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ABSTRACT

Prosthetic valve endocarditis (PVE) represents a rare and serious complication of valve replacement
associated with high morbidity and mortality, which significantly differs from native valve endocarditis
(NVE). There are two major problems: establishing diagnosis and treatment of PVE. Diagnosis in PVE is
challenging and often requires several imaging methods besides standard microbiological analyzes.
Transesophageal echocardiographic examination remains the widely used imaging technique in PVE
diagnosis, but additional techniques such as computed tomography (CT) and '®F-fluodeoxyglucose

Ilf:g:‘tlﬁreilsc valve positron emission tomography/CT are often necessary. Persistent fever, embolic complications, valve
Endocarditis dehiscence, intracardial abscess, heart failure, as well as staphylococcal and fungal PVE require surgical
Diagnosis treatment to avoid lethal outcome. The introduction of transcatheter valve implantations and devices
Complications significantly complicated the approach - diagnostic and therapeutic to PVE patients. Despite constantly
increasing knowledge regarding pathogenesis and treatment of PVE, the optimal therapy remains a
matter of debate. Additional studies are necessary to define therapeutic strategies for this potentially

fatal complication.
© 2018 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Introduction per patient per year [1]. Patients with prosthetic heart valves are

considered at high risk for IE developing [2,3]. There are different

Prosthetic valve endocarditis (PVE) is a serious, life-threatening
complication of valve replacement accounting for 10-30% of all
cases of infective endocarditis (IE) with an incidence of 0.3-1.2%
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findings regarding the incidence and survival rates of PVE on
mechanical and biological prosthetic valves [4,5].

Due to diagnostic and treatment advances the mortality rate of
PVE has significantly decreased over time - from 56 to 60% in the
1970s to 22.8% at the beginning of this century [3,6]. However,
mortality remains high and the reason could lie in the fact that
complications are more frequent due to specific pathogenesis,
predominantly in early PVE [7]. Even with timely diagnosis,
antibiotic treatment and valve replacement, the mortality rate

0914-5087/© 2018 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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ranges from 26% to 75% in medically treated patients versus 23—
43% in surgically treated patients [2].

Epidemiology

@stergaard et al. in the recently published study that included a
large number of patients at high risk for IE showed that the incidence
of IE was 16.1/1000 person-years [95% confidence interval (CI) 14.6-
17.8/1000 person-years] among patients with prior IE (including
patients who had valve surgery during the first IE hospitalization)
and 6.0/1000 person-years (95% CI 5.5-6.5/1000 person-years)
among patients with a prosthetic heart valve [5]. In the patients with
a prosthetic valve the cumulative risk of I[E was 2.8% and 4.5% at 5 and
10 years, respectively [5]. In comparison with the matched controls,
the patients with a prosthetic valve were associated with a
significant increased risk of IE (HR 19.1, 95% CI 15.0-24.4) [5].

An Italian study investigated patients with PVE and revealed
that early PVE (in the first 12 months after surgery) was detected in
43% of patients, whereas late PVE (after 12 months since the
operation) was diagnosed in 57% of patients [8]. Aortic valve was
involved in 66.5%, mitral in 40.7%, tricuspid in 2.9%, and multi-
valvular in 7.2% of PVE patients [8].

A Danish study reported that patients with a mitral and aortic
bioprosthetic valve were related with a higher risk of IE compared
with patients with mechanical aortic and mitral valves [4]. A large
study in older patients also reported lower 12-year IE incidence in
patients with mechanical aortic valve than in subjects with
bioprosthetic aortic valve (1.4% vs. 2.2%) [9]. However, these results
should be interpreted with caution considering their retrospective
nature which does not allow the determination of causal
relationship between valve type (mechanical vs. bioprosthetic)
and risk of IE. There are also studies that did not find any
association between type of prosthetic valve and IE occurrence
[10,11]. Nevertheless, these studies did not have IE as a primary
endpoint, and therefore their power might be inadequate to detect
any differences between valve types. A large meta-analysis showed
that the recurrence of endocarditis and the risk of reoperation were
higher in the biological valve group [12]. There was no significant
difference in survival rates between the biological valve group and
the mechanical valve group in patients with PVE.

