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Effect of selective decontamination on antimicrobial
resistance in intensive care units: a systematic review and
meta-analysis

Nick Daneman, Syed Sarwar, Robert A Fowler, Brian H Cuthbertson, on behalf of the SuDDICU Canadian Study Group

Summary

Background Many meta-analyses have shown reductions in infection rates and mortality associated with the use of
selective digestive decontamination (SDD) or selective oropharyngeal decontamination (SOD) in intensive care units
(ICUs). These interventions have not been widely implemented because of concerns that their use could lead to the
development of antimicrobial resistance in pathogens. We aimed to assess the effect of SDD and SOD on antimicrobial
resistance rates in patients in ICUs.

Methods We did a systematic review of the effect of SDD and SOD on the rates of colonisation or infection with
antimicrobial-resistant pathogens in patients who were critically ill. We searched for studies using Medline,
Embase, and Cochrane databases, with no limits by language, date of publication, study design, or study quality. We
included all studies of selective decontamination that involved prophylactic application of topical non-absorbable
antimicrobials to the stomach or oropharynx of patients in ICUs, with or without additional systemic antimicrobials.
We excluded studies of interventions that used only antiseptic or biocide agents such as chlorhexidine, unless
antimicrobials were also included in the regimen. We used the Mantel-Haenszel model with random effects to
calculate pooled odds ratios.

Findings We analysed 64 unique studies of SDD and SOD in ICUs, of which 47 were randomised controlled trials and
35 included data for the detection of antimicrobial resistance. When comparing data for patients in intervention
groups (those who received SDD or SOD) versus data for those in control groups (who received no intervention), we
identified no difference in the prevalence of colonisation or infection with Gram-positive antimicrobial-resistant
pathogens of interest, including meticillin-resistant Staphylococcus aureus (odds ratio 1-46, 95% CI 0-90-2-37) and
vancomycin-resistant enterococci (0-63, 0-39-1-02). Among Gram-negative bacilli, we detected no difference in
aminoglycoside-resistance (0-73, 0-51-1-05) or fluoroquinolone-resistance (0-52, 0-16-1-68), but we did detect a
reduction in polymyxin-resistant Gram-negative bacilli (0-58, 0-46-0-72) and third-generation cephalosporin-
resistant Gram-negative bacilli (0-33, 0-20-0-52) in recipients of selective decontamination compared with those
who received no intervention.

Interpretation We detected no relation between the use of SDD or SOD and the development of antimicrobial-
resistance in pathogens in patients in the ICU, suggesting that the perceived risk of long-term harm related to
selective decontamination cannot be justified by available data. However, our study indicates that the effect of
decontamination on ICU-level antimicrobial resistance rates is understudied. We recommend that future
research includes a non-crossover, cluster randomised controlled trial to assess long-term ICU-level changes in
resistance rates.

Funding None.

Introduction
Hospital-acquired infections affect a quarter of critically
ill patients, and can double the risk of a patient dying.**
Because hospital-acquired infections are preceded by
colonisation with pathogenic bacteria, prophylactic
antimicrobial treatment might have the potential to
reduce the burden of pathogens in a patient’s respiratory
and gastrointestinal tract, and thereby prevent the onset
of invasive infections such as ventilator-associated
pneumonia.

Selective digestive decontamination (SDD) is defined as
the prophylactic application of topical, non-absorbable
antimicrobials in the oropharynx and stomach, with the

goal of eradicating potentially pathogenic microorganisms
but preserving the protective anaerobic microbiota.
Selective oropharyngeal decontamination (SOD) is the
application of such treatments to only the oropharynx.
SDD is usually, and SOD is rarely, accompanied by
systemic antimicrobials, which might also pre-emptively
treat undetected infections. We refer to SDD, SOD, or
bothunder the umbrella term of selective decontamination.

Selective decontamination is not a new idea; it has
been assessed in more than 40 randomised controlled
trials, with clinical benefits summarised in many meta-
analyses.*™ This intervention has shown consistent
reductions in hospital-acquired infection rates (most
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notably ventilator-associated pneumonia), and might
reduce overall mortality in intensive care units (ICUs).>"
However, there has been little uptake of selective
decontamination in ICUs and little or no endorsement
in guidelines issued by professional organisations.”*
The barriers to uptake of selective decontamination were
explored in an international survey and Delphi panel of
multidisciplinary expert stakeholders, including critical
care and infectious diseases specialists.™ The
predominant concern expressed was that use of selective
decontamination will promote the development of
antimicrobial-resistant pathogens.

The possibility of promoting resistance is a serious
concern, especially in view of ICUs already being the
epicentre of antimicrobial use and resistance within
most hospitals.' Calls for reduced antimicrobial use
through improved antimicrobial stewardship are being
made worldwide,”* and have already shown some
success in helping curtail antimicrobial resistance in
some [CUs.”” Proponents of selective decontamination
counter that the body of research has not documented a
clear signal of increased antimicrobial resistance, and
that this intervention could even potentially reduce
resistance rates.”

