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ABSTRACT
BACKGROUND The rate of cardiac device–related infective endocarditis (CDRIE) is increasing worldwide, 
but no detailed data are available for Poland.
AIMS We aimed to evaluate clinical, diagnostic, and therapeutic data of patients hospitalized due to 
CDRIE in 22 Polish referential cardiology centers from May 1, 2016 to May 1, 2017.
METHODS Participating cardiology departments were asked to fill in a questionnaire that included data 
on the number of hospitalized patients, number and types of implanted cardiac electrotherapy devices, 
and number of infective endocarditis cases. We also collected clinical data and data regarding the 
management of patients with CDRIE.
RESULTS Overall, 99 621 hospitalizations were reported. Infective endocarditis unrelated to cardiac 
device was the cause of 596 admissions (0.6%), and CDRIE, of 195 (0.2%). Pacemaker was implanted in 
91 patients with CDRIE (47%); cardioverter ‑defibrillator, in 51 (26%); cardiac resynchronization therapy‑
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referential cardiology centers during the peri‑
od of 1 year. We also assessed whether the man‑
agement of these patients was consistent with 
the current European Society of Cardiology 
(ESC) guidelines.4

METHODS The study was conducted according 
to the project of the Clinical Initiatives Com‑
mittee of the Polish Cardiac Society (in Polish, 
Komisja Inicjatyw Klinicznych ZG PTK). Data 
were collected retrospectively. Participating ref‑
erential cardiology departments in Poland were 
asked to fill in a questionnaire that included data 
on the number of hospitalized patients, num‑
ber and types of implanted cardiac electrother‑
apy devices, number of IE cases, as well as clin‑
ical, diagnostic, and therapeutic data on treat‑
ment of CDRIE. Data were collected from May 
1, 2016, to May 1, 2017. Patients were diagnosed 
with CDRIE in accordance with the ESC defini‑
tion of IE.4 Only patients with a certain diagno‑
sis of CDRIE were included in the registry. Only 
referential cardiology departments with exten‑
sive experience in cardiac electrotherapy, previ‑
ously participating in multicenter studies, and 
certified in echocardiography were invited to 
participate in the study. 

Statistical analysis Descriptive statistics on 
the frequency of analyzed variables were pre‑
pared using Microsoft Excel (Microsoft, Red‑
mond, Washington, United States).

RESULTS General data During 12 months, 
overall 11 062 cardiac electrotherapy devic‑
es were implanted in 22 departments (from 
183 per year to 1361 per year per department), 
including 6748 pacemakers (61%), 2655 ICDs 
(24%), and 1658 CRT devices (15%). The mean 
number of implanted devices per department per 
year was 503 (median, 386), including 306 pace‑
makers (median, 283), 121 ICDs (median, 74), 
and 76 CRT devices (median, 68).

Overall, 99 621 hospitalizations were re‑
ported in the participating departments dur‑
ing the study. Cardiac electrotherapy device 

INTRODUCTION Cardiac device–related infec‑
tive endocarditis (CDRIE) is a life ‑threatening 
condition. The rate of CDRIE is increasing, which 
is attributed to, among others, implanting devic‑
es in older patients with more comorbidities and 
an increasing rate of high ‑energy device implan‑
tations (implantable cardioverter ‑defibrillator 
[ICD], cardiac resynchronization therapy defi‑
brillator [CRT ‑D]). Data from the United States 
indicate that the rate of CDRIE among patients 
with implanted devices in 2008 was 2.41%, and 
it increased by 0.88% compared with 2004.1 No 
detailed data on the rate of CDRIE are available 
for Poland. Based on an analysis of indications 
for device removal, nearly one ‑third of trans‑
venous lead removals are due to infective endo‑
carditis (IE).2 According to a single ‑center regis‑
try that included 765 patients with a cardiac re‑
synchronization therapy (CRT) device implant‑
ed, a diagnosis of CDRIE was made in nearly 1 
in 20 patients within 3.5 years from implan‑
tation.3 Data from the above registry indicate 
that outcomes of CDRIE in patients with CRT 
are particularly poor, with an in ‑hospital mor‑
tality rate of 50%.3

