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Summary

Background: In Germany, a total of 38 547 heart valve procedures were performed in 2022. With a growing number of patients
undergoing the surgical and interventional implantation of heart valves, the incidence of prosthetic endocarditis is also rising.

Methods: We summarize the current state of the prophylaxis, diagnosis, and treatment of prosthetic endocarditis in a selective

review of the literature.

Results: Prosthetic endocarditis accounts for 10-30% of all cases of endocarditis. As its echocardiographic and microbiologic
findings are often less specific than those of native endocarditis, its diagnosis now increasingly relies on alternative imaging
modalities such as F-18-FDG PET-CT. Anti-infective and surgical treatment are made more difficult by biofilm formation on the
prosthetic valve and the frequent formation of perivalvular abscesses.

Conclusion: Increased awareness of this clinical entity in the outpatient setting will promote the earlier initiation of appropriate
diagnostic studies. Proper diagnostic evaluation is an essential prerequisite for the early detection and timely treatment of
prosthetic endocarditis, with the goal of preventing progressive destruction and thus improving the outcome. Preventive and
educative measures should be intensified, and certified, multidisciplinary endocarditis teams should be established. Antibiotic
prophylaxis is now given much more restrictively than in earlier years; the risk of infection must be weighed against the potential
development of both individual and collective resistance to antibiotic drugs.

Cite this as:
Weber C, Hohmann C, Lindner O, Wahlers T, Jung N:

Patients with artificial heart valves—the prophylaxis, diagnosis, and treatment of endocarditis.
Dtsch Arztebl Int 2023; 120: 692-702. DOI: 10.3238/arztebl.m2023.0104

ith the increasing frequency of artificial heart
W valve implantation, either by open surgery or as

a percutaneous intervention, there has been a
corresponding rise in the number of cases of prosthetic
endocarditis, as well as of native endocarditis, in a pa-
tient population that is becoming steadily older while
carrying an increasing burden of comorbidity (eFig-
ure). In 2022, 38 547 heart valve procedures were per-
formed in Germany alone (biological/mechanical valve
replacement or valve reconstruction), a marked rise
from 22 243 such procedures in 2008 (el). Prosthetic
endocarditis is a serious complication of valve replace-
ment, arising in 1-6% of patients with prosthetic valves

Prosthetic endocarditis

With the increasing frequency of artificial heart valve implan-
tation, there has been a corresponding rise in the number of
cases of prosthetic endocarditis.

and accounting for 10-30% of all cases of infective en-
docarditis (1-3).

Endocarditis is diagnosed on the basis of the modi-
fied Duke criteria: the presence of two major criteria,
one major criterion and three minor criteria, or five
minor criteria is considered diagnostic (Box 1). The
modified Duke criteria may not yield a timely diagnosis
of prosthetic endocarditis, as they lead to the diagnosis
in only 60% of cases (e2). This is mainly because the
clinical presentation is often atypical, blood culture re-
sults are harder to interpret, and echocardiographic
findings are more often nonspecific than in native en-
docarditis (Box 2) (4, 5).

Rise in cardiac valve procedures

In 2022, 38 547 heart valve procedures were performed in
Germany alone (biological/mechanical valve replacement or
valve reconstruction), a marked rise from 22 243 such pro-
cedures in 2008
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BOX 1a

Major diagnostic criteria for infective endocarditis

1) positive blood cultures
a) typical microorganisms from two separate blood cultures
e viridans streptococci, Streptococcus gallolyticus (Streptococcus bovis), HACEK group, Staphylococcus aureus; or
e acquired enterococci, in the absence of a primary focus elsewhere; or

b) typical microorganisms in persistently positive blood cultures:
e > 2 positive blood cultures from blood samples collected > 12 hours apart; or
o all 3 or a majority of = 4 separate blood cultures (with collection interval of = 1 hour between first and last sample); or
¢) single positive blood culture for Coxiella burnetii or phase IgG antibody titer > 1 : 800

2) positive imaging

a) transthoracic/transesophageal echocardiography with demonstration of:
o vegetation
e abscess, pseudoaneurysm, intracardiac fistula
e valve perforation or aneurysm
o new partial dehiscence of a prosthetic valve

b) abnormal activity in the vicinity of a prosthetic heart valve on 18-F FDG PET/CT (only if the prosthesis was implanted more than 3 months
previously) or on SPECT/CT with radiolabeled leukocytes

c) demonstration of paravalvular lesions on cardiac CT

CT, computed tomography; F-18-FDG-PET; positron emission tomography with tintravenously administered solution containing weakly radioactively labeled F-18-fluorodeoxyglucose

