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TREATMENT AND IMPACT ON QUALITY OF LIFE

12Kuridze N., ’Rukhadze B., Bakashvili N., >*Verulava T., "?Aladashvili A.

!Ivane Javakhishvili Tbilisi State University, °G. Chapidze Emergency Cardiology Center, *Caucasus University, Georgia

In recent decades, with the development of medicine, the im-
plantation of cardiac electronic devices with various functions,
such as pacemakers, cardioverter defibrillators (ICD), and cardi-
ac resynchronization therapy devices (CRT) has been widely in-
troduced. These cardiac implantable electronic devices (CIED)
saved the lives of many patients and improved their quality of
life. Despite confirming the benefits of these devices in many
recent studies, complications, such as cardiac implantable elec-
tronic device-related infections occurred. When it comes to in-
fection, the most effective strategy against it is to make preven-
tion and properly assess the risk factors that may contribute to
the development of the infection. Risk factors for CIED infec-
tion may be divided into three groups: patient-related, proce-
dure-related, and device-related. Numerous studies have shown
that the importance of various risk factors is different, which is
often related to the patient’s age and other comorbidities.

The patient-related risk factors include such conditions as
end-stage renal disease, diabetes mellitus, heart failure, COPD,
past CIED infection, malignant tumors, fever before implanta-
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tion, use of corticosteroids or anticoagulants. One of the most
important procedure-related risk factor is a hematoma, which is
identified as a significant precondition for the development of
CIED infection [13,19]. It should be noted, that early reopera-
tion due to pocket hematoma or lead dislodgement significantly
increases the risk of CIED infection [34]. Many scientists also
pay attention to the duration of the procedure. Prolongation of
the procedure increases the risk of infection [30]. As well the
route of entry is a very important factor. The cephalic cutdown
technique is the access of choice in terms of avoiding infectious
complications. Due to various emergencies, temporary pacing is
indicated prior to the procedure, although there is some evidence
that temporary cardiac pacing has been shown to contribute to
CIED infection [33]. Therefore, temporary pacing should be
avoided as much as possible. Also, device pulse generator re-
placement/upgrade roughly increases the risk of CIED infection.

Regarding device-related factors, type of devices (CRT or
ICD) and/or the numbers of leads (>2) may be associated with
increased risk of CIED infection [30]. Considering the above-
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mentioned risk factors, it’s obvious that preparing the patient
before the procedure and the risk stratification is extremely im-
portant to avoid further complications.

The most effective treatment of cardiac implantable electronic
device-related infections is prevention. An individual approach
to each patient and an individual risk assessment are essen-
tial. Therefore, nowadays, a novel infection risk score, the
PADIT score, is proposed for CIED recipients. The PADIT
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score consists of 5 independent factors related to the pa-
tient’s medical history and procedural details. However, the
research has shown that the PACE DRAP score, which firstly
was created, to assess the risk of significant bleeding compli-
cation after CIED implantations [40], was better able to iden-
tify patients at high risk of CIED infection than the PADIT
score [39]. The criteria of PADIT and PACE DRAP score are
shown in tables 1 and 2.

Table 1. PADIT score

PADIT SCORE
Risk factor Definition Points
No. of previous procedures

. 1 +1

Prior procedures > +4

<60 years +2

Age 60—69 years +1

Depressed eGFR <30 mL/min/1.73 m2 Renal insufficiency +1

Immunocompromised

Receiving therapy that suppresses resistance to infection (e.g., immu-
nosuppression, high-dose steroids) or having a disease that suppresses +3
resistance to infection (e.g., leukemia, HIV infection)

Procedure type

ICD +2
CRT +4
Revision/upgrade +5

Scoring fewer than four (4) points: A patient is deemed at the lowest risk for infection.
Scoring between five (5) and six (6) points: A patient is deemed at moderate to intermediate risk.
Scoring seven (7) or above: A patient is deemed at a high risk of developing a serious infection

Table 2. PACE DRAP score

PACE DRAP SCORE

Risk factor Definition Points
Prosthesis Biological/mechanical valvular prosthesis +2
Arterial hypertf:nsion uncontrolled (+ Blood pressure >160/100 mmHg (+ using VKA independently of the INR 4

using VKA) level)

Cancer Any malignancy diagnosed or treated within the past 5 years +2
Elderly Age >75 years +2
Device type CRT/ICD +2
Renal failure ¢GFR <60 mL/min/1.73 m? +1
Antiplatelets C_;ﬁf:;::?;i] Ii
Procedure type System upgrade +2

Score of 6 is identified as the cutoff point for high risk of significant bleeding complication
with a sensitivity of 88.24% and a specificity of 87.23%

It is important that if there is a significant risk of infection,
such as fever or other reliable signs of active infection, delay
of implantation should be considered until a patient has been
afebrile for at least 24h [20] or until the other signs of active
infection have resolved.

