Pocket infection can also be further divided into “isolated pocket infection”, “isolated pocket
erosion”, “pocket infection with lead/valvular endocarditis” and “pocket infection with
bacteraemia”. In case of isolated pocket infection/erosion the blood culture will be negative in
both cases, but the clinical presentation might be different. As the name is indicating in case
of infection, the patient will be complaining about typical signs of local infection, like
erythema, tenderness, wound discharge etc., in case of infected pocket erosion, signs of local
infection are not always present, but to make the diagnosis there is a skin damaged above the
device, which leads to the exposure of the device (17). Blood culture has to be positive and
the patient has to present with any sign of local infection in pocket infection with bacteraemia
and in pocket infection with lead/valvular endocarditis, the difference is that one type there

are vegetation which can be presented by different imagining tools (17,18). Some patients



develop CIED infections, with positive culture but they do not show any signs of local
infection, this presentation is diagnostic for CIED-related endocarditis without pocket
infection, in this case there might or might not be any evidence of vegetation. And lastly there
is another type which is diagnosed based on exclusion criteria, the patient presents with
bacteraemia which cannot be explained by any other condition of the patient and which
resolves with the removal of the device (17). While the treatment for all except local
incisional infection requires extraction surgery combined with antibiotics, it is still essential to
distinguish what type of infection it is, to choose the correct timeline for the antibiotic
treatment, “Figure 2” shows the appropriate antibiotic course for each time of CIEDI (19).
The patient was diagnosed with CIED infection, based on the clinical picture, the patient
presented with an abscess that had formed at the implantation site, and which was
accompanied by erythema, pain, purulent discharge, and a feeling of stretching and soreness.
Negative blood cultures, and no signs of vegetations and all laboratory test that were

performed to check for systemic infections signs were without any pathological findings.

Figure 2 Antibiotic therapy in patients with CIED infection (20)
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Risk factors
Any procedure, where a foreign object is placed inside the patient’s body, has the potential to

get infected, while in some locations the management is fairly easy, in patients with CIED,



infections due to the proximity to the bloodstream the management is a huge challenge and is
a major cause of mortality. Therefore, it is extremely important to detect all risk factors that
increase the chances of developing a CIED infection. When it comes to the evaluation those
risk factors for CIED infections, can be categorized into patient-associated, procedure-
associated, and device-associated risk factors. Among those categories they can be further
divided into modifiable and non-modifiable risk factors. By identifying all modifiable risk
factors, different measures can be planned to eliminate those and decrease the potential risk of
CIED infections. Although non-modifiable risk factors cannot be eliminated, it is of great
importance to identify them as well and to search for alternative strategies or methods to
decrease the risk of CIED infection (15). In the past few decades many studies have been
conducted, which emphasized on risk factors for CIED infections. A meta-analysis published
in 2015, with a total of 206,176 patients from 60 studies determined the most important risk
factors. They categorized those risk factors according to the source, which could be patient-
related, procedure-related, and device-related. Patients that had certain comorbidities, like
diabetes mellitus (DM), renal disease, chronic obstructive pulmonary disease, malignancy,
heart failure were at significantly higher risk of developing a device related infection,
according to more than 5 studies. Additionally the usage of corticosteroids and anticoagulants
impacts the post procedure infection rate (21). In another study, performed in Japan, including
1749 patients with CIED implantations, they not only determined the risk factor, but also
observed the rising trend of CIED infections from 0.7% (1999-2009) to 1.7% (2009-2019).
Furthermore, they noticed that late CIED infections are increasing. Other factors such as the
age of the patients (< 50 years) and revision surgery were linked to a higher infection rate,
possible explanations for the increased risk in younger patients could be that they have a more
active immune system, which could cause more severe reactions, another possibility is that
they undergo more complex procedures or maybe simply because of their longer life
expectancy, they may require a revision or exchange procedures, which is linked to a higher
infection rate (22). Between 2006 and 2009, 200,909 ICD implantations have been performed
in Medicare patients, out of those 3390 patients developed an ICD infection. The list of risk
factors, that were related to the increased ICD infection was quite extensive, patients with any
heart condition, related to the rhythm, valves, blood supply, pump function impairment were
at higher risk. In this study patients with chronic lung diseases, kidney failure needing
dialysis, DM, and those using anticoagulation experience ICD infections more frequently,
which agrees with the findings of the meta-analysis described before (23). Another study

determined that patients who had fever 24 h before the device inserting procedure were at a



