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Abstract: Enteroccoccus faecalis is a commensal that is responsible for numerous infections in surgical sites,
urinary tract and bloodstream. It is of growing concern given its propensity to affect the elderly population
where there is a high prevalence of undiagnosed degenerative valvular disease and the with more invasive
procedures and implanted medical devices. Its actions are mediated by specific characteristics of the bacterium
such as pili activity and biofilm formation. This confers significant resistance toward a multitude of antibiotic
therapy, especially in endocarditis. The current guidelines advocate antimicrobial therapy but the emergence
of resistant strains has added a degree of complexity to the management of these patients, especially with the
advent of transcatheter therapies which are often used in patients who are poor surgical candidates. Their
presentations are often variable with generalized symptoms and can be diagnostically challenging. We present
our experience of a case study involving an octogenarian with a TAVI valve who developed endocarditis and
performed a literature review to highlight treatment algorithms for these cases.

Keywords: infective endocarditis; Enterococcus faecalis; Enterococcus faecalis pili; biofilm; transcatheter aortic
valve implantation; aortic allograft

1. Introduction

Enterococcus faecalis is a commensal bacterium of the human gastrointestinal and biliary tracts
whose pathogenic action is one of the main causes of infections developing in surgical sites, the
urinary tract, and the bloodstream.[1-3] Likewise, Group D streptococci (eg, Streptococcus gallolyticus,
Streptococcus bovis), which have been reclassified as enterococci spp, are known to promote infective
endocarditis (IE) associated with gastrointestinal and urogenital tract disorders, which utilize the
portal venous system as a gateway. [4-6] Molecular biology studies and clinical therapeutics
supporting enterococcal infective endocarditis have suggested that the role of the pili is pertinent to
higher bacterial aggressiveness due to biogenesis, host immunity response, and resistance to
antimicrobial therapy. [7-12] Evidence has pointed out that F pili play at least three roles in bacterial
mating: first, initiating contacts between mating pairs; second, facilitating the transfer of genetic
material, and lastly drawing the mating cells into close contact which increases the fertility of the
bacterial union. [13,14] The latter phenomenon could at least partly explain the role of E. faecalis
among the causative pathogens of bacterial infective endocarditis responsible for the high mortality
advocated by severe complications, including the worsening of congestive heart failure,
glomerulonephritis, and septic embolism. [3-5]

Current international guidelines recommend medical management of the infection by
administering a combination of antimicrobials in the immediate post-diagnosis of enterococcal
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endocarditis. However, concerns related to the emergence of strains of the bacterium with resistance
to multiple antibiotics, including the emergence of strains of enterococcus resistant to vancomycin,
have raised a veil of uncertainty about optimal guideline-directed medical therapy (GDMT) by
opening an ever-increasing chasm. [15-18] Several epidemiological studies are available to support
the evidence suggesting a rate of greater than 20% of enterococci isolated from infections of intensive
care unit (ICU) patients demonstrate resistance to vancomycin. [8,9,16]

The incidence of IE sustained by E. faecalis involves 1/3 of patients older than 70 years, [19-23]
with further increments expected in the future due to increased life expectancy. [22,23] Worldwide,
the greatest relative increase in the incidence of IE is recorded in the elderly population, where elderly
patients have a 4.6 times higher risk of IE than the general population. [19,23] Causes being
considered in promoting IE are the high prevalence of undiagnosed degenerative valvular disease
and the increased use of invasive procedures and implanted medical devices. [17,18] These factors
could also influence the outcome of IE in elderly patients considering that they have substantially
higher morbidity and mortality than younger adults. However, there is a lack of recommendations
in the international guidelines for the treatment of IE in this category of patients, due to the the limited
evaluation of IE in the elderly which does not allow for precise guidance for their management. [24]
The recurrence of infection after valve replacement for IE remains concerning, and accordingly, the
ideal valvular substitute in this setting has been debated for decades. (2,6,17,18,24) Surgical dogma
suggests that autologous or allogeneic tissue is preferable to synthetic material in an infected field
colonized by 60% gram-positive cocci (GPC). Given the reluctance to use foreign artificial materials,
such as with mechanical xenograft valve prosthetics or conventional stents, the use of allogenic tissue
has been preferred among cardiac surgeons, with benefits reported particularly in cases of prosthetic
valve endocarditis (PVE) and other cardiac injuries complex and aggressive, such as evolving root
abscess and invasion of the intervalvular fibrosa causing bivalvular involvement (aortic and mitral
valve) and higher risk of fistulization in the left atrium. (2,6,24)

The implementation of a common effort involving necessary multidisciplinary research that has
the potential to detect new therapies or preventive measures capable of disrupting the pathogenetic
mechanisms underlying enterococcal endocarditis is urgently needed. Therefore, this review aims to
broadly highlight the pathogenetic mechanisms that support infective endocarditis caused by E.
faecalis which, due to a deficient effect of antimicrobial therapies ominously evolves towards the
surgical option.

The review continues after a case study involving the Endocarditis multidisciplinary team,
which considered a complicated clinical case of E. faecalis-induced IE to drive clinical therapeutics.
We believe that the data presented in this overview may provide a basis for understanding the
development of infective endocarditis and biofilm-associated pili in the colonization of cardiac
structures. Furthermore, we trust that the emerging evidence will assist microbiologists and
healthcare professionals (family doctors, internists, cardiologists, and cardiac surgeons) in the doctor-
patient discussion on the risks and expectations of cardiac involvement from infection promoted by
enterococcal spp.

1.1. Case description

An 86-year-old man with a holosystolic murmur was admitted to our emergency department
with dyspnea, fever up to 39°C, decreased level of consciousness, and dysarthria. Following a
medical consultation performed a month earlier by the general practitioner for the onset of fever, a
non-specific "inflammatory syndrome" was diagnosed and was diagnosed with suspected
pneumonia. The use of an empirical therapy with antibiotic administration improved pyrexia. The
patient was scheduled for routine checkups which he performed regularly due to aortic valve stenosis
associated with non-insulin dependent diabetes and hypertension. Four months before hospital
admission, a self-expandable transcatheter aortic valve implantation (TAVI) by means of a
transfemoral approach was successfully implanted for severe symptomatic aortic stenosis.

