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Selective decontamination of the digestive tract (SDD)
and selective oropharyngeal decontamination (SOD) are
among the few interventions in intensive care medicine
that have been shown to improve patient survival, but
their use is limited to a minority of European intensive
care units (ICUs) (Tables 1, 2) [1].

In addition, when the microbiological data of patients
receiving SDD or SOD were compared with those
receiving standard care, ICU-acquired bacteremia was
significantly reduced for Staphylococcus aureus, glucose-
non-fermenting Gram-negative rods, and Enterobacteri-
aceae [4], In particular, the use of SDD was associated
with a lower incidence of acquired bacteremia with
Enterobacteriaceae. Similarly, ICU-acquired candidemia
was lower in the SDD group than in the SOD group or
standard care group, but the difference was not signifi-
cant. These findings were confirmed in a recent study
comparing SDD and SOD on antibiotic resistance. The
incidence of ICU-acquired bacteremia was also lower for
aminoglycoside-resistant Gram-negative bacteria in the
SDD group [5]. Although the survival rate of ICU patients

remains similar in both studies, the lower incidence of
antibiotic resistance and nosocomial bacteremia as con-
sistent findings are in favour of SDD.

Common reasons for the reluctance to use SDD or
SOD are related to only a few arguments regularly
mentioned in editorials and by expert opinion expressing
the fear that their use may promote antibiotic resistance
and the possible increase of methicillin-resistant S. aureus
[15]. These can be summarized as follows:

1. The absence of emergence of resistance is against
current microbiological concepts and contradicts the
worldwide pandemic of multidrug-resistant microor-
ganisms demonstrated to be directly related to the use
of antibiotics. In a recent meta-analysis, no relation
was observed between the use of SDD and the
development of antimicrobial resistance, thus confirm-
ing earlier reports [16]. Recent studies have
demonstrated similar findings (Table 2). In a large
study showing lower mortality with the use of SDD or
SOD compared with standard care, patients treated
with SDD and SOD had a significantly lower incidence
of carriage and infections with antibiotic-resistant
bacteria [4]. Moreover, when compared with SOD,
SDD was related with lower rectal carriage of
antibiotic-resistant Gram-negative bacteria [5]. By
contrast, the continuous application of antibiotics
included in the paste, as well as the aerosolized
colistin applied in the case of emergence of Gram-
negative bacilli in the respiratory samples, may largely
contribute to the absence of the documented emer-
gence of resistance (footnote Table 1).

2. One of the main reasons of bacterial resistance to
antibiotics is the widespread use of antimicrobial
agents. This represents the main reluctance for the use
of SDD. Surprisingly, some investigators have even
advocated for the use of SOD due to the absence of
widespread systemic prophylaxis with cephalosporins
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ü
b
in
g
en

U
n
iv
er
si
ty

H
o
sp
it
al
)
3
0
m
o
n
th
s.

P
la
ce
b
o
-r
an
d
o
m
iz
ed

st
an
d
ar
d
ca
re

(S
C
)
o
r
S
D
D

IC
U

m
o
rt
al
it
y

A
P
A
C
H
E
II
B

1
9

A
P
A
C
H
E
II
2
0
–
2
9

A
P
A
C
H
E
II
C

2
9

S
D
D

lo
w
er
ed

IC
U

m
o
rt
al
it
y

S
C

2
3
/1
2
1
(1
9
%
)

2
0
/1
2
2
(1
6
.4

%
)

1
5
/2
3
(6
2
.5

%
)

S
D
D

1
7
/1
2
0
(1
4
.2

%
)

3
8
/1
1
5
(3
3
.0

%
)

1
4
/2
6
(5
3
.8

%
)

R
R
(9
5
%

C
I)

0
.8
8
5
(0
.4
7
2
–
1
.6
5
9
)

0
.5
0
8
(0
.2
9
5
–
0
.8
7
5
)

1
.5
9
3
(0
.7
6
7
–
3
.3
0
6
)

In
fe
ct
io
n
s

P
n
eu
m
o
n
ia

B
lo
o
d
st
re
am

U
ri
n
ar
y
tr
ac
t

S
D
D

d
ec
re
as
ed

n
o
so
co
m
ia
l

in
fe
ct
io
n
s

S
C

2
9
(1
1
.1
)

3
6
(1
3
.7
)

6
0
(2
2
.9
)

S
D
D

6
(2
.3
)

1
4
(5
.3
)

3
6
(1
3
.6
)

R
R
(9
5
%

C
I)

0
.2
0
5
(0
.0
7
2
–
0
.5
8
7
)

0
.3
8
4
(0
.1
7
6
–
0
.8
3
6
)

0
.5
9
3
(0
.3
5
7
–
0
.9
8
5
)

d
e
Jo
n
g
e
et

al
.
[3
]

S
in
g
le

ce
n
tr
e
(A

M
C
,

A
m
st
er
d
am

)
9
/1
9
9
9
–
1
2
/

2
0
0
1

IC
U

m
o
rt
al
it
y

H
o
sp
it
al

m
o
rt
al
it
y

S
D
D

lo
w
er
ed

IC
U

an
d

h
o
sp
it
al

m
o
rt
al
it
y

S
C

1
0
7
/4
6
8
(2
2
.9

%
)

S
C

1
4
6
/4
6
8
(3
1
.2

%
)

S
D
D

6
9
/4
6
6
(1
4
.8

%
)

S
D
D

1
1
3
/4
6
6
(2
4
.2

%
)

R
R
(9
5
%

C
I)

0
.6
5
(0
.4
9
–
0
.8
5
)

R
R
(9
5
%

C
I)
:

0
.7
8
(0
.6
3
–
0
.9
9
)

A
cq
u
is
it
io
n
o
f
re
si
st
an
ce

b
y
G
ra
m
-n
eg
at
iv
e
p
at
h
o
g
en
s

S
D
D

d
ec
re
as
ed

co
lo
n
iz
at
io
n
b
y
G
ra
m
-

n
eg
at
iv
e
p
at
h
o
g
en
s

S
C

1
0
4
(2
6
%
)

S
D
D

6
1
(1
6
%
)

R
R
(9
5
%

C
I)

0
.6
1
(0
.4
6
–
0
.8
1
)

d
e
S
m
et

et
al
.
[4
]

1
3
D
u
tc
h
IC
U
s
cl
u
st
er
-

ra
n
d
o
m
iz
ed

to
S
C
,
S
D
D

an
d
S
O
D
.
0
5
/2
0
0
4
–
0
7
/

2
0
0
6
5
9
3
9
IC
U

p
at
ie
n
ts

IC
U

m
o
rt
al
it
y

H
o
sp
it
al

m
o
rt
al
it
y
:

S
D
D

lo
w
er
ed

IC
U

an
d

h
o
sp
it
al

m
o
rt
al
it
y

S
C
:
4
4
3
/1
9
9
0
(2
2
.3

%
)

6
3
2
/1
9
9
0
(3
1
.8

%
)

S
D
D
:
4
4
0
/2
0
4
5
(2
1
.5

%
)

O
R

0
.8
1
(0
.6
9
–
0
.9
4
)

6
6
5
/2
0
4
5
(3
2
.6

%
)

O
R
0
.8
8
(0
.7
6
–
1
.0
1
)

S
O
D
:
4
1
6
/1
9
0
4
(2
1
.8

%
)

O
R

0
.8
7
(0
.7
4
–
1
.0
2
)

5
8
4
/1
9
0
4
(3
0
.7

%
)

O
R
0
.8
5
(0
.7
4
–
0
.9
8
)

B
ac
te
re
m
ia

(a
n
y
)b

S
D
D
[

S
O
D

d
ec
re
as
ed

b
ac
te
re
m
ia

S
C
:
1
8
6
/1
9
9
0
(9
.3

%
)

S
D
D
:
8
8
/2
0
4
5
(4
.3

%
)

O
R

0
.4
4
(0
.3
4
–
0
.5
7
)

S
O
D
:
1
2
4
/1
9
0
4
(6
.5

%
)

O
R

0
.6
8
(0
.5
3
–
0
.8
6
)

S
D
D

v
s
S
O
D

O
R
0
.6
5
(0
.4
9
–
0
.8
5
)

A
n
ti
b
io
ti
c-
re
si
st
an
t
b
ac
te
ri
a:

G
lo
b
al

d
ec
re
as
e
o
f
an
ti
b
io
ti
c-
re
si
st
an
t
b
ac
te
ri
a
in

re
ct
al

sa
m
p
le
s
an
d
re
sp
ir
at
o
ry

sa
m
p
le
s
in

S
D
D

re
ci
p
ie
n
ts
in

p
o
in
t-
p
re
v
al
en
ce

su
rv
ey
s
p
er
fo
rm

ed
in

6
–
8
%

o
f
p
at
ie
n
ts

S
D
D

d
ec
re
as
ed

co
lo
n
iz
at
io
n

O
o
st
d
ij
k
et

al
.
[5
]

1
6
IC
U
s
ra
n
d
o
m
iz
ed

to
1
2
m
o
n
th
s
S
D
D

an
d

1
2
m
o
n
th
s
S
O
D

o
r
th
e

o
p
p
o
si
te

0
8
/2
0
0
9
–
0
1
/2
0
1
1

IC
U

m
o
rt
al
it
y

H
o
sp
it
al

m
o
rt
al
it
y

S
D
D

=
S
O
D

m
o
rt
al
it
y

S
O
D
:
1
1
6
5
/5
8
8
1
(1
9
.8

%
)

1
6
2
5
/5
8
8
1
(2
7
.6

%
)

S
D
D
:
1
1
3
8
/6
1
1
6
(1
8
.6

%
)

O
R

0
.9
6
(0
.8
6
–
1
.0
5
)

1
9
2
9
/6
1
1
6
(2
6
.6

%
)

O
R
0
.9
9
(0
.9
0
–
1
.0
8
)

IC
U
-a
cq
u
ir
ed

b
ac
te
re
m
ia

S
D
D
[

S
O
D

d
ec
re
as
ed

b
ac
te
re
m
ia

S
O
D
:
3
1
9
/5
4
4
2
(5
.9

%
)

S
D
D
:
2
5
3
/5
5
4
9
(4
.6

%
)

O
R

0
.7
7
(0
.6
5
–
0
.9
1
)

M
o
n
th
ly

ac
q
u
is
it
io
n
o
f
re
ct
al

ca
rr
ia
g
e
o
f
am

in
o
g
ly
co
si
d
e-
re
si
st
an
t
b
ac
te
ri
a

S
D
D
[

S
O
D

ac
q
u
is
it
io
n
o
f

am
in
o
g
ly
co
si
d
e
re
si
st
an
ce

ca
rr
ia
g
e

S
O
D
:
4
%

S
D
D
:
7
%

P
=

0
.0
4
6

S
D
D

S
el
ec
ti
v
e
d
ec
o
n
ta
m
in
at
io
n
o
f
th
e
d
ig
es
ti
v
e
tr
ac
t.
T
h
e
S
D
D

re
g
im

en
co
n
si
st
s
o
f
4
d
ay
s
o
f
in
tr
av
en
o
u
s
ce
fo
ta
x
im

e,
th
e
o
ro
p
h
ar
y
n
g
ea
l
ap
p
li
ca
ti
o
n
(e
v
er
y
6
h
)
o
f
a
p
as
te

co
n
ta
in
in
g
co
li
st
in
,

to
b
ra
m
y
ci
n
,
an
d
am

p
h
o
te
ri
ci
n
B
,
ea
ch

in
a
2
%

co
n
ce
n
tr
at
io
n
,
an
d
th
e
ad
m
in
is
tr
at
io
n
(e
v
er
y
6
h
)
o
f
a
1
0
-m

