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ABSTRACT

Selective decontamination of the digestive tract has been proven to prevent severe infections and to reduce
mortality in critically ill patients. Historical arguments against its use, like the development of bacterial resis-
tance and the absence of influence on mortality, have not been confirmed. Recent clinical trials designed to
evaluate these variables and meta-analyses showed remarkable reductions in the incidence of resistant bacteria
and a significant beneficial effect on survival. This review will update the evidence on the efficacy of selective
decontamination of the digestive tract, and the issue of emergence of resistance, using data from randomized

controlled trials and meta-analyses.
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INTRODUCTION

The first clinical experience on selective
decontamination of the digestive tract
(SDD) goes back to 1983 (1), whilst the first
randomized trial was published in 1987 (2).
Subsequently, 66 randomized controlled
trials (RCTs) (3, 4) and 11 meta-analyses of
RCTs of SDD have been published (5-15).

They demonstrated that SDD reduces se-
vere infections of the lower airways, of the
bloodstream and mortality, with resistance
being controlled. Surprisingly, although
the evidence supporting the use of SDD in

Corresponding author:

Luciano Silvestri, MD

Department of Emergency

Unit of Anesthesia and Intensive Care
Presidio Ospedaliero di Gorizia

Via Fatebenefratelli, 34 - 34170 Gorizia, Italy
e-mail: lucianosilvestri@yahoo.it

intensive care unit (ICU) is high, SDD is
not widely used in clinical practice. SDD
has been the subject of strong controver-
sies among detractors and advocates of the
manoeuvre. SDD opponents still rely on
historical arguments against its use, such
as the lack of any effect on mortality and
the emergence of resistance.

This article will review the evidence on
the efficacy of SDD and the issue of emer-
gence of resistance, using data from RCTs
and meta-analyses of SDD.

What is SDD

SDD is a prophylactic strategy designed to
prevent or minimize endogenous and exog-
enous infections, and to reduce mortality
in critically ill patients. The aim of SDD
is to prevent or eradicate, if present, the
oropharyngeal and intestinal abnormal

HSR Proceedings in Intensive Care and Cardiovascular Anesthesia 2012, Vol. 4

proceedings




Silvestri L, et al.

22

carriage of potentially pathogenic micro-

organisms (PPMs), such as Gram-negative

aerobic microorganisms (AGNB), methi-
cillin-sensitive Staphylococcus aureus and
yeasts (16-18). The philosophy of SDD has

some fundamentals (16-18):

- critical illness importantly impacts the
body flora promoting a shift from normal
to abnormal carriage and from low-grade
carriage to high-grade carriage, i.e. over-
growth of normal and abnormal flora;

- gut overgrowth (i.e. 210° colonies per
ml of saliva or faeces), in particular due
to abnormal AGNB, is a critical event
which precedes endogenous infections,
and is a risk factor for antimicrobial re-
sistance;

- a limited range of 15 PPMs is responsi-
ble for the majority of infections in ICU,
and SDD mainly impacts these microor-
ganims;

- most ICU infections are primary endog-
enous infections, followed by secondary
endogenous and exogenous infections;

- the use of the full four components pro-
tocol of SDD is crucial.

SDD selectively targets both normal (e.g.

methicillin-sensitive S. aureus, Streptococ-

cus pneumoniae, Haemophilus influenzae,

Moraxella catarrhalis, Escherichia coli,

Candida albicans) and abnormal flora (e.g.

Klebsiella, Enterobacter, Citrobacter, Serra-

tia, Proteus, Morganella, Pseudomonas, Aci-

netobacter species, and methicillin-resistant

S. aureus). By design SDD does not cover

low-level pathogens, such as anaerobes,

viridans streptococci, enterococci, and co-
agulase-negative staphylococci, which rare-
ly cause infections during ICU stay.

