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Abstract

Aim: Cardiac implantable electronic devices (CIED) have been increasingly used in re-
cent years; consequently, there has been an increment in device-related complications. In
this study, we aimed to make a recommendation to the centers that can implant cardiac
devices about perioperative measures and to reinforce the role of perioperative measures
in preventing cardiac device infection.

Materials and Methods: The retrospective review examined the patients demographic
data, medical diagnoses, operation details, echocardiographic findings, anticoagulant/ an-
tiaggregant usement and complications (Table 1), laboratory findings and comorbidities
(Table 2). No distinction was made between device types. A 90-day and a 30-day retro-
spective screening were performed. Patients were scheduled for follow-up visits one week
and one month after the procedure. Three-month checks on telecommunication methods
were performed.

Results: The study included 169 people. There were 60 (35.5%) emergency depart-
ment patients admitted. A pacemaker was implanted in 60 patients, an implantable
cardioverter-defibrillator (ICD) in 79 patients, and a Cardiac Resynchronization Ther-
apy (CRT) in 30 patients. The procedure time of patients with CRT implantation was
significantly longer (p <0.001) when battery replacements were excluded from the anal-
ysis (p 0.001). However, no statistical difference was found in infection rates. A battery
pocket hematoma was observed in 4 patients, and 1 patient with a possible battery pocket
infection.

Conclusion: We think that the low rate of CIED infection in our clinic is a result of
strict periprocedural measures and collaboration with infectious diseases.

Copyright (© 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

of CIED infections varies by center, it ranges between 0.5%
and 19.9% in patients with permanent pacemakers and be-

Over the last five decades, the use of cardiac implantable
electronic devices (CIEDs) in cardiovascular disease with
expanding indications has rapidly increased. Technologi-
cal developments in the field of interventional cardiology
have increased the life expectancy of cardiac patients. Due
to the needs of surviving patients, the number of patients
who have been implanted with a permanent pacemaker
and an implantable cardioverter-defibrillator is increasing
on a daily basis [1]. The increase in the number of patients
who have had a CIED implanted adds to the complications
associated with the procedure. CIED-related infections
are increasing at a faster rate than the implanted device
infections [2] and infection-related complications are in-
creasing at a 5% annual rate [3]. Although the frequency
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tween 0.0% and 3.2% for Implantable Cardioverter Defib-
rillator (ICD)/ Cardiac Resynchronization Therapy (CRT)
devices [4-7]. Recent studies have shown that patients un-
dergoing a battery replacement have a higher infection rate
than those undergoing a new implantation [8-10]. Indi-
vidual characteristics of the patient (comorbid diseases,
self-care), peri-procedural preparations (repetitive proce-
dures, contamination during the procedure, appropriate
preprocedural preparation and use of antimicrobials), envi-
ronmental and organizational factors (facility cleanliness,
quality environmental cleanliness, lack of space to store
necessary supplies), and microbial factors (type and viru-
lence of the organism) all play an important role in CIED
infections [3]. Patients with comorbidities, such as dia-
betes mellitus, heart failure, long-term corticosteroid use,
anticoagulation, and renal dysfunction are reported to be
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at higher risk of CIED infection. There is no standardized
practice in the literature for the use of periprocedural an-
tibiotics to protect against CIED infections [11]. The use
of antibiotics in CIED implantations is one of the robust
recommendations based on many clinical studies [12]. Al-
though routine surgical measures are taken as periprocedu-
ral protection measures in many centers, weaker measures
are taken in terms of environmental factors (operating in a
catheter laboratory, environmental cleaning, etc.). In this
observational study, we aimed to find out the reasons for
low single-center CIED infection rates, compare the prac-
tices of our center with the literature, and contribute to
the literature in terms of periprocedural measures.