By contrast with meta-analyses assessing the effect of
selective decontamination on infection and mortality
rates, no such assessment has been done to measure the
effect of selective decontamination on antimicrobial
resistance. Therefore, we aimed to systematically review
the effect of selective decontamination on rates of
colonisation or infection with antimicrobial-resistant
pathogens in patients in ICUs.

Methods

Search strategy and selection criteria

We did our systematic review and meta-analysis in
accordance with the PRISMA guidelines.” To ensure
that we captured all relevant studies we searched
Medline, Embase, and Cochrane databases without any
restriction on date of publication, language, country,
sex, age, outcome measures, and study design or study
quality. Search terms for selective decontamination
included “digestive decontamination”, “oral decon-

» o« » o«

tamination”, “oropharyngeal decontamination”, “bowel

» o« X7«

decontamination”, “decontamination/methods*”, “anti-
biotic prophylaxis*”, “antibiotic prophylaxis/methods”,
“antibiotic prophylaxis/utilization*”, “topical decon-
tamination”, “gastro* decontamination”, “decontamin-
ation”, “selective decontamination”, “SDD”, “SOD”, or
“antibacterial agent”. Search terms for intensive care
included “intensive care units”, “critical care”,
“intensive care”, “ICU”, “critical illness”, “critical care”,
“care unit*”, “burn unit*”, “recovery room*”,
“ventilators”, “mechanical/, mechanical ventilat*”,
“ventilator*”, “respiration”, “artificial”, or “artificial
respiration*”. We identified additional studies by

scanning reference lists of relevant articles and previous
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meta-analyses on SDD or SOD, and by contacting
subject experts.

We included all studies of selective decontamination
that involved prophylactic application of topical non-
absorbable antimicrobials to the stomach or oropharynx
of patients in ICUs, with or without additional systemic
antimicrobials. We excluded studies of interventions that
used only antiseptic or biocide agents such as
chlorhexidine, unless antimicrobials were also included
in the regimen. We also excluded studies of antimicrobial
prophylaxis to specifically prevent surgical-site infection
or postsurgical infection, and studies focused on patients
not in ICUs, patients receiving liver transplants, or other
small populations of patients such as those with heart
failure. We anticipated low numbers of randomised
controlled trials with long-term follow-up in this subject,
so we applied no predefined limitations on study design
or study quality. Randomised controlled trials, non-
randomised trials, quasiexperimental studies (before-
and-after studies), cohort studies, case series, and
case-control studies were all included. We excluded only
case reports. We appraised the quality of included studies
with the Cochrane risk of bias method for randomised
controlled trials, and the Newcastle-Ottawa quality
assessment scale for non-randomised studies. The
Newcastle-Ottawa quality assessment scale assigns a
maximum of four points for selection of patients, two
points for comparability of intervention and control
groups, and three points for outcome assessment.”? We
did not exclude repeat publications with the same
populations of patients, as long as subsequent analyses
explored different antimicrobial-resistance outcomes, to
ensure that outcomes were not counted more than once.

One investigator (SS) did full searches on all the
databases. Another investigator (ND) repeated the
screening of articles for a 10% subset of citations.
Agreement was measured via an unweighted k score.
Any disagreement was resolved by further discussion
between the two investigators (SS and ND), with planned
involvement of a third author (BHC) if consensus was
not achieved.

Data extraction

We extracted a broad range of data from each study into a
spreadsheet, including the author, year of publication,
country, study design, number of patients enrolled,
number of ICUs, total duration of study in months, total
duration of intervention (SDD or SOD) in months,
nature of topical agent with or without systemic drugs
given during the study, use of routine surveillance swabs,
antimicrobial use, and antimicrobial resistance
outcomes.

The two general antimicrobial resistance outcomes of
interest were differences in the incidence of colonisation
or infection with antimicrobial-resistant organisms in
intervention (SDD or SOD) versus control patients, and
ICU-level changes in the incidence of colonisation or
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infection with antimicrobial-resistant organisms with
time. Individual antimicrobial-resistant pathogens of
interest included meticillin-resistant Staphylococcus
aureus, vancomycin-resistant enterococci, and Gram-
negative bacilli resistant to aminoglycosides, polymyxins,
fluoroquinolones, third-generation cephalosporins, or
carbapenems. For the purpose of our meta-analysis,
antimicrobial resistance in patients included either
colonisation (detection of bacteria by surveillance swabs
without evidence of disease) or infection (detection of
bacteria by clinical culture in the setting of invasive
disease). Data for all antimicrobial resistance outcomes
were abstracted irrespective of metric, but were only
pooled for meta-analysis if they measured incidence per
patient admitted rather than per bacterial isolate. Because
of the small number of studies examining ICU-level
changes in antimicrobial resistance over time and
different analytical approaches and outcome measures
used by these studies, these results could not be pooled.
Additionally, total use of systemic antimicrobials in
patients in intervention and control groups was extracted
from all studies, as a potential mediator of differences in
antimicrobial resistance levels.

