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Infective endocarditis — can we treat it more effectively?
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Abstract

Infective endocarditis (IE), despite the diagnostic and thera-
peutic advances, still remains a serious disease associated
with high mortality and serious complications. The present
guidelines of the European Cardiology Society of 2015 recom-
mend administration of the antibiotics indicated in empirical
therapy for multiple weeks and in targeted treatment often
for 6-8 weeks. This is associated with a risk of adverse effects
of antibiotic therapy in the form of nephro- and/or hepatotox-
icity and an increased risk of infections with Clostridioides dif-
ficile, while long-term hospitalisation is associated with high
non-drug costs. The recommendations developed by the Aus-
trian Society for Infectious Diseases and Tropical Medicine list
dalbavancin among the new antibiotics that may find appli-
cation in the treatment of IE of staphylococcal aetiology. This
antibiotic is a lipoglycopeptide antibiotic alternative to vanco-
mycin in the treatment of Staphylococcus aureus MRSA infec-
tions, especially in a situation where the minimum inhibitory
concentration for vancomycin is high but below the break-
point. Dalbavancin has very good pharmacokinetic and phar-
macodynamic properties, with a long duration of action of up
to 14 days after administration of a single dose (1500 mg in
a 30-minute infusion). This antibiotic is characterised by high
clinical efficacy with good treatment tolerance and safety pro-
file, without causing toxic effects in internal organs in com-
parison with vancomycin. In view of its safety, clinical efficacy
and convenient dosing, dalbavancin may prove a useful thera-
peutic option in the treatment of IE.

Key words: infective endocarditis, dalbavancin, echocardiogra-
phy, Endocarditis Team.

Streszczenie

Mimo postepu diagnostyki i terapii infekcyjne zapalenie wsier-
dzia (IZW) jest nadal powazng choroba, ktéra charakteryzuje
sie wysoka smiertelnoscia oraz wystepowaniem ciezkich po-
wiktan. Aktualne rekomendacje European Cardiology Socie-
ty 2015 zalecaja wielotygodniowe stosowanie okreslonych
antybiotykéw w terapii empirycznej oraz w leczeniu celowa-
nym, czesto przez 6-8 tygodni. Wiaze sie to z ryzykiem wysta-
pienia objawéw niepozadanych antybiotykoterapii, takich jak
dziatanie nerko- i/lub hepatotoksyczne czy infekcja Clostridio-
ides difficile, a dtugotrwata hospitalizacja taczy sie z duzymi
kosztami pozalekowymi. W rekomendacjach Austriackiego
Towarzystwa Choréb Infekcyjnych sposréd nowych antybioty-
kéw, ktére mogg mie¢ zastosowanie w leczeniu IZW o etiologii
gronkowcowej, wymienia sie miedzy innymi dalbawancyne.
Lek ten jest alternatywnym do wankomycyny, lipoglikopepty-
dowym antybiotykiem stosowanym w leczeniu zakazeh Sta-
phylococcus aureus MRSA, zwtaszcza gdy minimalne stezenie
hamujace dla wankomycyny jest wysokie, ale ponizej punktu
odciecia, tzw. breakpointu. Ma bardzo dobre wtasciwosci far-
makokinetyczne i farmakodynamiczne, charakteryzuje sie dtu-
gim okresem dziatania — do 14 dni po podaniu jednorazowej
dawki (1500 mg we wlewie 30-minutowym). Dalbawancyna
cechuje sie duzg skutecznoscig kliniczng, dobrag tolerancja
i profilem bezpieczenstwa, nie wywiera toksycznego wptywu
na narzady w poréwnaniu z wankomycyna. Ze wzgledu na bez-
pieczenstwo, skutecznosé kliniczng i wygodne dawkowanie
moze by¢ dobra opcja terapeutyczng w leczeniu IZW.