During hospitalization, transthoracic echocardiogram (TTE) was negative for vegetations and
para-valvular leak; however, the presence of TAVI leaflet thickening and augmented transvalvular
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gradient were observed. Brain computed tomography (CT) scan showed two recent ischemic lesions
which evoked a possible embolic aetiology. Transoesophageal echocardiogram (TEE) showed a
mobile vegetation attached to the frame of the transcatheter prosthetic valve and an abscess in the
intervalvular fibrosa. Positive blood cultures for Enterococcus faecalis completed the diagnosis of IE.
A Fluorodeoxyglucose positron emission tomography/computed tomography (FDG-PET/CT) also
confirmed multifocal uptake of the prosthetic. Figure 1 The patient is referred to a cardiac surgeon
for consideration of aortic-valve replacement. Figure 2

A

Figure 1. Pre-operative FDG-PET/CT imaging assessment with multifocal uptake of prosthetic
transcatheter valve. (A): attenuation-corrected FDG-PET, axial slice; (B): fused attenuation-corrected
FDG-PET/CT, axial slice.
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Figure 2. (A) TAVI prosthesis removed with evidence of vegetations attached on the frame (B): aortic
view. (C): ventricular view with evidence (yellow arrow) of valvular destruction in corresponde of
abscess in the intervalvular fibrosa.

2. The Clinical Problem

Heart valve endocarditis (HVE) is defined as an infectious disease of one or more heart valve
leaflets, which can involve contiguous heart structures such as the valvular annulus, aortic root, left
atrium, and trigones. The estimated annual prevalence of HVE was 3 to 9 cases per 100,000 persons,
and 60% of those affect the aortic valve structure resulting in valve failure.[5,6,17,18] In high-income
countries, it is the one of most common causes of acute valve regurgitation revealing a discrepancy
between the trends toward earlier diagnosis and surgical intervention with respect to the 1-year
mortality that has not improved in over 2 decades. This indicates that HVE persists as a primal
concern even if it occurs in a new form. This reason is because 80-90% of HVE is sustained by the
gram-positive cocci of the staphylococcus, streptococcus, and enterococcus species. However, in the
recent era, the characteristic of HVE as an acquired disease has been associated with the molecular
biology investigation necessary to study antibiotic resistance and the worrying selection of
methicillin-resistant strains of Staphylococcus aureus and enterococcus spp. [20-23]

S aureus is recognized as the most routinely isolated causative bacteria associated with IE in
high-income countries reaching up to 30% of cases of infection. (5,20,23) Enterococci, are broadly
noted as normal intestinal commensals, have emerged as opportunistic pathogens deserving
particular consideration, (7) thus gaining the primacy of being among the top 3 causes of nosocomial
infections of the bloodstream, surgical site, and urinary tract (3). Among enterococci, E. faecalis is the
most clinically relevant causative pathogen, approaching approximately 5%-8% of hospital-
associated bacteremia and approximately 5%—20% of all cases of endocarditis (15). Endocarditis due
to E. Faecalis evolves as an infection of the heart’s valves or inner lining that leads to valvular
destruction and death without effective antibiotic therapy. The acquisition of resistance to multiple
antibiotics has revealed the importance of achieving new insights into enterococcal endocarditis
which represents a life-threatening clinical challenge, thus highlighting the need for alternatives to
current antibiotic strategies (8,9,25). In this regard, the alternative options to be undertaken could be
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aimed at the acquisition of based therapies including immunoprophylaxis or immunotherapy
targeting proteins expressed in vivo and important for virulence.

Here we deal with the case of a bacterial infection supported by enterococcus faecalis. To
encourage wider knowledge on bacterial endocarditis induced by enterococcus species we herein
discuss the current evidence basis on the pathophysiology of enterococcus faecalis-induced IE and
propose an evidence-based algorithm for the choice of the best treatment option.

3. Search Strategy and Selection Criteria

We searched MEDLINE, Embase, and the Cochrane Library using the search terms
“endocarditis” or “infective endocarditis” together with “Enterococcus endocarditis”,
“pathogenesis”, “manifestations”, “imaging”, “treatment”, “surgery” or “TAVI”. We primarily chose
publications from the past 10 years, but did not exclude widely referenced and highly regarded older
publications. We also retrieved the reference lists of articles identified by this search strategy and
selected articles that we judged relevant. Recommended review articles are included in tables and

references alongside the text, providing readers with more details and background references.

4. Pathophysiology

The first question to address is what makes E. faecalis a pathogen. The answer lies in the
pathogenic action of E. faecalis which is peculiar in its deployment. Indeed, unlike group A
streptococci or Staphylococcus aureus, which are virulent pathogens whose specificity is linked to the
secretion of a plethora of hemolysins and toxins to powerfully counteract innate immune responses
(26, 27), the pathogenesis of E faecalis uses fewer virulence factors (11). Emerging evidence has
pointed out that the first step in the E. faecalis infection process is essentially induced by the
attachment and colonization of host tissue surfaces. (7,11) In support of this hypothesis we identified
mainly gram-positive pathogens suggesting the crucial role offered by proteins of the family of
adhesive matrix molecules (MSCRAMM) that may serve as potential antigenic candidates for the
development of new promising immunotherapies.(28) Sillanpaa and colleagues (29) recently detected
17 proteins from the E. faecalis V583 genome (12) with cell wall anchoring motifs and with
MSCRAMM-like structural features. (12,29) Interestingly, these proteins incorporate 1 or more
regions of 150 to 500 aa segments containing Ig-like folds characteristic of the Staphylococcus aureus
Ig family MSCRAMM (29, 30). The presence of antibodies in the sera of patients with E. faecalis
endocarditis that interact with at least some of these proteins offers a clear explanation that these
antibodies are effectively expressed in vivo during infection. The investigators noted that the majority
of sera from E. faecalis patients had particularly high titers against 3 of these proteins, namely EbpA,
EbpB, and EbpC. (29)

There is evidence to advocate the contribution of two protein adhesins, enterococcus surface
protein (Esp) and collagen adhesion protein of E. faecalis (Ace), in effectively promoting the
attachment of enterococcus to tissues of the host (31, 32). In convergence with the work offered by
these two proteins, there is the action of the aggregation substance (AS) which favors the aggregation
of the replicating bacteria (33). During the enterococcus infection, the intervention of a virulence
factors secreted by the bacterium and involved in tissue degradation is of substantial importance.
Enterococci regulate protease expression through the quorum-sensing locus of E. faecalis regulators
(fsr), which comprise of fsrC sensory kinase, fsrA response regulator, and fsrB-derived autoinducer
(34). Carniol and colleagues (34) investigated the pathogenetic and biomolecular mechanisms after
the establishment of an infectious nest that accommodates a threshold number of enterococci where
non-latent Fsr signaling leads to the activation of protease secretion. The next step involves the
formation of a biofilm which is mediated by Esp, Ace, Fsr, and proteases. The authors observed that
in the formed bacterial community, attached to the surface enclosed in an extracellular matrix,
enterococci assume a slower growth rate, higher resistance to antibiotics, and a high frequency of
lateral gene transfer (34). In this phase, the action of cytolysin is expressed. Cytolysin is a toxin
secreted by enterococci, whose cytolytic activity results from 2 peptides possessing modifications
characteristic of lantibiotics. The latter is composed of thioether amino acids which derive by post-
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translational modification from precursors synthesized at the ribosomal level (35, 36). Together, these
peptides lyse several host cells, including polymorphonuclear leukocytes, a critical immune defense
against E. faecalis infection (Figure 3) (14).
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Figure 3. Role of pili in the establishment of E. faecalis infection is depicted with three pivotal actions.
Enterococci may use pili acting as surface fibrils for microbial attachment to host tissues (i). Surface
proteins (e.g., AS, Esp, and Ace) are involved in establishing tight bacterial adherence to host cells (ii).
Enterococcal aggregation induces biofilm formation (iii) and elaboration of exopolysaccharide matrix
(blue surface layer). Quorum-sensing—controlled expression of protease and cytolysin mediate host
cell death and spread of infection (iv). Schematic modified with permission from ASM Press.