In patients undergoing cardiac surgery for prosthetic BOX 1b

endocarditis, the reported mortality rate is still high
(19-50%) (6). A large-scale multicenter study revealed,
however, that the patients’ comorbidities affected their
long-term survival more than the prosthetic endocardi-
tis itself. After adjustment for comorbidities, the mor- 1) predisposition, e.g., a predisposing heart disease or in-
tality from prosthetic valve endocarditis at 1 year was
39%, which is comparable to the mortality from native
valve endocarditis (7). Potential predictors of a severe 2) fever > 38° C
course are debated in the literature. These may include
a variety of comorbid illnesses, the site of the affected L . . . .
. . . on imaging (,silent events®): large arterial emboli, sep-
valve, the microbial pathogen (especially Staphylococ- i . oo )
cus aureus), and infective endocarditis on a prosthetic tic pulmonary infarcts, infectious (mycotic) aneurysms,
valve (7, 8, 3). intracranial hemorrhage, conjunctival hemorrhage,

and Janeway lesions

Minor diagnostic criteria for infective
endocarditis

travenous drug abuse

3) vascular phenomena, including those detected only

Learning objectives
This article should enable readers to:
® know the recommendations for antibiotic prophy-
laxis and essential preventive measures 5) microbiological evidence: positive blood culture that
© understand the principles of microbiological and does not fulfill a main criterion, or serological evidence

imaging diagnostics and the challenges and com- of active infection with an organism that can cause en-
plications of surgical treatment

4) immunological phenomena: glomerulonephritis,
Osler's nodes, Roth spots, rheumatoid factor

® make a proper choice of rational empirical and docardits
targeted antimicrobial treatment.
Mortality of prosthetic endocarditis Prevention and prophylaxis
In patients undergoing cardiac surgery for prosthetic endocar-  Antibiotic prophylaxis should be restricted to the patients at hig-
ditis, the reported mortality rate is still high (19-50%) hest risk, i.e., those who have undergone valve replacement, who

have had a previous bout of endocarditis, or who bear certain
congenital heart defects [Box 3] and are about to have a high-risk
dental procedure .
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Warning signs of infective endocarditis

® fever, chills, night sweats, fatigue, anorexia, weight loss / — often nonspecific
symptoms
© respiratory complaints, arthralgia/myalgia, anemia
® concomitant new-onset heart murmur
® rash
— bluish-red lentil-sized nodules on fingers and toes (Osler‘s nodes)
— small, painless, reddish hemorrhages, a few millimeters in size, on the
palms and soles (Janeway lesions)
- nail-bed hemorrhages (splinter lesions)
© neurologic abnormalities (septic embolism?)
© hematuria

Suspect endocarditis in case of:
© preceding dental treatment

® poor dental status

® presence of a prosthetic heart valve or congenital heart defect
® preceding infection with inflammatory signs or pus

© history of endocarditis

© intravenous drug abuse

© immunodeficiency

Ambulatory measures

® physical examination:
— cardiac auscultation: a new heart murmur may be heard
— look for hemorrhages/nodules on skin and mucous membranes

© multiple blood cultures (at least 2 pairs)

© blood drawing for: ESR, CRP, leukocytes, hemoglobin (anemia?), BUN/creati-
nine (rule out end-organ damage)

® echocardiography, especially transesophageal, to detect vegetations, valve
destruction, or perivalvular abscesses

Prevention/Prophylaxis

The U.S. and European guideline recommendations
for antibiotic prophylaxis in persons at risk for infec-
tive endocarditis were substantially changed between
2007 and 2009, because the benefit of antibiotic pro-
phylaxis had been demonstrated only in retrospective
studies without any evidence from controlled trials
(e4). Ever since this paradigm shift, the recommen-
dation for the antibiotic prophylaxis has been restricted
to patients at highest risk, i.e., those who have under-
gone valve replacement, who have had a previous
history of infective endocarditis, or who bear certain

Procedure for other types of intervention

Antibiotic prophylaxis is not recommended before any other diag-
nostic or therapeutic intervention (e.g., not before bronchoscopy,
gastrointestinal endoscopy, cystoscopy, or transesophageal
echocardiography) if there is no evidence of infection.

congenital heart defects /Box 3/ and are about to have
a high-risk dental procedure (manipulation of the gin-
giva or periapical dental region /Box 4] (9). Antibiotic
prophylaxis is not recommended before any other
diagnostic or therapeutic intervention (e.g., not before
bronchoscopy, gastrointestinal endoscopy, cystoscopy,
or transesophageal echocardiography) if there is no
evidence of infection. The recommendation was made
musch more restrictive because the risk of infection
must be weighed against the individual and collective
development of antibiotic resistance (5).

Strict oral hygiene
Good oral hygiene and regular dental checkups are
even more important than antibiotic prophylaxis (e5).
The following preventive measures should ideally be
followed not only by high-risk patients but also by the
general population to lower the risk of bacteremia (5,
10):

® Brush teeth at least twice daily with a fluoride
toothpaste so as to remove as much of the biofilm
as possible.
If food debris and biofilm cannot be adequately
removed by brushing alone, us additional dental
hygiene aids (dental floss, interdental brushes) as
well.
Limit the consumption of sugary foods and bever-
ages.
Have dental check-ups annually, or twice a year if
at high risk.
Eliminate any foci of bacterial infection.
Do not self-medicate with antibiotics.
Follow sterile precautions meticulously in all high-
risk procedures.
Avoid piercing and tattooing.
Avoid intravenous catheters and invasive pro-
cedures if possible.
Use peripheral in preference to central venous
catheters.
Medical personnel should be trained in the early
recognition of clinical signs of infective endocar-
ditis.

