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Background: Linezolid is a bacteriostatic oxazolidinone antibiotic that has been proven to be effective for
the treatment of patientswith pneumonia, skin and soft tissue infections, and possibly bacteraemia, due to
Gram-positive cocci. However, the drug is sometimes used for the treatment of patients with endocarditis
due to Gram-positive cocci resistant to other antibiotics.

Methods: We carried out a review of the available literature to evaluate whether linezolid is also effective
for the treatment of patients with infective endocarditis.

Results: We identified 23 case reports and 3 case series reporting the experience with 56 patients with
endocarditis treated with linezolid. Evaluable data for 33 patients who received linezolid and for whom
individualpatientdatawere reportedwere furtheranalysed.Prostheticvalve infectiveendocarditis accoun-
ted for 25% of the reviewed cases. Methicillin-resistant Staphylococcus aureus and vancomycin-
intermediate S. aureus were the most commonly isolated cocci (24.2% and 30.3% of cases, respectively).
Linezolid alone was administered to 66.7% of patients while the rest received the antibiotic in combination
with rifampicin, gentamicin, fusidic acid or amikacin. A total of 63.6% (21/33) of patients with endocarditis
were cured after linezolid administration. The overall and endocarditis-related mortality was 33.3% (11/33)
and 12.1% (4/33), respectively. Thrombocytopenia developed in 30.8% (8/26) of patients for whom relevant
data were available.

Conclusions: The limited available evidence suggests that linezolid may be considered as a therapeutic
option for the treatment of patients with endocarditis due to multidrug-resistant Gram-positive cocci.
However, further published experience is needed to answer the question of whether a bacteriostatic anti-
biotic could be proven beneficial for patients with an infection for which bactericidal antibiotics have been
traditionally used.
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Introduction

Linezolid has been used for the treatment of patients with pneu-
monia, bacteraemia, and skin and soft tissue infections due to
Gram-positive cocci. However, the gradually increasing frequency
of infections caused by multidrug-resistant (MDR) microorgan-
isms has led to the use of linezolid for the treatment of patients with
infections in other body organs and tissues. Among these infec-
tions, endocarditis has a special clinical significance because it is
associated with considerable morbidity (attributed mainly to its
complications such as congestive heart failure, embolic episodes,
mycotic aneurysms, and splenic abscesses) and mortality, which
reaches 16–25% of the affected individuals even nowadays.1–3

Although antibiotics with bactericidal activity have been con-
sidered the gold standard for the treatment of patients with deep

tissue infections such as endocarditis and osteomyelitis, the use of
linezolid, a bacteriostatic antibiotic, sometimes becomes a necessity
in patients with infections in these sites due to bacteria with in vitro
resistance to other antimicrobial agents. Therefore, we sought to
review and evaluate the available evidence regarding the effective-
ness and safety of linezolid in patients with bacterial endocarditis.

Methods

Literature search

We carried out a systematic review of the current evidence for the
effectiveness of linezolid in the treatment of endocarditis. Two inde-
pendent reviewers (KGM and FN) searched PubMed (January 1995
to March 2006) in order to identify articles appropriate for inclusion
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in our review. We also searched reference lists of retrieved articles
for other relevant papers. Search terms included ‘endocarditis’,
‘linezolid’, ‘heart disease’, ‘bacteraemia’, ‘Gram-positive bacteria’,
‘Staphylococcus’, ‘Enterococcus’ and ‘Streptococcus’.

Study selection and data extraction

A study was eligible for inclusion in the review if it assessed the
effectiveness and safety of linezolid for the treatment of patients with
infective endocarditis. Case series and case reports were eligible for
inclusion. All patients receiving treatment with linezolid for infective
endocarditis were evaluable for the analysis, if age, gender, medical
history, reason for linezolid administration and/or outcome of the
infection was available. All patients with endocarditis according to
Duke’s criteria who received linezolid as a monotherapy or as a part
of the regimen are included. Studies evaluating animal models were
not eligible for inclusion in this review.

The treatment outcome was defined as cure when patient’s general
status had improved, the blood cultures were negative and trans-
thoracic echocardiograph (TTE) or transoesophageal echocardio-
graph (TEE) revealed no evidence of persistent vegetations on the
infected valve according to the information provided by the authors
of each case report. In addition, an adequate follow-up period (at least
1 month) was necessary. Treatment outcome was defined as improve-
ment when there were no signs of persistent infection (negative blood
cultures, no evidence of persistent vegetations) but the duration of the
follow-up period was not adequate (less than 1 month) or the patient
died due to other reasons during the same hospitalization. Treatment
failure was defined as persistence of signs, symptoms, and laboratory
or imaging findings of infective endocarditis despite appropriate
antibiotic treatment with linezolid, relapse of the infection or
death due to infective endocarditis or its complications.