Microbiologists recently confirmed the presence of pili on the surface of gram-positive bacteria
for different strains of Streptococcus spp., Actinomyces spp., and Corynebacterium spp (38-40).
Investigators have proven the existence of the adhesins on the tip of the pilus and the major and
minor subunits of the pilus using antibodies as detection reagents (41). Analysis performed on the
genome identified the structural genes coding for the pilina subunits in C. diphtheriae and A.
naeslundii located close to the genes coding for sortase-like enzymes (41-43). Sortases work as
transpeptidases in the cell wall envelope of gram-positive bacteria such as staphylococci, listeria, or
bacilli. The crucial function is to cleave the selection signals of surface proteins to block their C-
terminal carboxyl group through the formation of amide bonds (44, 45). Mutations that remove
sortase or pilin subunit gene expression remove pili formation (41). Ton That and colleagues (41)
reported that a pilin motif sequence with a preserved lysine residue was common in all major pilin
subunit genes, and this lysine residue was also essential for pili formation. Again, Ton That and
colleagues (46) through biochemical tests have shown that gram-positive pili cannot be dissolved
with SDS or organic solvents, and the cleavage was mediated by protease. Together these data
suggested the elaboration of a sortase-linked model as highlighted in a further report by Ton-That
and colleagues. (47) They accentuated the role of sortases in promoting the assembly of the pilus
through the genesis of transpeptide bonds between the C-terminal carboxyl group of cleaved pilin
precursors and the amino group of the side chain of lysine residues in the pilina motif sequences.
Several predictions can be derived from this model which substantially supports the greater
aggressiveness of the pathogens that are capable of processing it. Gram-positive pathogens are
primarily involved in which their genomic sequences harbor clusters of genes encoding sortase as
well as surface proteins with sorting signals and pilin motif sequences which must produce pili (47).
This prediction has been corroborated in several studies focusing on the role of pili in promoting the
pathogenicity of enterococci (48) but also in the identification of pili on the surface of group B
streptococci or pneumococci (49, 50).

4.1. Enterococcal pili and Infective Endocarditis
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Sillanpda and colleagues (29) observed three open reading frames, ef1091-ef1093 which
displayed sorting signals and pilin motif sequences. Antibodies against these proteins were found
more frequently in sera from patients infected with E. faecalis than in sera from uninfected control
patients (29). Nallapareddy and colleagues (48) furthered the work with f1091-ef1093 and their
associated Sortase C (srtC), thus revealing that these 3 open reading frames and srtC are part of an
operon encoding endocarditis and biofilm-associated pili (ebp). With the use of immunofluorescence
electron microscopy, the investigators demonstrated the presence of pili composed of EbpA, EbpB,
and EbpC on the surface of E. faecalis and that mutants without pili were unable to form biofilms
through the use of biofilm assays. A rat endovascular infection model was developed to recover
microbes from aortic vegetations and study the mechanisms of IE determination. It was observed that
pilus mutants could not adequately compete with wild-type enterococci, suggesting that pili are
required for the establishment of enterococcal infections. Importantly, using the use of specific
probes, 408 E. faecalis isolates from 4 continents revealed ebpA, ebpB and ebpC genes leading the
authors to conclude that pili formation may be a ubiquitous trait of E. faecalis. (48) Likewise,
Tendolkar and colleagues (51) identified a group of surface protein and sortase genes involved in
biofilm formation that also included the biofilm enhancer in Enterococcus [bee]), although this report
did not prove the ability of enterococci to form pili (51). Results from two recent studies have emerged
corroborating this hypothesis and demonstrated that immunization of animals with the pilin subunit
prevents both neonatal infectious meningitis caused by group B streptococcus and infection caused
by group A streptococcus (52, 53). Thus, the discovery of pili and pili assembly in gram-positive
bacteria not only promises new technologies but may also initiate promising public health measures
affecting humans.

In concert with the MSCRAMM-mediated colonization process, several studies have suggested
that another key factor promoting E. faecalis infection is the ability of strains to form biofilms
(34,54,55). Mohamed and colleagues analyzed biofilm formation by a large number of E. faecalis
isolates and reported that endocarditis isolates produced biofilms significantly more often and even
to a greater extent than non-endocarditis isolates (55). The discovery of 7 genes or gene clusters that
have been implicated in E. faecalis biofilm formation has been corroborated by several studies (51,55-
59).

4.2. Lesion Development and Progression of Infective Endocarditis in Heart Structure

Enterococci are involved as causative pathogens with the specificity of constituting infectious
foci with aggressive colonization due to their peculiar biogenesis. (1,7,10,11) The most highlighted
strain is Enterococcus faecalis, which causes both native valvular endocarditis (NVE) and prosthetic
valvular endocarditis (PVE) in elderly patients or with chronic diseases. The observed lesions are
frequently characterized by a progressive evolution with the formation of large abscess cavities
involving one or more valves and with the destruction of extensive portions of the heart (aortic root,
intervalvular fibrosa, and heart trigones) in the most aggressive forms of IE. (60-65) We also know
that the evolution of Enterococcus faecalis infection is due to the growing resistance to vancomycin,
aminoglycosides, and ampicillin that these pathogens may frequently develop. (8,9,12,51, 54-59)

