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Domanda 1
Quale tipo di valvola artificiale usano i tuoi chirurghi?

• Biologica

• Meccanica

• Entrambe Biologica e Meccanica

• Non so



Cosa vogliono sapere i chirurghi?

Quale è il miglior tipo di 
valvola

Per evitare COMPLICAZIONI



The difference of infection is pronounced when 
comparing Melody valves with homografts, but 
not for Contegra bovine valved conduit, suggesting
possible tropism of micro-organisms to the bovine 
material used in making the Melody and Contegra
valves.



Definizione e Epidemiologia

• La definizione di infezione delle protesi valvolari è più semplice rispetto a quella di 

CIEDI. Si tratta di fatto di un’endocardite della valvola protesica (PVE). 

• La PVE è una malattia grave e pericolosa per la vita e la sua incidenza dipende da 

vari fattori 

• PVE ad esordio precoce entro 12 mesi dall’intervento, tardive dopo i 12 mesi

• Rappresenta il 10-30% del totale dei casi di endocardite infettiva (EI) con 

un’incidenza dello 0,3–1,2% per paziente per anno ma che può aumentare fino al 

5% dopo i 10 anni dal posizionamento. 

• Nei pazienti con una valvola protesica il rischio cumulativo di EI era 

rispettivamente del 2,8% e del 4,5% a 5 e 10 anni

• La valvola aortica era coinvolta nel 66,5%, la mitralica nel 40,7%, la tricuspide nel 

2,9% e l’infezione multivalvolare si è avuta nel 7,2% dei pazienti con PVE

• Incidenza minore dopo 12 anni in pazienti con valvola aortica meccanica rispetto ai 

soggetti con valvola aortica bioprotesica (1,4% vs 2,2%)



ECS, 2015



Positron Emission Tomography/Computed Tomography for Diagnosis of 
Prosthetic Valve Endocarditis Increased Valvular 18F-Fluorodeoxyglucose Uptake

as a Novel Major Criterion
Saby, Raoult, Thuny, Marseille, France

Journal of the American College of Cardiology 2013



an abnormal FDG uptake in PET/CT imaging as a 
major criterion for PHV endocarditis. This result 
should be used in patients with PHV implanted 
for >1 month and must be interpreted in the 
clinical and the microbiological contexts.

Take-home message 
is not to consider PET/CT as a technique able to 
diagnose PVE without other data. It should be 
used with the global assessment of the patients 
with suspected PVE.

Journal of the American College of Cardiology 2014



FDG PET/CT

• AHA
– « More study is needed to define the utility of 18F-fluoro-

deoxyglucose positron emission tomography/CT in the 
diagnosis and management of IE…»

• ESC
– promising results for WBC SPECT/CT and 18F-FDG PET/CT…

– «…reduction in the rate of misdiagnosed possible IE…»

– «it could be employed to monitor response to 
antimicrobial treatment…»

ESC modified criteria for IE suggest PET

AHA guidelines 2015 are more prudent









External Validation of the 2023 Duke - International Society for Cardiovascular Infectious 
Diseases Diagnostic Criteria for Infective Endocarditis CID 2024





Rizzi et al. BMC Infectious Diseases 2014, 14:230



2015





Patients

• 918 patients admitted to Marseille public hospitals 
were diagnosed as having definite or possible 
endocarditis, according to the modified Duke 
criteria.[8] 

• Blood cultures were positive in 635 patients 
(69.2%) 

• Of the remaining 283 patients, 
– 177 (62.5%) were classified as having definite 

endocarditis,
• 138 (48.7%) (77.9%) in whom diagnostic strategy 

allowed the identification of an etiology,

Fournier, Medecine 2017



Diagnostic procedures
Serology
• Indirect immunofluorescence assays to detect

C burnetii (phase I IgG titer>1:800), 

Bartonella quintana, B henselae (IgG≥1:800), 

Legionella pneumophila (total antibody titer ≥1:256) 

• ELISA

Brucella melitensis (titer ≥1:200) 

Platellia M pneumoniae IgM kit

Mycoplasma pneumoniae (titer ≥1:200) 

When 1st rank tests were negative, 

• Western blot  Bartonella spp

Molecular Biology
• DNA Extraction from Blood, Valve (directly or sospension broth)

• PCR, RT-PCR, Sequencing 16 S-18S rRNA,

Fournier, Medecine 2017
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Domanda 3
Quanti centri sono in grado di fare una Diagnosi Microbiologica in 

accordo alle Linee-guida ESC 2023 o Duke ISCVID?

