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Abstract: Transcatheter aortic valve implantation (TAVI) and sutureless aortic valve replacement (Su-AVR) 
enabled in the last years many patients at high or prohibitive risk to be treated for their severe symptomatic 
aortic valve stenosis. As often happens in medicine, new techniques bring not only new hopes, but also new 
problems. In recent years, alongside the lengthening of the life of these patients treated with TAVI or Su-
AVR, cardiologists and cardiac surgeons have had to face the long-term complications associated with the 
implantation of these devices, such as the prosthetic infective endocarditis. The correct management of 
prosthesis valve endocarditis after TAVI or Su-AVR in high risk patients, and the possible role of surgery 
are a matter of debate because pushing the limits of the modern medicine and becoming a new challenge for 
cardiac surgeons of 21st century. In this review, we summarized the incidence, characteristics and evidences 
for this new and controversial problem of the cardiovascular community. Moreover, we investigated the 
outcomes reported in literature of the conservative and the surgical strategy. Although the reported mortality 
rate of surgical treatment is high, seems not prohibitive, mostly if compared to conservative medical therapy. 
The collaborative exchange between cardiologist, cardiac surgeons, clinical microbiologists and expert of 
imaging is mandatory to face this challenge. 
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Introduction 

Transcatheter aortic valve implantation (TAVI) has changed 
the strategy for high risk/inoperable patients with severe 
aortic valve stenosis (1-3). Although the procedure has 
been recently extended to intermediate risk patients (4), 
and recent trials showed a short-term successful use in low 
risk (5,6), nowadays the main and most common indication 

for TAVI remains the high or prohibitive risk patients. 
The typical TAVI population is therefore elderly, frail, 
having undergone multiple health care interventions, and 
consequently with a high risk of bacteremia and infected 
endocarditis (IE). 

In the same period as TAVI emerged as alternative to 
standard aortic valve replacement (SAVR) for treatment 
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of severe aortic valve stenosis, a new minimally invasive 
procedure was successfully applied: the aortic valve 
replacement with a sutureless prosthesis (Su-AVR) (7). The 
sutureless prosthesis (Perceval, LivaNova, Saluggia, Italy) 
resulted from a hybridization of TAVI and SAVR prostheses, 
bringing many advantages of both: on one hand, the 
sutureless prosthesis results any need of sutures, making the 
operation faster and allowing a minimally invasive approach 
(e.g., ministernotomy or minithoracotomy); on the other 
hand, the Su-AVR allows the removal of calcifications, 
that can be associated with many complications and device 
failure after TAVI (8-10). The characteristics of Su-AVR 
made it an attractive solution also for high-risk patients, 
putting itself as alternative to TAVI for those patients in the 
“grey zone” (7).

The common characteristics of patients that underwent 
TAVI or Su-AVR were also the high risk and frailty, a 
category of patients that in last years was not considered 
for surgery at all (11). The good results and the reduced 
invasivity of these two methods allowed a new category of 
patients, whom the advantages of surgery were previously 
denied, to receive a reliably treatment and to improve their 
life expectancy and quality.

As often happens in medicine, new techniques bring not 
only new hopes, but also new problems. In recent years, 
alongside the lengthening of the life of these patients 
treated with TAVI or Su-AVR, cardiologists and cardiac 
surgeons have had to face the long-term complications 
associated with the implantation of these devices, such as 
for example arrhythmogenic anomalies, anticoagulation 
management or the structural valve degeneration. Possibly 
the worst of the above-mentioned complication, the 
prosthetic infective endocarditis (IE) raised a big problem 
in the modern medicine. The treatment of IE requires a 
radical debridement of infected prosthetic material and 
surrounding tissue, which cannot be achieved due to 
percutaneous manipulations. IE in patients previously 
classified as high- or prohibitive risk became then a new 
challenge for cardiac surgeons of 21st century.

In this review we will summarize the most recently 
evidences regarding incidence, characteristics and outcome 
of these challenging clinical scenario. Moreover, we will 
analyze and discuss some pragmatic suggestions for its 
management in the setting of the “Endocarditis Team”.

We present the following article in accordance with the 
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/atm-20-4630).

