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Aims Cardiac implantable electronic device (CIED) infection rates are increasing. Worldwide compliance and disparities
to published guidelines for the prevention, diagnosis and management of these conditions are not well elucidated.
The purpose of this survey, therefore, was to clarify these issues through an inquiry to arrhythmia-related associa-
tions and societies worldwide.

Methods A questionnaire comprising 15 questions related to CIED infections was distributed among members of seven ar-
and results rhythmia societies worldwide. A total of 234 centres in 62 countries reported implantation rates of which 159
(68.0%) performed more than 200 device implantations per year and 14 (6.0%) performed fewer than 50 implanta-
tions per year. The reported rates of CIED infections for 2017 were <2% in 78.7% of the centres, while the infec-
tion rates exceeded 5% in 7.8% of the centres. Preventive measures for CIED infection differed from published rec-
ommendations and varied among different regions mainly in terms of pocket irrigation and administering post-
operative antimicrobial therapy the use of which was reported by 39.9% and 44% of the respondents, respectively.
Antibacterial envelopes were used by 37.7% of the respondents in selected circumstances. In terms of pocket
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infection management, 62% of the respondents applied complete system removal as an initial step. Diagnostic

pocket needle aspiration and pocket surgical debridement were reported by 15.8% and 11.8% of centres,

respectively.

Clinical practices for prevention and management of CIED do not fully comply with current recommendations and

demonstrate considerable regional disparities. Further education and programmes for improved implementation of

guidelines are mandatory.

Keywords

Cardiac implantable electronic device infection e Prevention e Guidelines e Cardiac resynchronization

therapy e Implantable cardioverter-defibrillator ¢ EHRA survey

What’s new?

® Significant global and regional variations still exist in the pre-
vention, diagnosis and management of patients with cardiac im-
plantable electronic device infections.

® Existing guidelines and recommendations are not adequately
implemented worldwide.

Introduction

The rate of cardiac implantable electronic device (CIED) infection
continues to rise and is out of proportion to the increasing rate of de-
vice implantation.™ Possible causes are: increasing patient longevity
with resultant generator changes; increasing comorbidities; increasing
implantation rates of complex devices—implantable cardioverter-
defibrillators (ICDs), cardiac resynchronization therapy pacemakers/
defibrillators (CRT-P/Ds); in higher risk patients.

The impact of CIED infections on patients and society is significant.
It includes patient suffering, need for complex surgical interventions
with complete lead extraction, prolonged hospitalization and in-
creased mortality, all leading to high costs with substantial impact on
the healthcare sys’cems.3'4 Scientific medical organizations in Europe
and in the United States have published recommendations on the
prevention and management of CIED infections.” '° Given the im-
pact of CIED infections on health care resources and patient morbid-
ity/mortality, global and regional adherence to these guidelines is of
paramount importance. This survey aimed to analyse practices ap-
plied worldwide for prevention, diagnosis and treatment of CIED
infections, and current adherence to published guidelines and
recommendations.

Methods

An internet-based physician-centered survey, comprising 15 questions
concerning common clinical settings and scenarios related to CIED infec-
tion prevention and handling was distributed among members of six med-
ical societies worldwide (Supplementary material online). The survey was
sent to the European Heart Rhythm Association (EHRA), the European
Association for Cardiothoracic Surgery (EACTS), the Heart Rhythm
Society (HRS), the Asia Pacific Heart Rhythms Society (APHRS), the Latin
American Heart Rhythm Society (LAHRS), and the Brazilian Association
of Cardiac Pacing (ABEC), which in turn were responsible for further

distribution of the questionnaire among their members. Surveyed physi-
cians represented the practice at their centres therefore data received
may be extrapolated for a larger pool of implanting physicians. The survey
was active from 1 May 2018 until mid-June 2018. Results are presented as
numbers and percentages for each answered option. The ¥? criterion
was used to compare categorical variables, while continuous data were
analysed using Mann-Whitney U test or Kruskal-Wallis test as
appropriate.