Results

Case reports

A summary of the evidence from published case reports to date
with use of linezolid with bacterial endocarditis is shown in
Table 1.4–27 A total of 33 cases were retrieved. Information
regarding the demographics, clinical data, type of heart valve
and other variables were not reported in a few cases, thus the
denominator varies in the following proportion of cases. Of the
affected individuals 62.5% (20/32) were men. The median age of
patients was 66 years (range 0.5–80). Prosthetic valve infective
endocarditis accounted for 25% (8/32) of cases.

Chronic renal failure (27.3%, 9/33), immunosuppression due to
steroid therapy (24.2%, 8/33) and diabetes mellitus (24.2%, 8/33)
were the most common comorbidities. Other diseases reported in
the reviewed cases were coronary artery disease (12.1%, 4/33)
and asthma or chronic obstructive pulmonary disease (9.1%,
3/33). Only one of the reported patients had a positive history
of rheumatic disease. One more patient was human immunode-
ficiency virus (HIV) seropositive. None of the reported patients
with infective endocarditis had history of intravenous drug abuse.

Blood cultures were performed and proven positive for all
reviewed patients; the identity of one isolate was not available.
Methicillin-resistant Staphylococcus aureus (MRSA) and
vancomycin-intermediate resistant S. aureus (VISA) or S. aureus
with reduced susceptibility to vancomycin were the predominant
isolated pathogens [24.2% (8/33) and 30.3% (10/33), respect-
ively]. Other commonly isolated pathogens included
vancomycin-resistant Enterococcus (VRE) faecalis (6.1%, two

isolates) and faecium (12.1%, four isolates), vancomycin-
susceptible E. faecalis (6.1%, two isolates) and coagulase-
negative staphylococci (15.2%, five isolates). None of the
blood cultures yielded more than one microorganism.

Ultrasound techniques were applied to detect valve vegeta-
tions. The echocardiogram method used for the diagnosis of
nine cases (28.1%) of endocarditis was not specified. TEE was
used in 50% (12/24) of the cases reporting the echocardiogram
method used, while TTE was used in the remaining cases.

The reason for administration of linezolid varied between
cases. No reason was reported for one case. Failure of previously
administered treatment was the most common reason for admin-
istration of linezolid (34.4%, 11/32). In seven additional patients,
the authors considered the administration of vancomycin for
7 days without clinical or microbiological improvement as treat-
ment failure. Other reasons for administration of linezolid
included history or development of allergic reactions to vanco-
mycin or teicoplanin (21.9%, 7/32), development of other adverse
effects with the antibiotics administered prior to linezolid (12.5%,
4/32), refusal or inability of patients to receive intravenous anti-
biotics (9.4%, 3/32) and isolation of MDR bacteria (1 patient).

The median duration of linezolid administration was 42 days
(range 7–148). Linezolid was administered at the same dosage in
all case reports (600 mg every 12 h), except for a neonate who
received a dosage of 15 mg/kg every 8 h. Linezolid was admini-
stered either alone (66.7%, 22/33) or in combination with
rifampicin (5 cases), gentamicin (4 cases), fusidic acid (3 cases)
or amikacin (1 case). A total of 16 out of 24 (66%) patients
for whom the method of administration was specified in the
reviewed articles received oral linezolid. In 9 of these 16 patients
oral linezolid was used after intravenous administration of the
drug (the 7 remaining patients were primarily treated with oral
linezolid). Eight out of 33 (24%) patients had a surgical inter-
vention; operation for replacement of a prosthetic and natural
valve was performed in 3 and 5 patients, respectively.

The outcome at the end of the follow-up period (median
6 months, range 1 week to 52 months) was good for the majority
of patients with endocarditis treated with linezolid (63.6%, 21/33
cases). Three out of these 21 patients who were treated success-
fully with linezolid for endocarditis died of other comorbidity
during the follow-up period. Of note, the follow-up period was
‡6 months for 12 out of 21 patients with complete resolution of
their infection. Failure of treatment with linezolid was docu-
mented in 7 cases (21.2%). Of these 7 patients with documented
failure of linezolid treatment 4 died of endocarditis whereas the
remaining 3 patients had persisting positive blood cultures that
became negative after the administration of other antibiotics. In
addition to these 7 patients, the results were considered indeter-
minate for 5 patients even though their laboratory and/or imaging
findings improved after the administration of linezolid. Four of
these 5 patients died (2 of them due to a new infection other than
endocarditis and 2 due to other comorbidity). The overall and
endocarditis-related mortality was 33.3% (11/33) and 12.1%
(4/33), respectively.