• Nessuno

• Pochi: uno o due centri di riferimento

• Più di dieci

• Non lo so



• Culture-negative IE is still a major clinical problem and a diagnostic 
challenge.

• Metagenomic analysis using next generation sequencing has been used 
to detect pathogens

• However, there are very few reports of the use of metagenomic analysis



Piccola esperienza del 2010, OORR BG
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• 13 valvole esaminate

• Colture positive per StaCon, Streptococchi

• 16 s RNA: Sempre NEGATIVO

»Problema di Estrazione

»Limite rilevazione 40 UFC/ml

Risultati



Heart Valves Microbiological Diagnosis

• Homogenize by 

– balls 

– Sonication?

– Dithiothreitol?

• Culture in BC Vials

• Broad Range PCR and Specific PCR

– Critical point the Extraction of DNA
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Pacemaker, Defibrillatori, Risincronizzatori



Le complicanze legate all’impianto di un pacemaker, sono per la maggior 

parte, legate alla tasca sottocutanea ed agli elettrocateteri.







European Heart Rhythm Association (EHRA) international consensus document on 
how to prevent, diagnose, and treat cardiac implantable electronic device infections—
endorsed by the Heart Rhythm Society (HRS), the Asia Pacific Heart Rhythm Society 
(APHRS), the Latin American Heart Rhythm Society (LAHRS), International Society for 
Cardiovascular Infectious Diseases (ISCVID) and the European Society of Clinical 
Microbiology and Infectious Diseases (ESCMID) in collaboration with the European 
Association for Cardio-Thoracic Surgery (EACTS)

• It is difficult to give a precise rate of CIED infections because 
of divergent definitions, varied populations, and the range of 
rates in retrospective and prospective studies. 

• In the Danish registry including 46 299 consecutive patients 
who underwent pacemaker implantation between 1982 and 
2007, the incidence of infection was 4.82/1000 device-years 
after a primary implantation, and 12.12/1000 device-years 
after replacement.

• Greenspon et al. found that the incidence of CIED infection in 
the USA increased from 1.53% in 2004 to 2.41% in 2008 

• a National Inpatient Sample database study showed an 
increase from 1.45% to 3.41% (P < 0.001) from 2000 through 
2012, particularly for CRT devices.



European Heart Rhythm Association (EHRA) international consensus document on 
how to prevent, diagnose, and treat cardiac implantable electronic device infections—
endorsed by the Heart Rhythm Society (HRS), the Asia Pacific Heart Rhythm Society 
(APHRS), the Latin American Heart Rhythm Society (LAHRS), International Society for 
Cardiovascular Infectious Diseases (ISCVID) and the European Society of Clinical 
Microbiology and Infectious Diseases (ESCMID) in collaboration with the European 
Association for Cardio-Thoracic Surgery (EACTS)

• recent cross-over cluster PADIT- and 
randomized WRAP-IT trials, incidence were 
only 0.6–1.3%, as compared to retrospective 
studies, reporting significantly higher rates 
(2.3–3.4%) in the first year after implantation



Pathogenesis and microbiology of cardiac 
implantable electronic device infections

• Cardiac implantable electronic device infections occur via two major 
mechanisms. 

• The most common is contamination of leads and/or pulse 
generator during implantation or subsequent manipulation. Device 
erosion late after interventions may either be due to, or result in 
pocket infection. In either case, contamination and subsequent 
bacterial colonization result in pocket infection which can spread 
along the intravascular parts of the leads and progress to systemic 
infection. 

• The second mechanism is a bloodstream infection. Direct lead 
seeding can occur during bacteraemia caused by a distant infectious 
focus, such as a local septic thrombophlebitis, osteomyelitis, 
pneumonia, surgical site infection, contaminated vascular catheters 
or bacterial entry via the skin, mouth, gastrointestinal, or urinary 
tract



Pathogenesis and microbiology of cardiac 
implantable electronic device infections

• Factors, which play a role in the pathogenesis of 
CIED infections, can be related to the host, the 
device, or the microorganism. 

• The patient’s own skin flora can be introduced 
into the wound at the time of skin incision and 
thereby contaminate the device. 

• Contamination may also occur before 
implantation via the air in the operating room 
(both host and staff) or via the hands of anyone 
handling the device. 