Stowa kluczowe: infekcyjne zapalenie wsierdzia, dalbawancy-
na, echokardiografia, ,Grupa IZW”.
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Infective endocarditis (IE) is a disease caused by an in-
fection of the endocardium — most commonly of the heart
valves but also ventricles, atria, and large blood vessels
of the chest. IE develops also subsequently to microbial
colonisation of foreign bodies in cardiac chambers such
as a pacemaker electrode, implanted cardioverter-defibril-
lator, prosthetic valves or intravascular catheters, whose
presence results from past medical procedures.

Despite the diagnostic and therapeutic advances, endo-
carditis still remains a serious disease associated with high
mortality and serious complications.

IE diagnosis in everyday clinical practice is still challeng-
ing because of its unspecific and variable clinical presenta-
tion, often at the intersection of infectious, autoimmune,
rheumatic and oncological diseases.

In line with the currently valid recommendations of the
European Society of Cardiology (ESC) of 2015, the following
diagnostic features of IE must be considered:

1) location and presence of a prosthetic material (prosthet-
ic valve) or implantation of a pacemaker or cardioverter-
defibrillator,

2) source of infection — infection not associated with health-
care contact, nosocomial or non-nosocomial healthcare-
associated infection, community-acquired infection due
to injection drug use),

3) process activity — active, cured (past),

4) infection relapses: relapse < 6 months after the first in-
fection or reinfection within > 6 months.

Most commonly, IE affects the aortic and mitral valves,
less commonly the tricuspid vale, and in approximately
10% of cases affects more than one valve.

The incidence of IE is 3-10 cases yearly per 100,000
population [1-3]. The highest incidence is observed among
persons aged 70-90 years, with a 2- to 3-fold predomi-
nance of men; it should be noted that almost a half of IE
cases occur in persons without a diagnosed structural dis-
ease of the heart [4]. Approximately 3,000 new cases occur
each year in Poland [5].

A particular group are intravenous users of heroin,
cocaine or amphetamine. They are mostly young people,
which constitutes an additional negative epidemiologi-
cal factor [6]. For this reason, the incidence of IE has been
increasing, and mortality ranges from 5% to 10% [7]. One
large single-centre study demonstrated an increased inci-
dence of IE caused by intravenous drug use from 14.8% in
2004 to 26.1% in 2012-2014 [8].

The factors predisposing to IE are an elderly age of > 65
years, male gender, history of a rheumatic disease, pres-
ence of a prosthetic heart valve, diabetes mellitus, HIV in-
fection, long-term presence of catheters in central veins,
dialysis treatment, immunosuppression, and intravenous
drug use by addicts. The most common complications of IE
include heart failure, renal failure, ischaemic stroke, inter-
stitial bleeding, and septic shock.

The main causative agents of IE in adults are Gram-pos-
itive bacteria, responsible for the disease in approximately
80% to 90% of cases. In recent years, a shift in the micro-
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biological profile of the disease has been observed, from
a streptococcal to staphylococcal causative agent. In view
of their ability to colonise implanted prosthetic materials,
enterococci, > 50% of which display high-level aminoglyco-
side resistance (HLAR), are responsible for 10-15% of infec-
tions, with 20-40% mortality [9]. Gram-negative bacteria
are a minority. They may be typical hospital bacteria with
a high level of antibiotic resistance, which caused a blood
infection in hospitalised patients, such as Enterobactera-
les spp. ESBL (+), Acinetobacter baumannii complex, Pseu-
domonas spp., or bacteria belonging to the HACEK group
(Haemophilus spp., Aggregatibacter spp., Cardiobacterium
hominis, Eikenella corrodens, Kingella spp.) as well as Coxi-
ella burnetii, Bartonella spp., Mycoplasma pneumoniae, Bru-
cella spp., and Legionella pneumophila. Approximately 1%
are infections of fungal aetiology, mainly caused by Can-
dida spp. [10].

The clinical presentation depends on whether the infec-
tious process involves the left half of the heart (peripheral
vascular emboli, heart failure of variable severity), or right
half of the heart (pneumonia, pulmonary embolism symp-
toms, less commonly right ventricular failure).