Methods

An English language literature review was performed 
through PubMed on June 2020 for any study evaluating 
the outcome after TAVI or Sutureless for severe aortic 
valve stenosis. The words employed in the search were 
“transcatheter aortic valve implantation”, “transcatheter 
aortic valve replacement”, “TAVI”, “TAVR”, “Sutureless 
aortic valve replacement”, “Perceval”, “Endocarditis”. 
Since these technologies were widely used commercially 
after 2008, the literature search was limited to articles 
published since this year. Reference list of obtained articles 
were used to broaden the search. We applied the guidelines 
for Preferred Reporting Items for Systematic reviews 
(PRISMA).

Incidence and characteristics of TAVI patients: 
results from big studies and our experience

The efficacy of TAVI and non-inferiority in comparison 
with SAVR were firstly reported in the randomized Partner 
(1,2) (using the balloon-expandable prosthesis “Sapien” 
[Edwards Lifescience]) and in CoreValve US Pivotal (3)  
(using the self-expandable prosthesis “Corevalve” 
[Medtronic]) trials, respectively in 2010 and 2011. Despite 
the relatively little number of samples, these trials are 
therefore—at the present time—the source of evidence with 
the longest follow-up of regarding patients treated with 
TAVI prostheses. Other sources of data are the national and 
multicenter observational register, and single-center studies. 
We summarized the most relevant studies in the Table 1. 

The incidence of PVE following TAVI, when reported, 
is about 1% during the first year. The result seems constant 
among registers and trials, independently from the chosen 
prosthesis (balloon, self, or mechanically expandable). 
Interestingly, the higher incidences are reported in single-
center studies (up to 3%), whereas the incidence remain 
around 1% in multicenter studies (12,13). The Partner trial 
was structured in two cohorts: the 1A enrolling patients 
at high risk (randomized between SAVR and TAVI) and 
the 1B enrolling inoperable patients (randomized between 
TAVI and medical therapy or valvuloplasty). Long term 
follow-up has been published only for 1A cohort, whereas 
for 1B only 1-year follow-up was reported. The biggest 
study population is reported by Regueiro and colleagues in 
a multicenter study from 47 centers worldwide (14). Among 
a cohort of 250 TAVI patients (from a total population 
accounting for 20,006 records) with a diagnosis of infective 
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endocarditis, they found an incidence of 1.1% per person-
year (95% CI, 1.1–1.4%; median age, 80 years; 64% men). 
Median time from TAVR to infective endocarditis was  
5.3 months [interquartile range (IQR), 1.5–13.4 months]. 
In addition, multivariate Cox regression analysis revealed as 
predictive factors younger age (HR: 0.97 per year; 95% CI: 
0.94 to 0.99), male sex (HR: 1.69; 95% CI: 1.13 to 2.52), 
diabetes mellitus (HR: 1.52; 95% CI: 1.02 to 2.29), and 
moderate-to-severe aortic regurgitation (HR: 2.05; 95% 
CI: 1.28 to 3.28). Patients who developed PVE after TAVI 
had high rates of in-hospital mortality (36%; 95% CI: 30.0–
41.9%) and 2-year mortality (66.7%, 95% CI: 59.0–74.2%).

The in-hospital mortality-rate in PVE after TAVI is 
47%, and 66% of patients died within the 1 year, thus 
accounting for the highest mortality-rate ever reported in 
the endocarditis field (15).

These findings are in line with our experience. Our 
institution (Cardiovascular center of Klinikum Nürnberg – 
Paracelsus Medical University) started the TAVI-program 

at the end of 2009 and (up to May 2020) 1,550 patients were 
treated. We analyzed retrospectively the first 965 patients, 
for whom we have a completes follow-up. In this sample, 
we found 10 patients (1%) were readmitted in our center 
for suspicious or confirmed diagnosis of PVE, according 
to the DUKES criteria (16). Of these, 4 cases occurred in 
the first year (mean follow-up 4.6 months) and the others 6 
occurred after the first year (mean follow-up 1.97 years). Of 
the 4 early PVE, three cases were treated conservatively and 
died during the readmission, whereas one was successfully 
operated. Among the 6 patients readmitted because of late 
PVE, three died in-hospital and three were discharged (one 
of these against medical advice).