Results

A total of 380 responses to at least one of the questions were re-
ceived from 62 countries (Figure 1, Supplementary material online,
Table S1), of which 182 (47.8%) came from Europe and Central Asia,
104 (27.4%) from Latin America and the Caribbean, 45 (11.8%) from
North America, 39 (10.2%) from the Asia-Pacific Region, 9 (2.4%)
from the Middle East and North Africa, and 1 (0.3%) from elsewhere
in Africa. Of these, 218 (57.4%) were replies from university hospi-
tals, 98 (25.7%) from private hospitals, and the remaining 64 (16.8%)
from non-university public hospitals. More than half of the respond-
ing physicians (54.1%, 131 of 242) providing information on their spe-
cialty were cardiologists, while 32.2% (78/242) were thoracic or
cardiovascular surgeons. The median number of replies for each of
the questions on the survey questionnaire was 175 (46.1%).

Implantation volumes and prevalence of
cardiac implantable electronic device
infections

A total of 159 of the 234 (67.9%) responders providing data on vol-
umes of device implants, had implantation volumes above 200 devi-
ces for 2017. Low volumes, defined as fewer than 50 devices
annually, were reported by 14 of 234 (6.0%) of the responding
centres. Complex devices (ICD, CRT-P/D) were implanted in 225
centres, of which 140 centres (62.2%) had an implantation rate ex-
ceeding 50 devices for 2017, while 85 centres (37.7%) had an implan-
tation rate of fewer than 50 devices for 2017. Self-reported infection
rates for 2017 were provided by 234 centres. The overall rate of
CIED infections in the survey was as follows: 44.8% of the centres
reported infection rates of <0.5%, 16.5% were in the range >0.5 to
1%, 17.4% were in the range >1 to 2%, 13.5% were in the range of
>2% to 5%, and 7.8% reported an infection rate of >5%. There was
no difference in the infection rates in centres with <50 implantations
per year (median 4.65%, 25th/75th percentile = 0.00/8.33%) vs. those
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Figure | Distribution of replies by country.

with 50-200 implantations (median 0.99%, 25th/75th percentile =
0.00/2.39%) and those with >200 implantations (median 0.90, 25th/
75th percentile = 0.45/1.82%), P = non significant (NS). A detailed de-
scription of the infection rates in different types of procedures is
shown in Figure 2 and in Supplementary material online, Table S2.

Prevention of cardiac implantable

electronic device infections

A total of 154 of 184 respondents (83.7%) reported that during
CIED implantation the implant procedural room met regional/na-
tional operating room standards for sterility and equipment as used
for general surgical procedures. As a preventive measure, 135 of 184
responding centres (73.4%) applied regulations to limit the number
of people in the operating room. Preprocedural nasal swab culture
was infrequent and only used in 41/180 centres (22.8%).

Preoperative antimicrobial prophylaxis was used in 178 of 192
(92.7%) of the responding centres. The antimicrobial was adminis-
tered intravenously 30—60 min before the procedure in 62.8% and at
the start of the procedure in another 29.8% of the centres. The most
commonly administered antimicrobial prophylaxis was intravenous
(i.v.) cefazolin which was used in 149 of 187 centres (79.7%), while
vancomycin iv., oxacillin/flucloxacillin iv., and teicoplanin iv. were
less frequently used. The regional distribution of the type of antimi-
crobial for the prevention of surgical site infection is shown in
Table 1. There were no significant disparities in preoperative antimi-
crobial prophylaxis in different regions apart from a trend for higher
vancomycin use in the Asia-Pacific region.

Preprocedural skin antisepsis was achieved with alcoholic
chlorhexidine in 80/187 centres (42.8%), followed by aqueous
povidone-iodine in 20.9%. Aqueous chlorhexidine and alcoholic
povidone-iodine were less commonly used; in 15.5% and 15.0%,