Material and Methods

The research was carried out at the Ankara 29 Mayis State
Hospital Cardiology Clinic. The first CIED implantation
was performed in our center, a 100-bed city hospital, in
November 2019. Patients who had a CIED implanted (ini-
tial or revision) between November 2019 and June 2020
was included in this single-center observational study. In
the retrospective file review, the demographic data, med-
ical diagnoses, operation details, echocardiographic find-
ings, anticoagulant/antiaggregant use and complications
(Table 1), laboratory findings, and comorbidities (Table 2)
of the patients were examined. The data on the practices
performed for perioperative infection protection (preoper-
ative use of antibiotics, shaving of the operation area, use
of disinfectants, operator-related factors) were collected.
1.0 gr Cephazolin solution I/V was administered to pa-
tients who had not received antibiotics during hospital-
ization for any other reason before the procedure. In
the event of severe bleeding from the device pocket and
the need to continue drainage, antibiotics were contin-
ued. The procedure was performed under the antiplatelet
and antiaggregant drugs used by the patients. In addi-
tion, patients receiving warfarin were processed with INR
levels of around 2. In patients using NOACs, the drugs
were discontinued 24 hours before, and bridging treat-
ment was not applied in any of the patients. One day
of bed rest and two hours of cold and compression ther-
apy were prescribed for all patients. Data on the type of
CIED implanted (ICD, pacemaker, or CRT), lead num-
ber, replacement /new operation, recurring operation, and
operation time were recorded. Although the elevated risk
is known for ICD implantation, battery replacement, and
complex operations (like resynchronization therapy, com-
plicated cases, or long procedure time), there is insufficient
data on the CIED infection rate for each of these proce-
dures [11]. Therefore, no distinction was made between
device types. The presence of battery pocket infection
was evaluated according to the definition of infection in
the Mayo Cardiovascular Infection Study group, and the
definition of endocarditis was determined according to the
presence of vegetation in the valve or lead and Duke Cri-
teria [13]. In addition, since there is no clear definition
of a CIED infection, exclusion criteria were not applied
to patients with suspected infection. A 90-day and a 30-
day retrospective screening were performed. Patients were
called for follow-up visits one week and one month after
the procedure. 3-month checks were made over telecom-
munication methods.
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Table 1. Variables

Male 112 (66.3)
Sex
Female 57 (33.7)
18-65 52 (30.7)
Age 65-75 75(44.3)
75-90 42 (24.8)
. Yes 32(18.9)
Smoking
No 137 (81.1)
<40 87 (51.6)
Ejection fraction 40-49 6(3.2)
>50 76 (44.3)
Yes 169 (100)
) o Sefazolin 158
Preoperative antibiotics
Others 1
No 0(0)
Ischemic CMP* 71 (42)
Non-ischemic CMP 13 (7.6)
AV22 block 60 (35.5)
Indications Syncope 4(2.5)
Heart failure resenc. 11(6.5)
Therapy
Asystoli 1(1)
Multi endication 10 (6)
Hair clipping for male Yes 69 (62)
patients No 43 (38)
Icp* 79 (46.7)
Type of CIED? Pacemaker 60 (35.5)
BIV-ICD® 30 (17.8)
1 75(44.3)
Number of leads
i 2 43 (28.2)
implanted
3 9 (5.6)
Initial 114 (67.5)
Initial/Reimplantation Battery replacement 41(24.3)
Battery replacement + 13(7.7)
lead revision
< 1 hour 118 (69.8)
Processing Time 1-2 hour 38 (22.4)
> 2 hour 13(7.7)
Hematoma 4
Complications Pnomothorax 1
Hemathorax 1
Infective 1
Aesthetic 158 (93,4)
Type of suture .
Matrix 11 (6,6)

LCMP: Cardiomyopathy, 2AV: Atrioventricular, 2CIED:
Cardiovascular Implantable Electronic Device, 41cD: Implantable
Cardiac Device, ®BIV-ICD: Biventricular Implantable Cardiac
Device.

Results

One hundred sixty nine people were enrolled in the study.
42 patients (24.8%) were 75 years of age or older, 75
patients (44.3%) were 65-75 years of age, and 52 pa-
tients (30.7%) were under 65 years of age. The emer-
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Table 2. Comorbidities and laboratory findings.

Atrial fibrillation 42 (25)
Diabetes Mellitus 41(24)
Hypertension 111 (65.7)
Hyperlipidemia 47 (40)
Chronic obstructive lung disease 15 (8.9)
Malignancy 3(1.8)
Serebrovascular disease 3(1.8)
Aterosclerotic vascular disease 96 (56.8)
Heart failure 109 (64.5)
Acetylsalicylic acid 82 (48.5)
NOACs 25 (14.8)
Klopidogrel 40 (23.7)
Warfarin 15 (8.9)
Betablocker 108 (63.9)
Angiotensin converting enzyme inhibitor 80 (47.3)
Angiotensin receptor blocker 27 (16)
Statin 79 (46.7)
Spironolactone 69 (40.8)
INR <2,0 165 (97.6)
2-3 4(2.4)
White blood cells <10000 144 (79.8)
>10000  25(20.2)
<5 99 (68.5)
. . 5-10 34 (20.1)
c- Reactive Protein
10-25 18 (10.7)
25 18 (10.7)
> 90 25 (14.8)
>60-89 89 (52.6)
GFR(ml/dak /1.73 m?) >30-60 48 (28.4)
>15-29 6 (3.6)
<15 1(6)