Statistical analysis

Only data from studies that compared the detection of
antimicrobial resistant pathogens per admitted patient in
recipients of selective decontamination versus control
were eligible for pooling. If different Gram-negative bacilli
were analysed separated in the study results (eg, separate
results reported for Enterobacteriaceae and non-
Enterobacteriaceae), then we summed event rates for these
subgroups before pooling. We used the Mantel-Haenszel

model with random effects to calculate pooled odds ratios
(ORs) and 95% Cls. We did sensitivity analyses with data
obtained from only randomised controlled trials. Hetero-
geneity across studies was measured by I2 statistics
examining the percentage of heterogeneity due to
variation between studies (0% suggest no heterogeneity; a
value between 0-25% suggests very low heterogeneity;
a value between 25-50% suggests low heterogeneity; a
value between 50-75% suggests moderate heterogeneity;
a value of >75% suggests high heterogeneity).* We used
Review Manager (version 5.1) for data analysis. To assess
whether heterogeneity in OR estimates might be associated
with differences in the durations of included studies, we
did a metaregression with R statistical software
(version 2.15.1).

Role of the funding source

There was no funding source for this study. The
corresponding author had full access to all the data in the
study and had final responsibility for the decision to
submit for publication.

Results

We identified 64 studies of selective decontamination,>*¥
35 of which were included in our systematic analysis
(figure 1 and table 1). The study selection criteria showed
good reproducibility (unweighted k score 0-92).

Studies of selective decontamination spanned from 1987
to 2012 (table 1). Of the 64 studies, the most common
country of origin was the Netherlands (18 studies; 28%),
but studies were also done in countries with higher
baseline prevalences of antimicrobial resistance such as
France (ten studies; 16%), Spain (seven studies; 11% ), the

| 1152 Embase citations | | 571 Medline citations

| | 75 Cochrane citations |

v v

v

| 41 Embase articles identified | | 39 Medline articles

| | 30 Cochrane articles identified |

7 additional studies identified through reference lists,
previous systematic reviews, and consultation with experts

- v

- v

| 117 studies identified

—>| 53 duplicate studies removed |

y

| 64 unique studies

—P| 20 full-text articles not measuring antibiotic resistance |

y

| 44 full-text articles measuring antibiotic resistance |

—>| 9 studies claiming to measure resistance, but not presenting data

Y

| 35 studies reporting data for antibiotic resistance for the systematic review |

Figure 1: Study selection
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Year Country Study design Numberof ~ Number of patients
ICUs

SDD SoD Control Total
Melsen et al*** 2012 Netherlands RCT (cluster/crossover) 13 2034 1904 1989 5927
Oostdijk et al** 2011 Netherlands RCT (cluster/crossover) 14 2667 2166 1945 6778
Ochoa Ardilla et al®® 2011 Spain Prospective cohort 1 1588 0 0 1588
De Smet et al*** 2011 Netherlands RCT (cluster/crossover) 13 2034 1904 1989 5927
Abecasis et al* 2011 UK Prospective cohort 1 39 0 0 39
Oudhuis et al*” 2011 Netherlands RCT (crossover) 1 124 0 130 254
Oostdijk et al®* 2010 Netherlands Before and after 13 2034 1904 1989 5927
Benus et al** 2010 Netherlands RCT (cluster/crossover) 13 86 111 140 397
De Smet et al** 2009 Netherlands RCT (cluster/crossover) NA 335 331 327 993
Koeman et al’® 2008 Netherlands RCT (parallel) NA 0 128 257 385
De Smet et al”** 2008 Netherlands RCT (cluster/crossover) 13 2034 1904 1989 5927
Heininger et al”® 2006 Germany Prospective cohort 1 1913 0 5357 7270
al Naeimi et al”’ 2005 Netherlands Case series 1 4 0 0 4
Leone at al*# 2005 France Prospective cohort 1 159 0 0 159
de La Cal et al™*t 2005 Spain RCT (parallel) 1 53 0 54 107
Camus et al” 2005 France RCT (parallel) 3 0 389 127 515
Van Der Voort et al” 2004 Netherlands Before and after 1 529 0 513 1042
Garbino et al* 2004 Switzerland RCT (parallel) NA 110 0 110 220
de La Cal et al™t 2004 Spain Before and after 1 401 0 398 799
Leone et al”t 2003 France Retrospective cohort 1 369 0 360 720
De Jonge et al® 2003 Netherlands RCT (cluster) 2 466 0 468 934
Damjanovic et al* 2003 UK Retrospective cohort 1 76 0 30 106
Rayes et al” 2002 Germany RCT (parallel) 1 32 0 63 95
Pneumatikos et al®® 2002 Greece RCT (parallel) 1 30 0 31 61
Leone et al**f 2002 France Case control 1 159 0 163 324
Krueger et al® 2002 Germany RCT (parallel) 2 265 0 262 527
Nardi et al® 2001 Italy RCT (parallel) 1 223 0 0 223
Bergmans et al®? 2001 Netherlands RCT (cluster/parallel) 3 0 87 139 226
Barret et al™* 2001 USA RCT (parallel) 1 11 0 12 23
Dahms et al® 2000 USA Retrospective cohort 1 54 0 542 596
Sanchez-Garcia et al*® 1998 Spain RCT (parallel) 5 131 0 140 271
Ruza et al*® 1998 Spain RCT (parallel) 1 116 0 110 226
Varwaest et al” 1997 Belgium RCT (parallel) 1 393 0 185 578
Lingnau et al* 1997 Austria RCT (parallel) 1 162 0 148 310
Abele-Horn et al® 1997 Germany RCT (parallel) 1 0 58 30 88
Quinioetal* 1996 France RCT (parallel) 1 76 0 72 148
Wiener et al® 1995 USA RCT (parallel) 1 30 0 31 61
Luiten et al” 1995 Netherlands RCT (parallel) 16 50 0 52 102
Hammond et al* 1995 South Africa Before and after 1 719 0 809 1528
Georges et al* 1994 France RCT (parallel) 1 31 0 33 64
Ferrer et al® 1994 Spain RCT (parallel) 1 51 0 50 101
Bion et al*® 1994 UK RCT (parallel) 1 32 0 27 59
Tetteroo et al*® 1993 Netherlands Prospective cohort 1 97 0 0 97
Smith et al” 1993 USA RCT (parallel) 1 18 0 18 36
Korinek et al*® 1993 France RCT (parallel) 2 63 0 60 123
Winter et al® 1992 UK RCT (parallel) 1 91 0 85 176
Rocha et al* 1992 Spain RCT (parallel) 1 47 0 52 101
Hammond et al** 1992 South Africa RCT (parallel) 1 114 0 125 239
Gastinne et al* 1992 France RCT (parallel) 15 220 0 225 445
Cockerill et al* 1992 USA RCT (parallel) NA 75 0 75 150