However, it  should be not forgotten that TAVI 
patients are exposed not only to the risk of PVE, but 
also to infection of others native valves or permanent 
medical devices. Indeed, as these patients showed a rate of 
permanent pacemaker implantation significantly higher 
than surgery (ranging from 10–40%) (9) are more prone to 

Table 1 Incidence of PVE following TAVI among literature

Authors Type of source Country Study period
Study population 

(number of patients)
Incidence of PVE after TAVI

Mack MJ, et al. Randomized Multicenter trial 
(PARTNER 1A)

USA, Canada,  
Germany

2007–2009 348 0.6% during the first year;  
2% at 5 years follow-up

Leon MB et al. Randomized Multicenter trial 
(PARTNER 1B)

USA, Canada,  
Germany

2007–2009 179 1.1% during the first year

Gleason TG, et al. Randomized Multicenter trial 
(PIVOTAL)

USA 2011–2012 391 0.6% during the first year;  
1.8% at 5 years follow-up

Regueiro A, et al. Multicenter Register North America, South 
America, Europe

2005–2015 20,006 1.1% per person-year

Amat-Santos IJ,  
et al.

Multicenter Registry North America, South 
America, Europe

2007–2014 7,944 0.5% during the first year

Meredith IT, et al. Prospective trial (REPRISE II) Australia and Europe 2014–2015 120 0.8% during the first year

Bjursten H, et al. Multicenter Registry Sweden 2008–2018 4,336 1.4% during the first year

Moriyama N, et al. Multicenter Registry Finland 2008–2017 2,130 0.7%

Gilard M, et al. Multicenter Registry France 2010–2012 4,201 0.8%

Stortecky S, et al. Multicenter Registry Switzerland 2011–2018 7,203 1.29% during the first year 
(1.48% per person-year at first 
year, 0.4% per person-year 
after the first year)

Mangner N, et al. Single center Germany 2006–2014 1,820 2.25% during the first year, 
1.82% per patient-year

Olsen NT, et al. Single center Denmark 2007–2014 509 3.1% during the first year,  
2.1% per patient-year
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develop a right-side endocarditis. Unfortunately, current 
literature does not reflect this outcome and data are yet 
lacking.

Incidence and characteristics of Sutureless 
patients: results from big studies and our 
experience

Su-AVR is at the moment the most advanced evolution of 
the classical SAVR, capable to shorten the surgical times 
and to simplify the minimally invasive approach. Our group 
was pioneering in this technique (17). 

Shrestha and colleagues reported in a single center study 
an incidence of 6% (3 cases) PVE after Su-AVR among a 
small sample population of 50 high-risk patients (logistic 
Euroscore 20.4%±10.7%) (18). The reported mean follow-
up time was 32.7±15.5 months, but no detailed informations 
are reported about on-set of endocarditis.

The “Perceval Pivotal” was a trial conducted between 
2009 and 2010 to assess the performance of the Perceval 
valve at 3 to 6 months after implantation in 150 patients 
at high surgical risk, aged 75 years or older, and requiring 
surgical intervention to replace the aortic valve. Freedom 
from valve explant was 100% at 5-year follow-up 
evaluation. Aside from the patient dying from severe 
endocarditis and sepsis, a second patient suffered from 
prosthesis endocarditis, leading to re-hospitalization and 
complete resolution under antibiotic therapy on day 789. 
Linearized rates (events per 100 patient-years) and actuarial 
probabilities of freedom from postoperative mortality and 
morbidity at 5 years for endocarditis were, 2.2 (95% CI: 
0.0–5.1) and 90.7% respectively (19).

In a population of 243 that underwent combined Su-
AVR and coronary artery bypass grafting, no early PVE 
was observed whereas at follow-up there were 4 late 
explanations (1.35%/patient-years) because of PVE (84, 
169, 291, and 425 days after implantation, respectively). 
Although the mean logistic Euroscore was not extreme high 
(12.1%), the mean age was 79.7±5.1 years, and 48.1% of 
patients were 80 years or older (20). A similar finding was 
found in the “Perceval Cavalier trial” that reported 1.4% of 
endocarditis at 1-year follow-up in a similar population (21).