In the present study, we report data on CD‑
RIE from 22 referential cardiology departments 
in Poland. The present publication is based on 
the first multicenter registry of CDRIE in our 
country. The aim of the study was to evaluate 
clinical, diagnostic, and therapeutic data of 
patients hospitalized due to CDRIE in Polish 

WHAT’S NEW?
The present registry is the largest analysis of the issues regarding cardiac 
device–related infective endocarditis (CDRIE) in Poland. We report clinical, 
diagnostic, and therapeutic data of patients hospitalized due to CDRIE in Polish 
referential cardiology centers. The study showed that the clinical profile, 
pathogen types, and management strategies in patients with CDRIE from 
Polish tertiary care centers are consistent with similar data from other European 
countries. Moreover, the study revealed that patients are well treated in some 
fields of management, for example, percutaneous lead extraction was 
performed in the vast majority of patients. However, it shows that we should 
improve management in other fields, because, for example, transesophageal 
echocardiography was performed less frequently than it is recommended in 
the European Society of Cardiology guidelines.

‑defibrillator, in 48 (25%); and cardiac resynchronization therapy ‑pacemaker, in 5 (2.5%). The most common 
symptoms were malaise (62%), fever/chills (61%), cough (21%), chest pain (19.5%), and inflammation of 
the device pocket (5.6%). Cultures were positive in 77.5% of patients. The cardiac device was removed in 
91% of patients. The percutaneous approach was most common for cardiac device removal. All patients 
received antibiotic therapy, and 3 patients underwent a heart valve procedure. Transesophageal 
echocardiography was performed in 80% of patients. The most common complication was heart failure 
(25% of patients). 
CONCLUSIONS The clinical profile, pathogen types, and management strategies in Polish patients with 
CDRIE are consistent with similar data from other European countries. Transesophageal echocardiography 
was performed less frequently than recommended. The removal rate in the Polish population is consistent 
with the general rates observed for interventional treatment in patients with CDRIE.

KEY WORDS
cardiac device–related 
infective endocarditis, 
cardiac 
resynchronization 
therapy, cardioverter‑

‑defibrillator, infective 
endocarditis, 
pacemaker
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implantation was the cause of 11 061 admis‑
sions (11%). Infective endocarditis unrelated to 
cardiac electrotherapy device was the cause of 
596 admissions (0.6%), and CDRIE was the cause 
of 195 admissions (0.2%). Patients with CDRIE 
constituted 25% of all patients admitted due 
to IE. The mean number of patients with IE per 
department was 27, and of those with CDRIE, 9 
(median, 16 and 6, respectively). The distribution 
of patients with IE and CDRIE in the participat‑
ing departments is shown in FIGURE 1. Among pa‑
tients with CDRIE, the median age was 69 years 
(range, 28–93 years), and 69% of patients were 
men. Hypertension was reported in 50% of pa‑
tients; coronary artery disease, in 44%; diabe‑
tes mellitus, in 32%; atrial fibrillation, in 26%; 
and chronic kidney disease (defined as glomer‑
ular filtration rate <60 ml/min/1.73 m2 using 
the Chronic Kidney Disease Epidemiology Col‑
laboration formula), in 25%.

Clinical data The distribution of reported CD‑
RIE cases in relation to the type of an implant‑
ed device and the number of implanted leads 
is shown in FIGURES 2 and 3. Among patients with 
CDRIE, 42% (n = 82) had 2 leads, 28% (n = 54) 
had 1 lead, 25% (n = 48) had 3 leads, and 1% 
(n = 2) had 4 leads implanted. The majority of 
the 195 patients with CDRIE had the device 
implanted on an elective basis (n = 109, 55.9%), 
50 patients (25.6%) underwent urgent device 
implantation, and 9 patients (4.6%) required 
temporary transvenous lead insertion before 
the procedure. Data on the number of proce‑
dures performed within the device pocket (eg, 
device replacement) before the diagnosis of in‑
fection are shown in FIGURE 4.