Number of replies
47

1

respectively. The practices of skin antisepsis show significant regional
differences as demonstrated in Figure 3. Hair removal was carried out
by clippers in 121/181 (66.9%) of the responding centres. During im-
plantation, iodinated incise drapes were used for skin preparation in
81 of 178 centres (45.5%), most commonly in North America (93.8%
of the centres), and least commonly in Latin America and Caribbean
(16.9%). Centres reporting using them had significantly higher median
implantation rates: 498.5 (25th/75th percentile =194.8/688.3) vs.
215.5 (25th/75th percentile = 102.0/448.3), P=0.004. Pocket irriga-
tion with antimicrobials or antiseptics was used by 73 of 183
responding centres during implantation (39.9%). There were wide
and significant regional differences in this practice as shown in
Figure 4. Overall, pocket irrigation was reported more frequently by
higher-volume centres: median 426.0 (25th/75th percentile = 143.5/
737.0) implantations in centres applying this practice vs. 252.0 (25th/
75th percentile = 102.8/512.3) implantations in those not using it,
P=0.021. Antibacterial envelopes were infrequently utilized, and
only 69 of 183 responders (37.7%) reported using them.
Antibacterial envelopes were most commonly used in patients con-
sidered at high risk of CIED infection (42 of 183 responses, 22.9%)
and both during device replacements and in high-risk patients as
reported by 24 respondents (13.1%). Fourteen of 16 North
American centres (87.5%) used antibacterial envelopes in the two
above-mentioned situations, while the survey results show that they
were not used at all in the Middle East/North Africa. Centres report-
ing using antibacterial envelopes showed significantly higher implanta-
tion rates: median 598.0 (25th/75th percentile = 102.8/512.3) vs.
240.5 (25th/75th percentile = 124.5/473.3) implantations per
year, P=0.01. Antibacterial envelopes were used by 47 out of
97 (48.5%) responding university centres vs. 23/86 (26.7%) of
the responding non-university centres, P=0.002. Prolonged post-
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Figure 2 Reported rates of device infections in different types of procedures. CRT, cardiac resynchronization therapy; ICD, implantable cardi-

overter-defibrillator.

Table I Regional differences in preoperative intravenous antimicrobial regimens used to prevent surgical site
infection
Type of antimicrobial Total Asia/Pacific Europe/Central Latin America/ Middle East/North North
Asia Caribbean Africa America
Cefazolin 149 (79.7) 14 (824) 59 (74.7) 58 (81.7) 4 (100) 14 (87.5)
Oxacillin/Flucloxacillin 6(32) 0(0) 6 (7.6) 0(0) 0 (0) 0 (0)
Vancomycin 11 (2.9) 2(11.8) 3(38) 5 (4.8) 0 (0) 1(6.2)
Teicoplanin 4(1.1) 0(0) 4(5.1) 0 (0) 0 (0) 0 (0)
Other 17 (4.5) 1(5.9) 7(89) 8 (11.3) 0(0) 1(6.2)
Number of responses 187 17 79 71 4 16

Figures represent number of responses and percentages in brackets.

operative antimicrobial prophylaxis (oral or i.v.) of varying duration
was administered by 84 of the 191 responding centres (44.0%).

Diagnosis and management of cardiac

implantable electronic device infections
Pocket infection

In cases of suspected pocket infection, defined as swelling, ery-
thema, and tenderness of the skin overlying the device without
signs of systemic involvement, there were several alternatives avail-
able to respondents. One hundred sixteen of 187 (62.0%) of the

centres responded that in the absence of contraindications to re-
moval or high-risk factors, patients would be hospitalized for com-
plete system removal, while 22 out of 187 centres (11.8%)
responded that patients would be admitted for a procedure involv-
ing surgical pocket debridement in an attempt to salvage the sys-
tem. Needle aspiration of the pocket for culture and treatment
based on microbiology results was applied in 29 of the centres
(15.8%), and these centres had significantly lower median implanta-
tion rates than the rest of the centres; 157 (25th/75th percentile =
170.8/678.3) vs. 398.5 (25th/75th percentile = 91.5/324.0) implanta-
tions, P<0.005. In 25 of 187 (13.4%) responses there was no
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Figure 3 Preoperative skin antisepsis used in different regions. There was a significant (P = 0.002) difference among different regions in the agents
used for skin antisepsis. Number of replies is presented in brackets below each region on the x-axis.

specific action taken in case of suspected pocket infection apart
from waiting until the next regular device visit and/or asking the pa-
tient to notify the centre if symptoms or signs worsened. There
were 17 responses (9.3%) stating that 18-fluorodeoxyglucose posi-
tron emission tomography computerized tomography (['®FJFDG-
PET/CT) would be used and 9 (4.9%) reported that they would re-
fer the patient to another centre for further management. There
were significant regional disparities in the management of patients
with suspected pocket infections as shown in Table 2.

When asked about the pocket management strategy in case of
CIED infection necessitating complete system removal, the
responses were as follows: pocket irrigation with antiseptics/antimi-
crobials was reported by 112 of 159 (70.4%) centres responding to
this entry, wound drainage by 106 centres (66.7%), and complete
capsulectomy by 127 of 167 centres (76.0%). Following complete
system removal, interrupted/mattress sutures were used for wound
closure by 108 of 174 responding centres (62.1%). Negative-
pressure wound therapy was infrequently used—by 43 of 153
centres who responded to this entry (28.5%).