The healthy cardiac endothelium is generally invulnerable to bacteraemia which however may
occur in the course of E. faecalis-induced IE related to an underlying colon tumor. After the endothelial
injury, the release of inflammatory cytokines and tissue factors with associated fibronectin expression
leads to the formation of a platelet-fibrin thrombus that facilitates bacterial adhesion. (66) Endothelial
damage is caused by the presence of valvular sclerosis, rheumatic valvulitis, or by direct bacterial
activity, essentially in the course of IE sustained by Staphylococcus aureus, by strains of enterococcus
spp (eg, E. faecalis, Group D streptococci S. gallolyticus, S. bovis) or by Streptococcus viridans (S. mutans,
S. salivarius, S. anginosus, S. mitis, and S. sanguinis). Bacterial colonisation triggers additional cycles of
endothelial injury and thrombus deposition, eventually generating infected vegetation. Production
of a biofilm, characterized by a multilayered bacterial aggregate containing a polysaccharide and
proteinaceous matrix, supports bacterial persistence and confers antibiotic tolerance. (67) In this
context, it appears suggestive that pili anchored to sortase, already found in Corynebacterium spp.,
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Actinomyces spp., group A and group B streptococci, pneumococci, may also play a crucial role in
enterococcal infectious disease. Nallapareddy and colleagues (48) observed that E. faecalis pili play
an important role in biofilm formation as well as in the mediation of endovascular infection that
ultimately advocates a thriving colonization of the valve endothelium. The Spread of Enterococcus
faecalis infection beyond the valve annulus could cause an abscess, pseudoaneurysm, fistula, or
atrioventricular block. The genesis of a pseudoaneurysm can take the form of a perivalvular cavity
that communicates with the cardiovascular lumen, as shown by color Doppler flow with
echocardiography (Figure 4), or as an abscess in which the thickened, pus-filled perivalvular cavity
has no such communication (Figure 5). (68,69)

Figure 4. Patient with PVE due to E.Faecalis . A= biological aortic valve prosthesis with posterior
semilunar abscess. TEE with and without color-Doppler 120°. B= diastole; C=systole.

Figure 5. PVE from E. faecalis. A, C. 3D CT shows a pseudoaneurysm (yellow arrow) before surgery.

B, D. 3D CT after surgery with complete removal of the pseudoaneurysm (yellow arrow) and
replacement of the mechanical prosthesis. Abbreviations; CT,computed tomography; PVE,
prosthethic valve endocarditis.
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In the most serious forms, fistulisation leads to the extreme condition of progressive perivalvular
infection (aorto-cavitary fistula) and involves a mortality rate higher than 40%, even with surgery
considered.(70,71)

The findings on the presence of E. faecalis pili and sortase-anchored pili are crucial because these
ubiquitously encoded surface proteins are antigenic in humans during endocarditis infection. (48)
Therefore, the possibility of potential new preventive measures that may disrupt the pathogenesis of
enterococcal endocarditis constitutes an open door for future prevention and treatment strategies

5. Clinical Use

Infective endocarditis is a complex pathology with significant morbidity and high in-hospital
mortality. A multidisciplinary approach with a dedicated Endocarditis Team, prompt access to
advanced imaging modalities, and early surgical intervention when indicated is useful in the
management of IE with a fall in-hospital mortality. (24,71) Patients with IE caused by E. faecalis should
have a careful assessment of symptoms and should undergo transthoracic echocardiography (TTE),
mainly to evaluate the development of vegetations involving one or more leaflets, the extent of
infectious in the various components of the heart and aorta (leaflet, annulus, trigones, intervalvular
fibrous, left atrium and aortic root) as well as size and function of the left ventricle. Transesophageal
echocardiography (TEE) is designed to evaluate abscess formation and progression, as well as the
mechanism and severity of the valve(s) regurgitation. (68,69) Of note, moderate sensitivity (75%) and
specificity (more than 90%) of transthoracic echocardiography (TTE), which demonstrates the
detection of vegetation confirming suspected native valvular endocarditis, have been observed
(68,69). Patients with equivocal or negative evidence of infection on TTE, but with a high clinical
probability of infective endocarditis,should undergo transesophageal echocardiography (TEE) which
has a sensitivity greater than 90%. A negative TEE to the presence of vegetations is strongly predictive
of the absence of disease, but if the clinical suspicion is high, the examination must be repeated 7-10
days later to confirm the diagnostic negativity. If this test is still negative, it is possible to exclude the
diagnosis of infective endocarditis and further echocardiography would not add any other useful
information. Since the specificity of TEE does not reach 100%, a differential diagnosis excluding false
positives such as cardiac tumors, thrombi, and fibrous filaments on the aortic valve is recommended.
Today it is strongly recommended to complete the diagnostic procedure with a CT scan, an 18F-FDG-
PET/CT, and a cardiac MRI. Figure 6
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Figure 6. Shows the applied strategy of integrated imaging in patients with suspected infective
endocarditis IE. In patients included in the subgroup with possible IE after initial evaluation by TTE
and TEE, cardiac CT imaging, metabolic imaging or transverse imaging of the head and viscera by
CT scan or MRI is indicated to achieve a precise early diagnosis. For suspected IE 18 FDG-PET/CT or
cross-sectional imaging by CT or MRI (or metabolic imaging) scans may assist with the detection of
complications, such as abscess, mycotic aneurysm, infarct, or hemorrhage in patients with definite IE.
Abbreviations; IE, infective endocarditis; FDG-PET/CT, fluorodeoxyglucose positron emission
tomography/computed tomography; MRI, magnetic resonance imaging; TEE, transesophageal
echocardiography; TTE, transthoracic echocardiography. From Nappi et al Ref [62-65,71,78-
81,109,114,125,126].

For anatomical assessments of developing lesions, TEE is better than TTE for the detection of
major cardiac complications such as abscess, flap perforation, and pseudoaneurysm. TEE should
therefore be performed in most cases, even if TTE has provided sufficient indications for a conclusive
diagnosis. (73,74) In cases of suspected endocarditis in patients with prosthetic valves, the sensitivity
of the TTE is poor and does not reach 36-69%, therefore proceeding with a TEE is usually necessary.
The choice of the TEE is also a priority in the presence of a heart device infection. (69,75-78) Again,
TTE should be replicated if a complication is suspected, and at the fulfillment of therapy as a baseline
for follow-up. Table 1
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Table 1 Sensitivity and Specificity of Echocardiography in detecting abscesses

Vegetation Other Masses

* Attached to valve, upstream side * Attached to valve downstream side
* Mobile, oscillating * Nonmobile

* Irregular shape * Smooth surface o fibrillar

* Low reflectance * High echogenity

» Associated valvular regurgitation o perivalvular lesions » Absence of valvular involvment

» High risk of embolization ( if size >1 cm)

Abscess TTE TEE Periprosthetic Abscesses TTE TEE
Sensitivity% 28-36 80-100 48-87
Specificity % 99 95 95-99

Patients demonstrating severe valvular regurgitation with symptoms or left ventricular ejection
fraction (LVEF) <60%, dilatation with left ventricular end-systolic dimension (LVEDD) >40 mm, or
both should be referred to a heart center for consideration of surgery. Similarly, asymptomatic
patients without left ventricular dysfunction or dilatation but with valvular vegetation greater than
10 mm should be considered for surgery. Asymptomatic persons with mild to moderate valve
regurgitation and no evidence of left ventricular dysfunction or dilatation should be observed until
symptoms or severe valve regurgitation develop. (17,18,62,65,71,79-81)