The full protocol of SDD classically con-

sists of four components (18):

1. a short course (4 days) of parenteral an-
tibiotics to control primary endogenous
infections caused by PPMs present in
the patient’s admission flora. Previously
healthy subjects can be treated with a

B-lactam antibiotic, such as cefotaxime
80-100 mg/kg/day, active against nor-
mal and the majority of microorganisms
belonging to the abnormal flora. Patients
with a chronic underlying disease, such
as diabetes, chronic obstructive pulmo-
nary disease, and patients transferred
from other ICUs or wards, may carry
both normal and abnormal flora in
throat and gut, including Pseudomonas
species. This group of patients requires
combination therapy, or an anti-pseudo-
monal cephalosporin (e.g. ceftazidime);

. enteral antimicrobials, i.e. polymyxin E,

tobramycin, and amphotericin B (PTA),
given throughout ICU stay to control
secondary oropharyngeal and intesti-
nal carriage, and subsequent secondary
endogenous infections due to PPMs ac-
quired in the ICU. Half a gram of paste
or gel containing 2% PTA 1is applied in
the oropharyngeal cavity with a glowed
finger four times a day, combined with
10 ml of a suspension containing 100
mg of polymyxin E, 80 mg of tobramy-
cin and 500 mg of amphotericin B and
are administered into the gut through
the nasogastric tube four times a day.
In case of endemicity of methicillin-re-
sistant S. aureus (MRSA), i.e. incidence
of over one new case per month with a
diagnostic sample positive for MRSA
throughout a six-month period, oropha-
ryngeal gel and/or intestinal solution of
vancomycin can be added to the classi-
cal PTA regimen,;

. high levels of hygiene prevent exogenous

infections, as well as the topical antimi-
crobials of PTA on the tracheostomy in
tracheostomized patients to control ex-
ogenous lower airway infections;

. surveillance cultures of throat and

rectum on admission and, afterwards,
twice weekly to monitor the effective-
ness of SDD and to detect resistance at
an early stage.
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Unfortunately, variations from the origi-
nal four-component protocol have been
employed, such as use of solely intestinal
antimicrobials, administration of enteral
antimicrobials without the parenteral com-
ponent, and selective oropharyngeal decon-
tamination (SOD) in which the oropharyn-
geal components is used omitting both the
parenteral and the intestinal components.
Additionally, antimicrobials different from
polymyxin/tobramycin have been intro-
duced: they were mainly quinolones or dif-
ferent aminoglycosides, such as gentamicin
or neomycin.

The effectiveness of SDD is based on the
ability of antimicrobials to clear oropha-
ryngeal and gut carriage in overgrowth
concentration of both normal and abnor-
mal PPMs rather than to selectively remove
aerobic bacteria leaving the anaerobic in-
testinal flora unaffected, as the name SDD
misleadingly implies (19). However, the
term SDD is now so well established that to
change it would cause too much confusion.

Effectiveness

After 25 years of clinical research SDD has
been assessed in 66 RCTs (3,4) and in 11
meta-analyses of only RCTs (5-15) in ap-
proximately 15,000 patients. The full pro-
tocol using parenteral and enteral antimi-
crobials has been assessed in 22 RCTs.
Amongst the 66 RCTs, 52 are from Europe
and 14 from non-European countries. All
meta-analyses, but one, are European (one
from The Netherlands, and nine from Ita-
ly). Table 1 summarizes the results of the
11 meta-analyses.

SDD significantly reduces oropharyngeal
and rectal carriage of Gram-negative mi-
croorganisms by 87% (OR [odds ratio]
0.13; 95% confidence interval [CI] 0.07-
0.23) and 85% (OR 0.15; 95% CI 0.07-0.31),
respectively (11). Gram-positive carriage is
also reduced, but not significantly (11). Ad-
ditionally, SDD significantly reduces yeast
carriage (OR 0.32; 95% CI 0.19-0.53) (9).
All meta-analyses demonstrated an impact
of SDD on lower respiratory tract infec-

Table 1 - Effectiveness of selective decontamination of the digestive tract assessed in 11 meta-

analyses of randomized controlled trials.

