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Aims Cardiac device—related infective endocarditis (CDRIE) is a severe complication of cardiac device (CD) implantation and
is usually treated by antibiotic therapy and percutaneous device extraction. Few studies report the management and
prognosis of CDRIE in real life. In particular, the rate of device extraction in clinical practice and the management of
patients with left heart infective endocarditis (LHIE) and an apparently non-infected CD (LHIE+CDRIE-) are not well
described.

Methods We sought to study in EURO-ENDO, the characteristics, prognosis, and management of 483 patients with a CD included in
and results the European Society of Cardiology EurObservational Research Programme EURO-ENDO registry. Three populations
were compared: 280 isolated CDRIE (66.7 + 14.3 years), 157 patients with LHIE and an apparently non-infected CD
(LHIE+CDRIE-) (71.1+13.6), and 46 patients with both LHIE and CDRIE (LHIE+CDRIE+) (70.2+10.1).

Echocardiography was not always transoesophageal echography (TOE); it was transthoracic echography (TTE) for isolated
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CDRIE in 88.4% (TOE = 67.6%), for LHIE+CDRIE— TTE =93.0% (TOE = 58.6%), and for CDRIE+LHIE+ TTE = 87.0%
(TOE = 63.0%). Nuclear imaging was performed in 135 patients (positive for 75.6%). In-hospital mortality was lower in iso-
lated CDRIE 13.2% vs. 22.3% and 30.4% for LHIE+CDRIE— and LHIE+CDRIE+ (P =0004). Device extraction was per-
formed in 62.1% patients with isolated CDRIE, 10.2% of LHIE+CDRIE— patients, and 45.7% of CDRIE+LHIE+ patients.
Device extraction was associated with a better prognosis [hazard ratio 0.59 (0.40-0.87), P =0.0068] even in the LHIE

+CDRIE— group (P = 0.047).

Prognosis of endocarditis in patients with a CD remains poor, particularly in the presence of an associated LHIE. Although

recommended by guidelines, device extraction is not always performed. Device removal was associated with better prog-

nosis, even in the LHIE+CDRIE— group.

Graphical Abstract

Cardiac Device-Related Infective Endocarditis

Need for lead extraction whatever the device according to the ESC EORP EURO-ENDO registry

ESC EORP Euro-ENDO registry. The largest registry about
endocarditis and including patients with Cardiac Device-Related
Infective Endocarditis(CDRIE).
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= Device extraction was associated with a better prognosis (HR0.65[0.42-0.99],

4) even in the LHIE+CDRIE- group (p=0.04).

Keywords

Introduction

Cardiovascular implantable electronic devices are widely used [pa-
cemakers (PM) and defibrillator]. Devices are implanted in many pa-
tients and can require replacement throughout the patient’s life. As
these patients age, they accumulate comorbidities. Therefore, the
epidemiology and the prognosis of cardiac device—related infective
endocarditis (CDRIE) has changed and remains poorly defined.’
Imaging techniques have progressed; previously limited to two-
dimensional (2D) echocardiography has moved to three-
dimensional (3D) echocardiography, cardiac tomography, and posi-
tron emission tomography/computed tomography (PET/CT).>™*
Guidelines have move forward and integrate the evolution. But evi-
dence of their implementation in clinical practice is lacking. Also,
there are still clinical challenges. For instance, characterization of pa-
tients who have a diagnosis of left heart infective endocarditis (IE)
and an apparently non-infected intracardiac device is missing.®

Main results of the European Society of Cardiology (ESC)
EurObservational Research Programme (EORP) European Endocarditis

Cardiac device ® Pacemaker ® Implantable defibrillator ® Infective endocarditis ® staphylococci ® Prognosis

(EURO-ENDO) registry have been published.” This large registry has

been conducted in order to develop a contemporary international inves-

tigation of the care and outcomes of IE in Europe and abroad.”® We

thought that patients with intracardiac devices require specific atten-

tion.”® Thus, we sought:

» To report current profile of all patients who have cardiovascular implan-
table electronic devices and IE implanted, in Europe and abroad.