Information regarding the possible adverse effects associated
to linezolid administration was available in 26 case reports.
Adverse effects developed in 9 of these patients (34.6%). Throm-
bocytopenia developed in 30.8% (8/26) of patients. Seven of
these patients had platelet counts <100 000/mL; the platelet
count of one patient was not reported. Two patients discontinued
treatment with linezolid and one of them also received platelet

Systematic review

274

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/58/2/273/718149 by guest on 24 April 2024



T
a
b
le

1
.
C
h
ar
ac
te
ri
st
ic
s
an
d
o
u
tc
o
m
e
o
f
p
at
ie
n
ts
in

th
e
re
v
ie
w
ed

ca
se

re
p
o
rt
s

F
ir
st
au
th
o
r,

y
ea
r
o
f

p
u
b
li
ca
ti
o
n

(r
ef
)

S
ex

an
d

ag
e

C
o
m
o
rb
id
it
ie
s

In
fe
ct
ed

v
al
v
e

Is
o
la
te
d

p
at
h
o
g
en
s

P
re
v
io
u
s

an
ti
b
io
ti
c

tr
ea
tm

en
t

(d
u
ra
ti
o
n
,

d
ay
s)

R
ea
so
n
fo
r

li
n
ez
o
li
d

ad
m
in
is
tr
at
io
n

D
u
ra
ti
o
n
o
f

li
n
ez
o
li
d

tr
ea
tm

en
t

(d
ay
s)

O
u
tc
o
m
e

F
o
ll
o
w
-u
p

d
u
ra
ti
o
n

(m
o
n
th
s)

A
d
v
er
se

ef
fe
ct
s

H
il
l
et

a
l.
,

2
0
0
6
(4
)

M
4
6

R
A
,
A
V

an
d
M
V

re
p
la
ce
m
en
t

p
o
ss
ib
le

ab
sc
es
s
in

th
e
m
it
ra
l-
ao
rt
ic

ar
ea

C
o
N
S

V
A
N
,
R
IF

(1
5
),

T
E
C
,

F
U
S
(8
)

al
le
rg
ic

re
ac
ti
o
n
to

V
A
N
,

th
ro
m
b
o
cy
to
p
en
ia

d
u
e
to

T
E
C

1
8

cu
re

6
n
o
n
e

C
o
rn
e
et

a
l.
,

2
0
0
5
(5
)

M
6
2

as
th
m
a

n
at
iv
e
M
V

M
R
S
A

V
A
N

(1
3
),

S
X
T
(1
0
)

re
fu
se
d
to

co
n
ti
n
u
e

h
o
sp
it
al
iz
at
io
n

2
9

Im
p
ro
v
em

en
t—

re
la
p
se
—
d
ie
d

2
an
ae
m
ia
,

th
ro
m
b
o
cy
to
p
en
ia

D
e
F
ei
te
r

et
a
l.
,

2
0
0
5
(6
)

M
4
9

M
ar
fa
n
d
is
ea
se
,

H
o
E
,
M
V
,

A
V

re
p
la
ce
m
en
t,

C
A
D
,
A
A

p
ro
st
h
et
ic

M
V

S
ta
p
h
yl
o
co
cc
u
s

ep
id
er
m
id
is
,

d
ev
el
o
p
in
g

M
R
S
E

O
X
A

(1
1
),

G
E
N
,

R
IF

(4
3
),

V
A
N

(4
0
),

F
U
S
(N

A
)

tr
ea
tm

en
t

fa
il
u
re

1
4
8

im
p
ro
v
em

en
t—

d
ie
d
o
f
se
p
ti
c

d
u
e
to

K
le
b
si
el
la

p
n
eu
m
o
n
ia
e

1
.5

n
o
n
e

N
at
h
an
i
et

a
l.
,

2
0
0
5
(7
)

F
2
8

as
th
m
a,

h
is
to
ry

o
f

M
R
S
A

in
fe
ct
io
n
s

n
at
iv
e
T
V
,
P
V

M
R
S
A

V
A
N

(N
A
)

n
o
iv

ac
ce
ss

2
8

cu
re

N
A

n
o
n
e

N
g
et

a
l.
,

2
0
0
5
(8
)

M
3
7

R
H
D
,
H
o
E
,
al
le
rg
y

to
b-
la
ct
am

s

n
at
iv
e
M
V

S
tr
ep
to
co
cc
u
s

m
it
is

V
A
N
,
G
E
N

(5
)

d
ev
el
o
p
m
en
t

o
f
ra
sh

4
3

cu
re

1
n
o
n
e

S
h
ah

an
d

M
u
ri
ll
o
,

2
0
0
5
(9
)

F
4
6

C
R
F
,
ar
te
ri
al

g
ra
ft
o
f
le
ft
il
ia
c

ar
te
ry
,
al
le
rg
y
to

V
A
N

an
d
P
E
N

n
at
iv
e
T
V

w
it
h

ce
re
b
ra
l
em

b
o
li

C
o
ry
n
eb
a
ct
er
iu
m

st
ri
a
tu
m

n
o
n
e

al
le
rg
y
to

A
M
P
,V
A
N

7
fa
il
u
re

N
A

N
A

S
o
u
li
et

a
l.
,

2
0
0
5
(1
0
)

M
6
7

H
o
E

p
ro
st
h
et
ic

T
V

M
R
S
A

V
A
N

th
en

T
E
C
,

R
IF
,
G
E
N
,

S
X
T
(2
0
)

A
R
F

4
2

cu
re

1
2

N
A

W
ar
eh
am

et
a
l.
,

2
0
0
5
(1
1
)

