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Clinical Case



79 years-old male patient

o Atrial fibrillation: CHADS2-vasc 4. HAS BLED 4
o Received a DDD PCM implant in 2013 following a 3rd degree AV

block. Generator change in Oct 2018
o Diabetes mellitus 2
o Cirrhosis and chronic liver disease child pugh B

BI 100/100. Charlson comorbidities index (CCI): 4

Clinical Case

Treatment: apixaban 2.5 mg/q2d, espironolactone 50 mg/24h, sitapliptin/metformin
1/q2d  omeprazol 20 mg/24h



Clinical Case

December 2018 à Exposed pacemaker generator and
signs of infection at the pocket site.
He denied history of recent fever, trauma, or infection

Emergency room à Physical examination results were normal 
despite signs of CIED local infection. 
WBC and C reactive-protein were also normal. 

Local swabs were taken. 
Augmentin 875/125 mg/8h was started. 
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Despite antibiotics, signs of local purulence continued. 
After five days, he went to his GP at his primary care 
center, and antibiotics were switched to clindamycin 

600 mg/8 h. 

One week later 

He developed deeper involvement of the wound with 
more purulence, erythema and there was a concern for
fluid collection in the pacemaker. 

NO FEVER. No systemic signs of infection

Clinical Case



CIED pocket infection (at least) was suspected.  Should we start empirical

treatment? If yes, what regimen/s? What microorganisms should be targetted?

We decided to delay the antibiotics, but the patient was admitted to complete diagnosis and 
management of local CIED infection. 

Question…

Both GPC and GNB à Ciprofloxacin (750 mg/bid) +  Linezolid 600 mg/bid initiated empirically
by the cardiology/ID Ward. The patient was admitted. 

Both GPC and GNB à Meropenem (1g/8) + daptomycin (10 mg/kg/24h) initiated empirically
by the cardiology/ID Ward. The patient was admitted. 

We decided to delay the antibiotics, and the patient was discharge to complete diagnosis and 
management in the outpatient clinic. 



CIED pocket infection (at least pocket infection) it is suspected.  Should we start empirical

treatment? If yes, what regimen/s? What microorganisms should be targetted?

Question…

Both GPC and GNB à Meropenem (1g/8) + daptomycin (10 mg/kg/24h) initiated empirically
by the cardiology/ID Ward. The patient was admitted. 



Clinical presentation of CIED infections

Sohail MR, JACC 2007;49:1851

Risk and prevalence of 
bacteremic infection?



Muñoz P. et al. Medicine Volume 94, Number 43, October 2015 

Medicine®
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Clinical Case



Staphylococcus aureus

Clinical Case

- Local swab -



What should we do to complete the diagnosis?

TEE and 18 FDP PET/CT regardless blood culture positivity

Wait for the blood culture results, if positive, TEE or TTE suspecting CIED infective 
endocarditis.

TEE

Device removal without TEE or 18 FDP PET/CT

CIED infection due to MRSA, initially without systemic signs of infection



What should we do to complete diagnosis?

CIED infection due to MRSA, initially without systemic signs of infections

TEE and 18 FDP PET/CT regardless blood culture positivity



European Heart Journal (2020) 41, 2012–2032 



Diagnosis - Summary of recommendations

• The failure à mass adherent to a lead with TEE does not exclude lead infection
• TEE may be useful in CIED-related IEà TTE poor sensitivity.
• Prognostic features better in TTE à pericardial effusion, ventricular dysfunction and dyssynchrony, and

pulmonary vascular pressure estimations.

Habib G. Eur Heart J. 2015 Nov 21;36(44):3075-3128.



TTETEE

TEE: Transesophageal echocardiography
TTE: Transthoracic echocardiography

TEE is the gold
standard for

the detection
of lead 

vegetations!



PET’s usefulness is not well characterized
Pocket infection Infective 

endocarditis

Jerónimo et al N=14 N=13

- Sensitivity (Sn) 72% 38.5%

- Specificity (Sp) 95.6% 98%

Cautela et al N=15 N=13

- Sensitivity 86% 31%

- Specificity 100% 62%

Bensihmon en al N=5 N=10

- Sensitivity 100% 60%

- Specificity 100% 100%

Sn 72-100%
Sp 96-100%

Sn 30-60%
Sp 62-100%

TEE/TTE: Transesophageal/Transthoracic Echocardiography
Hernández-Meneses M and Perissinotti A. et al, REC CI 2023 



Hernández-Meneses M and Perissinotti A. et al, REC CI 2023 



Clinical Case



TTE and TEE were negative

Chest X-Ray identified no pulmonary 
embolism

Clinical Case

Blood cultures negative



Clinical Case



Pocket + SC lead CIED infection caused by MRSA 

Clinical Case

Biofilm-producing infection!!!