In our unreported single-center experience accounting 
602 Su-AVR over 10 years, 7 patients experienced a PVE 
after Su-AVR at follow-up (1.1%). Of these, 4 patients had 
early PVE (2, 4, 5 and 10 months), 1 after 3 years and 2 
after 5 years. None of these patients had endocarditis on 
native valve (NVE) preoperatively. A Redo AVR was denied 

from 2 patients (2 and 5 months after Su-AVR), one of 
those died and the other survived after 6 weeks antibiotic 
therapy. Another patient with early PVE was successfully 
treated with antibiotics after discussion in the Endocarditis 
Team.

Management of prosthesis endocarditis in high 
risk patients

PVE has a higher mortality rate, increased complications 
rate, and a higher rate of treatment failure then patients 
with NVE even if infection occurs with the same pathogen. 
A multidisciplinary team approach is essential for optimal 
treatment of patients with endocarditis and current 
guidelines provide a Class IIa B recommendation for 
establishing an Endocarditis Team (22). This particularly 
applies for patients with a prosthetic valve or implantable 
cardiac device that are at higher risk for developing 
endocarditis, and for which the diagnosis according 
to Duke criteria could be challenging. For example, 
the echocardiographic criteria are often difficult to be 
interpreted, making other criteria—such as the clinical 
and microbiological—the critical ones. However, an 
implementation of Duke criteria using a multi-imaging 
approach with integration of echocardiography, computed 
tomography and 18F-fluorodeoxyglucose positron-emission 
tomography showed an excellent sensitivity (23).

An ideal Endocarditis Team requires the integration 
of experts from diverse medical fields for implementing 
appropriate care. Further on we focus on the role of infection 
prevention, microbiological diagnosis and antibiotic therapy 
in the management of prosthetic endocarditis (PVE) for 
high risk patients. 

 

The point of view of the microbiologist: infection 
prevention 

The best treatment of device-related infections is 
prevention. Despite less invasive nature of TAVI the rate of 
infective endocarditis after TAVI is comparable to that for 
surgical prosthetic valve endocarditis (14). 

Some concerns have been raised about the adequacy 
of the sterile conditions in which the transcatheter valves 
are prepared and finally implanted. A current interim 
recommendation based on expert opinions, endorsed by the 
International Society for Cardiovascular Infectious Diseases 
(ISCVID), deals with infection control in TAVI (24). Owed 
that IE after TAVI is often related to the TAVI procedure 
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itself and considering the high mortality rate after TAVI, 
the working group suggests to perform TAVI interventions 
in either designated catheterization laboratories or hybrid 
operating rooms. In both of them, the standards for sterile 
procedures (e.g., cleaning, room design, ventilation, 
limitation of area traffic, etc.) must be met as for other 
surgical procedures associated with implants. A recent 
analysis from the Swiss TAVI Registry on 7,203 patients 
who underwent TAVI at 15 hospitals in Switzerland showed 
that performing TAVI in a catheterization laboratory (in 
comparison with a hybrid room) was associated with an 
increased risk of PVE at multivariate analysis (OR 1.648, 
95% CI: 1.187–2.287; P=0.003) (25).

Based on recommendations from WHO for SAVR (26),  
decolonization with nasal mupirocin ointment for  
5 days may be considered if the patient is known to be 
a Staphylococcus aureus carrier or has a body mass index  
>30 kg/m2 and suffers from diabetes mellitus, although 
evidence for preventing IE in TAVI is lacking.