The observed rises in staphylococcal and health-
care-system-associated endocarditis underscore the
need for such preventive measures (e6).

The interdisciplinary endocarditis team

The management of patients with infective endocarditis
by multidisciplinary teams consisting of experts in infec-
tious disease, microbiology, radiology, cardiology, and
cardiac surgery is recommended in the European and

Strict oral hygiene

Good oral hygiene and regular dental checkups are even more
important than antibiotic prophylaxis.
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American guidelines without exception (5, 11, €7, e8).
Patients at high risk (those with worsening heart failure,
perivalvular abscess, or large emboli) should be trans-
ferred early to a specialized center with a cardiac surgery
department (12). In a French study, the introduction of a
protocol for diagnostic evaluation, antibiotic and surgical
treatment, and subsequent follow-up lowered 1-year
mortality from 18.5% to 8.2% (12, 13).

Diagnostic evaluation

Diagnostic criteria

Since 2000, the modified Duke criteria have been the
standard means of diagnostic classification of infective
endocarditis (€9). They incorporate relevant echocardio-
graphic, microbiologic, and clinical findings to estimate
the probability of infective endocarditis. Although the
modified Duke criteria are widely used in clinical prac-
tice, they detect only 80% of cases of native endocarditis
and only 60% of cases of prosthetic endocarditis (e2).
This is mainly due to the much lower sensitivity and spe-
cificity of transesophageal echocardiography in prosthetic
endocarditis compared with native endocarditis (78-91%
vs. 91-96%, and 57-75% vs. 67-88%, respectively) (14).

Microbiological testing

Empiric therapy should be preceded by appropriate diag-
nostic testing. At least three pairs of blood cultures should
be taken at 30-minute intervals before starting. In case of
culture-negative endocarditis despite the taking of ad-
equate blood cultures, serologic testing is recommended,
particularly for Coxiella burnetti, Bartonella, mycoplas-
ma, and Legionella (5, 14). If the patient undergoes sur-
gery, valve material should be sent for culture and for
molecular diagnosis with the polymerase chain reaction
as a further means of identifying pathogens that can then
be the target of treatment (e10).

Cardiac imaging diagnostics: echocardiography

In the current guidelines, transesophageal echocardio-
graphy (TEE) is considered the basic method for diag-
nosing prosthetic endocarditis (5). Echocardiographic
evidence of vegetations is much rarer in prosthetic en-
docarditis; discrete thickenings and irregularities can be
found on the normally smooth contour of the suture
ring, but these are much more difficult to detect echo-
cardiographically.  Perivalvular complications are
especially common in early prosthetic endocarditis be-
cause the space around the valve annulus is usually the
primary site of infection (2, 15). The diagnostic value of
TEE is generally high, but nonetheless limited by arti-
facts caused by the prosthetic material, and it may not

Duke criteria

The modified Duke criteria incorporate relevant echocardio-
graphic, microbiologic, and clinical findings to estimate the
probability of endocarditis.
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Antibiotic prophylaxis before high-risk dental procedures is

recommended for patients with any of the following:

® a prosthetic heart valve, including transcatheter valve implantation (TAVI), or a
valve that has been reconstructed with prosthetic material (rings or clips)

©® a left ventricular assist device (LVAD)

® previous, recurrent or recurring infective endocarditis

© any of the following congenital heart defects:

— an uncorrected cyanotic congenital heart defect, including palliative
shunts and conduits

— afully corrected congenital heart defect with prosthetic material up to 6
months after surgical or interventional correction

— a corrected congenital heart defect with a residual shunt or valvular insuf-
ficiency

— the surgical or catheter-assisted implantation of a pulmonary artery valve
or conduit, e.g., a Melody valve or Contegra conduit

© status post heart transplantation with subsequent valvular heart disease

No recommendation for antibiotic prophylaxis:
© implantable electronic devices such as a pacemaker, ICD, CRT or event
recorder

® devices used to close septal defects, when complete occlusion has been
achieved

® peripheral vascular grafts and patches, including those used for hemodialysis
® coronary or vascular stents

® ventriculo-atrial cerebrospinal fluid shunts

© vena cava filters

® pledgets

CRT, cardiac resynchronization therapy; ICD, implantable cardiac defibrillator

detect complications of prosthetic endocarditis such as
abscesses or pseudoaneurysms. According to the guide-
lines, if endocarditis is still suspected after a negative
TEE, the examination should be repeated in three to
seven days or else performed with a different imaging
modality (5). Newer multimodality imaging methods
such as 18F-fluorodeoxyglucose positron emission
tomography (F-18-FDG/PET-CT) and leukocyte scinti-
graphy can provide additional help beyond the standard
investigation and increase the diagnostic yield, particu-
larly in cases that are difficult to diagnose; they have
therefore been included in the modified diagnostic crite-
ria of the current 2015 ESC guidelines, as listed in Box /
(14,16, 17, el1, e12).