GFR: Glomerular Filtration Rate, INR: Internationel normalized
ratio, NOACs: Novel Oral Anticoagulants.

gency department admitted 44 (35.5%) patients. A pace-
maker was implanted in 60 patients (35.5%), an im-
plantable cardioverter-defibrillator was implanted in 79 pa-
tients (46.7%) and a 3-chamber implantable cardioverter-
defibrillator was implanted in 30 patients (17.8). CIED
implantation was performed for the first time in 114 pa-
tients (67.5%), battery replacement in 41 patients (24.3%),
and lead implantation and battery replacement in 13 pa-
tients (7.7). Aesthetic sutures were used in 93.4% of the
patients, while matrix sutures were used in the remaining
patients. Subcutaneous sutures of all patients were closed
with continuous sutures. In four patients, a submuscular
battery pocket was opened, and in others, a pectoral fas-
cia pocket was opened. Tweenty three patients were using
dual antiplatelet therapy, 40 patients were using clopido-
grel, and 82 patients were using acetylsalicylic acid. 15
patients were using warfarin and 25 patients were using
Novel Oral Anticoagulants (NOACs). The number of pa-
tients with an Ejection Fraction (EF) of less than 40 was
87 (51.6), the number of patients with an EF of 40-49 was
6 (3.2), and the rest was 50 or over. In the analysis per-
formed by excluding battery replacements, the procedure
time of patients with CRT implantation was significantly
longer (p <0.001). However, no statistical difference was
found in infection rates. A battery pocket hematoma was
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observed in 4 patients, and a battery pocket infection was
suspected in one. No growth was detected in the cul-
tures made. A granulomatous reaction was observed in
the pathology. The device was extracted due to purulent
discharge. Preoperative fever was observed in 8 patients.
Before the procedure, 158(93.4) patients were given cefa-
zolin, and 11(6.6) patients were given other antibiotics.

Discussion

CIED infections are major complications that result in
complete removal of the device and have high morbidity
and mortality [14]. Although there is no consensus about
the methods of infection prevention in CIED infections,
different expert opinions, reviews, and some mini guides
have been tried and established [10-16]. In this observa-
tional study, we aimed to investigate low infection rates
and causes in a single-center and to compare individual,
procedural, and environmental infection prevention mea-
sures with the literature. According to the European So-
ciety of Cardiology (ESC) consensus report published in
2019, the CIED infection rate was <0.5% in 44.8% of the
centers, in the range of 0.5-1.0% in 16.5%, 1-2% in 17.4%,
2-5% in 13.5%, and >5% in 7.8 [11]. Battery replacement,
an increase in co-morbidities, and an increase in complex
device implantation (ICD/CRT) are all potential risk fac-
tors for CIED infections [11].

Environmental factors / Personnel

According to recent publications on the prevention and
management of CIED infections, the operation room is re-
quired to be suitable for operating room conditions [16-17].
In our hospital, procedures were carried out in the catheter
laboratory by providing appropriate conditions. Although
recent publications recommend that the room in which
CIED implantation would be performed should have neg-
ative pressure [16-17], the catheter laboratory of our hos-
pital is ventilated with a ventilation system that operates
with outside air at a rate of 15-20 air changes/hour. The
ventilation system in our catheter laboratory meets the
basic requirements outlined in the CIED infection guide-
lines. Some days of the week were designated as CIED
implantation days, and coronary events were not accepted
unless they were an emergency. We cleaned the catheter
laboratory before each procedure. In the event of a CIED,
access to the catheter laboratory was restricted, and oper-
ating room personnel followed the minimum required sur-
gical precautions.