Surgery is dictated in 40-50% of patients with IE. (82) Before the advent of valve repair
procedures, valve replacement was the preferred choice for severe regurgitation of the valve(s) due
to the recurrence of IE. (71,83) Valve replacement may still be preferred in certain situations, such as
in patients with advanced age or requirement for a combined or complex surgical procedure
involving complete tissue debridement in cases of PVE, or in the extensive and noxious NVE where
infectious fields include a large portion of the damaged heart. (24,71,82, 84-90). The most advanced
therapies involve transcatheter valve therapy (TVT) for the treatment of structural heart disease
which has proven to be a safe and effective approach for a large number of patients, although
indications are preferably restricted to elderly individuals with different comorbidities. Patients are
referred to centers specialized in the use of TVT because this cohort of subjects are potentially exposed
to a high risk of mortality and complications after performing the standard surgical approach. (91)

Individual and institutional experience is decisive in determining the likelihood of success of all
these procedures because high-volume centers have the lowest mortality rates and the highest
proportion of patients undergoing successful treatment after valve surgery. When advising the
patient or the patient's family, the surgeon should accurately assess the likelihood of successful valve
surgery in light of the patient's clinical condition, characteristics and extent of the infectious process,
and his or her own experience in the context of surgical treatment of IE. (83-90) The success of valve
surgery for IE includes four general principles. First, surgery must ensure the complete removal of
infectious vegetations followed by the repair or replacement of one or more heart valves. Secondly,
the complete integrity of the cardiac structures should be restored. Third, to prevent the relapse of
infection, complete debridement of the infected tissue should be performed. Valve replacement with
allogeneic or autologous tissue is recommended. Finally, if the surgeon has performed a valve repair
procedure, they should ensure that no more than a trace to mild valve regurgitation is present upon
completion of the repair. (65,71,83-90) Figure 7
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Figure 7. Take-Home Messages and Clinical Algorithm for the Management of Left Side Endocarditis
due to GPC. Abbreviations; GMT, guide medical therapy; GPC, gram-positive cocci; LSE, left-side
endocarditis. Other abbreviations in other figures. From Nappi et al Ref [62-65,71,78-
81,109,114,125,126].

E. faecalis-induced endocarditis is often associated with a very serious clinical picture that
requires prompt hospital admission to a referral center for the treatment of endocarditis and
consideration for undertaking a surgical procedure should not be postponed. Patients with IE due to
E. faecalis may present with heart failure caused by regurgitation or valve obstruction which is the
most common indication for surgery. Reported evidence from historical cohorts has revealed that the
outcome is disastrous if surgery is not performed within 24 hours of hospitalization. These patients
may develop refractory pulmonary edema or cardiogenic shock that rapidly worsens clinical
conditions. (92,93) Patients with well-tolerated severe valvular regurgitation due to localization of
extensive E. faecalis vegetations may be appropriate candidates for deferred surgery, after a period of
stabilization with antibiotic therapy, although recent evidence recommends surgical treatment no
later than 48 hours. (71,89,94,95)

The second concern due to E. faecalis IE driving the indication for surgery is the prevention of
embolism. This devastating complication affects 25-50% of patients. (71,89,96) Stroke is the most
frequent neurological complication, but embolic complications in any vascular bed results in
infarction of the end organs (limbs, spleen, kidney, and coronary arteries). Furthermore, vegetation
embolism may be responsible for a secondary evolution of the infection localized in the vascular wall,
leading to the creation of a mycotic aneurysm. These aneurysms have most often been recorded in
cerebral vessels and are diagnosed by brain imaging techniques in 3-5% of subjects experiencing an
IE caused by E. faecalis, although most of these aneurysms remain clinically silent. (97-101)

The development of E. faecalis endocarditis in the right side of the heart may place patients at
high risk of embolization to the lungs, or systemic circulation through a patent foramen ovale. Most
emboli occur in the first 2 weeks after diagnosis and the risk decreases quickly after administration
of antibiotics therapy. (100,101) As for embolism secondary to IE caused by Staphylococcus aureus, also
for E. faecalis the vegetations that promote the embolic process are large more than 10 mm in length,
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highly mobile, and most frequently localized on the mitral valve. (71,102) Surgery is dictated by the
recurrence of emboli and is indicated in patients with persistent threatening vegetations as evidenced
by echocardiography. Surgical intervention is not contraindicated after ischemic stroke, and the delay
of at least 1 month recommended to avoid cerebral hemorrhage has now been reconsidered and the
intervention times have been significantly reduced. (71,89)

These considerations about the management of E. faecalis-induced IE are even more effective
after TAVI due to the complexity of diagnosis and decision-making in this patient group. Indeed
TAVLIE is a new emerging entity whereby the clinical features, microbiology, risk factors, and
outcomes, that have been well-documented, are markedly different from SAVR infective
endocarditis. (103) The overall increased risk of bacteremia, as a result of higher exposure to
healthcare procedures, older age, higher rates of comorbidities, and technical factors linked to the
procedure may contribute to increasing the risk of TAVI-IE. (104-107)

Current guidelines do not include any specific provisions for this condition, which remains
challenging from a diagnostic and management perspective. The modified Duke criteria has a lower
diagnostic value in TAVI-IE because transthoracic and transesophageal echocardiography have
lower sensitivity due to artifacts caused by the metallic frame. Supplementary imaging techniques
including CT and FDG-PET/CT can provide complementary information but their role is not yet well
established. Delayed diagnosis and the higher amount of prosthesis material, may explain the higher
rate of peri-annular complications (71,89)

Although indication for early surgery is recommended, the majority of patients are managed
with intravenous antibiotics alone, due to older age and high operative risk(105,106). This may partly
explain the high in-hospital mortality (36 % to 63.6%). These results suggest the need for a more
aggressive approach and rapid diagnosis in these patients to improve clinical outcomes.

The precise role and optimal timing of surgery remain controversial. At present, surgical
intervention is established after careful case-by-case analysis and which group of patients may benefit
from surgery remains unclear. TAVI-IE is also technically challenging due to the difficulties of
removing the stent frame adherent to the aorta (particularly for self-expandable TAVI) and mitral-
aortic fibrosa, especially in inflamed tissues. It is accepted that no difference in terms of TAVI-IE
occurrence subsists between the two types of TAVI prosthesis. Only two studies showed a higher
frequency of TAVI-IE¢ and a higher frequency of vegetations attached to the stent frame (102) in
patients receiving self-expandable prostheses. Although there is no clear explanation for these
findings, we agree that the much larger stent frame of self-expandable devices and the larger contact
surface between the frame and the native tissues can act as potential anchoring and disseminating
points during bacteremia. (105-107) We think that the risk of occurrence of peri-annular
complications is the same between the two types of valves but in self-expandable prosthesis
implantation, the risk of an aortic tear in the context of inflammatory tissues is higher.