(Continues on next page)
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Year Country Study design Numberof ~ Number of patients
ICUs
SDD SOD Control Total
(Continued from previous page)
Cerraetal® 1992 USA RCT (parallel) 1 25 0 23 48
Zobel et al” 1991 Austria RCT (parallel) 1 25 0 25 50
Pugin et al* 1991 Switzerland RCT (parallel) 1 0 25 27 52
Foxetal® 1991 UK Non-RCT 1 129 0 12 141
Aerdts et al* 1991 Netherlands RCT (parallel) 1 21 17 18 56
Rodriguez-Roldanetal® 1990 Spain RCT (parallel) 2 0 13 15 28
Godard et al* 1990 France RCT (crossover) 1 112 0 97 209
Flaherty et al** 1990 USA Non-RCT 1 0 51 56 107
Ulrich et al*® 1989 Netherlands RCT (parallel) 1 52 0 48 100
Brun-Buisson et al® 1989 France RCT (parallel) 1 26 0 174 210
Ledingham et al*® 1988 UK Before and after 1 161 0 163 324
Kerver et al” 1988 Netherlands RCT (parallel) 1 49 0 47 96
Unertl et al® 1987 Germany RCT (parallel) 1 20 0 19 39
Stoutenbeek et al* 1987 Netherlands Before and after 1 105 0 59 164
ICU=intensive care unit. NA=data not available. SDD=selective decontamination of the digestive tract. SOD=selective oropharyngeal decontamination. *Group of studies
re-examining study population from De Smet et al.” tGroup of studies re-examining study population from de La Cal et al.” $Group of studies re-examining study
population from Leone et al.®
Table 1: General characteristics of identified studies

UK (six studies; 9%), the USA (six studies; 9%), and
Germany (five studies; 8%). There were three groups of
repeat studies examining different antimicrobial
resistance outcomes in the same study populations,
including follow-up studies from de Smet and
colleagues,>®#5% Jeone and colleagues,””” and de La
Cal and colleagues””™ After removal of secondary
publications from these datasets, there were a total of
28852 unique patients; the median number of patients
per study was 150 (IQR 76-324), including a median of
76 patients receiving SDD or SOD (IQR 34-146). Most
studies (49 [77%)]) were done in single intensive care units.
46 studies (72%) included systematic surveillance swabs
as an adjunctive method of recording antimicrobial
resistance—these surveillance swabs were collected at
least once a week in 39 (85%) of the 46 studies.

47 (73%) of the 64 studies were randomised controlled
trials, but we also identified non-randomised trials,
cohort studies, and before-and-after studies (table 1). Of
the 35 studies contributing data for antibiotic resistance,
24 were randomised controlled trials (69%). Most of
these trials provided adequate data for sequence
generation (19 of 24 studies) and allocation concealment
(14 of 24 studies), but fewer than half (11 of 24 studies)
were blinded. Only five (21%) of these 24 trials reported
on all antimicrobial-resistant pathogens of interest
either separately or as part of a composite outcome
measure. So the potential of selective outcome reporting
was not adequately addressed in 19 trials (79%). The
11 observational studies contributing data for antibiotic
resistance had moderate-to-high Newcastle-Ottawa
quality scores (mean 6-9, SD 0-8).

The typical regimen of non-absorbable antimicrobials
used for selective decontamination was the combination
of polymyxin E (colistin), tobramycin, and amphotericin
B in 33 (52%) of the 64 studies (table 2). The other most
common non-absorbable antibacterials were also
polymyxins (polymyxin B) and aminoglycosides
(gentamicin, neomycin, or netilmicin). The use of oral
vancomycin was uncommon (used in only three studies).
The only non-absorbable antifungal used in place of
amphotericin B was nystatin, which was used in seven
studies—in three of these studies, it was the only topical
antimicrobial used. 44 (69%) of the 64 decontamination
studies included systemic antimicrobials (parenteral or
absorbable enteral antimicrobials; table 2). The most
common drugs were intravenous third-generation
cephalosporins (used in 32 studies) or oral fluoro-
quinolones (used in eight). Only one study used a
systemic antifungal (fluconazole).* The median duration
of studies was 18 months (IQR 10-29 months). The
selective decontamination intervention (SDD or SOD)
was applied for a median duration of 16 months (IQR
9-25 months; table 2).