In a large registry reporting 250 cases, IE after TAVI 
was dominantly caused by Enterococcus species (24.6%), 
especially in early IE, followed by Staphylococcus aureus 
(23.3%), coagulase-negative staphylococci (16.8%) and 
Viridans streptococci (6.9%) (14). A recent systematic 
review confirmed this finding, showing that the most 
common causative organism is Enterococcus  species 
(25.9%) followed by Staphylococcus aureus (16.1%) and 
coagulase-negative staphylococci (14.7%) (27). One  
study (28) included patients from multicenter U.S. registry 
reported that causative pathogens were most commonly 
staphylococci strains (coagulase-negative staphylococci 
25%; Staphylococcus aureus 21%) or enterococci (21%). 
One-half of patients had previous procedure that was 
identified as the likely cause of bacteremia and an antibiotic 
prophylaxis was used in 59% of persons. As the commonly 
recommended antibiotic prophylaxis with an intravenous 
(IV) cephalosporin (cefazolin or cefuroxime) fails to 
cover enterococci prophylaxis with e.g., IV amoxicillin/
clavulanic acid 2.2 grams (single dose) preferably  
0–60 minutes before intervention is being proposed. In 
cases where the TAVI procedure takes longer than two 
hours, a second dose of IV amoxicillin/clavulanic acid  
2.2 grams should be administered. If the patient is known to 
be allergic to penicillin or colonized with penicillin-resistant 
Enterococcus species or methicillin-resistant Staphylococcus 
aureus intravenous vancomycin (15 mg/kg) is an alternative. 

Evidence for the effectiveness of antibiotic prophylaxis 
for infective endocarditis is conflicting. Consequently, 

professional societies restricted the recommendation 
for antibiotic prophylaxis to high-risk patients only or 
even abandoned them completely (29-31). Patients with 
prosthetic cardiac valves (including transcatheter-implanted 
prostheses and homografts), with prosthetic material used 
for cardiac valve repair (such as annuloplasty rings and 
chords) and with previous IE should receive antibiotic 
prophylaxis for certain invasive dental procedures (32). Of 
note, gastrointestinal procedures such as colonoscopies 
no longer require antibiotic prophylaxis although several 
patients included in a review presented with PVE after such 
procedures (33). Amoxicillin is the drug of choice for oral 
prophylaxis, clindamycin in case of penicillin allergy and 
ampicillin, cefazolin or ceftriaxone intravenous for patients 
who are unable to tolerate an oral antibiotic. 

The point of view of the microbiologist: 
microbiological diagnosis

Several studies report staphylococci, enterococci and 
streptococci as the most frequent causative microorganisms 
for IE after SAVR and TAVI (33,34). Notably, a higher 
incidence of enterococci-positive blood cultures has been 
demonstrated in patients undergone transfemoral TAVI 
compared to the respective patients with postsurgical 
replacement. The use of transfemoral access in TAVI and 
the proximity of the groin with genitourinary/intestinal 
system constitute a strong predisposing factor for the 
frequent isolation of enterococci (14).

Identification of the causative microorganisms is essential 
for effective antibiotic therapy and mainly relies on blood 
culture diagnostic prior to antibiotic therapy. This applies 
particular for patients with prosthesis IE without valve 
surgery (e.g., ascending aorta replacement) or when lacking 
of additional molecular diagnostics on valve tissue.

The positive rate on blood culture becomes 90% or 
higher if blood specimens are collected before antibiotic 
treatments, but the positive rate on blood culture may 
decrease dramatically for some bacterial species if antibiotics 
have already been administered. Conventionally, three sets 
of blood cultures obtained from a peripheral vein, with each 
set including one aerobic and one anaerobic properly filled 
blood culture bottle, are collected. Multiple blood cultures 
at different time intervals increases sensitivity and enable 
a distinction between transient and persistent bacteremia. 
An aseptic technique for blood culture is mandatory since 
bacteria mostly considered as skin contaminants can also be 
the causative pathogens. The most common reason for so-
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called “culture-negative endocarditis” is due to concomitant 
or antecedent antibacterial therapy. In stable patients, 
recollection of blood cultures after an antibiotic-free period 
may be considered, also the ideal length of time needed off 
therapy is unknown. Organisms for which serologic tests 
have been shown to aid in the diagnosis of culture-negative 
endocarditis include Coxiella burnetii and Bartonella species. 
If the patient underwent valvular resection, culture of valve 
tissue, molecular testing, histopathology and staining of 
the resected valve is recommended. Culture of valve tissue 
suffer from low sensitivity and specify and molecular testing 
including broad-range bacterial PCR as well as specific 
PCR assays should be preferred (35). Obviously, in case of 
PVE histopathology and staining of prosthetic material are 
not possible, and therefore the surgeon should be careful to 
send to the laboratory also tissue adjacent the prosthesis in 
order to correct identify the pathogen.