F
6
1

M
V

re
p
la
ce
m
en
t,

re
p
ea
te
d

b
ac
te
ra
em

ia
s

p
ro
st
h
et
ic

M
V

S
.
ep
id
er
m
id
is

V
A
N
,
R
IF
,

F
U
S
(N

A
)

tr
ea
tm

en
t

fa
il
u
re

1
4

cu
re

1
2

th
ro
m
b
o
cy
to
p
en
ia

F
7
9

M
V

re
p
la
ce
m
en
t,

al
le
rg
y
to

P
E
N

p
ro
st
h
et
ic

M
V

V
R
E
fa
ec
a
li
s

Q
/D
,

D
O
X

(N
A
)

tr
ea
tm

en
t

fa
il
u
re

9
8

cu
re

5
2

N
A

A
rc
h
u
le
ta

et
a
l.
,

2
0
0
4
(1
2
)

M
6
4

H
IV

(+
),
H
ep

C
,
R
T
,

p
ar
at
h
y
ro
id
ec
to
m
y

n
at
iv
e
M
V

V
R
E
fa
ec
iu
m

Q
/D

(2
1
),

S
A
M

(4
),

D
O
X

(1
7
)

tr
ea
tm

en
t

fa
il
u
re

4
2

cu
re

6
th
ro
m
b
o
cy
to
p
en
ia

B
as
se
tt
i
et

a
l.
,

2
0
0
4
(1
3
)

F
7
7

C
V
D

n
at
iv
e
M
V
,
A
V

M
R
S
A

T
E
C
,
R
IF

(N
A
)

d
ev
el
o
p
m
en
t
o
f

ra
sh

an
d
w
h
ee
zi
n
g

4
2

cu
re

1
2

n
o
n
e

H
am

za
et

a
l.
,

2
0
0
4
(1
4
)

M
6
4

C
A
D
,
H
T
,
H
P
T
,

C
R
F
,
re
n
al

C
a

n
at
iv
e
P
V

V
R
E
fa
ec
a
li
s

V
A
N

(1
4
),

G
E
N

d
ev
el
o
p
m
en
t
o
f

re
si
st
an
ce

to
V
A
N

4
2

im
p
ro
v
em

en
t—

d
ie
d

0
.2
5
a

N
A

Systematic review

275

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/58/2/273/718149 by guest on 24 April 2024



T
a
b
le

1
.
(c
o
n
ti
n
u
ed
)

F
ir
st
au
th
o
r,

y
ea
r
o
f

p
u
b
li
ca
ti
o
n

(r
ef
)

S
ex

an
d

ag
e

C
o
m
o
rb
id
it
ie
s

In
fe
ct
ed

v
al
v
e

Is
o
la
te
d

p
at
h
o
g
en
s

P
re
v
io
u
s

an
ti
b
io
ti
c

tr
ea
tm

en
t

(d
u
ra
ti
o
n
,

d
ay
s)

R
ea
so
n
fo
r

li
n
ez
o
li
d

ad
m
in
is
tr
at
io
n

D
u
ra
ti
o
n
o
f

li
n
ez
o
li
d

tr
ea
tm

en
t

(d
ay
s)

O
u
tc
o
m
e

F
o
ll
o
w
-u
p

d
u
ra
ti
o
n

(m
o
n
th
s)

A
d
v
er
se

ef
fe
ct
s

M
4
7

C
R
F
,
C
V
D
,

H
P
T
,
D
M
,

al
le
rg
y
to

V
A
N

n
at
iv
e
P
V

M
R
C
o
N
S

n
o
n
e

al
le
rg
y
to

V
A
N

N
A

im
p
ro
v
em

en
t

N
A

N
A

H
o
w
d
en

et
a
l.
,

2
0
0
4
(1
5
)

M
8
0

D
M
,
W
eg
en
er

g
ra
n
u
lo
m
at
o
si
s,

C
R
F
,
S
T
I,
IV

C
F

n
at
iv
e
T
V

V
IS
A

V
A
N

(2
9
)

N
A

4
0

cu
re

1
0

th
ro
m
b
o
cy
to
p
en
ia
,

d
is
co
n
ti
n
u
ed

li
n
ez
o
li
d

F
6
6

D
M
,
C
A
D
,

P
P
M
,
IV

C
F

n
at
iv
e
T
V

V
IS
A

V
A
N

(1
9
),

R
IF
,
F
U
S
(1
1
)

N
A

3
8

cu
re

2
.5

th
ro
m
b
o
cy
to
p
en
ia

M
7
3

R
F
,
S
T
I,

la
p
ar
o
to
m
y

n
at
iv
e
M
V

V
IS
A

V
A
N

(8
)

N
A

4
9

cu
re

3
n
o
n
e

F
7
3

b
o
w
el

C
a,

S
T
I

n
at
iv
e
T
V

V
IS
A

V
A
N

(8
)

N
A

4
2

im
p
ro
v
em

en
t—

d
ie
d
o
f

co
m
o
rb
id
it
ie
s

N
A

th
ro
m
b
o
cy
to
p
en
ia

F
6
6

D
M
,
ce
rv
ic
al

C
a,

S
T
I,

ao
rt
ic

st
en
o
si
s

n
at
iv
e
M
V

V
IS
A

V
A
N

(1
3
)