Transesophageal echocardiography

In the current guidelines, transesophageal echocardiography
(TEE) is considered the basic method for diagnosing prosthetic
endocarditis
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BOX 4

High-risk dental procedures that can lead to
bacteremia and for which antibiotic prophylaxis is
recommended only in high-risk patients:

© manipulation of the gingiva

© manipulation of the periapical region

© perforation of the oral mucosa

® biopsy procedures

® placement of orthodontic bands

© intraligamentary anesthesia

Antibiotic prophylaxis is not recommended in the

following situations:

® local anesthetic injection into healthy tissue,except for
intraligamentary anesthesia

© dental radiographs

® placement or adjustment of prosthetic or orthodontic
anchoring elements

® placement of orthodontic braces

® suture removal

® |ip trauma

© frauma to the oral mucosa

© physiological deciduous tooth loss

Adapted from Habib et al. (5) and Naber et al. (11)

Cardiac and extracardiac imaging diagnostics:
nuclear medicine procedures

The available nuclear medicine procedures include F-18
FDG PET/CT and leukocyte SPECT/CT. Fluorodeoxyg-
lucose (FDG) is a glucose analog labeled with F-18. It is
absorbed into cells like glucose, but it is not metabolized
and remains in the cell. F-18 FDG PET/CT can thus
reveal inflammatory lesions as sites of increased metab-
olism in activated inflammatory cells. As the injected
radiopharmaceutical is distributed throughout the body, a
standard PET/CT also includes images of the body trunk,
and thus disseminated septic lesions or extracardiac foci
can be detected in addition to the cardiac focus. In the
early postimplantation phase, the findings are often non-
specific, because physiologic repair processes are not
reliably distinguishable from infection (18). According to
the guidelines, therefore, PET/CT should not be per-
formed any sooner than three months after the valve im-
plantation (e13). An illustrative finding of florid endocar-
ditis is shown in Figure 1.

Cardiac and extracardiac imaging: nuclear medical
methods

The available nuclear medicine procedures include F-18 FDG
PET/CT and leukocyte SPECT/CT.

The advantages of supplementary testing with nu-
clear medical methods include a marked reduction of
unconfirmed suspected cases of endocarditis (19, 20,
el4) in favor of confirmed diagnoses, as well as the de-
tection of septic emboli and thromboembolic infarcts
(5, el5).

Extracardiac diagnostics

Cerebrovascular complications are among the more
common complications of infective endocarditis,
arising in 20-40% of patients. Ischemic stroke is the
most common type (70%); hemorrhagic stroke is
much less common (15%). Infectious aneurysms, ab-
scesses, and meningoencephalitis are rare (5% each).
Routine brain imaging reveals silent cerebral emboli
in up to 70% of patients with infective endocarditis
(21). Systemic abdominal emboli, e.g., to the spleen,
may be clinically silent as well. Helpful tools for the
detection of such complications include systematic
abdominal and cerebral noninvasive imaging with
contrast ultrasonography, computed tomography,
PET/CT, and/or magnetic resonance imaging (22,
el6).

Pathogen profile and anti-infective therapy

The typical pathogen profile varies depending on the pa-
thogenesis of the infection. Early prosthetic endocarditis
is caused by direct intraoperative contamination or by
hematogenous spread to the valve in the first days to
weeks after surgery. Infective endocarditis in the period
2-12 months after surgery is secondary to late nosoco-
mial infection or other infections acquired outside the
hospital.

Artificial valve endocarditis in the first two months
after surgery is most often caused by Staphylococcus
aureus, followed by coagulase-negative Staphylococcus
and, much less commonly, Gram-negative bacteria and
Candida species. From 2 to 12 months after surgery,
streptococci, Staphylococcus aureus and coagulase-
negative staphylococci are the most common pathogens,
followed by enterococci (1).

Late prosthetic endocarditis (more than a year after
surgical intervention) arises secondarily to other acquired
infections. The spectrum of pathogens is similar to that of
native valve endocarditis, with streptococci and
Staphylococcus aureus being most common, followed by
enterococci and coagulase-negative staphylococci. Both
early and late prosthetic endocarditis can be culture-
negative. Rarer causes of prosthetic endocarditis include
nontuberculous mycobacteria (Mycobacterium chimera)
and enteroviruses (el7, e18).

Extracardiac imaging:

Cerebrovascular complications are among the more common
complications of infective endocarditis, arising in 20-40% of
patients. Ischemic stroke is the most common type (70%);
hemorrhagic stroke is much less common (15%).
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Figure 1: Florid endocarditis nine months after aortic valve replacement: intense F-18-FDG enhancement in the area of the annulus, extending medially. a) computed
tomography, b) positron emission tomography, c) fused PET and CT (Institute of Radiology, Nuclear Medicine and Molecular Imaging, Heart and Diabetes Center of

North Rhine-Westphalia).