The active form is diagnosed on the basis of posi-
tive blood cultures or confirmed endocarditis signs and
when antibiotic treatment initiated for IE is still ongoing.
Moreover, 2 main types of recurrence are distinguishable:
relapse and reinfection. Relapsed IE is diagnosed when
> 6 months have passed since the original episode or when
the cause of infection is a different microorganism than
originally [11]. In other cases, a chronic form is recognised.

Factors associated with an increased risk of relapse in-
clude, for example, inadequate antibiotic treatment with
regard to drug selection, the dose and the duration of treat-
ment; resistance to typical antibiotic regimens; infection
with resistant pathogens, e.g. atypical bacteria, Brucella
spp., Coxiella burnetii, Bartonella spp., Mycobacterium spp.,
polymicrobial infection in intravenous drug addicts; persis-
tent metastatic infectious foci (abscesses); positive valve
cultures; chronic dialysis.

Subjective symptoms include high fever with chills
or prolonged subfebrile state with associated excessive
sweating, malaise, asthenia, arthralgia and myalgia, lack of
appetite and weight loss, headache, nausea, dyspnoea and
cough. Physical signs are heart murmurs (80%) suggesting
mitral or aortic insufficiency as a manifestation of valvu-
lar injury by the inflammatory process, emboli in vessels of
different organs, neurological disorders caused by a stroke,
peripheral vascular symptoms such as petechiae on the
skin or under the nail plate, painful, red, raised lesions
on fingers and toes (Osler’s nodes), retinal haemorrhages
(Roth spots) and non-painful haemorrhagic lesions on the
hands and foot soles (Janeway lesions).

Noticeable findings in laboratory tests are also high
levels of inflammatory markers — C-reactive protein ratio
(CRP), procalcitonin, erythrocyte sedimentation rate (ESR),
leucocytosis, high fibrinogen level, anaemia, microhaema-
turia and mild proteinuria (in > 50% of patients). High lev-
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els of inflammatory and immune markers may increase the
probability but do not confirm the diagnosis of IE, as such
signs lack specificity and are not included in the current
diagnostic criteria.

Electrocardiographic examination also lacks specificity
for the correct diagnosis of IE, because of the unspecific
image of electrocardiographic changes; the abnormalities
found are usually rather uncharacteristic and often overlap
with a pre-existing heart defect. It may also prove useful for
ruling out an acute coronary event.

IE diagnosis requires a combination of data from the
clinical presentation, microbiological tests and imaging ex-
aminations, mainly transthoracic echocardiography (TTE)
and transoesophageal echocardiography (TEE) [10]. In view
of the above, a new algorithm for the diagnostic work-up of
IE has been created, contained in the 2015 ESC guidelines.
The diagnosis of IE is still based on the Duke criteria, with
a particular role of echocardiography and microbiological
diagnostics [11].

TTE and TEE are methods of choice for the diagnosis of
IE and play a key role in further management and follow-
up of patients. Three echocardiographic images constitute
major diagnostic criteria of IE: vegetations (mobile or im-
mobile structures attached to valves or other structures of
the endocardium or to a prosthetic material implanted in
the heart), abscess or pseudoaneurysm, and new paraval-
vular leak [11]. The TTE examination should be performed
first in each patient when IE is suspected, while TEE is rec-
ommended for patients with a high clinical probability of
infective endocarditis and normal trans-thoracic echocar-
diographic findings.

Echocardiography is not only limited to early diagnosis
of the disease but also plays an important role in treatment
monitoring, early detection of complications, surgical treat-
ment decision making (e.g. determination of the embolic
risk) and long-term follow-up.

The 2015 ESC Guidelines for the management of IE also
concern the role of new imaging techniques whose use in
diagnostically challenging cases makes it possible to estab-
lish the final diagnosis in most patients, such as magnetic
resonance imaging (MRI) that increases the probability of
detecting cerebral complications of IE; computed tomog-
raphy (CT) recommended for the assessment of coronary
arteries with an associated risk of embolisation with veg-
etation fragments in the course of angiography, multi-slice
computed tomography (MSCT), and positron emission to-
mography-computed tomography (PET-CT), playing an im-
portant role in the diagnosis of embolic complications and
metastatic lesions, or single photon emission computed to-
mography (SPECT)/CT) with labelled leucocytes that enable
more specific detection of IEs and inflammatory lesions dif-
ferent than those revealed by PET/CT [11].