Perioperative antimicrobial therapy during complete system re-
moval was administered by most of the responding centres—161
out of 174 (92.5%) and was initiated at least 48 h before the proce-
dure by 90 of the 156 responding centres (57.7%). Less frequently
perioperative antimicrobial treatment was started immediately be-
fore the procedure (27 centres, 17.3%) or at least two to four weeks

before the procedure, depending on clinical status of the patient and
the type of infection, as reported by 39 centres (25%).

Suspected cardiac implantable electronic device infection
with systemic involvement

The survey asked physicians about their approach to CIED infection
with systemic involvement. Figure 5 shows the diagnostic tests applied
by physicians in this setting.

The survey also asked specific questions regarding the evaluation
of the patient’s infectious status after CIED removal. The majority of
the responders (140 of 175 centres, 80.0%) reported that infection
evaluation was mainly based on complete blood count or C-reactive
protein (131, 74.9%). Additionally, two sets of blood cultures were
obtained in 104 (59.3%) of the centres, and 82 (46.9%) of the 175
centres reported using the results from post-procedural transtho-
racic echocardiography. Less commonly used were erythrocyte sedi-
mentation rate, reported by 59 (33.7%); procalcitonin, reported by
47 (26.9%), and transoesophageal echocardiography, reported by 63
(36.0%) of the 175 centres. Other imaging techniques were occasion-
ally used, including pulmonary scintigraphy in 3 (1.7%) and ['®F]FDG-
PETCT in 5 (2.9%) of the responses. Scintigraphy with radiolabelled
leucocytes was never selected in any of the 175 responses. In 14
centres (8.0%) no specific strategy to assess response to therapy was
applied. Regional differences were observed in the use of biomarkers
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Figure 4 Intraoperative pocket irrigation with antimicrobials or antiseptics in different regions. There was a significant (P = 0.002) difference in this
practice among different regions. Number of replies is presented in brackets below each region on the x-axis.

Table 2 Regional differences in the management of suspected CIED pocket infection without systemic involvement

Action taken Total Asia/Pacific
No action, wait until next regular visit 25(13.7) 3(17.6)
Needle aspiration and therapy based 29 (16) 6(35.3)
on microbiology*

["®FFDG-PET/CT 17(93) 1(59)
Debridement with system left in place” 22 (12) 4 (23.5)
Complete system removal® 116 (62) 7(41.2)
Refer to another centre 9(48) 2(11.8)

Europe/Central  Latin America/ Middle East/North  North
Asia Caribbean Africa America
12 (16.2) 10 (13.9) 0(0) 0(0)
4 (54) 17 (23.6) 1(25) 1(6.2)
10 (13.5) 6(8.3) 0(0) 0(0)
8(10.8) 8 (11.1) 2 (50) 0(0)
51 (68.9) 42 (58.3) 2 (50) 14 (87.5)
6(8.1) 0(0) 0(0) 1(6.2)

Figures represent number of responses with percentages in brackets. The total percentages exceed 100% because several options could be chosen.

*P=0.004, *P = 0.042, %P = 0.046 for all regions.

to assess response to therapy. Significant differences were found for
the use of C-reactive protein (P <0.005), procalcitonin (P=0.001),
and erythrocyte sedimentation rate (P=0.032) among different
regions of the world. Indeed, the use of C-reactive protein was more
common in Middle Eastern/North African (4/4, 100%) compared
with North American centres, where only 4 out of 15 (26.7%) were
using this biomarker. Procalcitonin was more commonly used in
Europe/Central Asia than in North America (43.1% of centres vs.
0%) and erythrocyte sedimentation rate was utilized by 15 of the 72

European/Central Asian centres (20.8%) vs. two out of four centres
(50%) in the Middle East/North Africa.