N
A

1
2

d
ie
d

N
A

n
o
n
e

F
7
7

D
M

n
at
iv
e
A
V

V
IS
A

V
A
N

(2
0
),

R
IF

(9
)

N
A

7
d
ie
d

N
A

n
o
n
e

M
6
7

D
M

p
ro
st
h
et
ic

A
V

V
IS
A

V
A
N

(3
2
)

N
A

4
2

d
ie
d

N
A

n
o
n
e

L
eu
n
g
et

a
l.
,

2
0
0
4
(1
6
)

M
6
0

H
L
,
H
P
T
,

C
A
D
,
C
R
F

p
ro
st
h
et
ic

A
V

V
IS
A

V
A
N

(7
7
)

an
d
A
M
K

em
er
g
en
ce

o
f
V
IS
A

8
4

cu
re

1
2

n
o
n
e

P
is
te
ll
a
et

a
l.
,

2
0
0
4
(1
7
)

M
4
7

n
o
n
e

n
at
iv
e
M
V

an
d

ce
re
b
ri
ti
s

M
R
S
A

A
M
P
,
G
E
N
,

V
A
N

(8
)

d
is
se
m
in
at
io
n
o
f

ce
re
b
ra
l

in
fe
ct
io
n

5
6

cu
re

6
N
A

W
o
o
d
s
et

a
l.
,

2
0
0
4
(1
8
)

M
6
3

A
IC
D
,

n
o
n
-H

o
d
g
k
in

ly
m
p
h
o
m
a

n
at
iv
e
A
V

an
d
M
V

S
A
R
V

V
A
N

(2
3
)

tr
ea
tm

en
t

fa
il
u
re

6
7

cu
re
—

d
ie
d
fr
o
m

re
sp
ir
at
o
ry

fa
il
u
re

4
.5

n
o
n
e

A
n
d
ra
d
e-

B
ai
o
cc
h
i

et
a
l.
,

2
0
0
3
(1
9
)

F
5
2

m
u
lt
ip
le

m
y
el
o
m
a

n
at
iv
e
M
V

V
IS
A

V
A
N

(9
0
),

R
IF

(1
4
)

tr
ea
tm

en
t

fa
il
u
re

2
1

cu
re

6
N
A

A
n
g
et

a
l.
,

2
0
0
3
(2
0
)

M
4
m
o
n
th

p
re
te
rm

in
fa
n
t,
R
D
S
,

b
ro
n
ch
o
p
u
lm

o
n
ar
y

d
y
sp
la
si
a,

at
ri
al

se
p
ta
l
d
ef
ec
t

n
at
iv
e
T
V

V
R
E
fa
ec
iu
m

n
o
n
e

V
R
E
re
si
st
an
t

al
so

to
Q
/D

6
3

cu
re
—

d
ie
d

fr
o
m

re
sp
ir
at
o
ry

fa
il
u
re

6
n
o
n
e

Systematic review

276

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/58/2/273/718149 by guest on 24 April 2024



R
av
in
d
ra
n
et

a
l.
,

2
0
0
3
(2
1
)

F
7
4

M
V

p
ro
la
p
se
,

V
T
,
H
T
,

sm
al
l

b
o
w
el

o
b
st
ru
ct
io
n
,
IP
A
,

la
p
ar
o
to
m
y

n
at
iv
e
M
V

S
.
ep
id
er
m
id
is

G
E
N
,
F
C
X
,

R
IF

(2
8
)

tr
ea
tm

en
t

fa
il
u
re

6
2

cu
re
—

d
ie
d
af
te
r

o
p
er
at
io
n
fo
r

m
it
ra
l
v
al
v
e

re
p
la
ce
m
en
t

N
A

th
ro
m
b
o
cy
to
p
en
ia

Z
im

m
er

et
a
l.
,

2
0
0
3
(2
2
)

M
4
0

H
ep

C
,
C
R
F
,

H
P
T
,
H
o
E

n
at
iv
e

T
V
,
A
V

E
.
fa
ec
a
li
s

n
o
n
e

al
le
rg
y
to

A
M
P
,
V
A
N

1
8

fa
il
u
re

N
A

N
A

R
ao

an
d
W
h
it
e,

2
0
0
2
(2
3
)

M
7
8

D
M
,
C
A
D
,

A
V

re
p
la
ce
m
en
t

p
ro
st
h
et
ic

A
V

E
.
fa
ec
a
li
s

A
M
P
,

G
E
N

(4
)

d
ev
el
o
p
m
en
t

o
f
re
n
al

fa
il
u
re

4
2

cu
re

4
d
ec
re
as
e
in

W
B
C
,

th
ro
m
b
o
cy
to
p
en
ia

R
u
iz

et
a
l.
,

2
0
0
2
(2
4
)