Anti-infective therapy

General principles

The goal of antibiotic therapy is to eradicate the bacte-
ria; this is made more difficult by a high bacterial den-
sity in the vegetations and by bacteremia, which often
leads to further colonization. In prosthetic valve infec-
tions, the foreign material is also covered by a biofilm,
i.e., a thin layer of mucus in which microorganisms are
present in an organized arrangement; the attenuated
metabolism in the biofilm renders the bacteria in it less
vulnerable to attack by antibiotics. There is thus a need
for long-term anti-infective therapy with high serum
levels.

Empirical therapy

The ESC recommends two different antibiotic
regimens for prosthesis infections depending on the
time of occurrence, because of the different pathogen
spectra (eTable) (5):

< 12 months after implantation (nosocomial or

health-care-system-associated): vancomycin + ri-

fampicin + gentamicin.

> 12 months after implantation (corresponding to the

treatment of native endocarditis): ampicillin + flu-

cloxacillin + gentamicin.

A detailed infectious disease assessment should
also be carried out so that the treatment can be individ-
ually optimized in view of the patient’s history (e.g.,
urosepsis or catheter-associated bacteremia), previous
therapies, pre-existing illnesses, and resistance pro-
file.

Pathogen spectrum in the first two months

Prosthetic valve endocarditis in the first two months after sur-
gery is most often caused by Staphylococcus aureus, followed
by coagulase-negative Staphylococcus and, much less com-
monly, Gram-negative bacteria and Candida species.

Deutsches Arzteblatt International | Dtsch Arztebl Int 2023; 120: 692-702

Targeted therapy

Anti-infective therapy for prosthetic valve infections
is given for six weeks for all pathogens (streptococci,
enterococci, staphylococci, gram-negative pathogens)
(5). Prosthetic valve infections with streptococci, en-
terococci and gram-negative pathogens are treated
with the same antibiotics as native valve infections.
The regimen differs only for staphylococci, with the
recommended addition of rifampicin (for 6 weeks)
and gentamicin (for 2 weeks) to flucloxacillin
(methicillin-sensitive) or vancomycin (methicillin-
resistant). It remains to be seen whether gentamicin
will continue to be recommended: an observational
study of S.-aureus prosthetic endocarditis revealed no
survival benefit for the addition of gentamicin to
cloxacillin or vancomycin plus rifampicin. Gentami-
cin is no longer recommended for the treatment of
native valve endocarditis (e19). (e19).

Oral sequential therapy

The POET trial was a randomized landmark trial that
challenged the dogma of the need for intravenous anti-
biotic therapy. It showed the noninferiority of oral
therapy (23) with respect to a combined clinical
endpoint consisting of death, recurrent bacteremia, the
need for cardiac surgery, or an embolic event.
Noninferiority was also shown in the subgroup after
stratification into native or prosthetic valve endocardi-
tis (23). It must be noted, however, that only a selected
subgroup was included (small vegetations, stable
clinical course, no abscess) with three weeks of

Pathogen spectrum after the first two months

From 2 to 12 months after surgery, streptococci, Staphylo-
coccus aureus, and coagulase-negative staphylococci are the
most common pathogens, followed by enterococci. Late
prosthetic endocarditis (more than a year after surgery) arises
secondarily to other acquired infections.




MEDICINE

Figure 2: Explanted
biological heart
valve prosthesis.
The black arrows
mark attached veg-
etations.

a) View from the
aorta.

b) View from the
ventricle.

preceding intravenous therapy, close monitoring, and
a very low overall mortality (5%). In high-risk
prosthetic infections, anti-infective therapy should
only be switched to the oral route in exceptional cases
and with close clinical monitoring, as the state of the
evidence for oral therapy is not yet sufficient.

Surgery

The interdisciplinary endocarditis team must weigh
the indication, timing, and overall benefit of surgery
against its risks for the individual patient, in the light
of the clinical situation and the patient’s comorbidity.
On the one hand, early surgery should prevent pro-
gressive, irreversible destruction, as well as systemic
emboli (Figure 2) (24, €20); on the other hand cardiac
surgery in the active phase of the disease is associated
with considerable risks (5). The indications for early
surgery are listed in the eBox and discussed in the
following paragraphs.

Acute heart failure

Progressive valve destruction can cause marked acute
heart failure. This is the main surgical indication in
most patients with endocarditis (5, €20). The severity of
acute heart failure may necessitate urgent or emergency
surgery even in the presence of other risk factors (5).

Uncontrolled infection
The second most common reason for surgery is
uncontrolled infection. In particular, this includes the

Targeted therapy

Anti-infective therapy for prosthetic valve infections is given for
six weeks for all pathogens (streptococci, enterococci, staphy-
lococci, gram-negative pathogens).

perivalvular extension of endocarditis (abscesses, pseu-
doaneurysms, and fistulae), which arises in 56—-100% of
cases of prosthetic endocarditis (15, €7). The identified
risk factors for perivalvular complications are a pros-
thetic valve, infection with coagulase-negative staphy-
lococci, and aortic valve involvement (e21). Moreover,
patients with perivalvular involvement have both a
higher perioperative mortality and a higher risk of en-
docarditis recurrence (e22, e€23). This is because the
spread of infection beyond the valve annulus requires
more extensive surgery, with radical debridement and a
more comprehensive reconstruction (25).