Although anticoagulants increase the risk of developing a he-
matoma after the procedure, in patients who are at high risk for
thromboembolic events and are on warfarin therapy, continuing
anticoagulation is recommended. In patients with CHA,DS -
VASc Score<4, it is better to hold anticoagulation before the
procedure and restart when the bleeding risk is reduced. As
for heparin, a “bridging” is no longer recommended [2,12,36].
The use of P2Y12 inhibitors is associated with a significantly
increased risk for bleeding and if it is possible, they should be
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discontinued for 5-10 days before the intervention, especially if
they are combined with oral anticoagulation [24]. Besides these
factors, it is very important that the electrophysiology labora-
tory, where the procedure is performed, meets the international
sterilization standards. All staff must be adequately trained for
developing appropriate skills, by which they will be able to fol-
low all the rules for sterilization, to manage the patient, before
and during the procedure, as well in the postoperative period.
It significantly reduces the incidence of infection. Besides, one
of the most important aspects of an operating room setting is a
strict limitation to room traffic. As for pre-procedure antibiotic
therapy, their use for prophylactic purposes is associated with
lower infection rates [8,10] and is the standard of care. Preven-
tive use of systemic antibiotics reduces the risk of procedure-re-
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lated infections by 70% [33]. Staphylococcus aureus is the most
common cause of CIED infections, because of this, antibiotics
should cover it. According to randomized trials i.v flucloxacil-
lin (1-2g) and cefazolin (1-2g) are used as antibiotic therapy
[8,10,22]. They should be injected 1 hour before the procedure.
In case of allergy to these antibiotics, Vancomycin (15mg/kg i.v
over 1hour) may be used 90-120 min prior to the procedure. Due
to several considerations, alcoholic 2% chlorhexidine has dem-
onstrated superiority to povidone-iodine for skin preparation
before surgery [9], but no randomized data exist about it. Along-
side the skin disinfection, changing gloves before handling the
generator and the routine use of double gloving may be favor-
able. The risk of infection is also reduced by smaller incisions,
strict control of hemostasis during implantation, and adequate
wound closure. Recently, an antibacterial mesh envelope is ac-
cessible, in which the device is placed during the procedure. The
WRAP-IT trial has demonstrated that in high-risk patients (un-
dergoing pocket or lead revision, pulse generator replacement,
system upgrade, or initial CRT implantation) without a higher
incidence of complications, the envelope significantly reduces
CIED infection [45]. Although the fibrous capsule, that forms
after cardiac device implantation inhibits the body’s natural
immune defense mechanism and the local effect of antibiotics,
however during reimplantation, excision of this fibrous tissue is
not recommended as it significantly increases the risk of bleed-
ing and hematoma [25]. For wound closure, various types of
material can be used, such as an absorbable or non-absorbable
suture. No data are indicating which type of material is prefer-
able to use. Many operators prefer non-braided monofilament
sutures for skin closure as they are less susceptible to bacterial
adhesion. Noteworthy, that closure in layers reduces wound ten-
sion and minimizes the risk of dehiscence and infection.

Post-surgical wound care is also an important issue. It’s rec-
ommended to use pressure dressing for the first 24h. Also, pa-
tients should be advised to avoid soaking the wound, until it’s
entirely healed. Some physicians use i.v and/or oral administra-
tion of postoperative antibiotic therapy [46]. The recent PADIT
trial about the use of antibiotic has shown, that the local use of
antibiotic or antiseptic has no benefits [22]. It is also well-known
that early re-intervention dramatically increases the risk of infec-
tion [20,33,38]. Some operator considers, that delay re-intervention
by weeks (e.g. for lead repositioning) can significantly reduce the
risk of infection. Because it is only some operator’s point of view,
further research is still needed to assess if that decision is effec-
tive. Post-procedure pocket hematoma is the important precondi-
tion for the development of infection. In case of its existence, it is
not recommended to take a sample of pocket material for diagnosis
or treatment purposes, because of the high risk of pocket infection
[13,20]. Evacuation of hematoma may be performed only in the
presence of acute pain, which is not manageable, or if there is a risk
of wound dehiscence. The exact and proper diagnosis is crucial for
the early detection of CEID infection.

A superficial incisional infection should be differentiated from
a pocket infection [5,21]. Pocket infection is only limited to the
pulse generator pocket, which is associated with local signs of
inflammation, such as mild to severe erythema, warmth, and
fluctuation. Deformation of the pocket and skin erosion is one of
the common signs of local infection. In some cases, CIED sys-
temic infection and infective endocarditis (IE) may be presented
without any signs of local infection. As well non-specific symp-
toms can appear, like fever, chills, and night sweats. Pulmonary
and pleural embolisms are serious complications of CIED infec-
tion. The laboratory data, like CRP and PCT tests, are an im-
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portant tool for diagnosis, especially in case of pocket infection
[7,28]. According to current data, major and minor diagnostic
criteria are provided by the European Heart Rhythm Associa-
tion (Table 3) for the diagnosis of CIED infection or associated
infective endocarditis (Table 4) [3].