M
7
5

lu
n
g
,
la
ry
n
x

C
a,

C
R
F

n
at
iv
e
A
V

M
R
S
A

n
o
n
e

h
is
to
ry

o
f
C
R
F

1
9

im
p
ro
v
em

en
t—

fa
il
u
re

3
N
A

M
7
7

C
O
P
D

n
at
iv
e
M
V

M
R
S
A

V
A
N

(2
2
)

re
n
al in
su
ff
ic
ie
n
cy

an
d
ra
sh

3
3

im
p
ro
v
em

en
t—

d
ie
d
d
u
e
to

se
p
ti
c
sh
o
ck

fr
o
m

M
o
rg
a
n
el
la

m
o
rg
a
n
ii

N
A

N
A

V
ia
le

et
a
l.
,

2
0
0
2
(2
5
)

F
8
0

P
P
M
,
m
it
ra
l

an
n
u
lo
p
la
st
y

n
at
iv
e
M
V

M
R
S
A

V
A
N
,
S
X
T
,

C
L
I
(2
8
),

V
A
N
,
A
M
K
,

R
IF

(1
4
),

Q
/D

(2
8
)

n
ee
d
fo
r
o
ra
l

an
ti
b
io
ti
c

2
8

cu
re

2
v
o
m
it
in
g
,
al
o
p
ec
ia

B
ab
co
ck

et
a
l.
,

2
0
0
1
(2
6
)

F
3
4

D
o
w
n
sy
n
d
ro
m
e,

C
R
F
,
H
T
,
C
C
D
,

co
m
m
o
n
at
ri
u
m
,

h
is
to
ry

o
f

A
sh

ca
th
et
er
-

re
la
te
d
V
R
E
F

in
fe
ct
io
n

n
at
iv
e

A
V
,
T
V

V
R
E fa
ec
iu
m

Q
/D

(1
2
)

tr
ea
tm

en
t

fa
il
u
re

4
7

cu
re

9
N
A

C
h
ie
n
et

a
l.
,

2
0
0
0
(2
7
)

N
A

ab
d
o
m
in
al

ao
rt
ic

re
p
ai
r,

D
M
,
A
R
F

N
A

V
R
E

V
A
N
,
A
L
F

(N
A
)

N
A

4
2

cu
re

1
n
o
n
e

C
o
N
S
,
co
ag
u
la
se
-n
eg
at
iv
e
S
ta
p
h
yl
o
co
cc
u
s;

M
R
S
A
,
m
et
h
ic
il
li
n
-r
es
is
ta
n
t
S
.
a
u
re
u
s;

M
R
S
E
,
m
et
h
ic
il
li
n
-r
es
is
ta
n
t
S
.
ep
id
er
m
id
is
;
V
IS
A
,
v
an
co
m
y
ci
n
-i
n
te
rm

ed
ia
te

re
si
st
an
t
S
.
a
u
re
u
s;

S
A
R
V
,
S
.
a
u
re
u
s
w
it
h

re
d
u
ce
d
su
sc
ep
ti
b
il
it
y
to
v
an
co
m
y
ci
n
;
V
R
E
,v
an
co
m
y
ci
n
-r
es
is
ta
n
t
E
n
te
ro
co
cc
u
s;
A
V
,a
o
rt
ic
v
al
v
e;
M
V
,m

it
ra
l
v
al
v
e;
P
V
,p
u
lm

o
n
ic
v
al
v
e;
T
V
,t
ri
cu
sp
id
v
al
v
e;
A
A
,a
o
rt
ic
an
eu
ry
sm

;
A
IC
D
,a
u
to
m
at
ed

im
p
la
n
ta
b
le

ca
rd
ia
c
d
ef
ib
ri
ll
at
o
r;
A
R
F
,
ac
u
te
re
n
al
fa
il
u
re
;
A
S
,
ao
rt
ic
st
en
o
si
s;
C
a,
ca
n
ce
r;
C
A
D
,c
o
ro
n
ar
y
ar
te
ry

d
is
ea
se
;
C
C
D
,
co
n
g
en
it
al
cy
an
o
ti
c
d
is
ea
se
;
C
O
P
D
,
ch
ro
n
ic
o
b
st
ru
ct
iv
e
p
u
lm

o
n
ar
y
d
is
ea
se
;
C
R
F
,
ch
ro
n
ic
re
n
al

fa
il
u
re
;C

V
D
,c
er
eb
ro
v
as
cu
la
r
d
is
ea
se
;D

M
,d
ia
b
et
es

m
el
li
tu
s;
H
ep

C
,h
ep
at
it
is
C
;H

o
E
,h
is
to
ry

o
f
en
d
o
ca
rd
it
is
;H

L
,h
y
p
er
li
p
id
ae
m
ia
;H

P
T
,h
y
p
er
te
n
si
o
n
;H

T
,h
y
p
o
th
y
ro
id
is
m
;I
P
A
,i
n
tr
ap
er
it
o
n
ea
la
d
h
es
io
n
s;
IV

C
F
,

in
fe
ri
o
r
v
en
a
ca
v
a
fi
lt
er
;M

V
P
,m

it
ra
lv
al
v
e
p
ro
la
p
se
;P
P
M
,p
er
m
an
en
tp
ac
em

ak
er
;R

A
,r
h
eu
m
at
o
id
ar
th
ri
ti
s;
R
D
S
,r
es
p
ir
at
o
ry
d
is
tr
es
s
sy
n
d
ro
m
e;
R
H
D
,r
h
eu
m
at
ic
h
ea
rt
d
is
ea
se
;R