European Heart Journal (2020) 41, 2012–2032 



↑↑↑ MIC x 10-1,000
Þ Device removal !!!

Antimicrobial 
resistance

- Limited diffusion 
(extracellular 

matrix)

- Electrostatic 
repulsion (surface 

polymers)

- Sequestration 
(surface polymers)

- Bacteria in 
resting state.

To impair innate 
host defenses

- Antimicrobial 
peptides

- Neutrophil phagocytosis (exo-
polysaccharide/polymer)

Biofilm-producing infection!!!



When is it safe to implant the new device???

Clinical Case

We decided to remove the device but…
.

We must implant a contralateral PCM 

Guidelines

Immediate 
reimplantation 

(in a single 
time)

Early 
reimplantation 

after 72 h *

Reimplantatio
n in 7-10 days

Reimplantation 
after 14 days

British 1

(2015)
Not 

recommended
Not 

recommended
If device was 
removed and 

negative blood 
cultures. 

If valvular 
involvement

European 2

(2015)
Not 

recommended
Negative blood 

cultures*
If valvular 

involvement

AHA3

(2010)
Not 

recommended
If device was 
removed and 

negative blood 
cultures. 

If valvular 
involvemen



Complete device removal is the key for survival!

Hernández-Meneses M et al. OFID 2022Athan E et al. JAMA 2012

MEDIC-Prospective cohort study, 2000-2006 Hospital Clinic Barcelona-Spain, 1981 - 2020  

85%

70%

68%

30%

50%

89%

BACKGROUND: CIED INFECTIVE ENDOCARDITIS



Clinical Case
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Since blood cultures were negative, meropenem was stopped. 
He was on daptomycin for seven days and finally the removal was scheduled. 

Clinical Case

17/01/2019 à The device and one lead were removed, unfortunately the 
other lead broke and more than 4 cm of the fragment was abandoned at 
the place.
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What should we do when the 
device can not be removed?  

?????

Clinical Case
16S rRNA PCR/sequencing was als

16S rRNA PCR/sequencing was also 
positive



CAS therapy 7%

RELAPSES: 18% 
IN-HOSPITAL MORTALITY: 25%
ONE-YEAR MORTALITY: 44%
Survival 1.43 years (IC 95%, 0.27-2.14)

E. M. Tan et al, CID, 2017 J.E Peacok et al, Pacing Clinic Electrophysiol, 2018

=Chronic oral suppression
(CAS)

What to do with the retained leads and/or devices? 

MEDIC cohort study, 2009-2012

PEACOCK ET AL. 5

F IGURE 2 Pie diagrams depicting themicrobiology of cardiovascular implantable electronic device (CIED) infections in patients who underwent

attempted salvage, both failed and successful [Color figure can be viewed at wileyonlinelibrary.com]