In case of CIED infection, identification of the causative mi-
croorganisms is crucial for effective antibiotic therapy. For these
three sets of blood, cultures should be taken (at least 30 min in
between). In order to identify lead vegetations and assess valvu-
lar involvement in case of diagnosed CIED infection or even sus-
pected one, transthoracic and transesophageal echocardiography
is recommended [16]. A chest X-ray is mandatory for all patients
with suspected CIED infection. In complex cases, some comple-
mentary tools, such as Fluorine-18 fludeoxyglucose ([18F]FDG)
positron emission tomography/computerized tomography (PET/
CT) scanning and radiolabelled leucocyte (WBC) scintigraphy
may be performed for the diagnosis of CIED infections and re-
lated complications. Additionally, in selected patients, contrast-
enhanced CT combined with PET may be useful as well.

The most important step after the diagnosis of CEID infection
is the proper management. In case of a confirmed diagnosis of
CIED infection complete removal of all parts of the system and
intravenous hardware, including the device and all leads (active,
abandoned, epicardial, and lead fragments) as well as vascu-
lar ports or permanent hemodialysis catheter is recommended
[27,32]. This approach applies to both local and systemic infec-
tious complications [23]. In patients with infective endocarditis
without a confirmed diagnosis of the CIED system complete
CIED removal is definitely indicated [18]. After device removal
complete excision of the fibrotic capsule and all non-absorbable
suture material and subsequent wound irrigation with sterile
normal saline solution is crucial. During 48-72h after the re-
moval of infected CIED blood culture should be taken. As well,
during an extraction procedure, distal and proximal lead frag-
ments, lead vegetation if present and pocket tissue should be
sent for culture [17].

According to recent studies, antibiotic therapy without device
removal is associated with an increased risk in 30-day mortality
[26]. Appropriate timing plays an important role after the di-
agnosis of CIED infection, because delayed removal increases
the risk of life-threatening complications. Also noteworthy, that
systemic infection is a major predictor for increased all-cause
mortality.

In case of confirmed diagnosis of a newly implanted (<lyear)
cardiac device, percutaneous transvenous extraction techniques
are the methods of the first choice, since open surgical ap-
proaches are followed by the high risk of complications [31,37].
If some vegetations appear during the transvenous extraction
procedure, in that case, its size should be taken into account. In
the presence of lead vegetations with a diameter of more than
10mm, transvenous extraction procedures are as well preferred.
But if the size of lead vegetations is more than 20mm, an open
surgical extraction may be considered [16,23]. Complete CIED
removal is indicated as a first-line treatment in bacterial and fun-
gal infection when no other identifiable source for recurrence
or continued infection is found. [27,29,47,48,49] Patients with
superficial wound infections should not undergo device and lead
removal, only oral antibiotic therapy during 7-10 days is prefer-
able because in such patient’s superficial infections are confined
to the skin and the subcutaneous tissue, without involvement of
any parts of the CIED system [1]. After complete CIED removal
and lead extraction, long-term appropriate antibiotic therapy is
pivotal.
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Table3. The Novel 2019 International CIED Infection Criteria

Major criteria

Microbiology A. Blood cultures positive for typical microorganisms found in CIED infection and/or IE (Coagulase-
negative staphylococci, S. aureus)
B. Microorganisms consistent with IE 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 I IgG antibody titre >1:800

Imaging positive for D. Echocardiogram (including intracardiac echocardiography) positive for:
CIED a. CIED infection:
Infections and/or IE 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. Fluorine-18 fludeoxyglucose [18F]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

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, intracranial hemorrhage, conjunctival hemorrhages, 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 IE or pocket culture or leads culture (extracted by non-infected pocket)

Table 4. Recommendations for diagnosis of CIED infections and/or infective endocarditis according
to the Novel 2019 International CIED Infection Criteria

Definite CIED/IE presence of either 2 major criteria or 1 major + 3 minor criteria
Possible CIED/IE presence of either 1 major + 1 minor criteria or 3 minor criteria
Rejected CIED/IE patients who did not meet the aforementioned criteria for IE

According to several studies, therapeutic strategies, including the specific combination of antibiotic therapy is recom-
mended, which is summarized in Table 5 and 6 [1,3,16,23,38].