L
su
sp
en
si
o
n
co
n
ta
in
in
g
co
li
st
in

(1
0
0
m
g
),

to
b
ra
m
y
ci
n
(8
0
m
g
as

su
lf
at
e)
,
an
d

am
p
h
o
te
ri
ci
n
B

(5
0
0
m
g
)
v
ia

a
n
as
o
g
as
tr
ic

tu
b
e.

T
o
p
ic
al

an
ti
b
io
ti
cs

ar
e
ap
p
li
ed

u
n
ti
l
IC
U

d
is
ch
ar
g
e
(O

o
st
d
ij
k
E
A
N

et
al
.
JA

M
A

2
0
1
4
;3
1
2
:1
4
2
7
–
1
4
3
1
).
S
O
D
:
se
le
ct
iv
e
o
ro
p
h
ar
y
n
g
ea
l
d
ec
o
n
-

ta
m
in
at
io
n
.
T
h
e
S
O
D
re
g
im

en
co
n
si
st
s
o
f
o
n
ly

th
e
o
ro
p
h
ar
y
n
g
ea
l
ap
p
li
ca
ti
o
n
(e
v
er
y
6
h
)
o
f
th
e
p
as
te
d
es
cr
ib
ed

ab
o
v
e
(O

o
st
d
ij
k
E
A
N
et
al
.
JA

M
A
2
0
1
4
;3
1
2
:1
4
2
7
–
1
4
3
1
).
D
u
ri
n
g
S
O
D
,
ap
p
li
ca
ti
o
n
o
f

o
ro
p
h
ar
y
n
g
ea
l
p
as
te

is
in
cr
ea
se
d
to

ei
g
h
t
ti
m
es

d
ai
ly

if
th
e
fi
rs
t
su
rv
ei
ll
an
ce

cu
lt
u
re

o
f
th
e
th
ro
at

y
ie
ld
s
y
ea
st
s,
u
n
ti
l
tw
o
co
n
se
cu
ti
v
e
su
rv
ei
ll
an
ce

cu
lt
u
re
s
ar
e
n
eg
at
iv
e.
T
h
er
e
ar
e
n
o
re
st
ri
ct
io
n
s
in

p
h
y
si
ci
an
s’

ch
o
ic
es

o
f
sy
st
em

ic
an
ti
b
io
ti
c
th
er
ap
y

A
P
A
C
H
E
II

ac
u
te

p
h
y
si
o
lo
g
y
an
d
ch
ro
n
ic

h
ea
lt
h
ev
al
u
at
io
n
II
sc
o
re
,
IC
U

in
te
n
si
v
e
ca
re

u
n
it
,
S
C

st
an
d
ar
d
ca
re
,
O
R
o
d
d
s
ra
ti
o
,
R
R
re
la
ti
v
e
ri
sk
,
vs

v
er
su
s,
9
5
%

C
I
9
5
%

co
n
fi
d
en
ce

in
te
rv
al
s

a
D
u
ri
n
g
S
D
D
,
se
v
er
al

ad
ap
ta
ti
o
n
s
ar
e
p
o
ss
ib
le
:
(1
)
ap
p
li
ca
ti
o
n
o
f
o
ro
p
h
ar
y
n
g
ea
l
p
as
te

is
in
cr
ea
se
d
to

8
ti
m
es

d
ai
ly

if
th
e
fi
rs
t
su
rv
ei
ll
an
ce

cu
lt
u
re

o
f
th
e
th
ro
at

y
ie
ld
s
y
ea
st
s,
u
n
ti
l
tw
o
su
rv
ei
ll
an
ce

cu
lt
u
re
s
ar
e
n
eg
at
iv
e;
(2
)
5
m
l
(5

m
g
)
am

p
h
o
te
ri
ci
n
B
is
n
eb
u
li
ze
d
4
ti
m
es

d
ai
ly

if
a
sp
u
tu
m

su
rv
ei
ll
an
ce

cu
lt
u
re

(n
o
t
ad
m
is
si
o
n
cu
lt
u
re
)
y
ie
ld
s
y
ea
st
s,
u
n
ti
l
tw
o
sp
u
tu
m

cu
lt
u
re
s
b
ec
o
m
e
n
eg
at
iv
e;
(3
)