Pathogenesis and microbiology of cardiac 
implantable electronic device infections

• From a pathophysiological standpoint, device-related 
factors are those affecting bacterial adherence to the 
generator or lead and the biofilm formation on these
surfaces. Bacterial adherence is facilitated by irregular
and hydrophobic surfaces.

• Of the commonly used polymers, polyvinylchloride and 
silicone allow better adherence than
polytetrafluoroethylene, while polyurethane allows
less adherence than polyethylene. 

• Metals also differ in their propensity for bacterial
adherence—e.g. titanium has less propensity for 
bacterial adherence than steel
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Identification of the causative microorganisms

• Therefore, every effort should be made to obtain cultures 
prior to the institution of antibiotic therapy. 

• Blood cultures should be repeated in patients with CIED 
and fever without clear signs of local infections and 
infective endocarditis. 

• Three sets of blood cultures should be taken (at least 30 
min in between) prior to starting antibiotic therapy (Table 
6). 

• Multiple blood cultures at different time intervals enable a 
distinction between transient and persistent bacteraemia
and increases sensitivity. 

• In stable patients, a 2–3 days washout period free from 
antibiotic therapy may increase precision of microbiological 
diagnosis. 

• In unstable patients with sepsis or septic shock, early 
empiric antibiotic therapy should be administered following 
two sets of blood cultures



Identification of the causative microorganisms

• An aseptic technique for blood culture is 
mandatory since bacteria mostly considered 
as skin contaminants often are the causative 
agents of CIED infections

• Increased incubation time (10–14 days) 

• and the use of biomolecular methods (DNA 
amplification and/or gene sequencing) to 
detect fastidious or atypical pathogenes may 
be considered for CIED endocarditis and 
persistent negative blood cultures



Identification of the causative microorganisms

• Swabs collected from the chronic draining 
sinus or fistula for culture are discouraged 
(Table 6). 

• Instead, tissue or fluid collected from the 
pocket via an adjacent intact portion of the 
skin (via a sterile needle or syringe) is 
encouraged avoiding passing through the 
sinus. This approach should only be used to 
make a bacterial diagnosis, not to determine 
the presence of a pocket infection



Identification of the causative microorganisms

• During an extraction procedure, distal and proximal 
lead fragments, lead vegetation if present and 
generator pocket tissue should be sent for culture 
(Table 6).

• Gram stain is still encouraged and biomolecular 
methods are increasingly used and may be more 
specific

• Culture media suggested are chocolate agar incubated 
in 5% CO2 for 48–72 h, MacConkey agar incubated for 
48 h, blood agar in anaerobic condition for 48–72 h, 
and Sabouraud agar incubated for 5 days.7

• In case of pus, but no growth after 3 days, consider 
slow-growing microorganisms including C. acnes and 
increase incubation duration



Identification of the causative microorganisms

• Sonication for the recovery of bacteria from 
CIED leads and tissue, may be useful in 
patients with clinical signs of infection 
although the method merits further 
investigational study



Diagnosi preoperatoria

• 1. Eseguire emocromo completo, velocità di 
eritrosedimentazione (VES) e

• Proteine ​​C-reattive (CRP) e livelli di procalcitonina.

• 2. Eseguire 3 set di emocoltura prima di iniziare la terapia 
antibiotica empirica.

• ● I campioni di sangue devono essere coltivati in aereobiosi

e anaerobiosi e anche per la ricerca di  Candida.

• 3. Raccogliere in idonei contenitori anche per mantenere 

microrganismi anaerobi, eventuali secrezioni o raccolte 

della tasca per vetrino colorato con Gram, semina 

diretta su agar e in flaconi per emocoltura sia in 
aerobiosi che in anaerobiosi



Diagnosi intraoperatoria
• 1. Raccogliere campioni delle eventuali raccolte o secrezioni o 

tessuto della tasca del generatore, il dispositivo stesso e gli 
elettrodi.

● Se si sospetta, prendere in considerazione colture per miceti 
e micobatteri

• 2. Raccogliere le secrezioni in idonei contenitori anche per 
mantenere microrganismi anaerobi 

• 3. Utilizzare le secrezioni e/o parte del tessuto per vetrino colorato 
con Gram, semina diretta su agar e in flaconi per emocoltura sia in 
aerobiosi che in anaerobiosi i campioni liquidi, mentre i campioni di 
tessuto possono essere incubati in flaconi a bocca più larga.