Pathogenesis

Mechanical and bioprosthetic valves may be affected by the
infection, and the prevalence is similar at 5 years (5.7%). It seems
that mechanical valves are at higher risk of infection during the
first 3 months after operation [4,5]. Considering significant
differences in causal microorganisms between PVE which occurs
within 1 year of operation and later, it is accepted that the cut-off
period for the definition of early and late PVE is 12 months after
surgical intervention [1,2,7]. Early PVE (occurring in a period of one
year) is most commonly seen in the first two months after the valve
replacement and it is caused by microorganisms that invade the
prosthesis during valve replacement operation or due to hemato-
genic dissemination in the first days or months. Interestingly,
similar microbiologic profiles were observed between PVE
occurring within 2 months of valve replacement and PVE occurring
between 2 and 12 months after surgery [9].

By invading the prosthetic ring, microorganisms interfere with
perivalvular tissue, which increases the risk of abscess, pseudoa-
neurysm, or fistula formation and valvular dehiscence. The
absence of endothelization of mechanical prosthesis in the early
postoperative period contributes to the thrombotic risk.

Given the fact that endothelization of the prosthesis occurs over
time, the risk of late PVE development is equivalent to the risk of
native valve endocarditis (NVE). Eventually when thrombi consisting

of fibrin and thrombocytes are formed, they serve as an appropriate
medium for adhesion of microorganisms. The perivalvular tissue is
significantly less affected in late PVE, independently of the pathogen
virulence. PVE infection is more invasive and more often complicated
by perivalvular abscess formation and valve dehiscence. In
bioprosthetic valves, infection usually occurs 18 months after valve
replacement and affects mainly leaflets, causing appearance of
vegetation or even leaflet perforation [13].

In the first year after the valve replacement aortic and mitral
valves are equally affected with no difference in the mechanical
and biological prosthesis involvement [14]. The time of PVE
development is related to the causative agent [7,15,16]. The most
common microorganisms causing early PVE (within two months of
implantation) are Staphylococcus aureus (36%), coagulase negative
staphylococci (17%), and fungi. In PVE occurring later, the incidence
of S. aureus and coagulase negative staphylococci decreases (18-
20%) in favor of the enterococci and Streptococcus viridans (10—
13%). Patients with PVE caused by S. aureus represent a unique
subgroup characterized by increased risk of complications and
higher mortality [17]. Causative agents in late PVE are similar to
those in native valve endocarditis.

PVE caused by Candida species is a rare but devastating disease
with mortality rates reaching 37-62.5% in published case series
[18,19]. Nosocomial- or healthcare-associated infections are a
dominant cause of this PVE.

Right-sided IE is uncommon, accounting for only 5-10% of cases
of IE, with the vast majority (90%) involving the tricuspid valve
[20]. Right- and left-sided IE clinically represents two different
entities. Studies that included only right-sided IE showed that PVE
of tricuspid valve was present in only 11% of all tricuspid valve IE,
whereas PVE of pulmonary valve was present in 43% of all
pulmonary valve IE [20]. The incidence of right-sided IE
significantly increased after the introduction of novel devices for
resynchronization therapy and defibrillators. Investigators showed
that right-sided IE was more benign than left-sided IE, despite the
greater prevalence of S. aureus and only 5-16% right-sided IE
patients did not respond to medical therapy [21].

A new chapter in PVE represents the IE of the transcatheter-
implanted valves and percutaneous edge-to-edge mitral valve
repair. The incidence of IE after transcatheter aortic valve
implantation (TAVI) is about 1% [22], and it is higher in male
patients. The causative agents of TAVI IE are coagulase-negative
staphylococci, S. aureus, enterococci, and oral streptococci. Less
common causal agents include Gram-negative bacteria [23]. The
use of transfemoral access in TAVI and the proximity of the groin
with the genitourinary/intestinal system increase the risk of
enterococci infection (34.4%), whereas staphylococci are dominant
(29.4%) with transapical TAVI approach [24]. Amat-Santos et al.
reported that enterococci were mostly found after TAVI (34.4%),
and S. aureus after transcatheter pulmonary valve replacement
(29.4%) [22]. The investigators reported that in more than a half of
TAVI patients vegetations were localized on the valvular leaflets
and less often on the stent or both structures. Surrounding
structures are rarely involved [22].

The risk of IE in patients with percutaneous edge-to-edge mitral
valve repair (MitraClip, Abbott, Abbott Park, IL, USA) is low [25].
The large registry of MitraClip patients did not report a single case
of IE during a 5-year follow-up period [25]. In the incidental cases
of MitralClip IE the main cause is Staphylococcus and predisposing
conditions are the high-risk profile of MitraClip patients and
technical issues (reimplantation of malpositioned clips) [25].