Table 5. Therapeutic strategies for patients with CIED infections

CIED infection therapy
2. Definite CID infection
. 1. Superficial 2.2 Systemic infection
Type of infec- incisional 2.1. Isolated pocket - - —
tion . h infection (negative 2.2.1 Without vegetation 2.2.2 CIED endocarditis with
infection blood culture) on leads or valves + pocket | vegetation on leads and/or valves +
infection embolism
Removal/Extraction + Removal/Extraction + Antibiotic
Therapeutic Antibiotic Removal/Extraction + | Antibiotic therapy 4 weeks | therapy 4-6 weeks + oral antibiotic
strategy therapy Antibiotic therapy 10- | (2 weeks if negative blood | therapy FU if indicated by second-
7-10 days 14 days culture) ary infectious focus
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Table 6. International consensus recommendations for antibiotic therapy including long-term suppressive therapy

Superficial incisional infection

Empirical treatment: Oral antibiotic treatment covering S. aureus
Flucloxacillin oral (amoxicillin-clavulanate is an alternative)
If high MRSA prevalence: Trimethoprim-sulfamethoxazole, Clindamycin, Doxy-
cyclin, Linezolid
To be adjusted after culture result. Duration: 7-10 days

Flucloxacillin p.o. 1 g every 6-8h
(amoxicillin-clavulanate standard dose)

Isolated pocket infection (negative blood cultures)

Empirical treatment: Directed at methicillin-resistant coagulase-negative staphy-
lococci (CoNS) and S. aureus:
Vancomycin (Daptomycin is an alternative)

Vancomycin: 30-60 mg/kg/d i.v. in 2-3 doses
(Daptomycin 8-10 mg/kg i.v. od)

If systemic symptoms:
For additional Gram-negative coverage, combine with 3rd
generation Cephalosporin (or a broader betalactam antibiotic) or Gentamicin

Vancomycin: 30-60 mg/kg/d i.v. in 2-3 doses
(Daptomycin 8-10 mg/kg i.v. od) +/- Cepha-
losporin: standard dose Gentamicin 5-7 mg/

kgi.v od

To be adjusted after culture result
If sensitive staphylococcus: Flucloxacillin (1st generation
cephalosporin as an alternative). Partial oral treatment is often used. Duration
post-extraction: 10—14 days

Flucloxacillin: 8 g/d i.v. in 4 doses or (1%
generation cephalosporin standard dose)

Systemic infections without vegetation on leads or valves 6 pocket infection

Empirical treatment: (directed at methicillin-resistant staphylococci and Gram-
negative bacteria): Vancomycin (Daptomycin is an alternative) + 3rd generation
Cephalosporin (or a broader betalactam antibiotic) or Gentamicin

Vancomycin: 30—60 mg/kg/d i.v. in 2-3 doses

(Daptomycin 8—10 mg/kg od) + Cephalospo-

rin: standard dose i.v or Gentamicin 5-7 mg/
kg i.v. odb

To be adjusted after culture result
If sensitive staphylococcus: Flucloxacillin i.v. (1st generation cephalosporin i.v.
as an alternative). Duration post-extraction: 4 weeks (2 weeks if negative
blood culture, see text)

Flucloxacillin i.v. dosages as above. (1st
generation cephalosporin standard
dose i.v.)

Systemic infections: CIED endocarditis with vegetation on leads and/or valvestembolism

Empirical treatment: Vancomycin (Daptomycin is an alternative) + 3rd generation
Cephalosporin (or a broader betalactam antibiotic) or Gentamicin

Vancomycin; 30—60 mg/kg/d i.v. in 2-3 doses
(Daptomycin 8—10 mg/kg od) + Cephalospo-
rin; standard dose or
Gentamicin 5-7 mg/kg i.v. odb

Adjust to culture result according to ESC endocarditis guidelines 2015

If prosthetic valve and staphylococcal infection: Rifampicin to be added after 5—7
days

Rifampicin: 900-1200 mg/day orally (or i.v.)
in 2 doses

Duration for native valve infective endocarditis: 4 weeks post extraction,
for prosthetic valve endocarditis: (4-) 6 weeks, for isolated lead vegetation:
2 weeks therapy after extraction may be sufficient (in total 4 weeks) except

for S. aureus infection

of lead or valve involvement

Bacteraemia in a CIED patient without signs of pocket infection or echocardiographic evidence

According to pathogen specific treatment guidelines

Attempted salvage therapy and long-term suppressive therapy

Lv. antibiotics as in prosthetic valve endocarditis for 4-6 weeks
Stop antibiotic therapy under close follow-up or continue
individualized long-term suppressive oral therapy.

In case of CIED infection, after the device extraction appro-
priate timing and the indication for reimplantation should be as-
sessed individually [14,42]. Reimplantation should be delayed
or even postponed until signs and symptoms have resolved and/
or also blood cultures are negative for at least 72 h after ex-
traction [11,42,44]. The contralateral side, the femoral vein or
epicardially, is preferable for the access of replacement device
[6,42,50]. Implantations of leadless pacemakers and subcutane-
ous ICD should be considered as an alternative during CIED in-
fection. For prognosis and outcomes, cardiac implantable elec-
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tronic device infection has an in-hospital or 30-day mortality
of 5-8% [4,35,41] including mortality from lead extraction and
sepsis. For patients who do not have complete removal of hard-
ware, particularly because of considering too frail, in-hospital
mortality is significantly high, as well over the months following
discharge [15,43].