• 4. Eseguire Sonicazione del dispositivo, degli elettrodi e del tessuto.
● Collocare il dispositivo o gli elettrodi o il tessuto estratto in 
un barattolo / contenitore sterile da 50 a 100 ml di soluzione 
salina sterile prima di inviarlo al laboratorio di microbiologia.



• Local infection: infections were considered local when patients showed no 
systemic symptoms (fever, shock, embolisms, or remote infectious 
complications), blood cultures were negative, and there were signs of 
infection in the region of the generator pocket, such as pain, erythema, 
and purulent material.

• •Systemic infection: infections were considered systemic when patients 
showed systemic symptoms and blood cultures were repeatedly positive. 
Negative blood cultures required the presence of vegetation in the lead or 
right-sided cardiac structures.



• If culture of pocket-site tissue is negative despite convincing 
evidence of infection, microbiologists may wish 
– to consider prolonged incubation of media 

– or, preferably, referral of tissue for amplification and sequencing of 
bacterial 16S ribosomal RNA genes to detect atypical causes not 
detected by routine culture. 

– The use of sonication for the recovery of bacteria from ICEDs may have 
a useful role to play in patients with clinical signs of infection and this 
merits further study.



Molecular Approach to Diagnosis of Cardiovascular Implantable Electronic Device 
Infection

Zerelda Esquer Garrigos, M Rizwan Sohail, Kerryl E Greenwood-Quaintance,Scott A 
Cunningham, Prakhar Vijayvargiya, Madiha Fida, Paul A Friedman,Jayawant
Mandrekar, Daniel C DeSimone, Larry M Baddour ... Show more

Clinical Infectious Diseases, ciz266, https://doi.org/10.1093/cid/ciz266

Published:

04 April 2019

Article history

SF culture fails to identify a causative organism in ~50% of cases.

A total of 278 SF samples corresponded to infected cases, of which 160 were 
culture positive and 118 culture negative. The remaining 44 were from 
noninfected cases, of which 2 were culture positive. Compared with SF 
culture, the sensitivity of 16S rRNA PCR/sequencing was higher (64% vs
57.5%, P = .003). 16S rRNA PCR/sequencing detected a potential pathogen in 
28 of 118 culture-negative cases, identifying staphylococci in the majority 
(18/28).



Methods: A metagenomic approach was used to analyze the bacterial diversity on the 
surfaces of non-infected and infected pacemakers. The DNA from surfaces swaps of 24 non-
infected and 23 infected pacemaker were isolated and subjected to bacterial-specific DNA 
amplification, single strand conformation polymorphism- (SSCP) and sequencing analysis. 
Species-specific primer sets were used to analyze for any correlation between bacterial 
diversity on pacemakers and in the oral cavity

Results: In 17 cases bacterial DNA was found on pacemakers with no clinical signs of 
infections. On the basis of the obtained sequence data, the phylotypes Propionibacterium
acnes, Staphylococcus and an uncultured bacterium were identified. Propionibacterium
acnes and Staphylococcus epidermidis were the only bacteria detected in pacemeaker (n 
= 25) and oral samples (n = 11).

Conclusion: The transmission of oral bacteria to the lead or device of implantable 
pacemaker or cardioverter defibrillators is unlikely relevant for the pathogenesis of 
pacemaker or cardioverter defibrillators infections.
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• To enhance device culture sensitivity, vortexing
sonification of explanted devices has been used for 
more than a decade in cases of prosthetic joint 
infection, and the technique is widely available among 
clinical laboratories

• Culture methods may not be adequate in some cases 
of CIEDI, most often due to recent antimicrobial 
exposure

• includes 16S rRNA gene polymerase chain 
reaction/sequencing of sonicate fluid.

• NGS is clearly of interest in defining pathogens in 
culture-negative CIEDI cases, and additional 
investigations are needed to better define its role

Baddour et al 2024 CV Implantable Electronic Device Infections



Esperienza CIED Bergamo

Impiantati/anno 

• 300 Pacemaker 

• 110 Defibrillatori

Infezioni 
7 (1,7%)
Ma gestite dal Team
Esperto per le Estrazioni
di Brescia

Cortesia: Dott De Filippo, Cardiologia, Asst Papa Giovanni XXIII, Bergamo



Protesi grosso calibro >7 mm

Protesi piccolo calibro 
<6 mm

Vascular prostheses include 
vascular grafts (VGs), 
generally implanted surgically, 
and vascular endografts (VEs) 
(or stent-grafts) implanted by 
endovascular procedure