higher risk of developing an infection (24). Other factors that are related to the procedure
itself, could also increase the risk for developing CIED infections. Any type of revision
surgery (for example device replacement, lead replacement) is increasing the risk of
developing an CIED infection, according to different studies (21-24). Multiple studies that
were conducted to research the effect of antibiotic prophylaxis prior to CIED implantation,
concluded that the lack of antibiotic administration is directly correlated to an increased
infection rate (25-27). Others examined the correlating between the hospital and their staff
that are performing those procedures and the rate of CIED infections rates. The outcomes of
those studies indicate that patients receiving their CIED in non-teaching hospitals, hospitals
with low CIED implantation rates, as well as in hospitals that do not perform coronary artery
bypass graft are developing CIED infections more often, than patients treated in other
hospitals. The features of the hospital are not exclusively causing a higher infection rate,
additionally untrained and unexperienced surgeons as well as a longer surgery time are
contributing to a higher infection rate (23,28). Since there are many different indications for a
CIED, there is not a single device that can serve all the different demands. Before performing
the surgery where a device needs to be implanted, it is crucial to select the most suitable
device for each patient. If suitable it is recommended to choose devices with lower number of
leads, since multiple leads are possibly increasing the risk of developing an infection (29,30).
Despite the number of leads that a device has, the device itself correlates with different CIED
infection rates, when comparing the infection rate of different devices that have been
implanted cardiac resynchronizing therapy devices (CRT) seem to cause the highest
complication rates which includes infection (31). Going back to the medical history of the
patient that has been presented, the patient has been diagnosed with heart failure with
ischaemic cardiomyopathy with LV dilatation, additionally the patient was on oral
anticoagulation (OAC) therapy which is considered as a risk factor. Before and after the
surgery antibiotic was administered to the patient, to reduce the infection rate, which was
initially successful. Only after one incident, where the patient suffered form an injury directly
in the area where the device was placed, did an infection occur. The primary injury was
superficial and did not cause a systemic infection, also the two cultures from the infected area
that were performed during two different hospital stays were negative. The treatment for this
patient was to remove the current ICD device and to replace it with a new one in a slightly
different area with a long course of antibiotic therapy. As has been described by many studies
on revision surgery, the use of OAC therapy as well as a prior infection increases the risk of

recurrent device infection, so now after re-evaluating the patient’s situation his risk of
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developing an infection is much higher. A year later the situation got worse, and the patient
developed again an infection, which was accompanied by systemic symptoms like fatigue and
reduced exercise tolerance, dyspnoea, and the area where the device was located started to
discharge purulent secret, it became red, and the patient complained of pain and soreness. Due
to his complains and after a thorough examination, the patient was scheduled for a surgery to
remove the complete device with all leads and the affected skin area. The surgery was
scheduled within few days to prevent the spread of the infection, causing sepsis or heart valve
vegetation, which are life threatening complications. After the removal of the device, the
medical condition of the patient was re-evaluated to check if an ICD is required. With the past
medical history of the patient and the tachyarrhythmias that required cardioversion and
amiodarone therapy after the device removal the indication for an ICD still exists. Another
surgery is planned in the future after the patient has fully recovered from the infection. Even
though the new device will be placed on the other side of his chest, he is now at even higher
risk of developing again an infection. To reduce his risk, it is essential to eliminate all
modifiable risk factors and to fulfil all safety measures. The most important risk factors are
summarized in Table 2, while Figure 3 is providing an algorithm which can be used primarily
to recognize all possible risk-factors, furthermore it helps with possible adjustments that can
be done to reduce the risk for developing an CIED infection.
Table 2. Risk factors of CIEDI
Patient related factors « DM
* Renal disease (dialysis dependent and
independent)
« COPD
* Malignancies
* Heart failure
» Corticosteroid use
+ OAG
* Age
» Systemic infection (fever, leucocytosis,
etc.)

* Temporal pacing
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Procedure related factors * Reuvision surgery
* Replacement surgery
» Change of leads and/or device
» Lack of experience (surgeon)
* Low volume hospital
» Lack of antibiotic prophylaxis
* Long surgery time

Device related factors * Lead numbers

» Device type

DM, diabetes mellitus; COPD, chronic obstructive pulmonary disease; OAG oral anticoagulation

Figure 3. Risk factors and CIEDI prophylaxis (15)
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Treatment and extraction