* To assess the use of new imaging techniques.

* To assess the prognosis in isolated CDRIE+, left heart infective endocar-
ditis (LHIE)+ CDRIE— and LHIE+CDRIE+.

* How the guidelines are implemented.

Methods

Study patients

A prospective cohort of 3116 adult patients (2470 from Europe and 646
from non-ESC countries) admitted to 156 hospitals in 40 countries
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between January 2016 and March 2018 with a diagnosis of IE based on ESC
2015 diagnostic criteria.”~® Clinical, biological, microbiological, and imaging
[echocardiography, CT scan, 18F-fluorodeoxyglucose PET/CT (18F-FDG
PET/CT)] data were collected. Infective endocarditis was native valve endo-
carditis (NVE) in 1764 (56.6%) patients, prosthetic valve endocarditis (PVIE)
in 939 (30.1%), and device-related (CDRIE) in 326 (10.5%). We focused on
a total number of 483 patients with cardiovascular implantable electronic
devices. The study complies with the Declaration of Helsinki, with locally
appointed ethics committee having approved the research protocol and
that informed consent has been obtained from the subjects (or their legally
authorized representative).

Diagnostic criteria and definitions

Inclusion criteria were a diagnosis of definite IE (or consideredJorobabIe IE
and treated as IE) based on the ESC 2015 |E diagnostic criteria.” In the pre-
sent study, we considered all the patients with |E and a CD. Three popula-
tions were compared, including 280 isolated CDRIE (CDRIE+LHIE—)(66.7
+ 14.3 years), 157 patients with LHIE and an apparently non-infected CD
(LHIE+CDRIE-) (71.1+13.6) and 46 patients with both LHIE and
CDRIE (CDRIE+LHIE+) (70.2 +10.1).

The diagnosis is based on guidelines using blood cultures, echocardiog-
raphy [transthoracic echography (TTE) and transoesophageal echography
(TOE)] and if needed by cardiac tomography and nuclear medicine imaging
techniques. After informed consent, data were collected at inclusion and
during hospitalization, including demographics, patient history, Charlson in-
dex (this score is considered to describe the population but not for the stat-
istical analysis on its own), considering age and several comorbidities,
clinical, biological, microbiological, and echocardiographic findings. The
use of other imaging techniques (CT scan, 18F-FDG PET/CT, and leucocyte
scintigraphy), medical therapy, complications (embolic event, infectious, and
haemodynamic complications), theoretical indications for surgery, and in-
hospital mortality were collected.

Management of CDRIE

The frequency and mode of device removal was reported. The decision to
remove the CD was based on the judgement of the endocarditis team,®’
and the reason for no extraction of the CD was assessed.'®"’

Statistical analysis

All data were collected by the collecting officers or investigators at the par-
ticipating centres and included in an electronic case report form for online
data entry. All patients enrolled with possible or definite IE were included in
the analyses. Univariable analysis was applied to both continuous and cat-
egorical variables. Continuous variables were reported as mean =+ standard
deviation (SD) or as median and interquartile range (IQR). Among-group
comparisons were made using a non-parametric test (Kruskal-Wallis
test). Categorical variables were reported as counts and percentages.
Among-group 2 X 2 comparisons were made using a x° test or Fisher’s ex-
act test if any expected cell count was <5. In other cases, the Monte-Carlo
estimate of the exact P-value was used. Plots of the Kaplan—Meier curves for
time to all causes of deaths were performed and log-rank test was calcu-
lated. The Kaplan—Meier curve of time to death was also adjusted for the
covariates from the Cox proportional hazard model. Pairwise correlations
between all candidate variables (variables with P < 0.10 in univariate) within
the model and variables considered of relevant clinical interest were tested
before proceeding to the multi-variable model. In case of correlation, some
criteria were not taken into account. A backward multi-variable Cox re-
gression analysis was performed to identify the independent predictors of
400-day all-cause mortality. Significance levels of 0.05 were required to al-
low a variable to stay (SLSTAY = 0.05) within the model. Some measures of
model fit were considered: concordance and the goodness of fit test pro-
posed by May and Hosmer. In addition, the proportional hazard ratios as-
sumptions were verified graphically and with the Schoenfeld residuals
test. All analyses were performed using SAS statistical software version
9.4 (SAS Institute, Inc,, Cary, NC, USA).