Microbiological tests that include blood cultures and, in
the case of IE patients undergoing a cardiac surgical proce-
dure, intraoperative material (native or prosthetic valves,
vascular prostheses, electrodes) are also important in the
diagnostic work-up of IE.
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The key issue for obtaining positive blood cultures is
taking samples before the initiation of antibiotic treatment.
A blood volume of 10 ml (better results are obtained when
the volume is increased to 20-30 ml) is collected into a set
of two bottles with transport and culture media (1 bottle is
intended for the detection of aerobic bacteria, and the sec-
ond one for the detection of anaerobic bacteria). At least
3 sets of 2 bottles each should be collected at 1-hour in-
tervals from peripheral access points (from the so-called
"fresh” puncture site) [11]. In a patient with suspected cath-
eter-induced infection, it is recommended to draw blood
concomitantly from the peripheral access point and from
the central vascular lines, and to collect the catheter tip.

If IE is suspected in a patient undergoing antibiotic
therapy and blood cultures are negative, discontinuation
of antibiotic treatment should be considered (even for 7—
10 days), and then 3 blood sets should be collected for mi-
crobial culture.

The evidence of IE (major criterion) according to the
2015 ESC guideline are at least two positive cultures of
blood samples collected 12 hours apart or of all of 3 or
a majority of at least 4 samples collected at least 1 hour
apart.

Endocarditis with negative blood cultures represents up
to 31% of all IE cases, representing a serious diagnostic and
therapeutic challenge. Negative cultures may be a conse-
quence of prior antibiotic therapy, fungal infection or infec-
tion with atypical bacteria, especially those with obligatory
intracellular growth. In such a case, it is indicated to per-
form serological tests for Coxiella burnetii (diagnostic titre
of phase | IgG > 1 : 800) and Bartonella spp., Aspergillus
spp., Mycoplasma pneumoniae, Brucella spp. and Legionella
pneumophila, followed by polymerase chain reaction (PCR)
assays for the presence of Tropheryma whipplei, Bartonella
spp. and fungi (Candida spp., Aspergillus spp.).

Identification of the IE-causative microorganism is im-
portant for the appropriate selection of adequate antimi-
crobial treatment. The objective of the therapy is pathogen
eradication. Treatment is difficult because of the presence
of focal lesions in the vegetations with a high density of
bacteria, and biofilm formation, which interferes with an-
tibiotic penetration. Medicines are administered intrave-
nously, and the duration and type of treatment depend
on the type of the causative factor as well as on whether
a native valve or a prosthetic valve is involved. In the case
of treatment of a native valve infection in IE, its duration is
2-6 weeks, and prosthetic valve IE should be treated for at
least 6 weeks.

The most effective form of treatment is targeted ther-
apy based on culture results with pathogen identification
and drug susceptibility testing.

The antibiotic treatment is based in most cases on the
2015 guidelines of the European Cardiology Society that de-
scribe in detail the treatment regimens while taking into
account the aetiology and location of the developing infec-
tion — a native valve (native valve endocarditis — NVE) or
a prosthetic valve (prosthetic valve endocarditis — PVE).

Kardiochirurgia i Torakochirurgia Polska 2020; 17 (1)
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The above-mentioned guidelines take into account only
published data from clinical trials and cohort studies in-
vestigating the efficacy of antibiotic treatment of patients
with IE, while the guidelines of the Clinical and Laboratory
Standards Institute (CLSI) were taken into consideration
in the determination of a minimum inhibitory concentra-
tion (MIC) of an antibiotic, instead of the European Com-
mittee on Antimicrobial Susceptibility Testing (EUCAST),
since most of the IE-related data were based on the CLSI
values.