Firstauthor | PN AN | BOSSO |  poraality | O PRIV | Rectal carriage | V| MoDS
‘éizgles“g]o“"ke‘ 0.12 (0.08-0.19) 0.92 (0.45-1.84)

DAmico [6] | 0.35 (0.29-0.41) 0.80 (0.69-0.93)

Liberati [7] 0.35 (0.29-0.41) 0.78 (0.68-0.89)

Safdar [8] 0.82 (0.22-2.45) 81868 (%)077301579)1

Silvestri [9]#* 0.89 (0.16-4.95) 0.32 (0.190.53)* 0.30 (0.17-0.53)

Silvestri [10] 0.73 (0.59-0.90) | 0.80 (0.69-0.94)

Silvestri [11]

Gram-negative | 0.11 (0.06-0.20) | 0.35 (0.21-0.67) 0.13 (0.07-0.23) | 0.15 (0.07-0.31) | 0.17 (0.10-0.28)
Gram-positive | 0.52 (0.34-0.78) | 1.03 (0.75-1.41) 0.55 (0.30-1.02) | 0.53 (0.12-2.43) | 0.76 (0.41-1.40)

Silvestri [12] 0.71 (0.61-0.82)

Liberati [13] | 0.28 (0.20-0.38) 0.75 (0.65-0.87)

Silvestri [14] 0.82 (0.51-1.32) 0.50 (0.34 - 0.74)
Silvestri [15] | 0.54 (0.42-0.69)"

Results are reported as odds ratio with 95% confidence interval except for Safdar meta-analysis which used risk ratio; MODS, multiple organ dysfunction

syndrome. *Overall carriage; **Yeasts data; $Aerobic Gram-negative bacilli infections; tracheobronchitis.
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tions. The use of the full protocol of enteral
and parenteral antimicrobials of SDD re-
duces lower airway infections by 72% (OR
0.28; 95% CI 0.20-0.38) (13), due to both
Gram-negative and Gram-positive bacteria
(11). Interestingly, the full protocol of SDD
is more effective in reducing Gram-nega-
tive lower airway infections than solely
enteral antimicrobials (OR 0.07; 95% CI
0.04-0.13, and OR; 0.28 95% CI 0.11-0.68,
respectively) (11). A recent meta-analysis
explored the effectiveness of SDD on ven-
tilator-associated tracheobronchitis (VAT),
and showed a 46% VAT reduction in pa-
tients receiving SDD (OR 0.54; 95% CI
0.42-0.69) (15).

Polyenes, nystatin or amphotericin B, are
part of the SDD antimicrobials. A meta-
analysis, exploring the impact of SDD on
fungal infections, showed a 70% signifi-
cant reduction of fungal infections (OR
0.30, 95% CI 0.17-0.53), although fun-
gaemia was not significantly reduced due
to the low event rates in test and control
group (9).

Fifty-one RCTs in 8065 critically ill pa-
tients were included in a systematic review
on bloodstream infection (10). SDD signifi-
cantly reduced overall bloodstream infec-
tions by 27% (OR 0.73; 95% CI 0.59-0.90)
and Gram-negative bloodstream infections
(OR 0.39; 95% CI, 0.24-0.63), without
any impact on Gram-positive bloodstream
infections (OR 1.06; 95% CI, 0.77-1.47).
Again, the effect on overall bloodstream
infections and bloodstream infections due
to Gramnegative bacteria was even larger
when parenteral and enteral antimicrobi-
als were used with ORs of 0.63 (95% CI,
0.46-0.87), and 0.30 (95% CI, 0.16-0.56),
respectively. These findings have been
substantiated by a recent multicentre tri-
al which demonstrated that ICU-acquired
bacteraemia due to enterobacteriaceae was
significantly reduced in SDD vs standard
care (OR 0.44, 95% CI 0.34-0.47), in SOD

vs standard care (OR 0.68, 95% CI 0.53-
0.86), and, remarkably, in SDD vs SOD
(OR 0.65, 95% CI 0.49-0.85) (20).

A recent meta-analysis explored the effi-
cacy of SDD in the prevention of multiple
organ dysfunction syndrome (MODS) (14).
In seven RCTs including 1270 patients,
SDD reduced MODS by 50% (OR 0.50,
95% CI 0.34-0.74).