F
,r
et
ro
p
er
it
o
n
ea
lf
ib
ro
si
s;
R
T
,r
en
al

tr
an
sp
la
n
ta
ti
o
n
;
S
T
I,
st
er
o
id

th
er
ap
y
im

m
u
n
o
su
p
p
re
ss
io
n
;
A
IC
D

au
to
m
at
ed

im
p
la
n
ta
b
le

ca
rd
ia
c
d
ef
ib
ri
ll
at
o
r;
A
L
F
,
al
at
ro
fl
o
x
ac
in
;
S
A
M
,
am

p
ic
il
li
n
/s
u
lb
ac
ta
m
;
A
M
K
,
am

ik
ac
in
;
C
L
I,
cl
in
d
am

y
ci
n
;
S
X
T
,
co
-

tr
im

o
x
az
o
le
;D

O
X
,d
o
x
y
cy
cl
in
e;
F
U
S
,f
u
si
d
ic
ac
id
;F
C
X
,f
lu
cl
o
x
ac
il
li
n
;G

E
N
,g
en
ta
m
ic
in
;O

X
A
,o
x
ac
il
li
n
;P
E
N
,p
en
ic
il
li
n
s;
Q
/D
,q
u
in
u
p
ri
st
in
/d
al
fo
p
ri
st
in
;R

IF
,r
if
am

p
ic
in
;T

E
C
,t
ei
co
p
la
n
in
;V

A
N
,v
an
co
m
y
ci
n
;i
v
,

in
tr
av
en
o
u
s;
N
A
n
o
t
ap
p
li
ca
b
le
/a
v
ai
la
b
le
.

a

F
o
r
H
am

za
et

a
l.
th
e
d
u
ra
ti
o
n
m
en
ti
o
n
ed

re
fe
rs
to

1
w
ee
k
.

Systematic review

277

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/58/2/273/718149 by guest on 24 April 2024



transfusion. Anaemia and decrease of the white blood cells were
reported for one patient each. One case each of nausea, vomiting
and mild alopecia was also reported.

Case series

There are two published case series to date regarding the use of
linezolid in patients with endocarditis, from which the data could
not be extracted individually for each patient. In a compassionate-
use programme, Birmingham et al. reported their experience in
40 patients with infective endocarditis.28 The characteristics of 32
of these patients and the outcomes of 19 clinically evaluable
patients were further reported in a conference abstract.29 The
mean duration (–standard deviation) of linezolid treatment was
36 (–33) days. Most cases involved native mitral and aortic
valves (78.1%, 25/32). Vancomycin-resistant Enterococcus
faecium, MRSA and Staphylococcus haemolyticus were the
most commonly isolated bacteria. Of these patients 78% received
linezolid because previous antibiotic treatment failed. Rifampicin
and gentamicin were the antibiotics most commonly combined
with linezolid (42% each). Treatment with linezolid was success-
ful in 89.5% (17/19) and 71% (10/14) of patients at the end-of-
treatment and test-of-cure (7–30 days after the end of treatment)
assessment, respectively. Only six patients were evaluated
6 months after the end of treatment; treatment had failed in
50% of these patients. Overall, 41.1% of patients reported an
adverse effect possibly or probably related to linezolid adminis-
tration. Thrombocytopenia occurred in 15.1% of patients.

The second case series reported outcomes in patients under-
going cardiovascular surgery who developed nosocomial infec-
tive endocarditis due to methicillin-resistant staphylococci.
Linezolid was administrated due to lack of effective antibiotic
treatment, renal failure and/or intolerance to vancomycin. Four
cases of endocarditis were reported; all of them were successfully
treated with linezolid. No adverse effects were reported.30

Discussion

Very few data are currently available for the effectiveness of
linezolid for the treatment of patients with infective endocarditis.
The published case reports and case series are the main sources of
relevant information. It is noteworthy that all randomized con-
trolled trials that studied the effectiveness of linezolid for the
treatment of patients with infections of various sites due to Gram-
positive cocci excluded patients with endocarditis. In the majority
of the reviewed cases the use of linezolid was considered only
when other treatment options had failed or could not have been
used for various reasons.

Although most of the reported patients with infective endo-
carditis treated with linezolid were cured or improved, we should
emphasize the possible bias for publication of case reports with
successful treatment. The low mortality attributed to endocarditis
in these case reports (12.1%) may support this limitation. How-
ever, the overall mortality in the reviewed case reports was
33.3%. Thus, the overall mortality was comparable with that
of patients with endocarditis treated with other antibiotics.
These data suggest that innovative management strategies are
needed to further reduce the considerable mortality of patients
with infective endocarditis.