20 studies (31%) reported the use of systemic
antimicrobials in patients (either patients who received
selective decontamination or those in control group;
table 3). The amount of systemic antimicrobials was
higher in the control groups in 13 studies, and higher in
the intervention group in seven studies (table 3). Even in
the seven studies that included the parenteral component
of SDD in the calculations of use, five (71%) detected a
net reduction in systemic antimicrobial use with SDD
(table 3).2%4% These included net reductions in total

www.thelancet.com/infection Vol 13 April 2013
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Topical agents Systemic Durationof Durationof Detection
agents intervention study of
(months) (months)  antibiotic
resistance
Amphotericin B Tobramycin ~ Poly- Poly- Gentamicin  Vancomycin  Neomycin  Nystatin  Netilmicin
mixinE  mixin B
Melsen etal®™ x x x Cefotaxime 6 26 No
Oostdijk x x x Cefotaxime 6 26 No
etal®
OchoaArdilla  x x x Cefotaxime 60 60 Yes
etal®
De Smet x x x Cefotaxime 6 26 Yes
etal®
Abecasis x x - x Cefotaxime 4 10 Yes*
etal®
Oudhuis x x x Cefotaxime 6 26 Yes
etal”
Oostdijk - x x Cefotaxime 12 12 Yes
etal®
Benusetal® - x x Cefotaxime NA NA Yes
De Smet x x x Cefotaxime 6 26 No
etal?
Koeman x None 25 25 No
etal”®
De Smet x x x Cefotaxime 6 26 Yes
etal”
Heininger x x x None 60 60 Yes
etal®
al Naeimi x x x Cefotaxime 5 5 Yes
etal”
Leoneetal®  x x . x Cefazolin 48 48 No
deLaCal x x x Cefotaxime 19 19 Yes
etal*
Camusetal” - x x None 30 30 Yes
Van Der x x x Cefotaxime 12 24 Yes
Voort et al”
Garbino x Fluconazole 30 30 No
etal*
deLaCal x x x Cefotaxime 21 21 Yes
etal™
Leoneetal®  x x . x Cefazolin 72 72 Yes
De Jonge x x x Cefotaxime 27 27 Yes
etal®
Damjanovic x None 14 14 No
etal*
Rayesetal”  x x x Ceftriaxone 48 48 No
Pneumatikos  x x x None NA NA Yes*
etal®
Leoneetal®® x x x Cefazolin 72 72 No
Krueger x x Ciprofloxacin 30 30 Yes
etal®
Nardietal®  x x x None 16 16 No
Bergmans x x x None 16 16 Yes
etal®
Barretetal®  x x x None 9 9 No
Dahms et al® x Norfloxacin 36 36 Yes
Sanchez- x x x Ceftriaxone NA NA Yes
Garcia et al”®
Ruzaetal*® - x x x None 24 24 No

(Continues on next page)
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Topical agents Systemic Durationof Durationof Detection
agents intervention study of
(months) (months)  antibiotic
resistance
Amphotericin B Tobramycin ~ Poly- Poly- Gentamicin  Vancomycin - Neomycin  Nystatin  Netilmicin
mixinE  mixin B
(Continued from previous page)
Varwaest x Cefotaxime 19 19 Yes
etal” and ofloxacin
Lingnau x x Ciprofloxacin 53 53 No
etal*®
Abele-Horn  x x Cefotaxime NA NA Yes
etal®
Quinioetal* x x . x None NA NA Yes
Wiener et al® x - x x None 8 8 Yes
Luitenetal® x X Cefotaxime 36 36 Yes*
and
norfloxacin
Hammond x x Cefotaxime 24 48 Yes
etal”
Georges exI  x x x Cefotaxime 22 22 No
Ferreretal®  x x Cefotaxime 12 12 Yes
Bion et al* x x Cefotaxime 18 18 Yes
Tetteroo x x Norfloxacin 18 18 Yes
etal®
Smithetal”  x x None 12 12 No
Korinek etal®® x x None 18 18 Yes*
Winteretal®  x x Ceftazidime 16 22 Yes
Rochaetal? x x Cefotaxime 14 14 Yes
Hammond x x Cefotaxime 24 24 Yes
etal”
Gastinne x x None 5 5 No
etal®
Cockerill x x x Cefotaxime 36 36 Yes
etal®
Cerraetal® x Cefotaxime, NA NA Yes*
ceftazidime,
norfloxacin
Zobeletal”  x x - x Cefotaxime 18 18 Yes*
Pugin et al* x x x None 75 75 Yes*
Fox et al® x x None 4 8 No
Aerdtsetal*  x x Cefotaxime 16 16 No
and
norfloxacin
Rodriguez- x x None 7 7 Yes*
Roldan et al®
Godard et al** x None 3 Yes
Flaherty et al** x - x x Cefazolin 8 Yes
Ulrichetal®  x x Trimethoprim 11 11 Yes
Brun-Buisson x x None 2 4.5 Yes
etal®
Ledingham  x x Cefotaxime 9 16 Yes
etal®
Kerveretal”  x x Cefotaxime 16 16 No
Unertl et al*® x X None 9 9 Yes
Stoutenbeek  x x Cefotaxime 24 36 No
etal®
NA=data not available. *Claimed to measure antibiotic resistance but did not report data.
Table 2: Composition and duration of study interventions