Surgery should be considered in patients with pros-
thetic valve endocarditis due to certain pathogens,
such as staphylococci or non-HACEK gram-negative
bacteria (5, €24, e25). Fungal infection is rare, but
more common in prosthetic than in native valves; in
such cases, surgery within a few days is recommended
(5).

Surgical treatment should also be considered if fever
and positive blood cultures persist for more than 7-10
days despite appropriate antibiotic therapy (5).

The prevention of embolism

The risk of embolism-related complications is highest
(20-50%) in the first few days after antibiotic therapy
is begun; it is already lower (6-21%) in the ensuing
two weeks (24, 26). For this reason, surgery for the
prevention of embolism has the greatest benefit dur-
ing the first two weeks of antibiotic therapy.

Surgery

Patients with prosthetic valve endocarditis should be referred
to a specialized center with a cardiac surgery department and
an interdisciplinary endocarditis team.

Deutsches Arzteblatt International | Dtsch Arztebl Int 2023; 120: 692-702



Embolic events are hard to predict, but risk fac-
tors have been identified, including vegetation size
and mobility, vegetations on the mitral valve, in-
crease or decrease in vegetations with antibiotic
therapy, and certain types of pathogen, including
Staphylococcus aureus (26, 27).

When deciding on early surgery for embolic
prophylaxis, the presence of previous embolic events,
other complications of infective endocarditis, the size
and mobility of the vegetation, the type of microor-
ganism and the duration of antibiotic therapy should
be taken into account (24).

Current evidence suggests that, in patients with in-
fective endocarditis and extensive vegetations, early
treatment significantly reduces the combined endpoint
of death from any cause and embolic events, in com-
parison to later or conventional treatment (28), and is
associated with lower in-hospital and long-term mor-
tality (29, 30). The evidence regarding the timing of
surgery for infective endocarditis is weaker, consisting
mainly of expert consensus. Surgery is often unfav-
orably delayed because of a time lapse between the
diagnosis of infective endocarditis and the recognition
of the surgical indication arising from a complication
of infective endocarditis, as well as by delays in trans-
ferring patients from the external institutions where in-
fective endocarditis is often diagnosed to a specialized
center for cardiac surgery (31). Therefore, larger
prospective clinical trials are needed to determine the
optimal timing of surgery (32). The guidelines for the
diagnosis and treatment of infective endocarditis are
currently being revised; more specific recommen-
dations on the timing of surgery in these complex pa-
tients can be expected.

Prosthetic endocarditis in the TAVI era
Over the past 15 years, transcatheter aortic valve im-
plantation (TAVI) has revolutionized the treatment of
aortic stenosis and has increased the number of pa-
tients living with prosthetic valves (e26). The number
of patients with prosthetic valve endocarditis after
TAVT has risen accordingly. Multiple previous studies
have compared the incidence of endocarditis after sur-
gical and interventional valve replacement (TAVI)
(33-35, e27): observational analyses revealed no dif-
ference in incidence (ca. 3-25 per 1000 person-years)
over a follow-up period of 5-44 months (e26).
Multiple reviews and analyses of national and in-
ternational registries have yielded two main findings:
patients with TAVI endocarditis have poor survival,
with a mortality of 40—70% one year after diagnosis,

Septic emboli

Septic emboli arise in 20-50% of patients with prosthetic en-
docarditis and may be clinically silent.
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and the infected prosthesis is surgically explanted in
only 2—-14% of cases, despite a clear indication in
more than 80% (33, 36-38, ¢28). The reason for the
latter finding may be that these patients underwent
TAVI in the first place because of what was consid-
ered to be a high surgical risk, and were subsequently
even less likely to be operated on in the presence of
TAVI prosthetic endocarditis.

Many patients with infective endocarditis after
TAVI have early prosthetic endocarditis (39), which,
in most cases, affects not only the valve leaflets, but
the stent scaffold and annulus as well, causing valve
dehiscence and perivalvular abscesses (40). Possible
destruction of the aortic root, ingrowth of the stent
into the ascending aorta, and destruction of the aorto-
mitral continuity are feared complications (40). The
surgical treatment is generally highly demanding,
requiring extensive debridement, repair of peri-
valvular abscesses or fistulae, and the implantation of
a new prosthetic valve.

Enterococci are more prominent in the spectrum of
pathogens in prosthetic valve endocarditis after TAVI
than after surgical valve replacement. It has been
suggested that vascular access for TAVI through the
inguinal region may be a contributing cause. Reguiero
et al. detected enterococci (25%) and S. aureus
(23 %) in almost equal amounts, followed by coagu-
lase-negative staphylococci (17%) (37).