Results

Demographics and clinical characteristics

During the study period, 111 out of 120 centres recruited CDRIE in
EURO-ENDO.”® A total number of 483 patients with cardiovascular
implantable electronic devices were included: 280 isolated CDRIE,
157 LHIE+CDRIE—, and 46 CDRIE+LHIE+. The median number of
endocarditis treated per centre was 30 (20-60) (Tables 1 and 2 and
Supplementary material online, Table ST).

The three groups of patients are displayed in Tables 1 and 2 and
Supplementary material online, Table S1. The CDRIE was associated
with a tricuspid valve involvement (10.0%).

Imaging
Echocardiography was not always TOE. It was TTE for isolated CDRIE
in 88.4% (TOE=67.6%), for LHIE+CDRIE— TTE=93.0% (TOE=
58.6%) and for CDRIE+LHIE+, TTE =87.0% (TOE =63.0%). By far
the majorin cases with IE and a device (CDRIE+), the leading abnormal-
ity was a vegetation on the lead. Table 2 is displaying the main echocar-
diographic features.

Nuclear imaging (PET scan) was used in 135 (28.0%) patients; it was
positive in 75.6%.

Management and prognosis

The staphylococcus were dominant and the antibiotic regimen mostly
consisted of vancomycin (see Supplementary material online, Tables S2
and $3). A device extraction was required for 62.1% CDRIE+ patients,
10.2% of the LHIE+CDRIE— and 45.7% of CDRIE+LHIE+ according to
local endocarditis teams. When device extraction was indicated by the
local endocarditis team, CD was removed percutaneously for 57.5% of
the CDRIE+LHIE— but 37.5% for the LHIE+CDRIE— and 38.1% of the
CDRIE+LHIE+ (Tables 3 and 4 and Supplementary material online,
Table S3).

In-hospital mortality was lower in isolated CDRIE 13.2% vs. 22.3%
and 30.4% for LHIE+CDRIE— and LHIE+CDRIE+, respectively (P=
0.004).

At 400-day follow-up, death occurred for 19.6% (in-hospital death
13.2%) in the CDRIE+LHIE—. 29.9% (in hospital 22.3%) for the
CDRIE-LHIE+ and 34.8% (in hospital = 30.4%) for the CDRIE+LHIE+.
Univariate and multi-variable Cox regression analysis for 400-day mortal-
ity is displayed in Table 4. The Kaplan—Meier curves are displayed in
Figures 1 and 2.

Device extraction was associated with a better prognosis [HR 0.59
(0.40-0.87), P=0.0068] even in the LHIE+CDRIE— group (P = 0.047).

Discussion
The major findings of this large observational study are the following:

* Prognosis of endocarditis in patients with a CD remains poor, particularly
when associated with a left-sided |E.

* Although recommended by guidelines, device extraction is not always
performed in the real life.

* Lack of device removal is associated with worse prognosis, even in the
LHIE+CDRIE- group

Prognosis of cardiac device-related
infective endocarditis

Endocarditis associated with CDs has a high mortality. The risk of death
at 1 year has been reported up to 30%. Patients with CDRIE+ are older
and have more comorbidities. Factors associated with increased 1-year
mortality include left-sided endocarditis and CDRIE removal/
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ICD (defibrillator)
CRT-D (with ICD)
CRT-P (pacing only)

84/280 (30.0%)
42/280 (15.0%)
41280 (1.4%)