Symptoms The most common symptoms re‑
ported by patients with CDRIE are listed in TABLE 1. 
The rates of involvement of various organs based 
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FIGURE 1 Number of 
patients with infective 
endocarditis (IE) without 
cardiac electrotherapy 
device and with cardiac 
device–related infective 
endocarditis (CDRIE) in 
the participating units
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 FIGURE 2 Types of cardiac electrotherapy device in patients with cardiac device–related infective 
endocarditis (n = 195)  
Abbreviations: CRT ‑D, cardiac resynchronization therapy ‑defibrillator; CRT ‑P, cardiac 
resynchronization therapy ‑pacemaker; ICD, implantable cardioverter ‑defibrillator; PM, pacemaker

FIGURE 3 Percentage of implanted leads in patients with cardiac device–related infective 
endocarditis
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(9.2%), and 1 patient (0.5%), respectively. None 
of the patients underwent cardiac magnetic 
resonance.

Management Cardiac device was removed 
completely or in part in 178 patients with CDRIE 
(91%), including 173 patients who underwent 
percutaneous extraction and 5 patients who 
underwent surgical extraction. All patients re‑
ceived antibiotic therapy, and 3 patients under‑
went a heart valve procedure (FIGURE 5).

Most patients (n = 89, 45.6%) were treated 
with antibiotics for 4 to 6 weeks, 58 (29.7%) were 
treated for 4 weeks, 26 (13.3%) were treated for 
2 weeks, and 18 (9.2%) were treated for more than 
6 weeks. No detailed data on the duration of an‑
tibiotic therapy were available in 4 patients (2%).

Complications In our registry, we noted a low 
mortality rate (6.2%) related to CDRIE. Due to 
the methodology of our registry, short ‑term 

on cultures and visual assessment (including im‑
aging studies) are shown in TABLE 2.

Investigations Blood cultures were performed 
in all patients with CDRIE (n = 195). In patients 
undergoing an intervention, samples obtained 
during the procedures were also cultured. Cul‑
tures were positive in 151 patients (77.5%) with 
the diagnosis of CDRIE. The identified microor‑
ganisms included staphylococci in 113 patients 
(58%), streptococci in 13 patients (6.7%), entero‑
cocci in 16 patients (8.2%), and HACEK organ‑
isms in 2 patients (1%).

Transthoracic echocardiography was per‑
formed in all patients with CDRIE, while trans‑
esophageal echocardiography (TEE), only in 
156 patients (80%). Cardiac computed tomogra‑
phy (CT), positron emission tomography (PET), 
and tagged leukocyte single ‑photon emission 
computed tomography (SPECT ‑CT) were per‑
formed in 21 patients (10.8%), 18 patients 
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device.5 When only patients with ICD and CD‑
RIE related to ICD were considered, the rate was 
1.9% and was slightly higher than the respec‑
tive rate in the Danish registry (1.6%). For CRT, 
these rates were 3.1% in the POL ‑CDRIE regis‑
try and 1.7% in the Danish registry.5 Based on 
these survey data on the number of implanted 
devices and CDRIE cases, it may be concluded 
that patients with CRT devices are at a higher 
risk of infective complications compared with 
those with pacemakers and ICDs. Available liter‑
ature data indicate that the overall CDRIE rate 
among patients with cardiac devices is estimat‑
ed at 0.5% to 2.2%, with higher rates for high‑

‑energy devices, higher number of leads, and 
more previous interventions within the device 
pocket.6-8 Of note, the rate of CDRIE, especially 
in patients with CRT devices, is notably different 
between studies, which may result from hetero‑
geneous study populations.3,5,6 In the participat‑
ing departments, patients with CDRIE account‑
ed for 25% of all patients with IE. In an IE reg‑
istry in California and New York State, patients 
with CDRIE accounted for 4.1% of all patients 
with IE in the years 2010 to 2013.1 This differ‑
ence is most likely related to the fact that the de‑
partments participating in the Pol ‑CDRIE reg‑
istry are tertiary care centers that also manage 
CDRIE cases referred from other departments.

Symptoms Based on the registry data, the most 
common symptoms accompanying CDRIE were 
malaise and fever. Clinical evidence of inflam‑
mation of the device pocket was noted in only 
about 6% of patients. However, when culture re‑
sults were also considered, the possible involve‑
ment of the device pocket or generator was iden‑
tified in more than 40% of patients, although in‑
fection during device explantation cannot be ex‑
cluded in these cases. Inflammation of the pocket 
was the most common presentation of CDRIE in 
a retrospective study from Mayo Clinic.9 In that 
study, fever, chills, and malaise were present in 
more than 40% of patients.