One factor elevating the risk of prosthetic endocar-
ditis after TAVI seems to be an increased gradient
after implantation (e26, €29). Higher transvalvular
gradients may cause turbulent flow and endothelial
damage, which can then serve as a nidus for the de-
velopment of vegetations (e30).

The limitations of diagnostic imaging, the com-
plexity of surgical treatment, and the predisposing
factors combine to make TAVI prosthetic endocarditis
a serious condition. Nonetheless, even though this
disease presents major medical and technical
challenges, timely and radical surgery can rescue the
patient from sepsis and heart failure and yield an ac-
ceptable outcome over the intermediate term and is
probably the best therapeutic option for these patients
(e28, 40).

Conclusion and future prospects

As more and more people are living with artificial heart
valves, programs for the prevention of infection need to
be intensified, and methods for the diagnosis and treat-
ment of prosthetic valve endocarditis need to be further
refined in order to improve outcomes. Patients with

Prosthetic valve endocarditis

Prosthetic valve endocarditis is classified as either early or late
because these two types have a different pathogenesis and a
different spectrum of pathogens. Prosthetic valve endocarditis
has a worse prognosis than native valve endocarditis, with a
mortality of 19-50 %.
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suspected prosthetic endocarditis should be transferred
as soon as possible to a specialized center with a multi-
disciplinary endocarditis team, as delayed transfer
worsens outcomes, and surgery for prosthetic valve
endocarditis is often these patients’ last chance.
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Prevention programs

Prevention programs need to be intensified, and the diagnosis
and treatment of patients with prosthetic valve endocarditis
need to be improved.
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Question 1

For which patients is antibiotic prophylaxis recommended
before high-risk dental procedures?

a) patients with cardiac pacemakers

b) patients with high-grade aortic valvular stenosis

c) patients with grade 3 tricuspid insufficiency

d) patients with a biological aortic valve prosthesis

e) patients with mitral valve prolapse

Question 2

Patients at high risk should receive endocarditis prophylaxis
before which of the following procedures?

a) colonoscopy

b) esophagogastroduodenoscopy

c) skin biopsy

d) tooth extraction

e) cystoscopy

—_ == =

Question 3

What preventive measures should be taken in patients at high

risk?

a) antibiotic prophylaxis before the insertion of central venous catheters

b) dental check-ups three times a year

c) the elimination of foci of bacterial infection

d) the preferential use of central, rather than peripheral, catheters for
VENous access

e) antibiotics in case of a common cold

Question 4

When, by definition, does late prosthetic endocarditis arise?
a) 3 months after surgery

b) 6 months after surgery

c) 9 months after surgery

d) >12 months after surgery

e) >24 months after surgery

Question 5

What treatment regimen is recommended in the ESC guideline
for patients with a prosthetic valve infection 7 months after
implantation?

a) vancomycin + rifampicin + gentamicin

b) ampicillin + flucloxacillin + gentamicin

c) fosmidomycin + ampicillin + flucloxacillin

d) chloramphenicol + fusidic acid + vancomycin

azithromycin + doxycyclin + rifampicin

_= = =

e

Question 6

What findings are consistent with the modified Duke criteria?

a) abnormal activity in the vicinity of the heart vves 2 weeks after im-
plantation

b) a positive ANA titer of 1/320

¢) a single positive blood culture for Coxiella burnetii

d) a positive Borrelia serology

e) an elevated erythrocyte sedimentation rate of 100 mm/h

Question 7

Prosthetic valve endocarditis is often treated with the same anti-
biotics as native valve endocarditis. For which class of pathogen
is the antibiotic treatment different in these two conditions?

a) enterococci

b) staphylococci

c) streptococci

d) Gram-negative pathogens

e) Candida spp.

Question 8

How long should antibiotics be given to treat streptococcal
<prosthetic valve endocarditis?

a) 2 weeks

b) 4 weeks
c) 6 weeks
d) 8 weeks
e) 12 weeks

Question 9

What is the most common surgical indication in prosthetic valve
endocarditis?

a) vegetations > 10 mm

b) fungal infection

¢) acute heart failure

d) perivalvular abscess

e) persistent positive blood cultures

Question 10

Which of the following is a risk factor for embolization in
prosthetic valve endocarditis?

a) a vegetation on the mitral valve

b) hypotension

c) ST-segment elevation

d) E. coli bacteremia

e) peripheral pulmonic stenosis

Participation is only possible online: cme.aerzteblatt.de
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eTABLE

Selected therapeutic regimens for empiric therapy and common pathogens of prosthetic valve endocarditis - modified

from Habib (5)*

coagulase-negative staphylococci

Unknown

expected pathogens: early, < 12 months after | vancomycin*1 30-(60) mg/kg/d in 2 doses
S.aureus valve implantation + rifampicin*? 900 mg/d in 2 doses
coagulase-negative + gentamicin*® 3mg/kg in 1 dose
staphylococci early and late, noso-

streptococci comial or health care

enterococci system-associated

occ. Gram-negative and fungi infections

TAVI:

enterococci

S. aureus

expere pathogens: late = 12 months after ampicillin 12 g/d in 4-6 doses

S. aureus, strreptococci, valve implantation (anal- | + flucloxacillin 12 g/d in 4-6 doses
enterococci ogous to native valve) + gentamicin*® 3mg/kg/d in 1 dose
Staphylococci