5
m
l
(8
0
m
g
)
co
li
st
in

is
n
eb
u
li
ze
d
4
ti
m
es

d
ai
ly

if
a
sp
u
tu
m

su
rv
ei
ll
an
ce

cu
lt
u
re

(n
o
t
ad
m
is
si
o
n
cu
lt
u
re
)
y
ie
ld
s
G
ra
m
-n
eg
at
iv
e
b
ac
te
ri
a,

u
n
ti
l
tw
o
sp
u
tu
m

cu
lt
u
re
s
ar
e
n
eg
at
iv
e

b
D
u
ri
n
g
S
D
D
,
it
is

re
co
m
m
en
d
ed

to
av
o
id

an
ti
b
io
ti
cs

th
at

h
av
e
an
ae
ro
b
ic

ac
ti
v
it
y
as

m
u
ch

as
p
o
ss
ib
le

so
as

to
le
av
e
th
e
an
ae
ro
b
ic

fl
o
ra

u
n
d
is
tu
rb
ed

an
d
p
re
se
rv
e
th
e
so
-c
al
le
d
co
lo
n
iz
at
io
n

re
si
st
an
ce
.
T
h
e
‘‘
to

b
e
av
o
id
ed
’’
an
ti
b
io
ti
cs

ar
e
p
en
ic
il
li
n
,
am

o
x
ic
il
li
n
-c
la
v
u
la
n
ic
ac
id
,
fl
u
cl
o
x
ac
il
li
n
,
p
ip
er
ac
il
li
n
e
±

ta
zo
b
ac
ta
m
,
ca
rb
ap
en
em

,
cl
in
d
am

y
ci
n
.
M
et
ro
n
id
az
o
le
is
th
e
an
ti
b
io
ti
c
o
f
ch
o
ic
e

w
h
en

th
e
co
v
er
ag
e
o
f
an
ae
ro
b
ic
s
is

in
te
n
d
ed

fo
r
cl
in
ic
al

re
as
o
n
s

1271



T
a
b
le

2
P
o
st

h
o
c
an
al
y
se
s
an
d
se
co
n
d
ar
y
st
u
d
ie
s
o
n
S
D
D

an
d
S
O
D

R
ef
er
en
ce
s

D
es
ig
n

M
ai
n
re
su
lt
s

C
o
m
m
en
ts

d
e
S
m
et

et
al
.
[6
]

2
ce
n
tr
es

am
o
n
g
1
3
D
u
tc
h

IC
U
s
(N

E
JM

2
0
0
9
)

P
o
st
-I
C
U

ra
te

o
f
n
o
so
co
m
ia
l
in
fe
ct
io
n
(/
1
0
0
0
d
ay
s
at
-r
is
k
)

N
o
im

p
ac
t
o
f
S
D
D
/S
O
D

o
n

p
o
st
-I
C
U

in
fe
ct
io
n
ra
te
s

S
C
:
8
.3

S
O
D
:
1
1
.2

R
R

1
.4
4
(0
.8
7
–
2
.3
9
)

S
D
D
:
1
2
.9

R
R

1
.4
9
(0
.9
0
–
2
.4
7
)

O
o
st
d
ij
k
et

al
.
[7
]

1
3
D
u
tc
h
IC
U
s
(N

E
JM

2
0
0
9
)

S
am

p
le
s
fr
o
m

6
p
o
in
t-

p
re
v
al
en
ce

su
rv
ey
s
b
ef
o
re
,

d
u
ri
n
g
an
d
af
te
r
S
D
D
/S
O
D

R
es
p
ir
at
o
ry

sa
m
p
le
s
(n

=
2
3
0
4
):

P
re
-i
n
te
rv
en
ti
o
n

In
te
rv
en
ti
o
n

P
o
st
-i
n
te
rv
en
ti
o
n

S
D
D
/S
O
D

d
ec
re
as
ed

re
si
st
an
ce

in
re
sp
ir
at
o
ry

an
d
re
ct
al

sa
m
p
le
s,
fo
ll
o
w
ed

b
y
a

re
b
o
u
n
d
ef
fe
ct

af
te
r
st
o
p
p
in
g

it

C
ef
ta
zi
d
im

e-
re
si
st
an
t

1
0
%

(7
.6
–
1
3
.3

%
)

4
%

(2
.6
–
4
.6

%
)

1
0
%

(7
.4
–
1
3
.0

%
)

T
o
b
ra
m
y
ci
n
-r
es
is
ta
n
t

1
0
%

(6
.9
–
1
2
.5

%
)

6
%

(4
.5
–
6
.9

%
)

1
2
%

(8
.8
–
1
4
.6

%
)

C
ip
ro
fl
o
x
ac
in
-r
es
is
ta
n
t

1
4
%

(1
0
.4
–
1
7
.0

%
)

5
%

(3
.5
–
5
.7

%
)

1
2
%

(9
.0
–
1
4
.9

%
)

R
ec
ta
l
sa
m
p
le
s
(n

=
2
9
6
3
)

P
re
-i
n
te
rv
en
ti
o
n

In
te
rv
en
ti
o
n

P
o
st
-i
n
te
rv
en
ti
o
n

C
ef
ta
zi
d
im

e-
re
si
st
an
t

6
%

(4
.7
–
7
.5

%
)

5
%

(3
.9
–
6
.7

%
)

1
5
%

(1
2
.4
–
1
7
.0

%
)

T
o
b
ra
m
y
ci
n
-r
es
is
ta
n
t

9
%

(7
.7
–
1
1
.2

%
)

7
%

(5
.5
–
8
.7

%
)

1
3
%

(1
0
.4
–
1
4
.7

%
)

C
ip
ro
fl
o
x
ac
in
-r
es
is
ta
n
t

1
2
%

(9
.7
–
1
3
.5

%
)

7
%

(5
.1
–
8
.2

%
)

1
3
%

(1
0
.8
–
1
5
.2

%
)

B
en
u
s
et

al
.
[8
]