Investigations Consistent with the litera‑
ture data,4-6,9 the most common microorganisms 
identified in patients with CDRIE were staphylo‑
cocci. Transthoracic echocardiography was per‑
formed in all patients, while TEE was performed 
in only 80% of patients. The ESC guidelines rec‑
ommend TEE in all patients with CDRIE regard‑
less of transthoracic echocardiography findings.4 
In patients with CDRIE, TEE is characterized by 
superior sensitivity and specificity, allowing bet‑
ter evaluation of questionable lesions, better vi‑
sualization of the leads, and better identification 
of perivalvular infection and left ‑sided cardiac 
involvement. For these reasons, TEE should be 
performed in all patients.4

Nearly 10% of patients in our registry also un‑
derwent leukocyte SPECT ‑CT or PET. According 

in ‑hospital mortality data should not be com‑
pared with long ‑term observational data from 
tertiary centers.3 Data on complications of CD‑
RIE are shown in TABLE 3. Central nervous system 
complications included stroke, and hepatic com‑
plications were emboli or abscesses.

DISCUSSION General data The present reg‑
istry is the largest analysis of the issues regard‑
ing CDRIE in Poland. The participating depart‑
ments were tertiary care centers, including those 
providing cardiac device removal services. Based 
on the total number of admissions for cardiac 
device implantation and hospitalizations due 
to CDRIE, the latter accounted for 1.7% of all 
hospitalizations. In a Danish registry, CDRIE 
was reported in 1.2% of patients with a cardiac 

TABLE 1 Most common symptoms in patients with cardiac device–related 
infective endocarditis (n = 195)

Symptoms/clinical manifestations Value, n (%)

Malaise 135 (69.2)

Fever and chills 119 (61)

Cough 42 (21.5)

Chest pain 38 (19.5)

Inflammation of the device pocket 11 (5.6)

Dyspnea 5 (2.6)

Shock 1 (0.5)

TABLE 2 Location of infection in patients with cardiac device–related infective 
endocarditis (n = 195) based on visual assessment (including imaging studies) and 
cultures

Location Value, n (%)

Leads 133 (68.2)

Device pocket / generator 71 (40.5)

Native valve 23 (11.8)

Prosthetic valve 12 (6.2)

TABLE 3 Complications in patients with cardiac device–related infective 
endocarditis

Complications Value, n (%)

Heart failure 49 (25.1)

Pulmonary 24 (12.3)

Valvular 21 (10.8)

Central nervous system involvement 6 (3.1)

Hepatic involvement 4 (2.1)

Rheumatologic 2 (1)

Spleen involvement 1 (0.5)

Acute coronary syndrome 1 (0.5)
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registry that evaluated CDRIE cases in patients 
with CRT devices, in ‑hospital mortality was 50%.3 
Such a large discrepancy may be related to differ‑
ent study group characteristics. In our registry, 
nearly half of CDRIE cases occurred in patients 
with pacemakers, who usually have fewer comor‑
bidities and thus a lower risk of complications re‑
lated to antibiotic therapy and interventions. It 
may also be speculated that CDRIE contributes to 
an exacerbation of the underlying cardiac condi‑
tion in patients with a CRT device implanted due 
to heart failure, which may contribute to worse 
outcomes in these patients. On the other hand, 
a higher New York Heart Association functional 
class itself is a risk factor for CDRIE in patients 
with a CRT device.3 In a study by Sohail et al,9 
which included 189 patients with CDRIE relat‑
ed to pacemakers and ICDs, 7 deaths were not‑
ed during the index hospitalization and anoth‑
er 2 deaths due to recurrent infection, which is 
a similar rate to that observed in our registry.9 Of 
the other complications included in the registry, 
the most common ones were related to pulmo‑
nary involvement, heart failure, or valve dysfunc‑
tion, as expected, although the whole spectrum 
of other complications is also possible.