It’s obvious that CIED implantation mostly has a positive
impact on patients’ quality of life, however, according to the
above-mentioned information, CIED infections can negatively
alter the quality of life and in some cases even worse it. Conse-
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quently, patients should be selected very carefully for implan-
tation, and also all the safety rules and requirements must be
strictly followed to prevent CIED infection.

As a conclusion, it’s worth to be mentioned that despite the
development of medical technologies and improved methods
of treatment, CIED infections still remain as a major prob-
lematic issue. Preventive strategies, early diagnosis, and
proper treatment are key goals in modern cardiology. It is im-
portant both in terms of maintaining the health condition of
each patient and quality of life, as well as in terms of financial
expenses. Despite the problems described in the article, due
to the rapid development of medicine and the introduction of
advanced methods of prevention or treatment, there exists a
strong optimism that the risk of infection will be minimized
and CIED implantation can significantly improve the quality
of life in every case.

REFERENCES

1. Baddour LM, Epstein AE, Erickson CC, Knight BP, Levison
ME, Lockhart PB et al. American Heart Association Rheumatic
Fever Endocarditis, and Kawasaki Disease Committee; Council
on Cardiovascular Disease in Young; Council on Cardiovascu-
lar, Surgery and Anesthesia; Council on Cardiovascular Nurs-
ing; Council on Clinical Cardiology; Interdisciplinary Council
on Quality of Care; American Heart Association. Update on car-
diovascular implantable electronic device infections and their
management: a scientific statement from the American Heart
Association. // Circulation 2010;121:458-77.

2. Birnie DH, Healey JS, Wells GA, Verma A, Tang AS, Krahn
AD et al. Pacemaker or defibrillator surgery without interruption
of anticoagulation.// N Engl J Med 2013;368:2084-93.

3. Blomstrom-Lundqvist C, Traykov V, Erba PA, et al. ESC
Scientific Document Group. European Heart Rhythm Associa-
tion (EHRA) international consensus document on how to pre-
vent, diagnose, and treat cardiac implantable electronic device
infections-endorsed by the Heart Rhythm Society (HRS), the
Asia Pacific Heart Rhythm Society (APHRS), the Latin Ameri-
can Heart Rhythm Society (LAHRS), International Society for
Cardiovascular Infectious Diseases (ISCVID) and the European
Society of Clinical Microbiology and Infectious Diseases (ESC-
MID) in collaboration with the European Association for Cardio-
Thoracic Surgery (EACTS). Europace. 2020 Apr 1;22(4):515-
549. doi: 10.1093/europace/euz246. PMID: 31702000; PMCID:
PMC7132545.

4. Boersma L, Burke MC, Neuzil P, Lambiase P, Friehling T,
Theuns DA et al. Infection and mortality after implantation of
a subcutaneous ICD after transvenous ICD extraction. / Heart
Rhythm 2016;13:157-64.

5. Bongiorni MG, Burri H, Deharo JC, Starck C, Kennergren
C, Saghy L, Group ESD et al. 2018 EHRA expert consensus
statement on lead extraction: recommendations on definitions,
endpoints, research trial design, and data collection require-
ments for clinical scientific studies and registries: endorsed by
APHRS/HRS/LAHRS. // Europace 2018;20:1217-17.

6. Bongiorni MG, Della Tommasina V, Barletta V, Di Cori A,
Rogani S, Viani S et al. Feasibility and long-term effectiveness
of a non-apical Micra pacemaker implantation in a referral cen-
tre for lead extraction. / Europace 2019;21: 114-20.

7. Cornelissen CG, Frechen DA, Schreiner K, Marx N, Kru“ger
S. Inflammatory parameters and prediction of prognosis in in-
fective endocarditis. BMC Infect Dis 2013;13:272.

8. Da Costa A, Kirkorian G, Cucherat M, Delahaye F, Che-

104

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

valier P, Cerisier A et al. Antibiotic prophylaxis for perma-
nent pacemaker implantation: a meta-analysis. // Circulation
1998;97:1796-801.

9. Darouiche RO, Wall MJ Jr, Itani KM, Otterson MF, Webb
AL, Carrick MM et al. Chlorhexidine-alcohol versus po-
vidone-iodine for surgical-site antisepsis. / N Engl J Med
2010;362:18-26.

10. de Oliveira JC, Martinelli M, Nishioka SA, Varej~ao T, Uipe
D, Pedrosa AA et al. Efficacy of antibiotic prophylaxis before
the implantation of pacemakers and cardioverter-defibrillators:
results of a large, prospective, randomized, double-blinded,
placebo-controlled trial. // Circ Arrhythmia Electrophysiol
2009;2:29-34.