1
o
f
1
3
D
u
tc
h
IC
U
s
(N

E
JM

2
0
0
9
)
F
lu
o
re
sc
en
t
in

si
tu

h
y
b
ri
d
iz
at
io
n
an
al
y
si
s
o
f
th
e

in
te
st
in
al

m
ic
ro
b
io
ta

T
o
ta
l
n
u
m
b
er

o
f
b
ac
te
ri
a
cu
lt
u
re
d
fr
o
m

th
e
fa
ec
es

S
D
D
/S
O
D

re
d
u
ce
d
th
e

b
ac
te
ri
al

co
u
n
t
o
f
th
e
fa
ec
es

S
C
:
(2
1
o
u
t
o
f
1
2
1
p
at
ie
n
ts
):
3
.7

9
1
0
9
(2
.2
–
6
.2
)

S
O
D
:
(1
9
o
u
t
o
f
1
1
1
p
at
ie
n
ts
):
1
.6

9
1
0
9
(0
.8
–
3
.4
)

S
D
D
:
(1
9
p
u
t
o
f
8
6
p
at
ie
n
ts
):
1
.9

9
1
0
9
(0
.9
–
4
.3
)

E
n
te
ro
co
cc
u
s
fa
ec
a
li
s

E
n
te
ro
co
cc
u
s
fa
ec
iu
m

F
.
p
ra
u
sn
it
zi
i

S
D
D
/S
O
D

si
g
n
ifi
ca
n
ty

in
cr
ea
se
d
en
te
ro
co
cc
i

S
C
:

2
.6

9
1
0
6

6
.3

9
1
0
6

5
.5

9
1
0
7

S
O
D

7
.6

9
1
0
6

P
\

0
.0
5

9
.8

9
1
0
6

N
S

4
.0

9
1
0
7

N
S

S
D
D

6
9
9

1
0
6

P
\

0
.0
5

5
4
9

1
0
6

P
\

0
.0
5

0
.1

9
1
0
7

P
\

0
.0
5

O
o
st
d
ij
k
et

al
.
[9
]

1
3
D
u
tc
h
IC
U
s
(N

E
JM

2
0
0
9
)

an
d
1
IC
U

(U
M
C

U
tr
ec
h
t:

0
8
/2
0
0
8
–
0
8
/2
0
1
0
)

C
u
m
u
la
ti
v
e
ra
te

o
f
b
ac
te
re
m
ia

ac
co
rd
in
g
to

re
sp
ir
at
o
ry

co
lo
n
iz
at
io
n
st
at
u
s:

S
D
D

d
ec
re
as
ed

b
ac
te
re
m
ia

o
n
ly

in
p
at
ie
n
ts

su
cc
es
sf
u
ll
y

d
ec
o
lo
n
iz
ed

S
C
:
4
.5
/1
0
0
0
p
at
ie
n
t-
d
ay
s

S
O
D
:
3
.0
/1
0
0
0
p
at
ie
n
t-
d
ay
s

S
D
D
:
3
.0
/1
0
0
0
p
at
ie
n
t-
d
ay
s
in

p
at
ie
n
ts

re
m
ai
n
in
g
co
lo
n
iz
ed

b
y
en
te
ro
b
ac
te
ri
ae

S
D
D
:
1
.0
/1
0
0
0
p
at
ie
n
t-
d
ay
s
in

p
at
ie
n
ts

su
cc
es
sf
u
ll
y
d
ec
o
lo
n
iz
ed

d
e
S
m
et

et
al
.
[1
0
]

1
3
D
u
tc
h
IC
U
s
(N

E
JM

2
0
0
9
)

R
at
e
o
f
b
ac
te
re
m
ia

an
d

re
sp
ir
at
o
ry

tr
ac
t
ac
q
u
is
it
io
n

o
f
m
ic
ro
o
rg
an
is
m
s
in

p
at
ie
n
ts

st
ay
in
g
[
3
d
ay
s

A
n
y
b
ac
te
re
m
ia

(e
x
ce
p
t
C
o
ag
u
la
se
-n
eg
at
iv
e

B
ac
te
re
m
ia

w
it
h
h
ig
h
ly
-r
es
is
ta
n
t

S
ta
p
h
yl
o
co
cc
i)
m
ic
ro
o
rg
an
is
m
s

S
D
D
[

S
O
D

d
ec
re
as
ed

b
ac
te
re
m
ia

S
C
:
2
3
9
/1
8
3
7
(1
3
%
)

1
9
/1
8
3
7
(0
.1
0
%
)

S
O
D
:
1
5
8
/1
7
5
8
(9

%
)

O
R
:
0
.6
6
(0
.5
3
–
0
.8
2
)

N
N
T
:
2
5

2
0
/1
7
5
8
(1
.0
3
%
)

N
S

S
D
D
:
1
2
4
/1
8
6
8
(7

%
)

O
R
:
0
.4
8
(0
.3
8
–
0
.6
0
)

N
N
T
:
1
6

8
/1
8
6
8
(0
.0
4
%
)

O
R
:0
.4
1
(0
.1
8
–
0
.9
4
)

N
N
T
:1
7
0

R
es
p
ir
at
o
ry

tr
ac
t
ac
q
u
is
it
io
n
o
f
an
y
m
ic
ro
o
rg
an
is
m
s

O
f
h
ig
h
ly
-r
es
is
ta
n
t
m
ic
ro
o
rg
an
is
m
s

S
D
D
[

S
O
D

d
ec
re
as
ed

re
sp
ir
at
o
ry

co
lo
n
iz
at
io
n

S
C
:
8
6
7
/8
8
1
(9
8
%
)

1
2
8
/8
8
1
(1
5
%
)

S
O
D
:
8
6
2
/8
8
6
(9
7
%
)

N
S

8
8
/8
8
6
(1
0
%
)

O
R
:
0
.6
5

(0
.4
9
–
0
.8
7
)
N
N
T
:

2
2

S
D
D
:
8
0
0
/8
2
8
(9
7
%
)

O
R
:
0
.4
6
(0
.2
4
–
0
.8
8
)

7
4
/8
2
8
(9

%
)

O
R
:
0
.5
8

(0
.4
3
–
0
.7
8
)
N
N
T
:

1
8

R
es
p
ir
at
o
ry

tr
ac
t
ac
q
u
is
it
io
n
o
f
E
n
te
ro
co
cc
u
s
sp
p

O
f
C
a
n
d
id
a
sp
p

S
D
D
[

S
O
D

in
cr
ea
se
d

re
sp
ir
at
o
ry

co
lo
n
iz
at
io
n
b
y

en
te
ro
co
cc
i
C
a
n
d
id
a
sp
p
an
d

P
se
d
o
m
o
n
a
s
a
er
u
g
in
o
sa

S
C
:
3
7
/8
8
1
(4

%
)

3
9
3
/8
8
1
(4
5
%
)

S
O
D
:
3
2
/8
8
6
(3

%
)

N
S

4
7
6
/8
8
6
(5
3
%
)

O
R
:
1
.4
4

(1
.2
0
–
1
.7
4
)

S
D
D
:
9
3
/8
2
8
(1
1
%
)

O
R
:
2
.8
9
(1
.9
5
–
4
.2
9
)

4
6
5
/8
2
8
(5
6
%
)

O
R
:
1
.5
9

(1
.3
1
–
1
.9
3
)

R
es
p
ir
at
o
ry

tr
ac
t
ac
q
u
is
it
io
n
o
f
to
b
ra
m
y
ci
n
-r
es
is
ta
n
t
n
o
n
-f
er
m
en
ti
n
g
G
ra
m
-n
eg
at
iv
e
p
at
h
o
g
en
s
(s
u
ch

as
P
.
a
er
u
g
in
o
sa
)

S
C
:
1
8
/8
8
1
(2

%
)

S
O
D
:
2
0
/8
8
6
(2

%
)

N
S

S
D
D
:
4
9
/8
2
8
(6

%
)

O
R
:
3
.0
2
(1
.7
4
–
5
.2
0
)

1272



T
a
b
le

2
co
n
ti
n
u
ed

R
ef
er
en
ce
s

D
es
ig
n

M
ai
n
re
su
lt
s

C
o
m
m
en
ts

O
o
st
d
ij
k
et

al
.
[1
1
]

1
3
D
u
tc
h
IC
U
s
(N

E
JM

2
0
0
9
)

P
at
ie
n
ts
re
ce
iv
in
g
S
D
D

w
it
h

re
ct
al

sa
m
p
li
n
g
an
d
1
si
n
g
le

ce
n
tr
e
co
h
o
rt
;
U
M
C
U
tr
ec
h
t

0
1
/2
0
0
8
–
0
8
/2
0
0
9

P
ro
p
o
rt
io
n
o
f
su
cc
es
sf
u
l
d
ec
o
n
ta
m
in
at
io
n
u
n
d
er

S
D
D

S
D
D

le
ss

su
cc
es
sf
u
ll
y

d
ec
o
lo
n
iz
ed

th
e
d
ig
es
ti
v
e

tr
ac
t
fr
o
m

re
si
st
an
t

m
ic
ro
o
rg
an
is
m
s

P
at
ie
n
ts

w
it
h
d
ig
es
ti
v
e
en
te
ro
b
ac
te
ri
ac
ea
e
at

IC
U

ad
m
is
si
o
n

3
9
9
/5
0
7
(7
9
%
)

P
at
ie
n
ts

w
it
h
ce
p
h
al
o
sp
o
ri
n
-s
u
sc
ep
ti
b
le

m
ic
ro
o
rg
an
is
m
s

3
4
3
/4
3
0
(8
0
%
)

P
at
ie
n
ts

w
it
h
ce
p
h
al
o
sp
o
ri
n
-r
es
is
ta
n
t
m
ic
ro
o
rg
an
is
m
s

5
6
/7
7
(7
3
%
)

P
\

0
0
5

P
at
ie
n
ts

w
it
h
am

in
o
g
ly
co
si
d
e-
su
sc
ep
ti
b
le

m
ic
ro
o
rg
an
is
m
s

3
6
8
/4
5
7
(8
1
%
)

P
at
ie
n
ts

w
it
h
am

in
o
g
ly
co
si
d
e-
re
si
st
an
t
m
ic
ro
o
rg
an
is
m
s

3
1
/5
0
(6
2
%
)

P
\

0
.0
5

P
at
ie
n
ts

w
it
h
an
y
re
si
st
an
t
m
ic
ro
o
rg
an
is
m

at
IC
U

en
tr
y

2
3
/1
0
9
(2
1
%
)

P
at
ie
n
ts

w
it
h
an
y
re
si
st
an
t
m
ic
ro
o
rg
an
is
m

at
IC
U

d
is
ch
ar
g
e

2
4
/1
0
9
(2
2
%
)

N
S

M
el
se
n
et

al
.
[1
2
]

1
3
D
u
tc
h
IC
U
s
(N

E
JM

2
0
0
9
)

p
o
st
h
o
c
an
al
y
si
s
o
f
su
rg
ic
al

(n
=

2
7
6
2
)
v
er
su
s
n
o
n
-

su
rg
ic
al

(n
=

3
1
6
5
)
p
at
ie
n
ts

2
8
-d
ay

m
o
rt
al
it
y
in

su
rg
ic
al

p
at
ie
n
ts

2
8
-d
ay

m
o
rt
al
it
y
in

n
o
n
-s
u
rg
ic
al

p
at
ie
n
ts

S
D
D

d
ec
re
as
ed

m
o
rt
al
it
y
in

n
o
n
-s
u
rg
ic
al

p
at
ie
n
ts

S
C
:
2
0
9
/9
7
3
(2
1
.6

%
)