Vascular prostheses
vascular grafts (VGs), generally implanted surgically, and 
vascular endografts (VEs) (or stent-grafts) implanted by endovascular procedure



• VGs may be classified into biological grafts, 
which are composed of actual tissues, most
often blood vessels (e.g., autologous grafts
derived from the patient’s own vessel); 
allografts (from human vessels); xenografts
(generally of bovine origins); and synthetic
grafts made from either poly-ethylene-
terephthalate (PET, or Dacron), a textile
material, or expandedpolytetrafluoroethylene
(ePTFE), a non-textile material















A vascular graft or endograft infection (VGEI) is a severe infectious disease and is 
accompanied by high morbidity and mortality rates. Diagnosis can be challenging due to 
the often difficult to reach anatomical sites for microbiologic diagnosis and the possibility 
of false-positive imaging. In addition, antimicrobial and surgical treatment is challenging 
due to the polymicrobial nature of the infection, the presence of biofilm, and the 
extensiveness of surgery to achieve curation. To handle these infections, a dedicated and 
experienced multidisciplinary team is key



Epidemiologia

• Le infezioni delle VG e VE hanno un rischio relativamente 

basso e 

• hanno un’incidenza dell’1% se localizzate a livello addominale 

ma del 6% se localizzate a livello toracico.



• in thoracic VEGIs, mainly gram-positive 
bacteria, like those found in infective
endocarditis, can be found (Staphylococcus
aureus, Coagulase-negative Staphylococcus, 
Enterococcus, and Streptococcus). 

• On the other hand, Gram-negative bacteria
and polymicrobial infections can be isolated in 
abdominal VGEIs



• Several infectious microorganisms are involved in 
VGEI development, but the most frequent type, 
responsible for over 75% of infections, is 
Staphylococcus aureus and, in particular, the 
most severe infections are those with methicillin-
resistant Staphylococcus aureus (MRSA). On the 
other hand, gram-negative bacteria infections, 
such as Pseudomonas aeruginosa, Escherichia 
coli, Klebsiella, Enterobacter, or Proteus, although 
less frequent, are associated with a more serious 
course

Prosthesis 2023, 5, 148–166. https://doi.org/10.3390/prosthesis5010012







• the microbiologic yield of blood cultures is 
generally low (∼30%) and does not always reflect 
the complete spectrum of causative 
microorganisms isolated from intraoperative 
material (Bisharat and Minuhin, 2012; Legout et 
al., 2012a)

• In cases when blood culture results are positive, 
we recommend follow-up blood cultures at 1-day 
intervals after the start of antimicrobial 
treatment until follow-up blood culture results 
are negative.

• A culture of a sinus tract or superficial wound is 
discouraged, as the results cannot differentiate 
between skin colonization and infection



• In cases when surgery is feasible, the entire 
explanted vascular graft should be sent to the 
microbiology laboratory in a sterile container

• If sonication methods are available at the treating 
center, the vascular graft can be sonicated to 
increase the culture yield of biofilm-embedded 
bacteria (Fournier et al., 1998; Kokosar Ulcar et 
al., 2018).

• In addition, multiple (>3) tissue biopsy specimens 
near the vascular graft must be obtained (with 
uncontaminated surgical instruments) and 
immediately transferred into a sterile container 
(i.e., they should not be left on the sterile surgical 
field); these should be sent immediately to the 
microbiology laboratory



• Pus must be aspirated in a syringe and capped 
with as little air as possible (to ensure the 
reliability of anaerobic cultures)

• When a part of the vascular graft cannot be 
removed, a separate sample/ring of the 
vascular graft can be collected at the 
site/border of the part that remains in situ.

• The culture results from this part of the 
vascular graft may be used to decide whether 
lifelong antimicrobial suppressive therapy is 
necessary





• In cases when all culture results are negative 
(possibly due to previous antimicrobial treatment 
or to the presence of fastidious—i.e., difficult-to-
culture—microorganisms), molecular techniques 
and/or serology can be performed in patients in 
whom a VGEI is highly suspected.

• It is important to note that molecular techniques 
remain (in most cases) less sensitive than 
microbiologic cultures, and phenotypic resistance 
of bacteria cannot be determined. 

• Examples of causative microorganisms diagnosed
by serology, molecular techniques, or special 
culture methods are Coxiella burnetii, 
Tropheryma whipplei, Bartonella henselae, and 
mycobacteria
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