11. Deharo JC, Bongiorni MG, Rozkovec A, Bracke F, Defaye P,
Fernandez-Lozano I et al. European Heart Rhythm Association.
Pathways for training and accreditation for transvenous lead ex-
traction: a European Heart Rhythm Association position paper.
// Europace 2012;14:124-34.

12. Du L, Zhang Y, Wang W, Hou Y. Perioperative anticoagula-
tion management in patients on chronic oral anticoagulant ther-
apy undergoing cardiac devices implantation: a meta-analysis. //
Pacing Clin Electrophysiol 2014;37:1573-86.

13. Essebag V, Verma A, Healey JS, Krahn AD, Kalfon E, Coutu
B et al.; BRUISE CONTROL Investigators. Clinically signifi-
cant pocket hematoma increases longterm risk of device infec-
tion: BRUISE CONTROL INFECTION study. // J Am Coll Car-
diol 2016;67:1300-08.

14. Grammes JA, Schulze CM, Al-Bataineh M, Yesenosky GA,
Saari CS, Vrabel MJ et al. Percutaneous pacemaker and implant-
able cardioverter-defibrillator lead extraction in 100 patients
with intracardiac vegetations defined by transesophageal echo-
cardiogram. // J Am Coll Cardiol 2010;55:886-94.

15. Greenspon AJ, Eby EL, Petrilla AA, Sohail MR. Treatment
patterns, costs, and mortality among Medicare beneficiaries with
CIED infection. / Pacing Clin Electrophysiol 2018;41:495-503.
16. Habib G, Lancellotti P, Antunes MJ, Bongiorni MG, Casalta
JP, Del Zotti F et al. 2015 ESC Guidelines for the management
of infective endocarditis: the task force for the management of
infective endocarditis of the European Society of Cardiology
(ESC). Endorsed by: European Association for Cardio-Thoracic
Surgery (EACTS), the European Association of Nuclear Medi-
cine (EANM). // Eur Heart J 2015;36:3075-3128.

17. Harrison JL, Prendergast BD, Sandoe JA. Guidelines for the
diagnosis, management and prevention of implantable cardiac
electronic device infection. // Heart 2015;101:250-2.

18. Huang X-M, Fu H-X, Zhong L, Cao J, Asirvatham SJ, Bad-
dour LM et al. Outcomes of transvenous lead extraction for car-
diovascular implantable electronic device infections in patients
with prosthetic heart valves. // Circulation 2016; 9:¢004188.

19. Joy PS, Kumar G, Poole JE, London B, Olshansky B. Car-
diac implantable electronic device infections: who is at greatest
risk? // Heart Rhythm 2017;14:839-45.

20. Klug D, Balde M, Pavin D, Hidden-Lucet F, Clementy J,
Sadoul N et al. Risk factors related to infections of implanted
pacemakers and cardioverterdefibrillators: results of a large pro-
spective study.// Circulation 2007;116:1349-55.

21. Klug D, Wallet F, Lacroix D, Marquie C, Kouakam C, Kacet
S et al. Local symptoms at the site of pacemaker implantation
indicate latent systemic infection. // Heart 2004;90:882—6.

22. Krahn AD, Longtin Y, Philippon F, Birnie DH, Manlucu
J, Angaran P et al. Prevention of Arrhythmia Device Infection
Trial: the PADIT trial. // J Am Coll Cardiol 2018;72:3098-109.

23. Kusumoto FM, Schoenfeld MH, Wilkoff BL, Berul CI,



GEORGIAN MEDICAL NEWS
No 5 (314) 2021

Birgersdotter-Green UM, Carrillo R et al. 2017 HRS expert
consensus statement on cardiovascular implantable electron-
ic device lead management and extraction. // Heart Rhythm
2017;14:¢503-51.

24. Kutinsky IB, Jarandilla R, Jewett M, Haines DE. Risk of
hematoma complications after device implant in the clopidogrel
era. // Circ Arrhythm Electrophysiol 2010;3: 312-18.

25. Lakkireddy D, Pillarisetti J, Atkins D, Biria M, Reddy M,
Murray C et al. Impact of pocket revision on the rate of infection
and other complications in patients requiring pocket manipula-
tion for generator replacement and/or lead replacement or revi-
sion (make it clean): a prospective randomized study. // Heart
Rhythm 2015;12:950-6.

26. Le KY, Sohail MR, Friedman PA, Uslan DZ, Cha SS, Hayes
DL et al. Impact of timing of device removal on mortality in pa-
tients with cardiovascular implantable electronic device infec-
tions. / Heart Rhythm 2011;8:1678-85.

27. Lebeaux D, Ferna'ndez-Hidalgo N, Chauhan A, Lee S,
Ghigo J-M, Almirante B et al. Management of infections related
to totally implantable venous-access ports: challenges and per-
spectives. // Lancet Infect Dis 2014;14:146-59.