Diagnosis

There is no clinical presentation characteristic only for PVE [1].
Patients usually present with fever and loss of appetite. As these
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symptoms are commonly seen postoperatively, they often remain
neglected. New heart murmur, left bundle brunch block, heart
failure, or embolic events are suggestive for PVE. Other signs such
as Osler's nodes, Janeway's lesions, and Roth's spots are not
common in these patients [26]. Myocardial infarction could be a
complication that develops due to coronary artery embolization.
The primary cause of a sudden death is usually disruption of the
valve.

The diagnosis of PVE is based on positive blood cultures and the
echocardiographic findings of vegetation, paravalvular abscess,
fistula, or valve dehiscence, as in the case of native valve
endocarditis (NVE). However, blood cultures often remain sterile,
especially in early PVE, due to previous use of antibiotics. In the
absence of prior administration of antibiotics, blood cultures are
positive in 90% of patients with PVE. Besides sterile samples, a
single blood culture with isolated coagulase-negative Staphylococ-
cus might be a diagnostic challenge, which requires a DNA test with
pulsed-field gel electrophoresis in order to exclude PVE [26]. The
presence of a polyclonal infection in PVE may be the result of direct
contamination of the operation room.

Imaging in PVE is challenging [27]. Table 1 summarizes the
available data regarding different imaging techniques commonly
used in clinical practice. Transesophageal echocardiography (TEE)
is necessary in all cases of suspected PVE for valvular hemody-
namics assessment and eventual detection of vegetation, abscess,
or fistula. It is useful in estimating the mobility of the leaflets and
the stability of the ring. Detection of vegetation may be difficult
due to artifacts from the valves and therefore transthoracic
echocardiography (TTE) could not be considered as a gold standard.
The sensitivity of TEE in detection of PVE, i.e. vegetation, abscess,
and perivalvular lesions ranges from 82% to 96% in contrast to TTE
with the sensitivity of 17% to 36% [28,29]. The negative predictive
value of both TTE and TEE in patients with suspected PVE ranges
from 86% to 94% [30,31]. In case of unconfirmed, but highly

suggestive PVE, it is necessary to repeat the echocardiographic
examination after seven days.

The benefit of both TTE and TEE in detection of PVE is lower than
in case of NVE. The absence of large comparative studies of
multislice computed tomography (MSCT) and echocardiography
efficacy in the diagnosis of paravalvular abscesses, vegetations,
pseudoaneurysms, and valve dehiscence excludes the possibility of
claiming the equivalent or superior efficacy of MSCT [32].
Additionally, it provides an anatomical assessment of the coronary
arteries, which is significant in the preoperative evaluation of PVE
patients.

In recent years, '®F-fluodeoxyglucose positron emission tomog-
raphy/computed tomography (®F-FDG PET/CT) scan [33] has been
used as the supplementary diagnostic method in the cases of
suggestive PVE. It is based on the high sensitivity of "®F-FDG PET/CT
in detection of inflammatory activity within the focus of infection.
The benefit of this method in diagnosing PVE and infectious
endocarditis on intracardial devices has been unequivocally
proven [32]. The finding of abnormal '®F-FDG accumulation at
the site of an artificial valve has become a new major criterion and
has significantly increased the sensitivity of the modified Duke
criteria from 70% to 97% without affecting the specificity [34].
Recent meta-analysis showed that diagnostic accuracy with '8F-
FDG PET/CT for PVE was improved with sensitivity of 80.5% and
specificity of 73.1% [35]. Additional extracardiac foci of infection
were found on 17% of patients on whole body PET/CT [35]. In a
systematic review Nuvoli et al. reported that sensitivity and
specificity values of '8F-FDG PET/CT ranged from 73% to 96.6% and
from 80% to 94%, respectively [36]. False positive findings are
possible due to reactive inflammatory activity in the early stage
after prosthesis implantation, while the presence of minor
vegetation or previous antibiotic therapy may cause false negative
results [35-37]. '8F-FDG PET/magnetic resonance imaging (MRI)
has been recently proposed as an even better technique than PET/

Table 1
Strengths and limitations of the various imaging modalities in assessing prosthetic valve endocarditis.
TTE TEE MSCT PET/CT