Adherence to guidelines

Physicians were asked to determine the indications for complete sys-
tem removal in the setting of common clinical situations such as val-
vular or lead endocarditis, sepsis, pocket abscess, device erosion, skin
adherence, bacteraemia, or superficial incisional infection. There was
considerable deviation from published guidelines as shown in Table 3.
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Figure 5 Laboratory tests (A) and imaging modalities (B) used to diagnose CIED infection with systemic involvement. All results are presented in
percent. Total percentage for each test/modality may exceed 100% because most respondents provided more than one option. There were signifi-
cant differences in the use of CRP (P <0.005), ESR (P =0.006), and PCT (P < 0.005) among different regions. CBC, complete blood count; CIED, car-
diac implantable electronic device; CRP, C-reactive protein, ESR, erythrocyte sedimentation rate; ['®FJFDG-PET/CT, 18-fluorodeoxyglucose
positron emission tomography; PCT, procalcitonin.
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Table 3 Responses to different clinical scenarios regarding indications for complete hardware removal

Valvular or lead endocarditis, or sepsis (n = 174)
Pocket abscess, device erosion or chronic draining sinus (n = 174)

Signs of skin adherence (n = 167)

Valvular endocarditis without definitive involvement of the lead(s) (n = 170)

Occult Gram-positive bacteraemia (not contaminant) (n = 163)

Occult Gram-negative bacteraemia (n = 166)

Incisional infection without involvement of the device and/or leads (n = 169)

Yes (%) No (%) Do not know (%)
98.3 17 0

98.9 0.6 0.6

329 54.5 126

759 15.3 8.8

55.2 264 184

343 452 20.5

21.3 69.8 8.9

The number of responses is presented in brackets next to each entry.

The responses to the proposed clinical scenarios were not affected
by the implantation volumes of different centres (P = NS).

Discussion

The purpose of this survey was to gain insights into disparities in
global and regional practices in CIED infection prevention and man-
agement as well as compliance with published recommendations or
guidelines. This knowledge could potentially be used to increase
awareness of risk factors for CIED infections and improve implemen-
tation of the upcoming consensus recommendations and thereby
possibly contribute to the reduction of this increasingly common
device-related complication.

The survey represents a broad range of replies from centres of dif-
ferent volume and expertise: university hospitals, private hospitals,
and non-university public hospitals. Based on the results, two primary
observations were made: (i) guidelines and recommendations were
commonly not adhered to in clinical practice, and (ii) there were sig-
nificant regional variations in the diagnosis and management of CIED
infections. Another important finding was that the implementation of
guidelines on CIED infection prevention, diagnosis and management
was insufficient, potentially leading to decisional strategies deviating
from recommendations.

Preventive measures
Preoperative prophylactic antimicrobial treatment was administered
in the majority of patients, most commonly cefazolin. This choice

%1 or ease of

may have been related to previously published data
administration but is not in accordance with recently published rec-
ommendations by the British working group.5 In contrast, the
European guidelines advise the use of cefazolin as the first-line anti-
microbial for prophylaxis during implantation. The timing of preop-
erative antimicrobial administration, i.e. within 1h prior to
implantation, was in compliance with recommendations in most of
the centres.>’ Antiseptic skin preparation with alcoholic chlorhexi-
dine solution as recommended in guidelines, was used in less than
half of the centres.® Significant regional variations in the types of
antiseptics used for skin preparation were also identified, such as
the use of povidone-iodine solutions (especially aqueous solution)
frequently reported by centres in the Asia/Pacific region, a practice
which is contrary to the British recommendations® and to a recent
paper issued by the World Health Organization recommending

alcohol-based antiseptic solutions for surgical skin antisepsis.’
Prolonged post-operative antimicrobial prophylaxis was a widely
used practice worldwide (44.0% of the centres) despite the lack of
evidence of benefit.” It should be emphasized that this practice is
mentioned in some guidelines in the 24 to 36-h period following im-
plantation, but this mention comes without a firm recommenda-
tion.” The recent PADIT trial, results of which were not available
prior to this survey, demonstrated no benefit to post-procedure an-
tibiotic therapy and will undoubtedly inform future guidelines.'
Intraoperative pocket irrigation with an antiseptic or antimicrobial,
although discouraged by available guidelines,® was practiced by a
considerable number of centres, particularly those in North
America. Interestingly higher-volume centres tended to use this
practice more often. A potential explanation for this observation
might be the recently published data showing beneficial outcomes
from pocket irrigation with antimicrobials but not with antiseptics.™

Antibacterial envelopes were not widely used and the observed
regional and institutional differences in their use may be due to costs
and lack of randomized trials showing their benefit. In terms of
healthcare resource utilization antibacterial envelopes represent a
cost-effective preventive measure at least in high-risk patients.'
Results from non-randomized retrospective and prospective trials
point out the reduced incidence of CIED infections with the use of
antibacterial envelopes.'®"” The results of a forthcoming large ran-
domized trial evaluating the efficacy of antibacterial envelopes in
patients with a high CIED infection risk undergoing procedures such
as generator changes is expected to have a large impact on practices
if the use of these envelopes is shown to be beneficial [World-wide
Randomized Antibiotic Envelope Infection Prevention Trial (WRAP-
IT), NCT02277990].