23/157 (14.6%)
111157 (7.0%)
5/157 (3.2%)

8/46 (17.4%)
6/46 (13.0%)
4146 (8.7%)

4 E. Donal et dl.
Table 1 Demography and patient medical history in patients with device
CDRIE+LHIE— (1) LHIE+CDRIE- (2) CDRIE+LHIE+ (3) P-value P-value
(n=280) (n=157) (n=46) (1) vs. (2) (2) vs. (3)
Demographic
Age (years)
N 280 157 46
Mean + SD 66.69 + 14.31 71.08 +£13.59 70.22 +10.11 0.0002 0.1
Females 75/280 (26.8%) 39/157 (24.8%) 19/46 (41.3%) 0.6 0.02
Body mass index (kg/m?)
N 257 142 40
Mean + SD 2748 + 6.21 27.53 +5.58 2832+ 5.68 0.6 04
History of previous endocarditis
Previous endocarditis 16/280 (5.7%) 23/157 (14.6%) 4/46 (8.7%) 0.001 0.2
Type of microorganism
Staphylococcus aureus 6/12 (50.0%) 6/15 (40.0%) 2/3 (66.7%) 0.6 0.5
Methi-S Staphylococcus aureus 6/12 (50.0%) 5/15 (33.3%) 1/3 (33.3%) 04 >0.9
Chronic renal failure 71/280 (25.4%) 52/157 (33.1%) 14/46 (30.4%) 0.08 0.7
Diabetes mellitus 110/280 (39.3%) 51/157 (32.5%) 21/46 (45.7%) 0.1 0.1
Heart failure 114/245 (46.5%) 80/141 (56.7%) 14/43 (32.6%) 0.05 0.005
Charlson index
N 232 136 40
Mean + SD 442+ 3.16 541+2.83 493+204 <0.0001 0.3
Antithrombotic treatment on admission 206/274 (75.2%) 135/155 (87.1%) 40/45 (88.9%) 0.003 0.7
Device therapy
Pacemaker 150/280 (53.6%) 118/157 (75.2%) 28/46 (60.9%) <0.0001 0.1

CDRIE+ corresponds to patient with at least the infective endocarditis is on ICD/PM only or on ICD/PM+ (pulmonary or tricuspid). CDRIE— corresponds to patient with device and
without CDRIE or pulmonary or tricuspid location of |E. Kruskal-Wallis test is used for quantitative data. %* or Fisher's exact test [a] is used for binary variables.
CRT, cardiac resynchronization therapy; ICD, implantable cardioverter-defibrillator; LHIE+, left heart infective endocarditis; LHIE—, no left heart infective endocarditis.

reimplantation.”>"®>  Overall mortality has been reported in

EURO-ENDO higher in >80 years old but was not different from
that of <80 years old among those who had surgery (1 year: 27.3%
vs. 25.5%)."* The importance of identifying the microorganism respon-
sible has been underlined previously."

Importance of device extraction

Our cohort is the largest prospective multi-centre cohort reflecting a
worldwide reality of this severe infectious disease. EURO-ENDO un-
derlines, like others,'® the difficulties in following guidelines in daily
practice, where both technical and human considerations interfere
with their strict appliance. Although S. aureus has gradually replaced
streptococci as the primary pathogen for IE overall in different co-
horts.”~"? Independent of the pathogen, device extraction is recom-
mended and extremely important for the prognosis. We observed
that there is room for improvement and physician should be more ag-
gressive in extracting the devices as much as they can even in LHIE
+CDRIE—. Unfortunately, the precise reason(s) for not pursuing ex-
traction have not been reported in EURO-ENDO. The main observa-
tion is that no extraction is a risk factor for death at 400 days. This is
fundamental and is underscored in the main results of the
EURO-ENDO registry. Also the socio-economic condition by coun-
tries might impact.”*® Technical possibility according the hospital
have to be taken into account, but still, lead extraction should be

push for as much as possible during the endocarditis team discussions.
It is really important to extract more the devices in order to improve
the prognosis. Data presented were reported by the investigating cen-
tres, and patients managed palliatively were also included which impacts
the results.”