28. Lennerz C, Vrazic H, Haller B, Braun S, Petzold T, Ott I
et al. Biomarker-based diagnosis of pacemaker and implantable
cardioverter defibrillator pocket infections: a prospective, multi-
centre, case-control evaluation. / PLoS One 2017;12:€0172384.
29. Maskarinec SA, Thaden JT, Cyr DD, Ruffin F, Souli M,
Fowler VG. The risk of cardiac device-related infection in bac-
teremic patients is species specific: results of a 12-year prospec-
tive cohort. Open Forum Infect Dis 2017;4:0fx132.

30. Olsen T, Jergensen OD, Nielsen JC, Thegersen AM, Philbert
BT, Johansen JB. Incidence of device-related infection in 97 750
patients: clinical data from the complete Danish device-cohort
(1982-2018). // Eur Heart J 2019;40:1862—69.

31. Patel D, Khan F, Shah H, Bhattacharya S, Adelstein E, Saba
S. Cardiac implantable electronic device lead extraction in pa-
tients with underlying infection using open thoracotomy or per-
cutaneous techniques. // Cardiol J 2015;22:68-74.

32. Peacock JE, Stafford JM, Le K, Sohail MR, Baddour LM,
Prutkin JM et al. Attempted salvage of infected cardiovascu-
lar implantable electronic devices: are there clinical factors
that predict success? Pacing Clin Electrophysiol 2018;41:
524-31.

33. Polyzos KA, Konstantelias AA, Falagas ME. Risk factors
for cardiac implantable electronic device infection: a systematic
review and meta-analysis. // Europace 2015;17:767-77.

34. Prutkin JM, Reynolds MR, Bao H, Curtis JP, Al-Khatib SM,
Aggarwal S et al. Rates of and factors associated with infection
in 200 909 Medicare implantable cardioverter-defibrillator im-
plants: results from the national cardiovascular data registry. //
Circulation 2014;130:1037-43.

35. Rizwan Sohail M, Henrikson CA, Jo Braid-Forbes M,
Forbes KF, Lerner DJ. Increased long-term mortality in patients
with cardiovascular implantable electronic device infections. //
Pacing Clin Electrophysiol 2015;38:231-9.

36. Robinson M, Healey JS, Eikelboom J, Schulman SAM, Mo-
rillo CA, Nair GM et al. Postoperative low-molecular-weight
heparin bridging is associated with an increase in wound hema-
toma following surgery for pacemakers and implantable defi-
brillators. // Pacing Clin Electrophysiol 2009;32:378-2.

37. Rusanov A, Spotnitz HM. A 15-year experience with perma-
nent pacemaker and defibrillator lead and patch extractions. //
Ann Thorac Surg 2010;89:44-50.

38. Sandoe JA, Barlow G, Chambers JB, Gammage M, Guleri

© GMN

A, Howard P et al. Guidelines for the diagnosis, prevention and
management of implantable cardiac electronic device infection.
Report of a joint Working Party project on behalf of the British
Society for Antimicrobial Chemotherapy (BSAC, host organiza-
tion), British Heart Rhythm Society (BHRS), British Cardiovas-
cular Society (BCS), British Heart Valve Society (BHVS) and
British Society for Echocardiography (BSE). // J Antimicrob
Chemother 2015;70:325-59.

39. Stawek-Szmyt, S., Araszkiewicz, A., Grygier, M., Szmyt,
K., Chmielewska-Michalak, L., Seniuk, W., Wasniewski, M.,
Smukowski, T., Lesiak, M., Mitkowski, P., 2020. Predictors
of Long-Term Infections After Cardiac Implantable Electron-
ic Device Surgery — Ultility of Novel PADIT and PACE
DRAP Scores —.// Circulation Journal.. doi:10.1253/circ;j.
¢j-20-0305

40. Stawek-Szmyt, S., Araszkiewicz, A., Grygier, M., Szmyt,
K., Seniuk, W., Wasniewski, M., Smukowski, T., Chmielewska-
Michalak, L., Lesiak, M., Mitkowski, P., 2020. PACE DRAP: a
simple score for predicting significant bleeding complications
after cardiac implantable electronic device surgery. // Polish Ar-
chives of Internal Medicine.. doi:10.20452/pamw.15180

41. Sohail MR, Henrikson CA, Braid-Forbes MJ, Forbes KF,
Lerner DJ. Mortality and cost associated with cardiovascular
implantable electronic device infections. // Arch Intern Med
2011;171:1821-8.

42. Sohail MR, Uslan DZ, Khan AH, Friedman PA, Hayes DL,
Wilson WR et al. Management and outcome of permanent pace-
maker and implantable cardioverter-defibrillator infections. // J
Am Coll Cardiol 2007;49:1851-59.