Once the diagnosis of CIED infection has been made, there should not be any delay to start
with an appropriate treatment. Regardless of the type of CIED infection diagnosed, the first
line therapy currently is a combination of extraction surgery, which could be transvenous lead
extraction (TLE) or an open surgical extraction, where the complete device with all
accessories are removed, and antibiotic therapy (16,15,32). The first line therapy for

superficial incisional infection, differs in the way, that no extraction surgery of the device is
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required, it is solely treated by antibiotic therapy (32). While a retrospective review has
shown that the mortality within 30 day is seven-fold higher in patients with a CIED infection
(superficial incisional infection excluded), who were exclusively treated with antibiotic and
did receive the surgery, alternative treatments have been explored. The need for alternative
treatments is rising, because as with any other surgery TLE as well as open surgeries come
with risks, which could make this treatment option inappropriate for some patients.
Additionally patients may wish not to undergo yet another surgery, and would prefer a
conservative treatment (33). New treatment options have been explored in the past few years;
negative pressure wound therapy (NPWT) is one of the newer treatment option that has been
successfully applied in selected patients with cardiac pacemaker pocket infection (34). In
different patients where the risk of TLE surgery exceeds the benefits other treatment options
have been explored, which includes pocket revision, closed-loop irrigation systems and partial
removal. In one case series with 5 selected patients with CIED infections a conservative
treatment was chosen, the treatment consisted of two parts, sterilization of the device and
removal of the infected and damaged tissue and other foreign materials that are not essential.
There were no relapses of CIED infections one year after the procedure (35). A different
approach showed similar success in selected patients with a local CIED infection, the patients
received a vacuume-assisted closure (VAC) treatment, after the device was removed, the lead
however were only shortened and not fully removed, in contrast to TLE surgery. These
patients were observed for up to 4 years, during this period only one patient developed a new
local CIED infection, while the others were still in remission (36).

Coming back to the patient presented here, after the accident, the patient had a first revision
surgery, the old ICD device was removed and simultaneously a new device was placed in a
slightly different place, the patient was placed under antibiotic therapy for a period of 4
weeks. Due to the different risk factors the patient is now presenting, the chance for a CIED
infection relapse is higher, which was proven to be true, just one year after the revision
surgery, the patient developed a new CIED infection. As the standard treatment protocol for
CIED infections shown in Figure 4, the patient was scheduled for a TLE surgery with a
combination of antibiotic therapy, and the follow up surgery for a new device is delayed
ensuring a complete remission of the CIED infections to reduce the risk for a new relapse in
the future. Figure 5 indicates the appropriate timing for a new implantation surgery, which
depends on the type of CIEDI the patient was suffering from.
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Figure 4. Treatment algorithm for CIED infection (37)
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Figure 5. Timing for new device implantation (20)
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Prevention

The best treatment for any condition is prevention, not only can it decrease mortality and
morbidity, but it will also help to relieve the health care system. When speaking about
prevention of CIED infection, different measures should be considered. To ensure the best
possible outcome, it is important to carefully evaluate all possible risk factors and eliminate
all that are possible or adjust appropriately (16). The first and possibly most important step is
to thoroughly evaluate if the indication for a CIED implantation is of no doubt, by preventing
unnecessary device implantations, the patient will be protected from any possible
complication that can arise from this surgery. In early years of CIED implantation, the
indications were rather few, over the time the devices were modified and the indications for
those devices continued to expand. Due to the demographical changes, that have happened
there are now much more older patients that are eligible for a CIED, while this development
has saved many lives, new challenges have arisen. Many of the older patients come with
multiple comorbidities, which has been proven to be a risk factor for development of CIED
infections. Especially in those patients all possible preventive measurements should be
applied to reduce the development of complications, including CIED infections. It is crucial
to treat the pre-existing comorbidities optimally and reach a stable status of the patient prior
to the implantation surgery. Also, an extensive anamnesis and physical examination can help
to reveal pre-existing conditions and possible current infections. When preparing the patient
for the surgery an evaluation of all foreign bodies that are intruding the body should be made
and everything that is not absolutely needed should be removed prior to the surgery (8). If the
patient presents with fever or leucocytosis 24 h prior to the surgery, it not recommended to
proceed with the surgical plan, until the patient has successfully recovered from the systemic
infection, and only then perform the surgery to implant a device (38). Many studies concluded
that temporary pacing in fact can double the risk for CIEDI, therefore it is desirable to avoid
using temporary pacing and if required offer more favourable options (39). Once all patient
related risk factors have been addressed and accordingly adjusted, an appropriate device
should be chosen for the patient, keeping in mind the patient’s status and history. A device
with two or more leads is known to increase the CIEDI risk, similar is the situation with CRT
compared to ICD implantation, therefore a device with less leads and if suitable ICD should
be used. (40) Other preventive strategies include avoiding ‘bridging” with heparin, since it
enhances the risk for haematomas and those ultimately lead to a higher infection rate. If