Importance of imaging

Diagnosis was made based on positive imaging results for at least 85% of
the patients. Despite TOE being more sensitive than TTE, it was not
performed in every patient. Other imaging tools (cardiac computed
tomography, 18 FDG PET-CT, or leucocyte scintigraphy) are valuable
in the case of difficult diagnosis.” The blood cultures were positive of
78.3% of the patients included and a definite positive diagnosis of IE
was possible for 82.2% of the patients, with 17.8% not reaching definite
diagnostic criteria. New 3D capabilities of echocardiography should be
incorporated and applied in every single patient with suspected endo-
carditis.®" In case of high clinical suspicion without echocardiographic
evidence, we should encourage the use of the new imaging modal-
ities.>” Applying stringent imaging assessment of patients with endocar-
ditis and device allowed us to define a subgroup of patients who had a
valvular infection but no device-related infection. These patients are not
exactly the same to the CDRIE, and the device could probably be main-
tained. It is thus important that more than observed in EURO-ENDO,
endocarditis teams should consider, as recommended, a multi-modality
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Table 2 Echocardiography findings in patients with device

CDRIE+LHIE- (1) LHIE+CDRIE- (2) CDRIE+LHIE+ (3) P-value P-value
(n=280) (n=157) (n=46) (1) vs. (2) (2) vs. (3)

Transthoracic echocardiography 243/275 (88.4%) 146/157 (93.0%) 40/46 (87.0%) 0.1 0.2
Transoesophageal echocardiography 186/275 (67.6%) 92/157 (58.6%) 29/46 (63.0%) 0.05 0.5
Location of findings

Aortic 197275 (6.9%) 78/157 (49.7%) 16/46 (34.8%) <0.0001 0.07

Mitral 16/275 (5.8%) 75/157 (47.8%) 15/46 (32.6%) <0.0001 0.06

Tricuspid 42/275 (15.3%) 12/157 (7.6%) 7146 (15.2%) 0.02 0.1

Pulmonary 3/275 (1.1%) 0/157 1/46 (2.2%) 0.5 0.2

ICD/PM/other 205/275 (74.5%) 5/157 (3.2%) 25/46 (54.3%) <0.0001 <0.0001
Any pericardial effusion 15/240 (6.3%) 5/141 (3.5%) 2/43 (4.7%) 0.5 0.1
Any right ventricular dysfunction 24/240 (10.0%) 15/141 (10.6%) 5/43 (11.6%) 0.4 0.6
Elevating filling pressure 63/240 (26.3%) 49/141 (34.8%) 10/43 (23.3%) 0.07 0.1
Right ventricular systolic pressure (mmHg)

N 159 104 24

Median (IQR) 38.0 (29.0-45.0) 40.0 (32.5-48.0) 41.5 (33.5-52.5) 0.1 0.5
Left ventricular ejection fraction (%)

N 240 132 37

Median (IQR) 48.5 (33.5-60.0) 50.0 (40.0-58.5) 50.0 (40.0-60.0) 0.1 0.9

Kruskal-Wallis test is used for quantitative data. x* or Fisher’s exact test [a] is used for binary variables. Results are those of the first echocardiography performed after the date of first
hospital admission/medical consultation.
ICD, implantable cardioverter-defibrillator.