6. The use of Biological Substitutes in the Context of E. faecalis Infective Endocarditis

Surgery is particularly challenging in cases of abscess developed into aortic annulus due to the
colonization of E. faecalis which mostly promote the detachment of the aorto-mitral curtain,
involvement of the aortic root, fibrous trigones, and left atrial fistula formation.(71,84,108,109) The
pili on the surface of E. faecalis attract mating cells into close contact, which increases the fertility of
bacterial union leading to the formation of abscess cavities with a potential tendency to invade large
portions of the heart. Moreover, the growth and expansion of raised pili-dependent infectious fields
in E. faecalis-induced IE lead to lesions greater than 10 mm involving more than one valve leaflet,
which is often associated with a severe inflammatory response, also involving the perivalvular
tissues, which become extremely friable. (63,71,84,109) The consistency of the annulus in this case as
well as of the adjacent regions is not reliable for suturing. (63,84,109) These anatomical-pathological
features are appreciated of E. faecalis-induced IE are appreciated both in NVE and in PVE prosthetic
valve endocarditis occurring in 3-4% of patients within 5 years of index surgery and can affect either
mechanical or biologic bioprostheses alike. (71,79,84,108) More than a third of cases are acquired in
the healthcare setting.(110) Early E. faecalis-induced IE occurring in prosthetic valves with a latency
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of less than 1 year after initial surgery has recently increased. Previous reports highlighted the role
predominantly exerted by colonization of coagulase-negative S. Aureus in the first 2 months after
surgery, (111) although this trend has recently been questioned in the cases of endocarditis and
biofilm-associated pili of Enterococcus faecalis infection. (48)

Over 1 year, the range of causative pathogens responsible for PVE is the same as for NVE with
enterococcal spp largely represented. As we described in the case report, the clinical presentation is
often sustained by atypical and negative imaging results as well as the Duke criteria that are less
evident. (112) Root abscess formation and evolution to valve dehiscence are common with the
occurrence rate reaching up to 60% of patients. Surgery is usually required and performed before the
patient's clinical condition deteriorates within 48 hours of diagnosis. The surgical procedure is often
technically demanding and high-risk, with rates of recurrent PVE ranging from 6% to 15%. (82) The
mortality of PVE is very high, particularly with S aureus infection, compared with that sustained
from enterococcal spp, with 1-year mortality that can reach 50%. (84,108,110,115)

In these patients, to counteract the recurrence of the infection due to the persistence of active
colonies especially of S. aureus and E. faecalis the use of a biological substitute such us cryopreserved
aortic homograft (CAH) (as in our case) or another full root xenograft is recommended. However,
whether the use of CAH in the field of infective endocarditis can improve clinical outcomes remains
questionable because of the lack of RCTs (103,108, 114-121) However, the latest report from the
Cleveland Clinic's Endocarditis Study Group suggested that allogeneic tissue reduces the risk of
infection relapse. (122) The use of a homograft in first-time aortic valve replacement for IE decreased
over time (9,4% to 5,6%) and in reoperation (37,5% to 28,5%) in a report from the STS database
between 2005-2011. (103) Nevertheless, the cryopreserved aortic homograft (CAH) is used more often
in patients who require reoperations than in primary interventions (32.2% vs 7.0%, p <0.0001) in both
valve replacements (14,6%) and for root replacements (53,2%). (103)

Of note that no significant differences in overall mortality and recurrence of infection have been
described in comparison to conventional mechanical versus biological substitutes in IE. (108,115,116)
Klieverik and colleagues (119) reported a similar rate of recurrent endocarditis in patients who
received homografts compared to those who had mechanical valves with a lower freedom from
reoperation (76% vs 93% respectively). Sabik and colleagues (120) described 103 patients with
prosthetic IE, including 78% with periannular and root abscesses who were managed with aortic
homografts and were associated with freedom from recurrent infection at more than 2 years of 95%
and operative mortality of 3.9%. Fukushima and colleagues (117) disclosed a low rate (0,2%) of
reinfection at 30 days and 5,5% of late infection with a median time of 5 years (4 months to 16 years)
post-allograft implantation. Arabkhani and colleagues (118) revealed excellent results at 27 years
postoperatively using aortic homografts, with a low incidence of reoperation for relapsing infections
(2,2%) . The use of allogenic tissues revealed favorable responses to antibiotic treatment (effective in
21% to 25% of cases) (103,108)

Musci and colleagues (123) and Yanka and colleagues (124) first independently reported
systematic use of the homograft aortic root replacement for active endocarditis and peri-annular
abscess. The former used allografts in 221 of 1163 patients reporting a lower rate of recurrence of
infection (5,4%) both in native valve endocarditis (NVE) and in prosthetic valve endocarditis (PVE)
with a 10-year freedom from reoperation rate of 92.9%+3.2% and 92.1%+2.5%, respectively. Early
mortality was 16% for NVE and 25% for PVE with improved 10-year survival in NVE (47% vs 35%).
Of note, more than 25% of the deaths were intraoperative, suggesting the complexity of this operation
among critically ill patients. Likewise, Yanha and colleagues (124) revealed excellent clinical
performance and durability with a low rate of reinfection and a late mortality of 7.9%. Patient survival
at 1 year was 97% and 91% at 10 years, respectively.

Very few IE candidates have contraindications to the use of allograft; the allogenic substitute has
a low incidence of reinfection within 1-year and good hemodynamic performance. (114,116) The most
favorable target to implant an allogenic tissue is the periannular abscess with the involvement of
intervalvular fibrosa in PVE, but the allograft can be used also in the setting of NVE.
(84,109,114,116120,125-127)
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We described the use of cryopreserved aortic or mitral homograft to replace diseased valves in
56,2% and 21% of patients with abscess formation. Again, a double homograft was used in the field
of aggressive IE with extension to the aorto-mitral junction and mitral valve.
(63,64,71,109,114,125,126) Two-thirds of recipients received monobloc implants, (109,114,125,126)
while the remaining were managed with separate blocs using partial mitral homograft insertion.
(84,109,114,125-127) The technique of implant has provided good results even in the presence of
fragile tissue. (109)