334
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defined daily doses of antibiotics in one study,” defined
daily doses per 100 patient-days in one study,” and total
days of antibiotic treatment in three studies.”*'*

Only one group of investigators examined a
composite endpoint that included all major antibiotic-
resistant bacterial pathogens of interest, which they
termed highly resistant microorganisms.** These
investigators detected a statistically significant
reduction of highly resistant bacteraemia in patients
who received SDD (OR 0-41, 95% CI 0-18-0-94) and
those who received SOD (0-37, 0-16-0-85) compared
with patients in the control group.® Respiratory tract
colonisation with highly resistant microorganisms was
also less common in patients who received SDD (0-58,
0-43-0-78) or SOD (0-65, 0-49-0-87) versus control
groups.” Most studies examined antimicrobial-
resistant organisms separately. Therefore, the effect of
selective decontamination on the incidence of indivi-
dual antimicrobial resistant organism was assessed
(figures 2—4).

Meticillin-resistant Staphylococcus aureus (MRSA) was
assessed in 16 studies (25%). Of these studies, nine
reported the incidence of MRSA per admitted patient in
recipients versus non-recipients of selective decon-
tamination (figure 2). There was low heterogeneity and

Vancomycin-resistant enterococci were examined in
seven studies (11%), of which only five reported the
incidence per patient in recipients versus non-recipients
of SDD or SOD (figure 3). We identified no heterogeneity
and no statistically significant difference with selective
decontamination (figure 3).

Aminoglycoside resistance was the most commonly
studied pattern of resistance in Gram-negative bacilli in
13 (20%) of the 64 studies. In nine studies reporting
incidence per patient, there was no statistically significant
difference in aminoglycoside-resistant Gram-negative
bacilli in recipients of SDD or SOD versus non-recipients,
with moderate heterogeneity across studies (figure 4).
Polymyxin E or B resistance was assessed in six studies
with low heterogeneity across studies (figure 4). Polymyxin
resistance was lower in selective decontamination
recipients than it was in controls (figure 4).
Fluoroquinolone resistance was investigated in three
studies, with all three studies reporting incidence per
patient in selective decontamination recipients versus
non-recipients. The results of these studies showed a high
degree of heterogeneity and we identified no statistically
significant  difference in fluoroquinolone-resistant
Gram-negative bacilli in selective decontamination reci-
pients versus non-recipients (figure 4). Third-generation

no statistically significant difference (figure 2). cephalosporin-resistant ~Gram-negative bacilli were
Systemicantimicrobial Systemic Unit of measurement p value
use in antimicrobial use
decontamination in control patients
recipients
Oudhuis et al” 108.7* 1417 Defined daily doses per 100 patient-days <0-01
De Smet et al” 29981*t 33688 Defined daily doses NA
Koeman et al’® 36 32 Percentage of patients receiving antibiotics <0-001
De Jonge et al® 14 496* 6269 Defined daily doses per 1000 patients NA
Krueger et al*® 68 79 Percentage of patients receiving antibiotics 0-006
Bergmans et al* 0-95 130 Mean antibiotic courses per patient 0-02
Quinio et al* 54 84 Percentage of patients receiving antibiotics <0-001
Wiener et al* 86 72 Mean duration of antibiotic treatment in days NS
Hammond et al* 1367* 743 Total number of antibiotic courses NA
Winter et al® 112* 317 Days of antibiotic treatment NA
Rocha et al® 0-8 17 Mean antibiotic courses per patient <0-05
Gastinne et al* 10-5 117 Length of antibiotic treatment courses NA
Cockerill et al* 9 4 Mean antibiotic courses per patient 0-001
Cerraetal® 13 20 Mean antibiotic courses per patient NS
Aerdts et al** 13 42 Mean antibiotic days per patient 0-001
Flaherty et al** 358* 451 Days of antibiotic treatment NA
Ulrich et al® 365 111 Days of antibiotic treatment per patient NA
Brun-Buisson et al*® 4-4 4 Mean antibiotic days per patient NA
Ledingham et al*® 916* 1136 Days of antibiotic treatment NA
Kerver et al” 27:6 299 Days of antibiotic treatment per patient <0-001
NA=data not available. NS=not significant (p>0-05). *Comparison includes the systemic antimicrobial given as part of the decontamination intervention. The average of
total antibiotic use during selective decontamination of the digestive tract intervention months (29 663 defined daily doses) and selective oropharyngeal decontamination
intervention months (30299 defined daily doses).
Table 3: Use of systemic antibiotics in selective decontamination recipients and controls
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See Online for appendix