Table 3 In-hospital follow-up under treatment in patients with device

CDRIE+LHIE- (1) LHIE+CDRIE- (2) CDRIE+LHIE+ (3) P-value P-value
(n=280) (n=157) (n=46) (1) vs. (2) (2) vs. (3)

Complications under therapy
Embolic events 35/280 (12.5%) 25/157 (15.9%) 12/46 (26.1%) 03 0.1
CHF 39/280 (13.9%) 28/157 (17.8%) 5/46 (10.9%) 0.2 0.2
Cardiogenic shock 171245 (6.9%) 14/141 (9.9%) 1/43 (2.3%) 0.2 0.1
Septic shock 24/280 (8.6%) 17/157 (10.8%) 9146 (19.6%) 04 0.1
Acute renal failure 54/280 (19.3%) 42/157 (26.8%) 15/46 (32.6%) 0.07 04
Persistent fever (>7 days) 30/245 (12.2%) 12/141 (8.5%) 6/43 (14.0%) 0.2 0.3
Positive blood cultures after 48h 45/278 (16.2%) 23/152 (15.1%) 16/46 (34.8%) 0.7 0.003
Increasing vegetation size 12/280 (4.3%) 91157 (5.7%) 5/46 (10.9%) 0.4 0.3
New abscess 4/280 (1.4%) 8/157 (5.1%) 1/46 (2.2%) 0.03 0.6
AV block 2/245 (0.8%) 1/141 (0.7%) 5/43 (11.6%) >0.9 0.002
Thrombopenia (<100 000) 14/245 (5.7%) 13/141 (9.2%) 6/43 (14.0%) 0.1 0.3
Device extraction 174/280 (62.1%) 16/157 (10.2%) 21/46 (45.7%) <0.0001 <0.0001
Percutaneous lead extraction 103/280 (36.8%) 6/157 (3.8%) 8/46 (17.4%) <0.0001 0.004
Surgical lead extraction 741280 (26.4%) 10/157 (6.4%) 13/46 (28.3%) <0.0001 <0.0001
Valvular surgery 12/280 (4.3%) 55/157 (35.0%) 12/46 (26.1%) <0.0001 0.2
Positive valve or lead culture

No 133/248 (53.6%) 67/148 (45.3%) 22/44 (50.0%) <0.0001 0.6
Positive PCR of valve or lead culture

No 191/280 (68.2%) 85/157 (54.1%) 32/46 (69.6%) 0.004 0.1
Suspected source of Infection

Health care—associated |E 66/256 (25.8%) 25/145 (17.2%) 11/45 (24.4%) 0.04 0.2

Kruskal-Wallis test is used for quantitative data. y* or Fisher's exact test [a] is used for binary variables.

CHF, chronic heart failure; IE, infective endocarditis; PCR, polymerase chain reaction.
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Table4 (A)Univariate coxregression analysis for all causes of death (until 400 days) with device forced in the model and
(B) final cox regression analysis for all causes of death (until 400 days) with status of device forced in the model

A Effect Hazard ratio 95% CI P Wald
Device status CDRIE+LHIE+ 1.81 [1.04-3.16] 0.02
LHIE+CDRIE— 1.59 [1.08-2.35] .
Source of infection Non-nosocomial 0.85 [0.41-1.78] 0.03
Nosocomial 1.68 [1.09-2.59] .
Age (per 10 years) 1.18 [1.01-1.37] 0.03
Female gender 0.91 [0.60-1.37] 0.6
Charlson index 1.1 [1.06-1.17] <0.0001
Creatinine >2 mg/dL 2.59 [1.76-3.83] <0.0001
Staphylococcus aureus 1.74 [1.19-2.55] 0.004
Congestive heart failure 2.07 [1.36-3.17] 0.0007
Vegetation length >10 mm 142 [0.96-2.11] 0.07
Cerebral complication 348 [1.90-6.36] <0.0001
Abscess 1.07 [0.54-2.10] 0.8
Positive PET (whatever location) 0.85 [0.37-1.92] 0.6
Heart failure 1.84 [1.24-2.72] 0.002
Congenital disease 0.71 [0.33-1.53] 03
Ischaemic heart disease 0.90 [0.62-1.32] 0.5
Chronic renal failure 218 [1.52-3.14] <0.0001
Cancer 129 [0.81-2.05] 0.2
Intravenous drug dependency 0.89 [0.12-6.42] 0.9
Alcohol abuse 0.57 [0.21-1.55] 0.2
Diabetes mellitus 1.39 [0.97-2.00] 0.07
Device extraction 0.65 [0.42-0.99] 0.04
B Hazard ratio 95% CI P Wald
CDRIE+LHIE+ 1.82 [1.02-3.22] 0.04
LHIE+CDRIE— 135 [0.89-2.04] 0.1
Creatinine >2 mg/dL 1.96 [1.27-3.03] 0.002
Congestive heart failure 1.64 [1.04-2.57] 0.03
Cerebral complication 34 [1.85-6.27] <0.0001
Chronic renal failure 1.56 [1.02-2.39] 0.04