The use of allogeneic tissues in extensive infection of the heart structure, either in native or
prosthetic valves, is supported by Steffen and colleagues.(128) After implantation, the allogenic tissue
revealed marked antibacterial activity despite the 5-year storage period. Combinations of antibiotics
applied during the treatment of allograft suggest a significant influence on their resistance to
infection. Tests performed on ascending aortic homograft tissue have significantly shown an
improvement in bacterial resistance against staphylococcal and enterococcal bacteria (Enterococcus
faecalis and S aureus) with lower bacterial contamination compared to homograft aortic valves. (128)
Kuhen et colleagues (129) suggested that the application of antibiotics after the thawing of allograft
led to a crucial decrease in the recurrence of infection that has not been proven for conventional
prostheses or dacron grafts, although the risk of vascular graft infection is reduced by pretreating the
prosthesis with antibiotics. (129) However, we are unaware whether this favorable action may be
related to an interaction with pili function in E. faecalis-induced IE Figure 8
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Figure 8. Take-Home Messages and Clinical Algorithm for the Choice of Optimal Valve Substitute for
Left Side Endocarditis due to GPC. Abbreviations. BP= Bioprosthetic; GPC, gram-positive cocci; MP,
mechanical prosthetic; NVE, native valve endocarditis; PVE, prosthetic valve endocarditis. Other
abbreviations in other figures. From Nappi et al Ref [62-65,71,78-81,109,114,125,126].

7. Points and Counterpoints

E. faecalis as a nosocomial opportunist has become a very common pathogen in the promotion
of bacterial endocarditis, underlining the need for alternative therapeutic approaches such as
immunotherapy or immunoprophylaxis. On an empirical basis, antibiotics should be started as soon
as blood cultures have been acquired, but if the patient is clinically stable therapy directed by culture
results are often mandated by clinicians. (16) Despite the use of empiric antibiotic regimens for native
valve endocarditis and prosthetic valve endocarditis are based on definitive guidelines (16) produced
by the British Society for Antimicrobial Chemotherapy, however, the resistance demonstrated by E.
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faecalis to antibiotic treatment has recommended undertaking future directions by acquiring new
knowledge on the biogenesis and resistance of E. faecalis. Knowledge of molecular biology associated
with that of microbiology is strongly recommended in the shared decision-making process with the
involvement of microbiological experts. The concern is related to the presence of selected layers of
methicillin-resistant bacteria which significantly complicate the outcome of antibiotic therapy and
accelerate the decision-making process towards surgical treatment. Although the antimicrobial
regimen can be modified relatively on culture results, resistance patterns, severity of infection, and
the presence or absence of prosthetic material; however, this is often not enough to avoid the
progression of IE. In general, intravenous combination therapy is preferred over monotherapy to
reduce the occurrence of resistance and provide synergistic antimicrobial activity. The exceptions are
S aureus and E. faecalis methicillin-sensitive, for which flucloxacillin monotherapy is sufficient and
the addition of gentamicin increases nephrotoxicity. (130)

More recently a study investigated the detection of antibiotic resistance genes (CTX-M, Van A,
and Van B) of Enterococcus faecalis isolated from children with bacteremia by RT-PCR. Sulainam and
colleagues observed that 91.67% of E. faecalis isolates were sensitive to levofloxacin, 83.33% to
amoxiclav, 66.67% to erythromycin, 58.33% to amikacin, 50% to ampicillin, 33.33% to cefotaxime and
ceftriaxone, and 25% to vancomycin. For 9 vancomycin-resistant isolates, the study suggested that
88.89% of them were associated with Van A gene production as detected by real-time PCR (P <0.001).
Two points are to be emphasized. In the first, 77.78% revealed Van B gene production as noted by
real-time PCR (P <0.001). In the second, all isolates of E. faecalis resistant to cefotaxime and ceftriaxone
were characterized by the production of the CTX gene detected by real-time PCR (P<0.001). (131)

Given the increase in antibiotic resistance, the interest in microbiological research directed
toward the use of bacterial factors as immunotherapeutic targets has consequently increased. This
choice is dictated by the fact that bacterial factors are of substantial importance for the ability of an
organism to colonize, infect and ultimately cause disease. (28) Among these factors, the central role
played by MSCRAMMs, which promote the initiation of infections including endocarditis (33), has
recently attracted considerable interest which is linked to their widespread nature and their peculiar
action in traditional and opportunistic pathogens ( 28, 133). Unfortunately, criticalities have been
observed in the isolation and characterization of MSCRAMM from E. faecalis which have shown
limited success, since this microorganism does not easily adhere to ECM proteins under laboratory
growth conditions (34, 35), unlike its relatives such as staphylococci and streptococci that endowed
with increased aggressiveness.

To circumvent this obstacle Sillanpa and colleagues have recently used a bioinformatics
approach through which they have been able to identify several proteins that predict MSCRAMM-
like structures (29). Based on reactivity with sera from E. faecalis-infected patients, the authors
deduced that some of these predicted proteins are indeed expressed by E. faecalis during infection. In
particular, the work of Sillanpa and colleagues (29) testing the presence of antibodies in the sera of
patients with E. faecalis endocarditis identified recombinant forms of 9 proteins anchored to the cell
wall of E. faecalis. The authors characterized an in vivo expressed locus of 3 genes and a sortase-
associated gene encoding Sortase C (SrtC). Therefore, by demonstrating the existence of antibodies
against 3 of these proteins, with significantly higher levels in the sera of the majority of infected
patients (29), the authors thus paved the way for further investigations.

Several studies have demonstrated that the virulence of Enterococcus faecalis is promoted by cell
wall-associated proteins, including sortase-assembled endocarditis and biofilm-associated pilus
(Ebp), important for biofilm formation in vitro and in vivo. Likewise, a large body of recent literature
has demonstrated an increase in multi-resistance to drugs that fight Enterococcus faecalis infection. As
for biofilm formation, it is considered crucial in various infections including IE caused by
enterococcal spp. The genesis of biofilms is of particular concern not only because of its potential to
further protect already drug-resistant organisms from antibiotics and opsonophagocytosis but also
because it allows for increased horizontal gene transfer (34, 134). Previously published studies of E.
faecalis have shown that several factors can lead to a significant reduction in biofilm density. (55-59)
The latter is promoted by disruption of esp which encodes the surface protein of enterococci of some
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strains, by the fsr 2-component system, by gelE encoding for gelatinase, by the Epa gene cluster
encoding for the polysaccharide Epa and finally by atn encoding an autolysin or bopD sugar-binding
transcriptional regulator (55-59). A recent study that identified the traits involved in the high biofilm-
producing strain E99 by transposon mutagenesis highlighted a gene cluster called bee that showed
similar organization to that of Ebp (51). However, it was observed that this gene cluster was rare in
E. faecalis and instead appears to be located in a conjugative plasmid. Likewise, the esp, gelE, and fsr
loci are also restricted to a subpopulation of E. faecalis. Furthermore, gene association studies using
clinical isolates have demonstrated that neither esp (55) nor fsr/gelE (135) is required for E. faecalis
biofilm formation. This variation observed in the presence or absence of multiple biofilm-related
genes may partially explain the variable capacity for biofilm formation (i.e., strong producers to non-
producers) observed within this species.