It has been demonstrated convincingly that antimicrobial therapy

alone for an infected CIED without complete device removal confers

an increased risk for infection relapse and death both in the short

term and at 1 year.
7,13

In one study,
7
there was a sevenfold increase in

30-daymortality anda threefold increase inmortality at 1 year in those

patients who underwent attempted medical management with device

retention.Nevertheless, given the expense associatedwithCIED infec-

tions, especially with the extraction procedure and sacrifice of the

device,
30,34

the potential risk, albeit low, for complications of device

removal itself,
31,32

and the characteristic profile of multiple comorbid

conditions in many patients, it is perhaps not surprising that conser-

vative management with device salvage is sometimes contemplated

and pursued despite guidelines to the contrary.
35

Most large descrip-

tive series of patients with CIED infections include a small number of

patients (range in cited studies of 1.5–19%) who were managed with-

out device removal.
6,7,9,12,13,36–38

More often than not, the reasons for

device retention pertain to patient refusal of removal, clinical instabil-

ity which precludes removal, or end-stage medical comorbidities with

a limited life expectancywhichmake extraction seemunwise or unnec-

essary rather than an explicit goal of salvage.
7,20

However, on occasion,

medical management is viewed as a feasible option by the managing

physician even in the absence of contraindications to explantation or

extraction.
23,35

Not surprisingly, there are a small number of published

reports or case series that confirm the occasional success of medical

management, sometimes in conjunction with pocket debridement and

the use of innovative salvage techniques such as antimicrobial enve-

lope device “wraps,” without device explantation, even with more seri-

ous forms of device infection such as lead endocarditis.
21–26,39,40

The

reported successes notwithstanding, those events must be viewed as

rare exceptions rather than common events. Nevertheless, the hope

that data will be forthcoming which identifies a subset of patients

who can be successfully managedwith conservative therapies without

device removal remains a continuing quest and would have major eco-

nomic implications.

The MEDIC registry was established to address unanswered

questions regarding diagnosis and management of CIED infections

with the hope that a large, robust, and diverse database of patients

might provide the statistical power to discern small or important

differences. The registry was used in this study to determine if there

is a subset of patients with CIED infection who can be success-

fully managed without complete device removal. A diverse array

of potential variables which might predict the success (or failure)

of device salvage were analyzed in over 400 patients with CIED

infections accrued from 10 international academic centers. Although

few significant associations were identified, the univariate analysis

did identify two factors that were predictive of failure in patients

in whom device salvage was being attempted. These factors include

coagulase-negative staphylococci as the causative organisms for

device infection and presence of a lead vegetation as determined by

echocardiography. It was somewhat unanticipated that infection with

coagulase-negative staphylococci was associated with salvage failure

as this group of organisms generally confers a lower risk of mortality

for patients with CIED infections as compared to S. aureus.
7,12,13

It is tempting to speculate that virulence factors responsible for

salvage failure may be different than those responsible for mortality

risk.

CAS therapy 29%

RELAPSES: 22% 
IN-HOSPITAL MORTALITY: 30%
ONE-YEAR MORTALITY: -

CAS-Toxicity (rash 9%, C. difficile 6%, pancreatitis 3%)

18% developed CIEDI relapse:
• 100% à alternative AB therapy 
• 33% à underwent extraction due to relapse

• 50% à expired due to CIED extraction 
surgery.

Mayo Clinic cohort study, 2005-2015

Antibiotics Duration? Follow-up?



CNS; 21%

MSSA; 19%

Enterococcus 
sp; 17%

Streptococcus 
sp; 15%

MRSA; 13%

Polymicrobial; 
6%

P. Aeruginosa; 
2%

K. 
Pneumoniae; 

2%

S. marcescens; 
2%

Type of CAS

• Penicillin 22%

• Cotrimoxazole 22%

• Amoxicillin 22%

• Minocycline 14%

• Cephalexin 14%

• Dicloxacillin 3%

Antibiotics schemas?, Duration?, Follow-up?

Mayo Clinic cohort study, 2005-2015

E. M. Tan et al, CID, 2017



He was started on suppressive antibiotic treatment cotrimoxazole 800/160 bid

What should we do when the device can not be removed  ?????

He completed seven days of ev daptomycin treatment before the new one PCM was
implanted

Clinical Case

Dalbavancin weekly

Linezolid 600 mg/bid, and switch to tedizolid if cytopenias

Test for doxycycline or minocyclin

Cotrimoxazole bid



New admission à fever

The patient stopped the antibiotic treatment by his-own and one months later…

Clinical Case – follow up

Continuous MRSA Bacteremia 
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CIED-lead infective endocarditis “lead-carditis” due to MRSA  

Chest X-RAY and 18 FDG-PET/CT were performed without showing septic
metastasis

Clinical Case



Which therapy would you start and for how long?

Daptomycin plus fosfomycin, following by daptomycin alone to complete four weeks

Vancomycin plus rifampicin and gentamicin two weeks, following by vancomycin alone.

Daptomycin alone for four weeks

Daptomycin plus ceftaroline, following by daptomycin alone to complete four weeks

CIED infective endocarditis due to MRSA



CIED-lead infective endocarditis “lead-carditis” due to MRSA  

Clinical Case

He was started on daptomycin and ceftaroline until bacteremia was cleared
and for ten more days. He finished four weeks of treatment with daptomycin.   