Out of 11 meta-analyses, 8 explored the ef-
fect on mortality (5-8, 10, 12-14). All meta-
analyses assessing the impact of the full
protocol and providing a large sample size
(more than 2000 patients) showed a sur-
vival benefit of SDD (6, 7, 10, 12, 13). In
particular, an Italian meta-analysis demon-
strated a mortality reduction of 29% (OR
0.71, 95% CI 0.61-0.82), reaching a 42%
mortality reduction in studies where SDD
eradicated the carrier state (OR 0.58, 95%
CI 0.45-0.77) (12). Eighteen patients should
be treated with SDD to save one life. Re-
markably, in meta-analyses with a small
sample size the reduction in mortality was
not significant (5, 8, 14). There are two large
Dutch RCTs with the endpoint of mortal-
ity (20, 21). In the first the risk of mortality
was reduced by 40% in the unit where SDD
was administered to all patients (21). The
second RCT (20), the largest SDD study
ever published, compared SDD and SOD vs
standard care. Both SDD and SOD equally
reduced mortality compared to standard
care (OR 0.83, p=0.02; 0.86, p=0.045, re-
spectively), although the mortality reduc-
tion was higher, albeit not significantly, in
SDD group than in SOD group. A recent
meta-analysis of SOD RCTs failed to dem-
onstrate any significant impact on mortal-
ity (OR 0.93; 95% CI 0.81-1.07) (22).

SDD has been assessed in selected patient
groups, such as burns (23), patients receiv-
ing oesophageal/gastrointestinal surgery
(24), paediatric population (25), transplant
patients (8). The meta-analysis on mortal-
ity in burn patients demonstrated a signifi-
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cant reduction in the odds of death by 78%
(OR 0.22,95% CI 0.12-0.43) (23).

Three RCTs investigating gastroesophage-
al surgery were pooled together in a meta-
analysis which showed that SDD reduced
pneumonia rate by 64% (OR 0.36, 95% CI
0.19-0.69) (24). A meta-analysis of SDD in
transplant recipients found a significant
reduction of infections due to AGNB and
yeasts (OR 0.16, 95% CI 0.07-0.37) (8).
The reduction was not significant when all
infections were analysed, owing to a sub-
stantial number of infections due to low-
level pathogens, such as enterococci and
coagulase-negative staphylococci, which
are intrinsically not covered by SDD. The
small sample size may explain why mor-
tality was not significantly reduced. Four
pediatric RCTs were included in a recent
meta-analysis. Pneumonia was significant-
ly reduced by SDD (OR 0.31, 95% CI 0.11-
0.87), whilst overall mortality was not (OR
1.18, 95% CI 0.50-2.76) (25). However, the
results of all these analyses should be in-
terpreted with caution due to the low num-
ber of studies and patients included.

Resistance

AGNB resistance was the endpoint of four
RCTs (4, 20, 21, 26). During an outbreak
of K. pneumoniae producing extended spec-
trum beta-lactamase in a French ICU, SDD
significantly reduced both carriage and in-
fections due to this microorganism (26).
Similarly, SDD cleared gut overgrowth of
carbapenem-resistant K. pneumoniae in
the Beer-Sheva ICU, Israel (4). A Dutch
mono-centre RCT of about 1000 patients
found that carriage of AGNB resistant to
imipenem, ceftazidime, ciprofloxacin, to-
bramycin and polymyxins occurred in
16% of patients receiving parenteral and
enteral antimicrobials, compared to 26%
of control patients that received parenteral
antibiotics only with a relative risk of 0.6
(95% CI 0.5-0.8) (21). In the multi-center

clustered RCT from The Netherlands the
proportion of patients with AGNB in rec-
tal swabs that were not susceptible to the
marker antibiotics was lower with SDD
than with standard care or SOD (20). Re-
markably, a post-hoc analysis of the same
Dutch RCT, explored the incidence of
bacteremia and lower respiratory tract
colonization due to highly resistant micro-
organisms (HRMOs), in particular AGNB
(27). Bacteremia due to HRMOs was sig-
nificantly reduced by SDD compared with
SOD (OR 0.37; 95% CI 0.16-0.85), and
lower respiratory tract colonization due to
HRMOs was less with SDD (OR 0.58, 95%
CI 0.43-0.78) than SOD (OR 0.65, 95% CI
0.49-0.87) compared with standard care. In
an ecological survey (28) undertaken dur-
ing the study period of the Dutch RCT (20),
an increase in resistance after SOD and
SDD discontinuation was observed.