Empirical antibiotic treatment should be instituted
as soon as possible after blood collection for culture. The
choice of empirical treatment depends in particular on
whether the patient has previously received antibiotics,
whether the infection affects a native or a prosthetic valve,
what the source of the infection is (IE not associated with
healthcare contact, nosocomial or non-nosocomial health-
care-associated IE) and should take into account the local
epidemiological situation as regards the occurrence of spe-
cific pathogens along with their resistance profiles.

The following empirical treatment regimens are recom-
mended while waiting for the microbiological result in pa-
tients with IE confirmed on the basis of the clinical presen-
tation and echocardiography:

— NVE not associated with healthcare contact or PVE that
has developed > 12 months after surgery — ampicillin in
combination with cloxacillin and gentamicin, or vanco-
mycin in combination with gentamicin when the patient
is allergic to B-lactams;

—early PVE (< 12 months after surgery) — vancomycin for
6 weeks in combination with gentamicin for 2 weeks and
rifampicin [11], and late PVE (> 12 months after surgery) —
empirical treatment as in the case of NVE.

Having obtained the results of blood cultures, the treat-
ment used so far should be modified on the basis of caus-
ative factor identification and antibiotic susceptibility test-
ing.

In the case of a streptococcal infection:

— penicillin G or amoxicillin or ceftriaxone for 4 weeks
(standard treatment, 4 weeks) or penicillin G or amoxi-
cillin or ceftriaxone in combination with gentamicin or
netilmicin (shorter treatment, 2 weeks) or, in patients al-
lergic to B-lactam antibiotics, vancomycin for 4 weeks;
MIC condition for penicillin < 0.125 mg/|;

- penicillin G or amoxicillin or ceftriaxone for 4 weeks in
combination with gentamicin for 2 weeks or, in patients
allergic to B-lactam antibiotics, vancomycin for 4 weeks
in combination with gentamicin for 2 weeks; MIC condi-
tion for penicillin 0.125-2 mg/I.

Dosage of the above antibiotics:

- penicillin G 12-18 million U/day in 4-6 doses or continu-
ous infusion for susceptible strains (MIC < 0.125 mg/l); in
relative resistance (MIC 0.25-2 mg/l) 24 million U/day in
4—-6 divided doses or continuous infusion,

—amoxicillin 100-200 mg/kg/day in 4-6 doses,

— ceftriaxone 2 g/day in 1 dose,

— gentamicin 3 mg/kg/day in 1 dose,
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— netilmicin 4-5 mg/kg/day in 1 dose,
—vancomycin 30 mg/kg/day in 2 doses.

In the case of a staphylococcal infection:
1) Native valve, when the causative agent is:

— methicillin-susceptible Staphylococcus aureus methi-
cillin (MSSA) — cloxacillin or oxacillin for 4-6 weeks or
combination treatment: co-trimoxazole (intravenously
for 1 week or orally for 5 weeks) in combination with
intravenous clindamycin for 1 week,

— methicillin-resistant Staphylococcus aureus (MRSA) —
vancomycin for 4-6 weeks or daptomycin (4-6 weeks)
or co-trimoxazole in combination with clindamycin.

It is not recommended to routinely add gentamicin in
the treatment of staphylococcal native valve IE due to the
risk of nephrotoxicity of gentamicin and the lack of evi-
dence of its clinical benefits.

2) Staphylococcal infection of a prosthetic valve:

— MSSA - cloxacillin or oxacillin for > 6 weeks in combi-

nation with rifampicin for > 6 weeks and with gentamicin

for 2 weeks,

—MRSA — vancomycin for > 6 weeks in combination
with rifampicin for > 6 weeks and with gentamicin for
2 weeks [10].