Technical aspects

Availability ++++ ++++ +++ +

Cost + + ++ ++++

Typical scan duration (min) 15-20 15-20 10-15 60

Safety High High o lonizing radiations e Pregnancy
e Potentially nephrotoxic e High ionizing radiations
contrast
o Allergic reaction to contrast e Potentially nephrotoxic contrast

o Allergic reaction to contrast

Imaging window Present Present Absent Absent

dependence

Sensitivity (%) 17-36 82-96 88-97 80-96

Specificity (%) 86 94 95 73-94

Diagnostic accuracy Specific Sensitive and specific ~ Sensitive and specific Sensitive

Temporal resolution +++ +++ ++ +

Spatial resolution 4+ +++ e+ +

3D acquisition No Yes Yes No

Anatomic vs. functional data  Anatomic and functional Anatomic Detailed anatomic Functional (molecular)

Major limitations e Operator dependent e Operator dependent e lonizing radiation e Costs

e Poor acquisition quality

e Possible artifacts

e Potentially nephrotoxic
contrast

e Low availability

e Low resolution (vegetations <5 mm not
seen)

o Physiological FDG uptake and nonspecific
uptake by uninfected tissues

o False positive response post-operative

o False negative response after initiation of
antimicrobial therapy

FDG, fluorodeoxyglucose; MSCT, multislice computed tomography; PET/CT, positron emission tomography-computed tomography; TEE, transesophageal
echocardiography; TTE, transthoracic echocardiography.
+, low; ++, moderate; +++, high; ++++, very high.
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Fig. 1. Prosthetic valve endocarditis of biological aortic and mitral valve. (A) Paravalvular mitral leakage in 2D transesophageal echocardiography (first row) and 3D
transesophageal echocardiography (second row). (B) Paravalvular aortic leakage and dehiscence (first row) and 3D paravalvular jet and positron emission tomography/
computed tomography (second row).
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Fig. 2. Prosthetic valve endocarditis of the biological mitral valve with vegetation. (A) Vegetation on the biological prosthesis (leaflet) in 2D and 3D transesophageal
echocardiography with significant mitral insufficiency. (B) Positron emission tomography/magnetic resonance imaging showing inflammation of the biological prosthetic

mitral valve.

CT because of its significantly better special resolution. However,
data regarding this topic are still scarce. Figs. 1-3 represent several
interesting cases from daily practice in which most of these
techniques were used, but particularly TEE and PET/CT or PET-MRI.

Complications

The complications of PVE are multiple: persistently positive
blood cultures, septic embolism, heart failure, as well as death [1].
Persistent infection and heart failure are the strongest predictive
factors of in-hospital mortality in patients with prosthetic valve
endocarditis. Although similar to those in patients with NVE, PVE
complications are more difficult to treat.

The exact definition of persistent bacteremia or relapse
represents a problem since duration of bacteremia depends on

microorganism. Infection caused by S. viridans might become
sterile even after 48 h, while in methicillin-resistant S. aureus
(MRSA) bacteremia positive blood cultures might be found even
after 7 days of appropriate treatment [38]. Septic embolism
associated with PVE significantly increases mortality and morbidi-
ty. Similar to NVE it may manifest as cerebral, splenic, or renal
abscess. In the group of 111 patients with PVE the incidence of
stroke was found to be 23%. Additionally, 42% of patients with PVE
experienced hemorrhagic transformation, most likely secondary to
anticoagulation therapy that is frequently given in these situations
[39]. It has been reported that in early PVE the risk of spreading
infection into myocardium is increased. It is also associated with
perivalvular abscess which increases the risk of heart failure and
mortality, in up to 55% of cases [40]. Partial or complete valve
dehiscence represents a specific type of complication. A case of
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Fig. 3. Prosthetic valve endocarditis of the mitral valve with large dehiscence and paravalvular leakage (vegetation with thrombus partly covering large dehiscence) detected

by (2D and 3D transesophageal echocardiography).

early staphylococcal PVE associated with mechanical valve
dislocation into sinotubular junction has been reported [41]. Heart
failure is the most common complication of PVE with the incidence
up to 56% and one of the most important predictors of intra-
hospital mortality [42].