A considerable difference was noticed in the reported treat-
ment failures between case reports and the case series when a

6 months interval was used as the follow-up period. A difference
in treatment failures was also noticed between the different times
of assessment in the case series reported by Dresser et al. (end of
therapy 89%, test-of-cure visit 70% and 6 months follow-up
50%). The small number of the treated patients and the fact
that most of the patients were lost to follow-up are the most
probable reasons leading to these differences. In addition,
some authors suggest that in cases of patients with infections
caused by resistant Gram-positive cocci the serum levels of line-
zolid should be monitored in order to avoid suboptimal concen-
trations and the dosage should be increased accordingly, if the
drug is well tolerated.31 However, none of the identified case
reports reported dose adjustments for linezolid according to its
serum levels. Therefore, whether low inhibitory concentrations
could be responsible for the observed treatment failures cannot be
addressed.

From the reviewed patients who received linezolid for a pro-
longed period, 30.8% developed thrombocytopenia. Our team
conducted a meta-analysis of randomized controlled trials that
included 5470 patients and studied the effectiveness and safety of
linezolid for the treatment of skin and soft tissue infections,
pneumonia and bacteraemia (in peer review). Only 2% of patients
developed a blood abnormality that was described by the authors
as thrombocytopenia. Other reports also suggest that thrombo-
cytopenia is even less common in patients who receive linezolid
for a shorter period.32–35 On the other hand, in a review of data
regarding patients treated with linezolid for osteomyelitis, we
found that 7% of patients developed thrombocytopenia (in
peer review).

Although no study has been performed so far to evaluate the
penetration of linezolid in human heart valves, several experi-
mental models have been employed to study the effectiveness of
linezolid for the treatment of infective endocarditis. One of these
models showed that linezolid demonstrates synergic bactericidal
effect with gentamicin against MRSA strains.36 On the contrary,
the combination of linezolid with rifampicin was not more effect-
ive than linezolid alone.37 In addition, controversial results were
reported from three experimental endocarditis models in rabbits
that compared vancomycin with linezolid. Ghiang and Climo
reported that vancomycin was more effective than linezolid
plus vancomycin (P < 0.05) and linezolid alone (P < 0.05) in
reducing the mean valvular vegetation bacterial count.38 On the
other hand, Jacqueline et al.39 reported that continuous linezolid
infusion resulted in the same reduction of bacterial counts of
three MRSA strains as that of vancomycin. Finally, Dailey
et al.40 reported that high-dose oral linezolid (50 or 75 mg/kg)
had the same effectiveness as vancomycin in reducing bacterial
counts on rabbit heart valves and concluded that the effectiveness
of linezolid in the treatment of experimental endocarditis is
related to trough levels in plasma above the MICs for MRSA
strains.

Vancomycin is the recommended antibiotic according to the
scientific statement of the relevant committee of the American
Heart Association (AHA) for patients with infective endocarditis
due to Gram-positive cocci with intrinsic penicillin resistance and
is the second-line therapy for patients who cannot tolerate peni-
cillins.41 The AHA committee members emphasize that evidence
for the use of vancomycin in the treatment of patients with
infective endocarditis (on which the recommendations were
based) is conflicting and comes from consensus opinion of
experts in the field. Some may contend that the same level of
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evidence is available for the use of linezolid for the treatment of
patients with infective endocarditis. Moreover, linezolid has been
barely used as first-line treatment, and therefore the AHA com-
mittee members recommend its use only for the treatment of
patients who cannot tolerate vancomycin or whose treatment
with other antibiotics had failed. Subsequently, randomized con-
trolled trials are needed to provide a definitive answer to the
question of which of the aforementioned antibiotics is more
effective for the treatment of patients with infective endocarditis
due to MDR Gram-positive cocci.

Although the purpose of this review was not to address all the
available antibiotics for the treatment of patients with infective
endocarditis, it should be mentioned that several other antibiotics
are available and can be used for the treatment of patients with
infective endocarditis due to resistant Gram-positive cocci.
Evidence regarding the use of these antibiotics such as dapto-
mycin, quinupristin/dalfopristin, trimethoprim/sulfamethoxazole,
rifampicin and fusidic acid is scarce. However, in some of the
case reports in which linezolid administration resulted in treat-
ment failure, the use of these antibiotics resulted in resolution of
the infective endocarditis.

In conclusion, we reviewed the limited information regarding
the use of linezolid, a newly marketed antibiotic, for the treat-
ment of patients with bacterial endocarditis, a devastating infec-
tion. The published experience suggests that linezolid should be
considered for the treatment of patients with infective endocard-
itis for whom limited treatment options are available. The anti-
biotic has an excellent pharmacokinetic profile; with an oral
bioavailability of �100%, linezolid challenges the need for intra-
venous antibiotics for the treatment of patients with endocarditis.
However, it remains to be evaluated in randomized controlled
trials whether a bacteriostatic antibiotic could be proven benefi-
cial for an infection for which bactericidal antibiotics have been
traditionally used.
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