Control
Events Total

Intervention

Events Total

Odds ratio (95% Cl) Weight

Camus et al”? (2005) 16 130 5 126
De La Cal et al™* (2005) 14 53 11 54
De Smet et al®? (2011) 4 1714 0 881
Ferrer et al*® (1994) 14 39 12 40
Hammond et al* (1992) 15 115 6 125
Krueger et al®® (2002) 2 175 7 171
Sanchez-Garcia et al*® (1998) 3 131 4 140
Verwaest et al*’ (1997) 40 393 11 185
Wiener et al** (1995) 2 30 5 31

Total (95% Cl) 110 2780 61
Test for heterogeneity: ©’=0-19; x’=12-80; df=8 (p=0-12); ’=37%
Test for overall effect: Z=1-52 (p=0-13)

1753

— 340 (121-9-57) 13-0%
— - 1-40 (0-57-3-45) 152%
464 (0-25-86-24) 25%
N 1:31(0-51-335) 14:5%
— 2.98 (111-7-95) 13-8%
R 0-27 (0-06-1:32) 73%
R E— 0-80 (0-17-3-63) 7-8%
o 179 (0-90-3-58) 19:4%
— 0-37 (0-07-2-08) 6-4%
‘ 1.46 (0-90-2:37)  100-0%

T

Favours intervention

1
10 100

Favours control

T
01

-

Figure 2: Prevalence of MRSA infection or colonisation in patients in intensive care
Patients in the intervention groups received selective decontamination, those in control groups did not. Includes only studies examining MRSA rates per patient
admitted to intensive care. Excludes studies examining MRSA rates per Staphylococcus aureus isolates and studies with no MRSA detected in either group.

MRSA=meticillin-resistant Staphylococcus aureus. df=degrees of freedom.

Intervention Control

Events Total Events Total

0Odds ratio (95% Cl) Weight

Dahms et al®® (2000) 8 54 102 542
De Jonge et al* (2003) 4 378 5 395
De La Cal et al’* (2005) 16 53 26 54
De Smet et al*? (2009) 2 1000 6 1333
Van Der Voort et al”? (2004) 1 529 0 513
Total (95% Cl) 31 2014 139 2837

Test for heterogeneity: ©’=0-00; y*=1-99; df=4 (p=0-74); ’=<0%
Test for overall effect: 7=1-90 (p=0-06)

—— 0-75(0-34-1-64) 38:2%
0-83 (0-22-3-13) 133%
—l— 0-47 (0-21-1-03) 371%
- . 044 (0-09-2-20) 91%
291 (0-12—71-72) 2:3%
- 0-63(0-39-1.02)  100-0%
T

Favours intervention

T 1
01 1 10 100
Favours control

Figure 3: Prevalence of VRE infection or colonisation in patients in intensive care
Patients in the intervention groups received selective decontamination, those in control groups did not. Includes only studies examining VRE rates per patients admitted
to intensive care. Excludes studies examining VRE rates per enterococcus isolates, and studies with no VRE detected in either group. VRE=vancomycin-resistant

enterococci. df=degrees of freedom.

investigated in six studies, and in the four of these studies
that reported incidence per patient, we recorded moderate
heterogeneity and a reduction in resistance in
decontamination recipients (figure 4).

Only two studies compared carbapenem-resistance
between Pseudomonas spp and other Gram-negative
bacilli.®” We identified substantial heterogeneity between
the findings of these studies (12=83%) and no difference
in prevalence between decontamination recipients and
non-recipients (OR 0-29, 95% CI 0-05-1-75).

We did sensitivity analyses including only randomised
controlled trials and recorded very similar findings to the
main analyses for MRSA, vancomycin-resistant
enterococci, and Gram-negative bacilli resistance profiles
(appendix), but, by contrast with the main analysis, the
results from randomised controlled trials that assessed
vancomycin-resistant enterococci were  statistically
significant with respect to a reduction in the prevalence
of such enterococci in recipients of selective decon-
tamination compared with patients in control groups

(OR 0-53, 95% CI 0-28-0-99; appendix). Several studies
examined antimicrobial resistance per bacterial isolate
(rather than per admitted patient), and so their results
could not be pooled in this meta-analysis. However, the
findings of these studies were much the same as the
included studies, with no overall findings that suggested
increased antimicrobial resistance in  selective
decontamination recipients versus non-recipients (data
not shown).