Prognosis and treatment

Farifias et al. investigated risk factors for development of PVE
and found significant correlation between PVE and heart failure
New York Heart Association class Ill and 1V, previous IE, alcohol
abuse, and fever in patients in intensive care unit with
gastrointestinal bleeding [43]. Poor outcome of PVE is related to
multiple factors such as older age, diabetes mellitus, healthcare-
associated infections, staphylococcal and fungal infections, early
postoperative development of PVE, heart failure, stroke, and
intracardiac abscess [32]. These patients need more aggressive
treatment which usually includes surgery in addition to antibiotic
therapy. Luciani et al. showed that female gender, shock status,
previous surgical procedures within 3 months from the treatment,
multivalvular involvement, abscess, and urgent surgery were
independent predictors of short-term (30-day) mortality in PVE
patients [8].

Meta-analysis that included 10,754 IE patients (6776 biological
valves and 3978 mechanical valves) showed that the all-cause
mortality risk of the biological valve group was higher than that of
the mechanical valve group [hazard ratio (HR) = 1.22, p = 0.023]

[12]. The recurrence of IE (HR = 1.75, p = 0.001), as well as the risk
of reoperation (HR = 1.79, p = 0.010), was significantly higher in the
patients with biological valves. For the patients with PVE, there
was no significant difference in survival rates between the
biological valve group and the mechanical valve group.

All above-mentioned complications - heart failure, large
vegetation with high embolization risk and risk for valvular
obstruction and development of acute heart failure, abscess
formation, persistently positive blood cultures, staphylococcal
and fungal bacteremia - are indications for surgical treatment.
Benefits of early surgical interventions from clinical studies are
controversial [44,45]. However, emergent redo surgery is required
in case of refractory heart failure with risk of progression to acute
pulmonary edema and cardiogenic shock [32]. The cornerstone of
surgical treatment in patients with PVE is complete debridement
of infected material and implantation of new valve in healthy
tissue [46].

Perioperative mortality in mitral PVE is high - up to 13%,
especially when it comes to surgical treatment of mitral
perivalvular abscess which is extraordinarily challenging [47].

Early surgery is recommended in PVE patients with relapsing
infection or large vegetation even in the absence of hemodynamic
significant complications in the European and American guidelines
[32,48]. However, it is unclear whether surgery in addition to
antibiotics offers any benefit compared to antibiotic therapy alone.
The mortality in patients treated only with antibiotics has been
estimated to be 23-29%, while in those who underwent additional
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surgical treatment it is 24-35%[49,50]. It drives the conclusion that
a significant number of patients can be treated with antibiotic
therapy alone, such as hemodynamic stable patients with PVE
other then staphylococcal. Antibiotic treatment is similar to that
given in patients with NVE, suggesting that patients with PVE need
closer monitoring during the therapy and close follow up after
completion of antibiotic treatment [51].

In 60% of patients with transcatheter valve replacement (aortic
and pulmonary) management is achieved medically despite
related complications such as local extension, embolism, and
heart failure in more than 50% of patients [12]. The valve
explantation rate was 57% and 23% in balloon- and self-expandable
valves, respectively. In-hospital mortality was 34.4%. Most PVE
patients after transcatheter pulmonary valve replacement (75%)
were managed surgically, and in-hospital mortality was 7.1% [12].
Due to high operative risk in TAVI patients, IE in these patients is
often treated conservatively, whereas only 12-45% of these
patients received surgical treatment [51]. On the other hand,
approximately two thirds of MitraClip patients with PVE under-
went surgery [25]. In patients with significant comorbidities and
expected poor postoperative recovery, i.e. those with high
operative risk due to cardiomyopathy, neurological, or other
specified condition or technical limitations due to previous
surgery, redo intervention is discouraged [26].

Antibiotic prophylaxis is highly recommended in all patients
with prosthetic valves, prosthetic materials used in reconstructive
surgery, previous transcatheter valve replacement, or previous
episode of IE [32].

Conclusion

PVE is a serious potential complication of valve replacement
surgery with significant mortality. Establishing a diagnosis is not
an easy task. Nowadays several imaging modalities with good ratio
between sensitivity and specificity are available. However,
echocardiography remains the first choice. The treatment of PVE
is even more challenging because of PVE complexity and high-risk
profile of these patients due to frequent comorbidities. Staphylo-
coccal ethology, large vegetation with high embolization risk,
paravalvular or myocardial abscess, fistula, valve dehiscence, and
heart failure are reasons for prompt therapy with medical and
often surgical approaches. Timing of surgery and type of cardiac
valve are still a matter of debate. The introduction of transcatheter
valve implantations and devices significantly changed the ap-
proach to PVE patients. Additional studies are necessary to define
therapeutic strategies for this potentially fatal complication.
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