He underwent open surgery to abandoned lead removal. 
The new device implanted one moth ago was also replaced.



The 2015 guidelines of the American (AHA) and European (ESC) cardiology societies for
the treatment of IE recommend the use of vancomycin-based guidelines for IE by
MRSA, which have suboptimal efficacy and are not exempt from toxicity.

But treatment have not changed among years!!



Guidelines IDSA 2011
MRSA bacteremia

Liu C. et al, Clinical practice guidelines by the infectious diseases society of america for the treatment of methicillin-resistant Staphylococcus aureus infections in adults and
children: executive summary. Clin Infect Dis. 2011 Feb 1;52(3):285-92.

Identify the source and extent of the infection with

elimination and/or debridement of other sites of

infection should be conducted (A-II).

Echocardiography is recommended for all adult

patients with bacteremia. Transesophageal

echocardiography (TEE) is preferred over

transthoracic echocardiography (TTE)



Lipopeptide antibiotic active against Staphylococci, which has rapid bactericidal activity, although cases of 
microbiological failure in monotherapy have been described. In S. aureus, the synergy between daptomycin
and antibiotics that act on the bacterial wall, such as β-lactam antibiotics and fosfomycin, has been
described.

Daptomycin MoA

Rapid bactericidal activity

MoR
Lysine --> Electrostatic
repulsión



Cephalosporin with activity against PBP 2a and very active against methicillin-resistant
Staphylococci

Ceftaroline MoA

Resistance to beta-lactamsà Changes in PBP2A



In vitro àThe combination of daptomycin and ceftaroline has been effective in 
bacteremia caused by methicillin-resistant S. aureus (MRSA).

Geriak et al. AAC. May 2019

It was observed an unanticipated in-hospital mortality difference of 0% (0/17) 
for combination therapy and 26% (6/23) for monotherapy (P � 0.029), causing
us to halt the study. 

Outcomes. Primary outcomes examined were duration of bacteremia and in-hospital mortality. Secondary outcomes
were later (60 and 90 day) mortality and length of hospital stay. Serum interleukin-10 measurement. 

DAP + CTL 17
VAN 23
DAP 2



Potential mechanisms underlying advantages of combined therapy

• Beta-lactam reduction of cell wall cross-linking, enhancing DAP to 
access to the cell membrane

• Synergy of Beta-lactam with endogenous cationic host defense 
peptides against MRSA

• Increased NLRP3 inflammasome activation and IL1B-mediated 
bacterial clearance induced by altered peptoglycan syntetized by MRSA



Ceftobiprole 5th-generation, broad-spectrum cephalosporin blooks the transpeptidase
activity of PBPs including PBP2a

This double-blind study will establish whether ceftobiprole < to daptomycin complicated SAB, including IE. 
If noninferiority is established, ceftobiprole à important new treatment option against SAB (MSSA or MRSA). 

S. aureus (MRSA, VISA)

CoNS (MRSE, VISE)

S. Pneumoniae MIC90

<0.5 mg/L
S. Betahemolytic MIC90

<0.5 mg/L
Moderate activity E. 
faecalis MIC90 4 mg/L
P. Aeruginosa 
Other gram 
negatives/anaerobic

FASE III TRIAL

Hamed et al. Future Microbiol 2020 Jan



CEFTAROLINA vs CEFTOBIPROL
NEGATIVO

Ann Cardiol Angeiol (Paris) 2008 Apr;57(2):88-92.



Dalbavancin Lypoglycopeptide. Block peptidoglycan syntesis. Time-dependent 
bactericidal activity, with a maximum when the concentration is 
four times higher than MIC. Long-activeStaphylococcus including 

MRSA/MRSE
S pneumoniae 
Enterococcus sp. 
susceptible to vancomycin
Gram positive bacilli with 
MIC 90 of 0.12 mg/dl

DOTS): study protocol for a phase 2b, multicenter, randomized, 
open-label clinical trial 

Turner et al.Trials. 2022 May



TAKE HOME MESSAGES à
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THE CHALLENGE OF MDR 
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DALBAVANCINA
ORITAVANCINA
PER OS: Linezolid, tedizolid, 
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DAPTOMICINA
CEFTAROLINA
CEFTOBIPROL
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