Management of infections

Surprisingly, in cases of pocket infection without systemic involve-
ment, hospitalization and complete hardware removal (a Class | rec-
ommendation), was applied by under two-thirds of responding
physicians. Worldwide practices differed considerably, with physi-
cians from some regions reporting a high rate of pocket needle aspi-
ration to obtain material for microbiological study or a practice of
surgical debridement with the intention to leave the system in place.
These practices were predominantly reported by centres in the Asia/
Pacific, Latin America/Caribbean, and Middle East/North Africa
regions, and may potentially be explained by economic issues and
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limited access to referral centres performing lead extractions since
the centres reporting pocket needle aspiration had lower implanta-
tion rates.

The observed clinical practices for the management of CIED infec-
tions with systemic involvement were more consistent with current
recommendations. Widely available tests such as biomarkers of in-
flammation, two sets of blood cultures, and transthoracic and/or
transoesophageal echocardiography were the mainstay of diagnosis
and assessment of therapy, as the majority of centres used these tests
as routine examinations. Apart from some regional disparities in the
use of laboratory tests, there were no significant inconsistencies in
the use of these imaging techniques. ['®FJFDG-PET/CT has emerged
as a new imaging tool in the diagnosis of CIED infections with sys-
temic involvement, consistent with the increasing use of multimodal-
ity imaging in this clinical setting, as supported by data from recent
publications.'®?° Interestingly, according to our results this modality
was not used in Middle Eastern/North African or North American
centres. In cases of complete system removal due to infection periop-
erative antimicrobial therapy was initiated and maintained as recom-
mended in the vast majority of patients.

There are several published international documents on the diag-
nosis and management of CIED infections.>™ This survey included a
question on indications for complete hardware removal in different
clinical scenarios without a requirement to provide the exact class or
level of evidence. The observed replies demonstrated very good ad-
herence to guidelines for valvular or lead endocarditis and pocket in-
fection, both of which are well-established indications for device
system removal according to several published recommendations.®”
Surprisingly, a considerable proportion of centres were hesitant to
determine the best management strategy or would choose a conser-
vative strategy for patients with signs of skin adherence over the de-
vice, although skin adherence is a well-known marker of pocket
infection and a strong indication for complete system removal®’
Valvular endocarditis without definite lead involvement is another
class | indication for complete system removal according to the most
recent recommendations,® although approximately a quarter of the
responders to our survey reported that they would not consider
complete system removal in such cases. Similarly, this survey showed
that only slightly over half of respondents would deem occult Gram-
positive bacteraemia (not contaminant) an indication for complete
system removal despite a strong recommendation for system re-
moval in published guidelines.*® The disparate replies on how to
manage patients with occult Gram-negative bacteraemia; however,
probably reflect the lack of clear recommendations regarding this
clinical situation.

While superficial incisional infections would be treated conserva-
tively by most physicians as recommended by guidelines, some
respondents would still consider complete system removal. The ob-
served divergence of routines for the prevention and management of
CIED infections in most of the presented clinical situations suggests
that the strategies for implementation of guidelines need to be
improved.

A publication by Bongiorni et al.*'

on clinical practices in the man-
agement of CIED infections reported observations similar to those in
the present study but included only highly experienced centres in
Europe. The present survey reflected contemporary practices world-

wide including regional differences in the management of CIED

infections. The main limitation of this report was that replying to the
survey was voluntary; thus, the exact reply rate cannot be reported,
and there is no way to monitor or validate the data provided.
Therefore, the results should be interpreted with caution.

Conclusion

This survey provided important information on the preventive, diag-
nostic and management strategies of CIED infections around the
world. The results demonstrated significant regional differences in
current practice, along with a lack of profound knowledge regarding
central topics in CIED infection prevention and treatment and incom-
plete adherence to guideline recommendations. These findings sup-
port the need to increase awareness of the problem and promoting
education about existing guidelines within this field as crucial meas-
ures for improving patient outcomes and reducing the costs linked to
these harmful complications.

Supplementary material
Supplementary material is available at Europace online.
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