Preprocedural

On the day of the procedure, if the surgical site was the
scalp, it was cleaned with electric clippers (with a single-
use head) [16-18]. If the surgery could be performed on a
hairless area, shaving was not done as recommended due
to the increased risk of infection [23]. Although taking
a shower before the procedure was recommended in the
British guideline published in 2015, except for emergency
patients, elective patients followed this rule [23]. Again, no
staphylococcal carriage samples were obtained from any of
our patients for staphylococcal carriage prior to the pro-
cedure. The use of anticoagulant/antiaggregant is a prob-
lem for most patients undergoing CIED implantation. In
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patients who have had a CIED implanted, the develop-
ment of a hematoma in the operation site increases the
risk of infection fourfold [18]. It is known that the combi-
nation of clopidogrel and acetylsalicylic acid increases the
risk of hematoma in patients with CIED implants [19-20].
It was observed that the rate of bleeding and hematoma
increased approximately 3 times in patients receiving war-
farin who also received heparin bridging therapy [19]. A
rise in bleeding complications was not observed in CIED
implantations where INR was maintained at around 2 in-
stead of discontinuing warfarin compared to those with
an INR <1.5 [19-21]. Considering this information, war-
farin use was not interrupted in patients processed [22].
Although there were recommendations for discontinuation
regarding the use of antiaggregant, its use was not discon-
tinued in any patient, and the elevated risk of hematoma
was not observed in patients using dual antiplatelet ob-
servationally. In our study, 4 patients were observed to
develop a hematoma. In subgroup analysis, it was ob-
served that 2 patients with hematoma used warfarin and
had to use enoxaparin after the procedure because their
arrival INR was under 1.5, and 1 patient was from the
NOAC group, and one patient was from the group using
dual antiplatelets. Although flucloxacillin is recommended
in some guidelines for preprocedural antibiotic prophylaxis
due to C. difficile infections (16,23%), Cefazolin 2 gr was
administered intravenously before the procedure in our
hospital, as it is in many high-volume centers around the
world [11]. However, no C. difficile infection was detected
in the follow-up of the patients. Cefazolin was adminis-
tered 1 hour before the procedure, as recommended by 10
guidelines supported by meta-analyses [24]. If the patients
who were planned for CIED implantation showed signs of
sepsis (fever, high C - reactive protein, or leukocytosis),
the patients were consulted with infectious diseases and
implantation was performed after a fever-free period for a
minimum of 2 days following the use of appropriate antibi-
otics.

Procedural / Postprocedural

The use of a topical antiseptic at the operation site is con-
troversial. In a randomized clinical study by Darouiche et
al., it was found that administration of chlorhexidine an-
tisepsis caused a relative 41% lower rate of infection com-
pared to povidone iodine [25]. In another single-center
study, no difference was identified between aqueous or al-
coholic preparations of povidone iodine and chlorhexidine
[26]. All members of the operation team washed their
hands with a single-use 4% chlorhexidine impregnated sur-
gical nail brush at least 2 times and for a minimum of 3
minutes. Before the operation, the surgical site was dis-
infected at least 3 times with a single-use surgical nail
brush impregnated with 4% chlorhexidine and a surgical
nail brush impregnated with 7.5% povidone iodine with
a minimum contact time of at least 30 seconds. The op-
eration table was used by a doctor and a nurse. Opera-
tions were performed by a single physician. The opera-
tion nurse was not substituted as much as possible. Since
hematoma formation would increase the risk of infection
[18], particular attention was paid to bleeding control dur-
ing the procedure. After the procedure, the patients were
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taken to the intensive care unit with a compressive dress-
ing for bleeding control, and the compressive dressing was
applied for 4-6 hours. In the postoperative period, cefa-
zolin was administered twice a day. There is no evidence
for post-operative antibiotic administration in preventing
CIED infections [11, 16, 17, 22]. Considering that CIED
implantations are new in our hospital, as they are in many
other centers in Europe [11], we believe that continued
use of postoperative antibiotics is effective in high-patient-
volume centers in our country. All patients with CIED im-
plantations were discharged as soon as possible. Wound
control was performed on the patients at the visit made
on the next day of the procedure. First and only antisep-
tic dressing was done. The patients were advised to re.ove
their dressings the next day and to keep the operation area
dry and clean for 2-3 days if it was a subcutaneous suture,
but to keep it dry and clean until the sutures were re-
moved if it was a matrix suture. Although the first CIED
implantation in our hospital was 2 years ago, the main rea-
son for achieving low infection rates was suggested to be a
combination of personnel sensitivity and appropriate en-
vironmental factors. We would like to state that we found
our single-center observational study valuable in terms of
guiding centers that are new to CIED implantation.

Conclucion

In our hospital, the rate of CIED infection is low. This,
we think, is due to the use of antibiotic prophylaxis in
accordance with pre-procedural measures and cooperation
with infectious diseases. In CIED prevention, we believe
that working as a single team improves efficiency in the
implementation of procedural measures.

Limitations

The study had certain limitations. First of all, it was a ret-
rospective cross-sectional and a single-center study. There
were only two cardiologists operating the patients, and it
is a known fact that bleeding complications vary with ex-
perience of the operator. Secondly, the sample size was
relatively small, and larger cohort studies are needed to
confirm our conclusions.

Ethics approval
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