Recently Nallapareddy and colleagues (48) focused their research on mutation and
complementation analysis demonstrating that both the ebp operon, encoding endocarditis and
biofilm-associated pili, and srtC were important for biofilm production of E. faecalis strain OGIRF.
Furthermore, with the use of immunogold electron microscopy using antisera against EbpA-EbpC
proteins and patient serum E. faecalis was observed to produce pleomorphic superficial pili. Of note
that the assembly mechanism of pili and their attachment to the cell wall appeared to be favored by
a cross-linking mechanism of Ebp proteins by the designated SrtC. Importantly, a non-piliated allelic
replacement mutant was substantially mitigated in a model of IE. These biologically important
surface pili, which were antigenic in humans during endocarditis and encoded by a ubiquitous E.
faecalis operon, may be a useful immunological target for studies aimed at the prevention and/or
treatment of this pathogen.

Clinical practice has taught us that infective endocarditis caused by E. faecalis is very aggressive
because of its multi-drug resistance. Our experience proves that E. faecalis-induced IE is the most
severe and clinically challenging of all E. faecalis-related infections. Endocardial vegetations appear
to be the result of a biofilm formation process on the heart valves in patients not responding favorably
to antibiotic treatment. (62-65,71,80,81,109,114) Evidence suggested by Nallapareddy and colleagues
who tested an unpiliated ebpA deletion mutant in the endocarditis model confirms our experience.
(49) The authors observed that rats treated with a mixture of equal numbers of wild-type E. faecalis
OGI1RF and its isogenic deletion mutant ebpA showed different levels of ebp of the vegetations. The
percentages of ebpA were markedly lower in unpilated mutants recovered from vegetation and
kidneys 24 hours after inoculation than in the percentages of wild-type mutants. These results suggest
that Ebp pili play an important role in this endovascular infection, paralleling the role played by
biofilm in vitro. The precise mechanism of action in causing endocarditis has yet to be elucidated.
Interestingly, while Ebp pili are produced in a fraction of cells (at least in vitro), they contribute
significantly to the pathogenicity of E. faecalis, which underscores the possibility of using Ebp proteins
as an immunotarget. (49)

How the evidence of microbiology and molecular biology translate into clinical practice is an
important challenge that can dictate the choice of the ideal substitute for the infected valve/s. Recently
a study by Witten and colleagues addressed the risk of allogenic tissue infection in patients with
biological allografts implanted for indications other than endocarditis and in patients experiencing
infectious endocarditis. The researchers undertook a time-varying instantaneous risk of allograft
infection by a parametric multiphase temporal decomposition nonproportional hazards and machine
learning method analysis of patients undergoing aortic valve replacement with allogenic tissue from
1987 to 2017. A large cohort of patients (n=2042) received 2110 allografts for diseased aortic valve
replacement with non-endocarditis indications (53%) and endocarditis indications (47%). 68%
included prosthetic valve endocarditis (PVE), and the mean age of allograft recipients was 52+14
years in the endocarditis-free group and 57+15 years in endocarditis patients. The most common
pathogens were gram-positive cocci (GPC) such as Streptococcus viridans (22 %), Staphylococcus aureus
(20%), Enterococcus faecalis (10%), and group D streptococci (11%) which are now classified as
enterococcal spp. Among those S. aureus were responsible for IE in 73% of injecting drug users. 63%
of pathogens causative an IE were GPC biofilm-associated pili. At 20 years, the probability of allograft
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infection was 14% in patients with IE and 5.6% in the cohort without IE. Additionally, during follow-
up, 42 infected allografts were explanted in the endocarditis cohort while 26 were retrieved in
patients without endocarditis. Importantly, risk factors for allograft infection in patients with
endocarditis were observed to be previous implants, intravenous drug use, and younger age. In
patients with endocarditis and 18% of allograft infections, the causative pathogen was the same as
the original organism and Enterococcus faecalis was present in 10% of the cases, 7% in patients with
IE receiving an allograft, and 3% in those who had reinfection of the implanted allograft. In summary,
long-term reinfection-free survival improved significantly after the use of allogeneic tissue. It is of
further significance that the majority of patients received an allograft for an unattributable cause ad
IE did not manifest a relapse of infection. The low infection rates reported in the study by Witten and
colleagues in both patients with and without endocarditis support the continued use of allografts in
the modern era, particularly for the treatment of invasive endocarditis of the aortic root supported
by gram-positive cocci biofilm-associated pili confirming that biogenesis, multi-drug resistance, and
infectious aggressiveness are closely linked. Figure 9
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o T o Nowoeh : ;""""‘f" Szenionionaciie © Periannular  abscess  with  ventriculan Active Infection. Extensive aortic and mitral anmular
Aniifed extension. on Acdve yecionh CLZIE abscess formation. Evidence of fistula in LA andlor
Infection « Partial periannular abcess (no more « Aortic wall destruction and mitro aortic oo dieas Tiigonal bnoh
* Vegetation located in one or p ol erence) e pericardium. Trigonal involvement.
egetal than % of circumference) curtain involvement.
more leaflet. o AVR with XP or MP with or without ¢Ila Non active infection. o AVR with aortic homografi or autografi.
* No involvement of the anulus synthetic patch reconstruction AVR with prosthetic bioroot or prosthetic valved ® Aorto-mitral homografi or stented xenograft
* AVR with XP or MP conduit with MP or XP mitral valve replacement with pericardial patch
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AVR with homograft or pulmonary autograft

4
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Level [A.
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Figure 9. Algorithm to assess the risk of infection relapse due to GPC biofilm-associated pili. Risk
categories are identified based on the anatomopathological characteristics of the infection, the
magnitude of surgical demolition and reconstruction, and the materials used Abbreviations; AVR,
Aortic Valve Replacement; GPC, gram-positive cocci; MP, mechanical prosthesis. From Nappi et al
Ref [62-65,71,78-81,109,114,125,126].

Conclusion

Infective Endocarditis after TAVI is an emergent pathology that is difficult from a diagnostic
and management perspective alongside challenging surgically. The precise role and optimal timing
of surgery remains controversial but a multidisciplinary approach, prompt diagnosis, and early
surgical intervention may improve outcomes as in our case. The rising cases of multidrug-resistant
strains of enterococci such as Enterococcus faecalis, often require a multimodal management plan. The
use of an allogenic valve substitute may be considered especially in an infective setting after a TAVI
valve. The antimicrobial resistance of allogenic valves have been shown in multiple studies with
favourable long-term outcomes.
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