 

The point of view of the microbiologist: 
antibiotic therapy

Data about treatment options and predictors of mortality in 
IE after TAVI are still rare and currently isolated medical 
management remains the most frequent strategy. 

From two studies there are some pointers that surgery 
provided no significant mortality benefit compared with 
medical therapy only, despite the fact that patients treated 
by antibiotic therapy alone were older, had higher Society 
of Thoracic Surgeons scores and more often had severe 
chronic kidney disease than the operated patients (14,36).

Standard IV drug therapy for PVE is similar as for hat of 
NVE but should last longer (6 weeks) (22,37). Slow-growing 
and dormant microbes present in biofilms, displaying 
phenotypic tolerance towards most antimicrobials and 
relatively slow bactericidal activity of some antibiotics such 
as β-lactams and vancomycin justify the need for prolonged 
therapy to fully sterilize infected heart valves (38). For 
methicillin susceptible staphylococci (MSSA) a combination 
therapy of flucloxacillin with rifampicin and gentamicin is 
recommended, for streptococci penicillin G or ampicillin 
or ceftriaxone. In case of methicillin resistant staphylococci 
(MRSA) or in ß-lactam allergic patients vancomycin or 
daptomycin are considered alternatives. Enterococci are 
highly tolerant to antibiotic-induced killing, and eradication 
requires prolonged administration (as long as 6 weeks) of 
synergistic bactericidal combinations. Moreover, these 
microorganisms can be resistant to multiple drugs, including 
aminoglycosides, beta-lactams, vancomycin and linezolid. 

Empirical treatment must cover the most common causative 
microorganisms estimated based on age, patients’ medical 
background (such as dialysis), history of MRSA or VRE 
colonization, community-acquired infection or healthcare-
associated infection.

In the design of dose regimens for the treatment of IE, 
it is important to fully optimize the pharmacokinetics and 
pharmacodynamics parameter for the selected antibiotic to 
increase the likelihood of success. While therapeutic drug 
monitoring (TDM) is established for aminoglycosides and 
vancomycin, data regarding ß-lactam TDM and optimal 
dosing for patient with IE are limited (39). For the patients 
with positive blood cultures, blood cultures should be 
repeated within several days after the start of treatment 
(48 to 72 hours after the start of treatment) to confirm the 
effect of the treatment. Unresolved issues but with growing 
interest are the option of oral step down antibiotic therapy 
for IE with highly orally bioavailable antibiotics after 
clearing bacteremia and achieving clinical stability with 
intravenous regimens (40-42) and individualized long term 
suppressive therapy only in complicated prosthesis IE (43). 

Results of surgical treatment: what we learned 
until now

Management of PVE after TAVI or Su-AVR is highly 
challenging.  Unfortunately,  especial ly for TAVI-
endocarditis, many of these patients were considered high 
or very high risk for surgery before undergoing valve 
intervention. If outcomes with antibiotic therapy alone are 
extremely poor, with in-hospital mortality ranging from 
47% to 64%, only a minority of patients (<20%) underwent 
either open-heart surgery or a transcatheter valve-in-valve 
procedure in the studies to date (44).

In the previously cited work of Regueiro et al. (14), 
surgery was performed in 14.8% (95% CI, 10.4–19.2%) of 
patients during the infective endocarditis episode. Surgery 
during infective endocarditis hospitalization was associated 
with a reduced (but not significant) risk of in-hospital death 
(29.7%; 95% CI: 15.0–44.4% for surgery vs. 37.1%; 95% 
CI: 30.6–43.6% for no surgery).

Bjursten and colleagues analyzed 4,336 TAVI patients 
from the Sweden national registry. There were 103 patients 
identified as having PVE, where 54 were classified as definite 
IE according to the modified Duke criteria. The TAVI valve 
was deemed to be affected in 50% cases with either vegetation 
or abscess evident on echocardiography. Echocardiography 
also found vegetation on the mitral valve in 21% of cases. 
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Open-heart surgery with aortic valve replacement (AVR) was 
only performed in 2 patients and pacemaker extraction was 
performed in 11 patients. In-hospital mortality was 16.8% 
and 1-year survival was 58.2% (45).