43. Tan EM, DeSimone DC, Sohail MR, Baddour LM, Wil-
son WR, Steckelberg JM et al. Outcomes in patients with
cardiovascular implantable electronic device infection man-
aged with chronic antibiotic suppression. // Clin Infect Dis
2017;64:1516-21.

44. Tarakji KG, Chan EJ, Cantillon DJ, Doonan AL, Hu T,
Schmitt S et al. Cardiac implantable electronic device infec-
tions: presentation, management, and patient outcomes. // Heart
Rhythm 2010;7:1043-7.

45. Tarakji KG, Mittal S, Kennergren C, Corey R, Poole JE,
Schloss E et al. Antibacterial envelope to prevent cardiac im-
plantable device infection. // N Engl J Med 2019;380:1895-905.
46. Traykov V, Bongiorni MG, Boriani G, Burri H, Costa R,
Dagres N et al. Clinical practice and implementation of guide-
lines for the prevention, diagnosis and management of cardiac
implantable electronic device infections; results of a worldwide
survey under the auspices of the European Heart Rhythm As-
sociation.// Europace 2019;21:1270-1279.

47. Uslan DZ, Sohail MR, Friedman PA, Hayes DL, Wilson
WR, Steckelberg JM et al. Frequency of permanent pacemaker
or implantable cardioverterdefibrillator infection in patients with
Gram-negative bacteremia. // Clin Infect Dis 2006;43:731-6.
48. Uslan DZ, Sohail MR, St Sauver JL, Friedman PA, Hayes
DL, Stoner SM et al. Permanent pacemaker and implantable
cardioverter defibrillator infection: a population-based study. //
Arch Intern Med 2007;167:669-75.

49. Viola GM, Awan LL, Darouiche RO. Nonstaphylococcal in-
fections of cardiac implantable electronic devices. // Circulation
2010;121:2085-91.

50. Zucchelli G, Bongiorni MG, Di Cori A, Soldati E, Solarino
G, Fabiani I et al. Cardiac resynchronization therapy after coro-
nary sinus lead extraction: feasibility and mid-term outcome of
transvenous reimplantation in a tertiary referral centre. // Euro-
pace 2012;14:515-21.

105



SUMMARY

CARDIAC IMPLANTABLE ELECTRONIC DEVICE IN-
FECTIONS - PREVENTION, DIAGNOSIS, TREATMENT
AND IMPACT ON QUALITY OF LIFE

2’Kuridze N., Rukhadze B., Bakashvili N., >*Verulava T.,
12Aladashvili A.

'Ivane Javakhishvili Tbilisi State University, °G. Chapidze

Emergency Cardiology Center, ‘Caucasus University

For several decades, highly refined cardiac implantable elec-
tronic devices (CIED) are used to prevent and manage various
types of cardiac pathology, which have saved the lives of many
patients. Cardiac implantable electronic devices help maintain
and improve the quality of life by regulating the heart rate, ter-
minating life-threatening arrhythmias, and improving systolic
function, including pacemakers, implantable cardioverter defi-
brillators, and cardiac resynchronization therapy devices. Re-
gardless of the benefits received after its implantation, in some
cases, serious complication has appeared, such as CIED infec-
tions, associated with severe morbidity, mortality, financial ex-
penses and changes in the quality of life. Exactly, in this article
will be addressed the issues of prevention, diagnosis, and treat-
ment of this condition, which will help specialists to properly
assess the problem and to find a way to effectively solve it.

Keywords: Cardiac implantable electronic device, cardiac
pacemaker, implantable cardioverter defibrillator, resynchroni-
zation therapy device, CIED infection.

PE3IOME

HNHOEKNHUA HUMIIJIATUPYEMBIX JJIEKTPHUYE-
CKHUX KAPIMOYCTPOMCTB - EE IIPEBEHIIMS, IUA-
IF'HOCTHUKA, JTEYEHUE U BIIUAHUE HA KAYECTBO
KN3HU

L2Kypunsze H.H., ’Pyxanze B.T., 2bakamsuiu H.H.,
23Bepyaasa T.H. Ananamsuiu A.B.

Tounuccruii 2ocyoapemeennblii ynueepcumem um. M. Jicasa-
xuweunu; *Llenmp neomaodcnotl kapouonro2uu um. akao. I'. Ya-

nuose, 3Kaexaszcxuil ynusepcumem, I pysus

V>ke HECKOJIBKO AECATUIICTHH ISl JTIeUeHUS U IPEBEHIINH Pa3-
JUYHBIX THIOB KapAMOIOTHYECKHX IPOOIeM HCIOIb3YIOTCS
KapANOyCTPOMCTBA, KOTOPBIE PEryIUPYIOT YaCTOTY CEPAECIHBIX
COKpAIIEeHNH, KyMUPYIOT yTrPOXKAIONIIE KU3HH BUABI apUTMUHA

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()
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