Status of device and effects with a P-value of <0.10 in the univariate analysis are taken into account except Charlson index. No correlation was found among these variables. Cox analysis is
performed with a backward procedure with SLSTAY = 0.05. Only 400-day survival data were taken into account: deaths occurring after 400 days were censored at 401 days. For type of
IE, the reference is CDRIE+LHIE—. Goodness of fit test: P =0.04. Concordance = 0.69—Global Schoenfeld residual test P =0.93.

approach for improving the diagnosis and best managing the treatment
of CDRIE or endocarditis in patients with CDs.>”

Difficult diagnosis and management but
important prognostic implications
EURO-ENDO underlines, like others,'® the difficulties in following
guidelines in daily practice, where both technical and human considera-
tions interact with their strict application. The clinical presentation of
endocarditis and especially CDRIE is heterogeneous, and the time taken
to reach the diagnosis is long and is seen in all centres in this large ESC
registry involving centres from all over the world. The prognosis is poor
with in-hospital death of 17.8% of included patients (19.8% of exclusive-
ly cardiovascular death). This is in line with most cohorts."***> Most
CDRIE are related to interventions (medical or paramedical). Few stud-
ies have analysed risk factors for 1-year (400-day) mortality, in patients
with CDRIE. Baman et al. found that systemic embolization (HR 7.11),

moderate or severe tricuspid regurgitation (HR 4.24), abnormal right
ventricular function (HR 3.59), and abnormal renal function (HR
2.98) were the four independent factors associated with 6-month mor-
tality. For Kim et al., only methicillin-resistant S. aureus infection and
concomitant valve endocarditis independently predicted mortality. In
the International Collaboration on Endocarditis (ICE) registry, the
only factor independently associated with 1-year survival was device re-
moval, and this was also the only factor predictive of survival in smaller
sample size studies.

In EURO-ENDO, device removal was a fundamental parameter to
improve the prognosis. When removal was indicated but could not
be performed due to patients’ condition or technical issues, most pa-
tients were prescribed chronic suppressive antimicrobial therapy and
had a worse prognosis, seen in other studies." We demonstrate that
the lead extraction should be done but not only when a pre-operative
CDRIE is made. In the case of LHIE+CDRIE—, it seems relevant to treat
the LHIE but also to extract the intracardiac device.
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Figure 1 (A) Kaplan—Meier curves for all causes of death according to the three groups. (B) Kaplan—Meier curves for all causes of death according to
device extraction—overall. Cl, confidence interval; CDRIE, cardiac device—related infective endocarditis; HR, hazard ratio; LHIE, left heart infective
endocarditis.
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Limitations

EURO-ENDO is a prospective and large registry involving centres
worldwide.® Some data were not collected as they were focused on
the application of the guidelines and especially the integration of imaging
techniques in the diagnosis and management of the endocarditis,”~ for
instance, the time duration between the device implantation and the
occurrence of CDRIE and the pocket description. In EURO-ENDO,
we were not able to distinguish early and late IE after the device im-
plantation. Also, as previously mentioned, the precise reasons for not
performing the extraction are not reported extensively in the registry
as well as the details about the techniques available for performing the
extraction.

Conclusion

Prognosis of endocarditis in patients with a CD remains poor. Device
extraction is key to improving outcomes, even when CDRIE is not di-
agnosed in a LHIE+ patient.
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