patients require anticoagulants due to different reasons, the use of warfarin is advised (15).
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Administering antibiotic as a prophylaxis to all patients prior to the surgery is known to
reduce the risk for CIEDI significantly and is therefore part of the preparation procedure. The
choice of antibiotic is dependent on the property of the drug, which must be appropriate for
the coverage of S. aureus species since they are known to cause most of those infections. In
high-risk patients a consideration is to use an ‘antibiotic-impregnated envelope’, which was
used in a study, and almost halved the CIEDI rate in the first-year post-surgery. The
antibiotic-impregnated envelope is a mesh that is covered with minocycline and rifampin and
is evolving the device and dissolves after some time. (15,19,38,39,40,41). The complete
surgical team should be trained to ensure sterile operating settings at all time, additionally it is
recommended to keep the surgery time as short as possible and to have an experienced
surgeon performing the procedure, precautions like wearing two layers of gloves can be added
(39). The post-surgical care is also crucial for the prevention of the CIEDIs, when taking care
of the surgical wound special instructions should be maintained, making sure that the entire
wound is covered and also keeping the wound dry, educating the patient about special
behaviour after the surgery, and making sure the patient understands the instructions, can
prevent avoidable complications like CIEDIs (39). In Table 3 are recommendation on how to
adjust different situation to prevent CIEDI. All necessary precautions were followed for the
patient in this case report, the patient received the antibiotic prophylaxis prior to the surgery
as is recommended, there were no risk factors that the patient presented, that were not
addressed. No errors were identified prior-, during, and post-surgically, in this case there was
an accident were the patient got a direct injury to the spot of device placement, and this
incident exacerbated, leading to his CIEDI. There is no hint suggesting that additional
precautions could have prevented the CIEDI from developing.
Table 3 Prevention of CIEDIs
Patient related factors » Thorough patient selection

* Evaluating patients’ status

» Eliminating all modifiable risk factors

» Stabilize all non-modifiable risk

factors
* Remove all unnecessary foreign

bodies (catheters etc.)
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» Delay surgery if patient presents with
infection signs (fever, leucocytosis,
etc.)

» Patient education

Device related factors » Use a device with less leads or leadless
* Use ICD if suitable

Procedure related factors * Ensure a sterile operating field
» Follow proper hand hygiene etiquette
* Have an experienced surgeon
» Perform surgery in a hospital with

high volume CIED surgeries

Post-surgical care * Adequate wound care
» Patient education

ICD, implantable cardioverter defibrillator

Prognosis

The outcome of CIEDI can be devastating, according to different studies, mortality is way
higher (up to 3-fold) in patients who suffer from CIEDI than in those without any infection.
The mortality rate varies between 10% to 35%, it increases with time, from up to 12% at
admission to 17% after one year to 35% for long-term mortality (42—44). The timing of the
extraction surgery is a factor that has impact on the prognosis, it can be divided into early and
late extraction surgery, where early extraction surgery is defined as the removal of the device
within 7 days after admission for CIEDI, and late as the procedure after 7 days. The delay of
the extraction surgery can influence the outcome negatively, some of the possible
consequence are, a longer hospitalization, post-surgical complications and a significant higher
mortality rate (45). Another significant problem that arises from an CIEDI are the financial

burden for the patient and the health care system. Although the medicine is constantly

17



improving, until today there is no better approach, than trying to prevent CIEDI from

happening.

Conclusion

Since the introduction of cardiac implantable electronic devices, the indications have been
extended, allowing more patients to be treated for otherwise fatal diseases. Following the
patient’s post-surgically, a significant increase of device infections has been noticed. This is
particularly problematic because those infections are leading to higher morbidity and
mortality. Physicians and researchers are trying to evaluate the reason for the higher infection
rate and simultaneously looking into treatment options. Different risk factors have been
identified, the lack of antibiotic prophylaxis before the procedure has been particularly linked
to higher infection rates. Pre-existing comorbidities as well as surgeons’ ability and the device
itself seem to impact the result, by identifying all possible risk factors a targeted prevention
strategy can be applied. As for the treatment options extraction of the system with antibiotics
therapy are known to be the most effective one, but new therapies have been tried and showed
promising results, but before those strategies can be introduced as standard procedures further
investigations need to be performed. A very important step before implanting any device
according to all experts is to minimize the risk factors or if possible, eliminate those. The
preventive measurements depend on multiple factors, such as the patients, device, and
procedure characteristics, but initially should evaluate if a device is indeed beneficial for the
patient. During this literature review some uncertainties were noticed, such as identifying all
risk factors, young age of the patient particularly needs further insight, as different results

have been shown by experts.
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