Dosage of the above antibiotics:

— cloxacillin 12 g/day in 4-6 doses,

— co-trimoxazole (sulfamethoxazole 4800 mg/day and trim-
ethoprim 960 mg/day in 4-6 doses),

— clindamycin 1800 mg/kg/day in 3 doses,

- daptomycin 10 mg/kg/day once daily,

—gentamicin 3 mg/kg/day in 1-2 doses,

— rifampicin 900-1200 mg/day in 2-3 doses,

—vancomycin 30-60 mg in 2-3 doses.

The trough plasma concentration of vancomycin should
be > 20 mg/l while in the case of an MRSA infection the
recommended AUC/MIC level for vancomycin is > 400.

Treatment of enterococcal endocarditis creates two ba-
sic issues; on one hand, enterococci are characterised by
high resistance to bactericidal agents, due to which their
eradication requires the use of the combination treat-
ment extended to 6 weeks, and on the other hand, those
microorganisms may have a mechanism of resistance to
high concentrations of aminoglycosides (HLAR). When
the IE causative agent is Enterococcus faecalis suscep-
tible to B-lactams and gentamicin, ampicillin (amoxicillin)
200 mg/kg/day for 4-6 weeks in combination with genta-
micin 3 mg/kg/day in 1 dose or vancomycin 30 mg/kg/day
in 2 doses together with gentamicin 3 mg/kg/day in 1 dose
should be instituted.

To eradicate non-HLAR E. faecalis, combination treat-
ment with ampicillin 200 mg/kg/day in 4-6 doses and
ceftriaxone 4 g/day in 2 doses may be used, which dem-
onstrates similar efficacy as ampicillin administered in
combination with gentamicin. Such treatment is also safer
and additionally devoid of the nephrotoxicity risk. Vanco-
mycin in combination with gentamicin may also be used,
but always with monitoring of serum concentrations of
both antibiotics in view of their toxicity.
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In the case of resistance to B-lactams: 1) if due to
B-lactamase production, ampicillin should be switched to
ampicillin with sulbactam or amoxicillin should be switched
to amoxicillin with clavulanic acid; 2) if due to PBP5 altera-
tion, vancomycin-based regimens should be used. When
enterococci exhibit a high level of resistance to gentami-
cin (MIC > 500 mg/l); in the case of susceptibility to strep-
tomycin, gentamicin should be switched to streptomycin
15 mg/kg/day in 2 divided doses.

For strains with multiple resistance to aminoglycosides,
B-lactams and vancomycin, an alternative treatment is
a combination of daptomycin 10 mg/kg/day with ampicil-
lin 200 mg/kg/day in 4-6 doses or linezolid 2 x 600 mg for
> 8 weeks or quinupristin—dalfopristin 3 x 7.5 mg/kg/day for
> 8 weeks (quinupristin—dalfopristin only for E. faecium) [11].

When the causative agents of IE are fastidious micro-
organisms of the HACEK group that produce B-lactamases,
ceftriaxone should be administered for 4 weeks for NVE
or 6 weeks for PVE, and for bacteria that do not produce
B-lactamases, a therapeutic option may be ampicillin
in combination with gentamicin [11].

If the causative agent is non-fermenting bacilli such as
Pseudomonas aeruginosa or other Gram-negative bacteria,
then third- or fourth-generation cephalosporins with anti-
Pseudomonas activity such as ceftazidime or cefepime are
used in combination with an aminoglycoside. If Enterobac-
teriaceae spp. or Klebsiella spp. bacilli are isolated, ceftriax-
one should be used in combination with amikacin unless it
is an ESBL (+)-producing strain [11].

Treatment of infectious endocarditis of fungal origin
(Candida spp., Aspergillus spp.) most commonly applies to
patients with a valvular prosthesis or to intravenous drug
addicts and immunocompromised patients. The antifungal
treatment in the case of IE caused by Candida spp. includes
liposomal amphotericin (3-5 mg/kg/day) or other lipid for-
mulations in combination with flucytosine (100 mg/kg/day
divided into 4 doses) and with echinocandins (caspofungin,
micafungin, anidulafungin) at high doses, while when the
causative agent is Aspergillus spp., voriconazole is recom-
mended (6 mg/kg every 12 hours during the first 24 hours,
followed by 4 mg/kg every 12 hours) [11].