This seems to contradict the reduction in
resistance demonstrated in the main study.
However, that ecological study has some
important limitations. First, the study used
a point-prevalence method in which all pa-
tients in the unit, whether enrolled or not
in the study, were included.

Second, the change in resistance could also
be due to a simultaneous change of the re-
sistance spectrum in patients admitted to
the hospital, as admission cultures were
included in the study. Finally, the survey
showed that AGNB resistant to the marker
antibiotics in the respiratory tract were
significantly lower during SDD/SOD than
during the pre- and post-intervention peri-
ods, and AGNB resistance to ciprofloxacin
and tobramycin in rectal swabs was signifi-
cantly lower during SDD than during stan-
dard care/SOD. These findings confirm
that SDD does not increase the resistance
problem, but actually reduces it, and that
SDD was superior to SOD and standard
care in controlling the emergence of resis-
tance.
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By design, SDD does not cover MRSA, and,
therefore, may promote carriage and infec-
tion due to this PPM. There are seven RCT
conducted in ICUs in which MRSA was
endemic during the study and demonstrat-
ed a trend toward higher MRSA infection
rates in patients receiving SDD (29). Un-
der these circumstances, the original SDD
component requires the addition of oro-
pharyngeal and/or intestinal vancomycin.
Interestingly, three studies (30-32) using 2
g of 4% vancomycin gel or paste and/or 2 g
of vancomycin solution added to the non-
absorbable PTA component demonstrated
that prevention and eradication of carriage
and overgrowth of MRSA was followed
by the control of MRSA infection, trans-
mission and outbreaks. Severe infection,
including MRSA pneumonia, were signifi-
cantly reduced using enteral vancomycin
(32, 33).

Although, studies on AGNB resistance
have not led to an increased resistance
problem, clinicians should be aware that
highly resistant microorganisms may be
selected during SDD, in particular in ICUs
where these microorganisms are endemic.
Therefore, surveillance samples of throat
and rectum are mandatory to detect resis-
tance at an early stage.

Costs

Costs were reduced in the majority of SDD
RCTs, including cost per survivor (34). In
the recent Dutch trial, although the me-
dian number of defined daily doses of sys-
temic antibiotics per patient-day did not
significantly differ among SDD, SOD and
standard care, the use of carbapenems,
quinolones and lincosamides was reduced
in SDD compared with SOD and standard
care (21). Van Nieuwenhoven et al (35), us-
ing a combination of crude cost analysis,
decision model analysis, and bootstrap
analysis, provided strong evidence that
preventing ventilator-associated pneumo-

nia by means of oropharyngeal decontami-
nation was cost-effective. Also the Agency
for Healthcare Research and Quality of the
United States Department for Health and
Human Services considers SDD to be a
cheap manoeuvre (36). The cost of less than
10 €/day is not an issue for an intervention
that reduces lower airway and bloodstream
infections, and mortality.

Why is SDD not widely used?