Study limitations Due to the fact that the par‑
ticipating tertiary care centers also manage re‑
ferred CDRIE cases, the ratio of CDRIE cases 
to the overall number of implanted cardiac de‑
vices in the participating departments may be 
overestimated. Due to the registry design of our 
study, it was only possible to evaluate the num‑
ber of CDRIE cases in relation to the number of 
device implantations over the period of 1 year. 
The mortality related to CDRIE could be underes‑
timated because some of the patients were trans‑
ferred to other departments after device remov‑
al. In our registry, however, we excluded patients 
without evidence for confirmed CDRIE. There‑
fore, patients admitted only for device explanta‑
tion, and retransferred just after that procedure 
were not included. Nevertheless, some patients 
(included in the statistics) whose hospitalization 
was prolonged were transferred to other hospi‑
tals or transferred to intensive care units, and for 
those patients mortality data may not be com‑
plete. Reported mortality may be underestimated 
as clinical information after the transfer of pa‑
tients to another department was not available.

The highest number of infections in patients 
with a dual lead system is most likely related to 
the large number of patients who had 2 leads 
implanted.

Transvenous lead extractions are performed 
in 39 hospitals in Poland. Although our regis‑
try is the largest analysis of the issues regard‑
ing CDRIE in Poland, it does not include all large 
cardiology centers.

to the ESC guidelines, these investigations may 
be considered in patients with an uncertain di‑
agnosis of CDRIE.4 British experts do not recom‑
mend routine PET scanning with 18F ‑fluorodeox‑
yglucose in patients with CDRIE due to a lack of 
clear evidence of diagnostic benefits and a limit‑
ed sensitivity for the detection of CDRIE.6 How‑
ever, they allow use of this modality in selected 
diagnostically difficult cases.6

Management Among CDRIE patients in our 
registry, the device was removed completely in 
90% of patients and partially in 1% of patients. 
The ESC guidelines for the management of IE rec‑
ommend complete device removal in case of CD‑
RIE.4 However, the joint guidelines of British so‑
cieties for the diagnosis, prevention, and man‑
agement of CDRIE, where this issue has been 
comprehensively discussed, indicate that in clin‑
ical practice, the device is not explanted in 3% to 
15% of patients due to a lack of consent or a clin‑
ical condition precluding intervention.6 In ad‑
dition, partial device removal has been consid‑
ered acceptable in these guidelines in some clin‑
ical scenarios, the discussion of which is beyond 
the scope of the present paper.6 Thus, the remov‑
al rate (91%) in our registry is consistent with 
the general rates observed for interventional 
treatment, which cannot be applied in all pa‑
tients with CDRIE (due to either lack of consent  
or in cases where the risk outweighs the bene‑
fit). Such an approach is in line with the Europe‑
an guidelines and the principles of good clinical 
practice.4,6 A large majority of the devices were 
explanted percutaneously, which is also consis‑
tent with the European guidelines.4,6 Of note, in‑
fectious indications for transvenous lead extrac‑
tion are associated with worse long ‑term surviv‑
al than noninfectious ones.8

All patients received antibiotic therapy. Most 
patients (>85%) with CDRIE were treated with 
antibiotics for 4 or more weeks. This is consis‑
tent with the ESC guidelines for the manage‑
ment of IE, which recommend extended anti‑
biotic therapy in this patient group. However, 
13.3% of patients were treated with antibiotics 
for 2 weeks. This duration of treatment is ac‑
ceptable if the infection is limited to the gen‑
erator and device pocket.6 Reported practice of 
2‑week antibiotic therapy may by questionable 
considering the current standards, but this per‑
centage includes patients who died in the first 
2 weeks. On the other hand, in the Mayo Clin‑
ic study, a significant proportion of patients re‑
ceived antimicrobial treatment for 2 weeks after 
device explantation, particularly if coagulase‑

‑negative staphylococci were cultured.9

Complications In our registry, we noted a low 
mortality rate related to CDRIE, but some pa‑
tients were transferred to other departments after 
device removal. In contrast, in the single ‑center 
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Conclusions The clinical profile, pathogen 
types, and the management strategies in Polish 
patients with CDRIE are consistent with simi‑
lar data from other European countries. Trans‑
esophageal echocardiography was performed 
less frequently than recommended in the ESC 
guidelines. The percutaneous approach was 
most commonly used for cardiac device remov‑
al, which is in line with the current knowledge 
and expert position statements. The removal rate 
in Polish patients is consistent with the gener‑
al rates observed for interventional treatment 
in individuals with CDRIE.
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