Treatment of endocarditis with a consistently negative
culture, due to such pathogens as Brucella spp., Coxiella
burnetii, Bartonella spp., Legionella spp., Mycoplasma spp.,
Tropheryma whipplei, is presented below:

— Brucella spp. — doxycycline + co-trimoxazole + rifampicin
for > 3-6 months orally; in the first few weeks streptomy-
cin may be added in 2 divided doses,

— Coxiella burnetii - doxycycline + hydroxychloroquine (op-
tion preferred to doxycycline alone) for > 18 months,

— Bartonella spp. — doxycycline for 4 weeks + gentamicin
for 2 weeks,

— Legionella spp. — levofloxacin for > 6 weeks + clarithro-
mycin for 2 weeks, followed by oral administration for
4 weeks + rifampicin for 6 weeks,

— Mycoplasma spp. — intravenous or oral levofloxacin for
> 6 months,
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— Tropheryma whipplei — doxycycline + hydroxychloro-
quine (option preferred to doxycycline alone) for > 18 months.
Sometimes a decision must also be made to use inva-
sive treatment of IE which most commonly involves a car-
diac surgical procedure of replacement of the destroyed
valve and removal of vegetations that are present on it. In
line with the 2015 ESC guidelines, in some cases surgery
needs to be performed on an emergency (within 24 hours)
or urgent (within a few days, < 7 days) basis, regardless of
the duration of antibiotic treatment. Indications for early
surgical treatment apply to three patient groups: patients
with heart failure, patients with uncontrolled infection
(persistent positive blood cultures despite the appropriate
antibiotic treatment) and to prevent embolic events.

An important role is also played by prophylaxis, which is
indicated only in high-risk patients after dental procedures
such as patients with a prosthetic valve or with prosthetic
material used for cardiac valve repair; patients with previ-
ous IE, patients with untreated cyanotic congenital heart
disease, and patients with congenital heart diseases after
palliative surgery with shunt creation or with other pros-
thetic material. In the prophylaxis in high-risk patients,
amoxicillin or ampicillin should be used at a dose of 2 g
orally or intravenously, and in patients allergic to B-lactams
clindamycin should be used at a dose of 600 mg orally
or intravenously [10].

The present guidelines that make use of the current
pharmacological armamentarium recommend adminis-
tration of the antibiotics indicated in empirical therapy
for multiple weeks and in targeted treatment often for
6—8 weeks [11]. This is associated with a risk of adverse
effects of antibiotic therapy in the form of nephro- and/or
hepatotoxicity and an increased risk of infections with Clos-
tridioides difficile, while long-term hospitalisation is associ-
ated with high non-drug costs. Treatment of IE in patients
undergoing dialyses or in the course of immunosuppres-
sive treatment after organ transplantation is particularly
difficult and prolonged, and often has a poor outcome. The
development of antibiotic tolerance may result in inhibition
of bacterial growth and the lack of bactericidal efficacy of
the antibiotic.

The recommendations developed by the Austrian Soci-
ety for Infectious Diseases and Tropical Medicine (OGIT) list
dalbavancin among the new antibiotics that may find ap-
plication in the treatment of IE of staphylococcal aetiology
[12]. This antibiotic is a lipoglycopeptide antibiotic alterna-
tive to vancomycin in the treatment of MRSA infections,
especially in a situation where the MIC for vancomycin
is high but below the breakpoint. Dalbavancin is character-
ised by low MIC values [13] in comparison with vancomycin
and by bactericidal activity in contrast to the bacteriostatic
properties of vancomycin, in particular against Gram-posi-
tive bacteria. Dalbavancin has very good pharmacokinetic
and pharmacodynamic properties, with a long duration of
action of up to 14 days after administration of a single dose
(1500 mg in a 30-minute infusion), which makes it possible
to shorten the hospitalisation time through discharging the
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patient in the course of treatment, and thus to reduce the
treatment costs.