3
3
5
/1
0
1
6
(3
3
.2

%
)

S
O
D
:
1
9
4
/8
6
6
(2
2
.6

%
)

O
R
:
0
.9
7
(0
.7
7
–
1
.2
2
)

3
0
8
/1
0
3
8
(3
0
.0

%
)

O
R
:
0
.7
7

(0
.6
3
–
0
�9
4
)

S
D
D
:
1
9
1
/9
2
3
(2
0
.8

%
)

O
R
:
0
.8
6
(0
.6
9
–
1
.0
9
)

3
4
9
/1
1
1
1
(3
1
.7

%
)

O
R
:
0
.8
5

(0
.7
0
–
1
�0
3
)

B
ac
te
re
m
ia

in
su
rg
ic
al

p
at
ie
n
ts

B
ac
te
re
m
ia

in
n
o
n
-s
u
rg
ic
al

p
at
ie
n
ts

S
D
D
/S
O
D

d
ec
re
as
ed

b
ac
te
re
m
ia

in
al
l
p
at
ie
n
ts

S
C
:
8
6
/9
7
3
(8
.8

%
)

8
4
/1
0
1
6
(8
.3

%
)

S
O
D
:
5
0
/8
6
6
(5
.8

%
)

P
\

0
.0
5

6
0
/1
0
3
8
(5
.8

%
)

P
\

0
.0
5

S
D
D
:
3
9
/9
2
3
(4
.2

%
)

P
\

0
.0
5

4
1
/1
1
1
1
(3
.7

%
)

P
\

0
.0
5

O
o
st
d
ij
k
et

al
.
[1
3
]

9
o
f
1
3
D
u
tc
h
IC
U
s
(N

E
JM

2
0
0
9
)
w
it
h
co
li
st
in

su
sc
ep
ti
b
il
it
y
te
st
in
g

C
o
li
st
in

su
sc
ep
ti
b
il
it
y
te
st
in
g
(n

=
1
0
2
2
p
at
ie
n
ts
)

M
ed
iu
m
-t
er
m

(2
4
m
o
n
th
s)

ac
q
u
is
it
io
n
o
f
co
li
st
in
-

re
si
st
an
ce

A
cq
u
is
it
io
n
o
f
re
ct
al

co
li
st
in
-r
es
is
ta
n
t
m
ic
ro
o
rg
an
is
m
s

2
.4

(2
.5
–
4
.2
)/
1
0
0
0
p
at
ie
n
t-
d
ay
s

E
v
o
lu
ti
o
n
fr
o
m

co
li
st
in
-s
u
sc
ep
ti
b
le

to
co
li
st
in
-r
es
is
ta
n
t

1
.7

%
(1
.0
–
2
.7
)

W
it
te
k
am

p
et
al
.
[1
4
]

5
o
f
1
3
D
u
tc
h
IC
U
s

p
ar
ti
ci
p
at
in
g
in

2
la
rg
e

st
u
d
ie
s:
I:
S
C
,
S
O
D
-I
,
S
D
D
-I

(N
E
JM

2
0
0
9
)
1
0
0
7

re
sp
ir
at
o
ry

an
d
1
0
9
3
re
ct
al

sa
m
p
le
s
o
b
ta
in
ed

fr
o
m

1
1
8
9

p
at
ie
n
ts

II
:
S
O
D
-I
I,
S
D
D
-I
I

(J
A
M
A

2
0
1
4
)
1
7
5
5

re
sp
ir
at
o
ry

an
d
1
8
0
8
re
ct
al

sa
m
p
le
s
o
b
ta
in
ed

fr
o
m

1
8
6
5

p
at
ie
n
ts

S
C

S
D
D
-I

S
O
D
-I

S
D
D
-I
I

S
O
D
-I
I

L
o
n
g
-t
er
m

S
D
D
/S
O
D

(o
v
er

7
y
ea
rs
)
d
ec
re
as
ed

to
b
ra
m
y
ci
n
re
si
st
an
ce

in
re
ct
al

an
d
re
sp
ir
at
o
ry

sa
m
p
le
s

T
o
b
ra
m
y
ci
n
re
si
st
an
ce

in
re
ct
al

sa
m
p
le
s:

1
2
.1

%
6
.6

%
1
,2

1
4
%

4
.2

%
3
,4

8
%

5
,6

1
S
D
D
-I

v
s
S
C
:
R
R

0
.5
4
(0
.3
4
–
0
.8
7
)

2
S
D
D
-I

v
s
S
O
D
-I
:
R
R

0
.4
6
(0
.2
9
–
0
.7
2
)

3
S
D
D
-I
I
v
s
S
D
D
-I
:
R
R

0
.6
4
(0
.4
0
–
1
.0
4
)

4
S
D
D
-I
I
v
s
S
C
:
R
R

0
.3
5
(0
.2
3
–
0
.5
3
)

5
S
O
D
-I
I
v
s
S
O
D
-I
:
R
R

0
.5
6
(0
.3
9
–
0
.7
8
)

6
S
O
D
-I
I
v
s
S
C
:
R
R

0
.6
6
(0
.4
7
–
0
.9
5
)