Despite the vast body of evidence showing a
significant reduction in morbidity and mor-
tality, with resistance being controlled, SDD
is not widely applied in clinical practice.
The main reason for SDD not being widely
used is the primacy of opinion over evidence.
Two surveys revealed that SDD is used in
only 5% and 30% of the British (37) and
Dutch (38) intensive care units, respective-
ly, mainly due to an insufficient evidence of
efficacy and concerns about resistance. Ad-
ditionally, SDD has been recently ranked
the worst manoeuvre for prevention of
ventilator-associated pneumonia by a pan-
el of experts, although none of them has
published on the topic (39). The reason for
this is multifactorial, but the longstanding
disagreement among experts and opinion
leaders has been an important factor which
contributed to the confusion. For example,
in early nineties the first meta-analysis on
SDD by the Cochrane Italian Center in
Milan had already demonstrated a signifi-
cant impact of SDD on mortality (40), but,
subsequently, a biased meta-analysis has
been published in an influential American
journal with opposite results (41). Four
further meta-analyses and two large RCTs
have been needed before opinion leaders
acknowledged that SDD significantly im-
pacted mortality. More recently, also the
National Institute for Health and Clinical
Excellence, NICE, although admitting that
SDD impacted morbidity and mortality, did
not support SDD as “few studies had been
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undertaken in the UK, and therefore they
did not reflect current National Health Ser-
vice practice” (42). History repeats itself!
It seems that the evidence based medicine
can not be applicable to SDD, similarly to
Semmelweis’ findings, which were heavily
opposed by Virchow, the expert pathologist
and influential opinion leader of that time.
Previous experience with thrombolytic
drugs indicates a similar pattern, with an
undesirable lag between the appearance of
meta-analytic evidence and the recommen-
dation of clinical experts (43).

Concerns expressed by experts about resis-
tance are based on low level evidence, but
have delayed the implementation of SDD.
European and American experts stated
that the most important objection to the
widespread use of SDD is the unknown
effects on antibiotic resistance in the long
term. They invariably refer to their own
review articles, e.g. the lowest level of evi-
dence (44, 45).

SDD has never been promoted by pharma-
ceutical companies, probably because there
is little profit in older agents such as cefo-
taxime, polymyxin E, tobramycin and am-
photericin B, which are inexpensive and
off-patent. Furthermore, SDD is not sup-
ported by authoritative-looking data sheets,
and it is not marketed to clinicians in the
traditional manner. Paste, gel or suspen-
sion are not readily available on the shelf.
Hence, the application of SDD requires
more effort in terms of commitment and
monitoring from the ICU team, the phar-
macist, and the microbiologist, than is the
case with the mere systemic administra-
tion of the latest antibiotic on the market.
The most recent example is the Surviving
Sepsis Campaign sponsored by the indus-
try that recommends all evidence-based
medicine interventions (46), except SDD
(47). Moreover, intensivists are not famil-
iar with surveillance cultures of throat
and rectum and they are worried about an

increased team workload (48). However,
ICUs using SDD experienced less work-
load due to a reduction in infection rates,
less systemic antibiotics use, declining in
the frequency of tracheal suctioning, and
absence of resistant strains requiring pa-
tients’ cohorting or isolation.

Finally, there is an interaction between
physicians and pharmaceutical industries.
Most opinion leaders have links with the
industry and receive grants for the evalua-
tion of new antibiotics, both in vitro and in
vivo. The same clinicians are invited to na-
tional and international meeting at which
they report data often promoting these
new drugs as first-line antibiotics. The tra-
ditionalists on the “circuit” have relied on
the industry to develop new drugs at regu-
lar intervals, usually after publications of
case reports of superinfections of the cur-
rently favoured antibiotics. The realisation
that the pharmaceutical companies failed
to provide new classes of antibiotics came
as a severe blow. Industrialized countries
have largely delegated the control of drug
trials to the pharmaceutical companies,
which place clear limitation on research
(49). However, economic interests seek the
best financial return and establishing new
potent antibiotics to treat rather than pre-
vent pneumonia is more profitable.

CONCLUSIONS

SDD is the best-ever evaluated intervention
in intensive care medicine, and has been
assessed by 66 RCTs and several meta-
analyses in approximately 15,000 patients,
over a period of 25 years. The control of
digestive tract overgrowth of normal and
abnormal flora by achieving high antimi-
crobials concentrations is the mechanism
of action of SDD.

The results of individual studies and meta-
analyses indicate a strong protective effect
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of the full protocol of parenteral and en-
teral antimicrobials of SDD on pneumonia
and bloodstream infections, and a reduc-
tion in mortality, with resistance being
controlled.
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