Amat-Santos and colleagues conducted a retrospective 
multicenter study in 21 centers in America and Europe. 
Among 53 cases of PVE after TAVI, a total of 46 patients 
(86.8%) had at least 1 indication for valve intervention 
according to guidelines, and this included heart failure in 
31 patients (58.4%), septic shock in 11 patients (26.8%), 
MRSA in 3 patients (7.3%), structural complications in 16 
patients (30.2%), large vegetations (>15 mm) in 6 patients 
(14.6%), and systemic emboli in 5 patients (12.2%). Overall 
in-hospital mortality was reported in 25 (47.2%) and 
mortality at follow-up in 13 (24.5%) patients. New surgical 
intervention was performed in only 6 patients (11.3%): of 
these 4 survived and 2 died. In two cases, after antibiotic 
therapy a TAVI valve-in-valve was performed to treat the 
remaining structural deterioration (28).

A systematic review was conducted by Eisen et al. 
including 10 cases, 8 were from case reports and 2 cases 
were presented in congresses. Three (30%) patients 
underwent surgery and 4 (40%) patients died after post-
TAVI infective endocarditis (46). The major limitation 
of these systematic reviews was that most of the included 
articles were case reports and case series which may have 
precluded the real evaluation of the post-TAVI IE. Lastly, 
certain cases of post-TAVI infective endocarditis might not 
have been published leading to potential publication bias.

A recent report of the Society of Thoracic Surgeons 
reported the outcome of SAVR following TAVI in a study 
period between 2011 and 2015. Among the 123 patients 
who met the criteria, 12 were operated because of IE. In 
this population, operative mortality was 25% (47).

The challenge in operating a high- or prohibitive risk 
patient affected by PVE accounts not only for the poor 
clinical condition (determining the poor outcome) but also 
for relevant technical difficulties that the surgeon must 
face. Olsthoorn and colleagues reported their experience in 
treating a patient with previously CoreValve Evolut R 34 mm 
implantation. Difficulties were encountered with removing 
the stent frame adherent to the aorta. After excision of the 
valve, a neo-annulus was constructed with a pericardial patch 
and a biological stented valve was implanted. Additionally, 
a reversed sliding plasty of the mitral valve was necessary, as 
a result of an iatrogenic lesion of the anterior leaflet due to 
excision of the anchored skirt (48).

In our experience, we can report four cases of surgical 

intervention following PVE on TAVI (one) or Su-AVR 
(three). The PVE on TAVI occurred 6 months after 
index procedure and postoperative hospital staying was 
uneventful (49).

Among PVE after prior Su-AVR, four patients underwent 
Redo AVR: of those 1 occurred early (4 months) and died 
after operation. Of the others 3 late PVE, 1 died 5 days 
after redo AVR because of multiorgan failure and others 2 
survived the surgical intervention without complications. 
In our direct experience, the Perceval prostheses did not 
show adherences of the stent with the aorta and the removal 
was technically simple (50). In the two patients who were 
operated after 5 years from the Su-AVR, some particularly 
strong adhesions were found at the annulus level, dissection 
was difficult and a patch reconstruction was necessary.

Conclusions

The correct treatment for PVE in high or prohibitive 
risk following TAVI or Su-AVR is a major problem of 
the modern cardiovascular medicine. The role of the 
Endocarditis Team is mandatory because of the challenging 
scenario, starting from the diagnosis up to the hospital 
discharge and follow-up. The role of surgery remains 
unclear because the lack of data. However, patients 
previously considered as high or prohibitive risk at the time 
of the first valve operation could have experienced overall 
functional recovery in the meantime, and subsequently 
become candidate for redo aortic valve replacement in case 
of PVE, as recently suggested by Jawitz and colleagues (47). 
The reported mortality rate after surgery is high, but if 
compared to conservative medical therapy is still acceptable. 
More data are needed to elucidate the role of the surgery, 
but a patient-tailored therapy under the supervision of 
the above-mentioned Endocarditis Team seems the most 
promising solution of the problem.
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