T
o
b
ra
m
y
ci
n
re
si
st
an
ce

in
re
sp
ir
at
o
ry

sa
m
p
le
s

1
0
.9

%
6
.7

%
1

9
.7

%
5
.3

%
2
,3

4
.5

%
3
,4

1
S
D
D
-I

v
s
S
C
:
R
R

0
.6
1
(0
.3
8
–
1
.0
0
)

2
S
D
D
-I
I
v
s
S
C
:
R
R

0
.4
8
(0
.3
2
–
0
.7
3
)

3
S
O
D
-I
I
v
s
S
O
D
-I
:
R
R

0
.4
8
(0
.3
0
–
0
.7
6
)

4
S
O
D
-I
I
v
s
S
C
:
R
R

0
.4
2
(0
.2
7
–
0
.6
4
)

C
o
li
st
in

re
si
st
an
ce

in
re
ct
al

sa
m
p
le
s

2
.7

%
2
.8

%
1
.2

%
1
.7

%
1
.1

%
1

L
o
n
g
-t
er
m

S
D
D
/S
O
D

(o
v
er

7
y
ea
rs
)
d
id

n
o
t
in
cr
ea
se

re
si
st
an
ce

to
co
li
st
in

1
S
O
D
-I
I
v
s
S
C
:
R
R

0
.4
1
(0
.1
7
–
0
.9
8
)

C
o
li
st
in

re
si
st
an
ce

in
re
sp
ir
at
o
ry

sa
m
p
le
s

0
.9

%
2
.1

%
1
.7

%
1
.1

%
0
.6

%

S
D
D

se
le
ct
iv
e
d
ec
o
n
ta
m
in
at
io
n
o
f
th
e
d
ig
es
ti
v
e
tr
ac
t,
S
O
D

se
le
ct
iv
e
o
ro
p
h
ar
y
n
g
ea
l
d
ec
o
n
ta
m
in
at
io
n
,
S
C
st
an
d
ar
d
ca
re
,
N
S
n
o
t
si
g
n
ifi
ca
n
t,
A
P
A
C
H
E
II
ac
u
te

p
h
y
si
o
lo
g
y
an
d
ch
ro
n
ic

h
ea
lt
h
ev
al
u
at
io
n
II
sc
o
re
,

IC
U

in
te
n
si
v
e
ca
re

u
n
it
,
O
R
o
d
d
s
ra
ti
o
,
R
R
re
la
ti
v
e
ri
sk
,
vs

v
er
su
s,
9
5
%

C
I
9
5
%

co
n
fi
d
en
ce

in
te
rv
al

1273



and a lower volume of topical antibiotics [4]. Indeed,
when SDD was compared with standard care, the use
of cephalosporins was increased due to the SDD
regimen, but the use of antimicrobial agents was
reduced significantly for broad-spectrum penicillins,
carbapenems, lincosamides, and quinolones [4]. This
was also true for SOD, but the difference with standard
care was less pronounced [4].

3. Recent SDD/SOD studies were all performed in the
Netherlands where antimicrobial resistance is a minor
concern with a low reported use of broad-spectrum
antibiotics, such as piperacillin/tazobactam, cefepime,
and carbapenems. Hence, a more pronounced gradual
increase was observed with aminoglycoside-resistant
Gram-negative bacteria with SDD [5]. The effects of the
prolonged use of SDD and SOD on colistin resistance
have been determined in a study performed on two
different large ICU cohorts [13]. No association was
observed between the use of SDD or SOD and increased
acquisition of colistin-resistant Gram-negative bacteria
in the respiratory tract. In another study performed on
patients colonized with Enterobacteriaceae in the intesti-
nal tract at ICU admission, SDD was shown to eradicate
cephalosporin-resistant Enterobacteriaceae from the
intestinal tract [11]. These findings are usually related
to the fact that the studies are performed in environments
with a lower incidence of highly-resistant microorgan-
isms. By contrast, studies performed in countries with a
higher incidence of highly-resistant microorganisms
have also reported similar effects [17, 18].

4. Some observations were performed over a short period
of time and resistance may not have been immediately
apparent. Hence, a rebound effect after stopping SDD/
SOD has been suggested in one of the post hoc
analyses, as well as the emergence of colistin-resistant
strains during persistent Gram-negative bacteria colo-
nization over the study period (24 months) [13, 7].
Indirect evidence suggests that SDD/SOD is associated
with the long-term alteration of the microbiota of the
digestive tract and a potential increase in the associ-
ated resistome, but this remains largely speculative at

the present time [19]. However, these effects were not
confirmed in a very recent report on continuous
surveillance of the impact of SDD and SOD up to
7 years [14]. This large study confirmed a continuous
reduction of the rate of tobramycin resistance and the
absence of emergence of resistance to colistin in both
respiratory and rectal samples (Table 2). The occur-
rence of a rebound effect after the discontinuation of
SDD/SOD use in these centres remains to be
determined.

In conclusion, SDD and SOD are used in a minority of
ICUs, despite the available data on survival benefit.
Although antibiotic resistance is not shown to be associ-
ated with the use of SDD and SOD in the particular
setting of experienced Dutch ICUs, some ecological
changes in ICUs have been reported (Table 2). SDD has
resulted in lower rectal carriage of antibiotic-resistant
Gram-negative bacteria compared to SOD. SDD has
demonstrated superiority over SOD, but both are related
to a lower use of systemic antibiotics, other than those
used during the first 4 days of SDD, and result in a lower
mortality in ICU patients compared to standard care.
Therefore, SOD can be viewed as a good alternative to
SDD. However, the lower rate of bacteremia and bacterial
resistance observed with SDD pleads in favor of this
regimen. Further studies are planned in higher endemic
resistance regions to assess the effect of SDD or SOD on
long-term resistance development.
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