The medicine may also be administered in a divided
dose of 1000 mgon day 1 and 500 mg on day 8. In a phase llI
study, Dunne et al. demonstrated similar effects of the
medicine regardless of its dosage regimen [14].

This antibiotic is characterised by high clinical efficacy
with good treatment tolerance and safety profile, without
causing toxic effects in internal organs in comparison with
vancomycin; in particular it is devoid of the nephrotoxic
and ototoxic properties characteristic for vancomycin.

Dalbavancin is approved for the treatment of acute
bacterial skin and skin structure infections (ABSSSI) in
adults, but this antibiotic has also proven to be effective
in methicillin-resistant staphylococcal infections such as
bone infections [15], sternum infections after cardiac surgi-
cal procedures [16], catheter-induced bacteraemia [17], and
infective endocarditis [17].

A large study [18] within the framework of the SENTRY
Antimicrobial Surveillance Program evaluated the efficacy
of dalbavancin against 626 Gram-positive strains isolated
from patients with confirmed infective endocarditis in
2007-2017 from medical centres in the USA (n = 222) and
Europe (n = 404). Dalbavancin and daptomycin exhibited
100% activity against S. aureus, but the MIC values for
dalbavancin were 4- to 8-fold lower. Vancomycin, linezolid
and teicoplanin were also active against all S. aureus. All
E. faecalis isolates were susceptible to ampicillin, daptomy-
cin and linezolid, while 97.6% of the isolates were suscepti-
ble to dalbavancin with MICy, 0.06 mg/l, while 96.7% were
susceptible to vancomycin with a high MIC,, of 2 mg/l. For
Enterococcus faecium, 65.7% of the isolates were inhibited
with MIC £ 0.25 mg/l for dalbavancin, and 62.9% were sus-
ceptible to vancomycin with MICgy/g,1/> 16 mg/L.

In another 2-year study [19] including 27 patients with
IE caused by Gram-positive strains, clinical and microbio-
logical success was obtained in 24 (92.6%) patients after
administration of 1 dose of dalbavancin.

In view of its safety, clinical efficacy and convenient
dosing, dalbavancin may prove a useful therapeutic option
in the treatment of IE.

Dalbavancin is also taken into account in consider-
ations of outpatient continuation of antibiotic treatment
in view of its long half-life, although there is no such indi-
cation within the approved labelling. Beneficial effects of
outpatient continuation of the treatment of different types
of Gram-positive infections with dalbavancin, including the
treatment of 2 persons with an electrode-induced endocar-
dial infection, were described in a publication by authors
from Baltimore [20]. A retrospective analysis of the results
of treatment of IE patients with dalbavancin in primary
therapy and secondary use of dalbavancin with continua-
tion in an outpatient setting was published by physicians
of the General Hospital of Vienna [19].

Despite the attained consensus with regard to most an-
tibiotic treatment regimens, the optimal treatment method
for IE, in particular when associated with an MRSA infec-
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tion, is still under dispute. New reports keep appearing,
most commonly on experimental studies with the use of
new lipoglycopeptide antibiotics, indicating their possible
applications in more severe IE forms. The long half-life,
which differentiates dalbavancin from other antibiotics,
raises hope for the possibility of future treatment con-
tinuation in certain patients with the use of dalbavancin
in an outpatient setting. Such a treatment method would
contribute to shortening of the hospitalisation time, which
would certainly decrease the level of exposure of the pa-
tient to nosocomial infections and reduce the treatment
costs.

Treatment of an IE patient requires the teamwork of
specialists in multiple areas of medicine, such as cardiolo-
gists, cardiac surgeons, microbiologists, specialists of infec-
tious diseases, neurologists, neurosurgeons, and ischaemic
disease specialists. Modelled on the “Heart Team”, the
“Endocarditis Team” has been created; its members are to
jointly make decisions about the selection of the optimum
treatment method of IE. Such a multidisciplinary approach
to the patient significantly reduces the mortality of IE pa-
tients [10].
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