S. aureus or coagulase-negative flucloxacillin 12 g/d in 4-6 doses
staphylococci (methicillin- + rifampicin*? 900 mg/d in 2 doses
sensitive) + gentamicin®® (2 weeks) 3 mglkg in 1 dose

S. aureus or coagulase-negative vancomycin*' 30-(60) mg/kg/d in 2 doses
staphylococci (methicillin- + rifampicin*? 900 mg/d in 2 doses
sensitive) + gentamicin®® (2 weeks) 3 mglkg in 1 dose
Streptococci

<0.125 mg/L (sensitive) penicillin G 24 million 1U/d in 4-6 doses
MIC 0.125-2 mg/L (intermediate penicillin G 24 million 1U/d in 4-6 doses
sensitivity) + gentamicin*® (2 weeks) 3 mg/kg/d in 1 dose

Enterococci or resistant streptococci

ampicillin
+ gentamicin*® (2-6 weeks)

16 g/d in 4-6 doses
3 mglkg/d in 1 dose

Candida spp.***°

immediate surgery liposomal amphotericin B or
caspofungin

5 mglkg/d in 1 dose
70-(150) mg/d in 1 dose

* see also (https://infektiopedia.de/wiki/Endokarditis — last access 21.10.2022)
Duration of treatment: 6 weeks unless otherwise noted
"Level determination: trough 15-20 mg/L

2Dose according to American guidelines (€7) — high dose of 1 200 mg controversial (€32), Note: check interactions — see ,decide wisely“ recommendation (€33)

3 Level determination: trough < 1 mg/L

*Optimal duration of treatment unclear; in some cases, lifelong suppressive therapy with fluconazole 400 mg/d if sensitive (€34,e35)
% Antifungal therapy, lip. Amphotericin B 5 mg/kg, or, alternatively, caspofungin 70/50 mg (up to 150 mg in U.S. recommendations); later step-down to fluconazole

400-800 mg if sensitive, in some cases lifelong (€34,e35)
MIC, minimal inhibitory concentration
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Acute heart failure

® aortic or mitral valve endocarditis with severe acute
heart failure and progressive hemodynamic impairment
(1B)

Uncontrolled infection

® locally uncontrolled infection (abscess, aneurysm,
fistula, progressive vegetation) (IB)

© infection with fungi or multidrug-resistant pathogens
(I€)

® persistent positive blood cultures despite appropriate
antibiotic therapy (lla B)

© prosthetic endocarditis due to staphylococci or non-
HACEK Gram-negative pathogens (lla C)

Prevention of emboli

© gortic or mitral valve endocarditis with vegetations > 10
mm and
— embolic events under appropriate antibiotic therapy
(IB) or
— severe valvular involvement and low surgical risk
(laB)
© aortic or mitral valve endocarditis with isolated, very
large vegetations > 30 mm (lla B)
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CASE ILLUSTRATION

suffering from subfebrile temperatures, chills, and exhaustion for

several weeks, and he also complains of nonspecific joint pain. He re-
ports that, two years ago, he underwent a biological aortic valve replacement
because of aortic valve stenosis.

The laboratory findings include an elevated C-reactive protein level of
54 mg/L (normal: <5 mg/L) and an elevated erythrocyte sedimentation
rate of 88 mm/h, with a normal white blood count.

Transesophageal echocardiography (TEE) does not reveal any
vegetations on the aortic valve prosthesis or any clear evidence of peri-
valvular destruction. Staphylococcus aureus is detected in 3/3 serially
taken blood cultures one day later. A PET/CT then reveals a small area of
increased F-18-FDG uptake in the vicinity of the aortic valve ring. Pros-
thetic valve endocarditis is diagnosed.

The interdisciplinary board (cardiology, cardiac surgery, infectious
disease, microbiology, nuclear medicine, radiology) confirms the indi-
cation for surgical valve replacement, and antibiotic treatment is initiated
with with flucloxacillin 12 g/d in 3-4 divided doses (for 6 weeks) +
rifampicin 900 mg/d in 2 divided doses (for 6 weeks) + gentamicin 3 mg/
kg per day (for 2 weeks).

The intraoperative findings are much more pronounced than initially
expected from the echocardiographic images. A perivalvular abscess is
identified; radical debridement is performed, and continuity is restored
with a pericardial patch. Postoperatively, the control blood cultures are
immediately negative and the patient feels markedly less tired. Follow-
up echocardiography demonstrates the correct position and intact
function of the newly inserted aortic valve prosthesis.

On ambulatory follow-up three months later, the patient states that he
feels well, and the inflammatory parameters are normal.

0 72-year-old man presents to the emergency department. He has been
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