Meta-regression detected no association of study
duration with the odds ratio estimate for MRSA rates,
vancomycin-resistant enterococci rates, or rates of
aminoglycoside, = polymyxin, fluoroquinolone, or
cephalosporin resistance among Gram-negative bacilli in
selective decontamination versus control patients.
However, each additional study month was associated
with an increase in the OR estimate for the prevalence of
vancomycin-resistant enterococci in patients who
received selective decontamination versus those in the
control groups (OR 1-2 per month, 1-1-1- 3; p<0-0001).
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Test for heterogeneity: ’=0-09; x*=4-72; df=3 (p=0-19); I’=36%
Test for overall effect: Z=4-64 (p<0-00001)

A Intervention Control Odds ratio (95% Cl) Weight
Events Total Events Total
Camus et al”? (2005) 14 130 2 126 — 0-57 (0-28-117) 13-6%
De Jonge et al®® (2003) 33 378 60 395 —.— 0-53 (0-34-0-84) 20-2%
De Smet et al®? (2011) 27 1714 104 881 - 114 (0-89-1-46) 25.8%
Flaherty et aP* (1990) 1 51 0 56 3-36 (0-13-84-26) 12%
Krueger et al® (2002) 8 175 12 171 —_— 0-63 (0-25-1-59) 10-2%
Rocha et al*? (1992) 2 47 1 54 _ 0-17 (0-04-0-83) 46%
Unertl et al’® (1987) 1 19 3 20 0-31(0-03-333) 2:2%
Verwaest et al’ (1997) 60 393 29 185 —— 0-97 (0-60-1-57) 19:3%
Wiener et al*? (1995) 2 30 2 31 1.04 (0-14-7-87) 2:9%
Total (95% Cl) 348 2937 243 1919 ‘ 073(0-51-1-05)  100-0%
Test for heterogeneity: °=0-12; y*=16-51; df=8 (p=0-04); I’=52%
Test for overall effect: 7=1-68 (p=0-09)
B
Camus et al”? (2005) 8 130 14 126 —_— 0-52 (0-21-130) 5-9%
De Smet et al®? (2011) 167 1714 130 881 . 0-62 (0-49-0-80) 802%
Flaherty et aP** (1990) 0 51 4 56 < 0-11 (0-01-2:16) 0-6%
Krueger et al® (2002) 16 175 37 171 —a 0-36 (0-19-0-68) 12:2%
Unertl et al?® (1987) 1 19 1 20 1.06 (0-06-18-17) 0-6%
Wiener et al*3 (1995) 1 30 1 31 1.03(0-06-17-33) 0-6%
Total (95% Cl) 193 2119 187 1285 ‘ 0-58 (0-46-0-72)  100-0%
Test for heterogeneity: °=0-00; x’=4-00; df=5 (p=0-55); ’=0%
Test for overall effect: Z=4-92 (p<0-00001)
C
De Jonge et al®® (2003) 10 378 44 395 —— 0-22 (0-11-0-44) 36-0%
Krueger et al®s (2002) 3 175 5 171 - = 0-58 (0-14-2-46) 25:5%
Verwaest et al” (1997) 63 393 28 185 1.07 (0-66-1.74) 38-6%
Total (95% CI) 76 946 77 751 J 0-52(0-16-1-68)  100-0%
Test for heterogeneity: 1°=0-88; x*=13-66; df=2 (p=0-001); I’=85%
Test for overall effect: Z=1-10 (p=0-27)
D
De Jonge et al®® (2003) 9 378 21 395 T — 0-43 (0-20-0-96) 23-0%
De Smet et al? (2011) 76 1714 130 881 E 3 0-27 (0-20-0-36) 52:3%
Rocha et al*? (1992) 3 47 16 54 0-16 (0-04-0-60) 10-9%
Verwaest et al*’ (1997) 8 393 5 185 R E— 0-75 (0-24-232) 13-8%
Total (95% Cl) 96 2532 172 1515 ‘ 0-33(0-20-0-52)  100-0%
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Figure 4: Prevalence of Gram-negative bacilli resistant to selected antibiotics in patients in intensive care

Prevalence of Gram-negative bacilli resistant to aminoglycosides (A), polymyxin E or B (B), fluoroquinolones (C), and third-generation cephalosporins (D). Patients in
the intervention groups received selective decontamination, those in control groups did not. Includes studies examining rates of resistant organisms per patient
admitted to intensive care. Excludes studies examining rates per isolate. df=degrees of freedom.

Only five studies (8%) assessed ICU-level changes in
antimicrobial resistance over time.”>*7*#% Although these
studies examined lengthy durations of SDD intervention
(6 months,* 2 years,” 3 years,” and 5 years™*), only two
compared the difference in antimicrobial resistance rates
over time between recipients of selective decontamination
versus non-recipients,” and only one assessed this
difference in patients treated in separate ICUs.”

Heininger and colleagues™ did a 5 year prospective
study of antimicrobial resistance in a German ICU that

www.thelancet.com/infection Vol 13 April 2013

used SDD routinely (n=4597 isolates), and compared
temporal trends in resistance with those documented in
the 33 non-SDD ICUs contributing standardised data to
the same national surveillance system (n=46 346 isolates),
The incidence density of MRSA was stable over time, and
lower in the study ICU than in reference ICUs.
Aminoglycoside resistance in Escherichia coli was higher
in the study ICU than it was in reference ICUs, but was
stable for other Gram-negative bacilli in the study ICU.
Vancomycin-resistant enterococci incidence was higher
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in the study ICU than it was in reference ICUs in years 4
and 5, because of a hospital-wide outbreak of Enterococcus
faecium.™®

A Spanish group also assessed resistance rates
prospectively for 5 years in an ICU that used SDD, but
without control ICUs for comparison.®® They noted a
temporal decrease in the incidence of acquired anti-
microbial-resistant bacteria (a composite of Entero-
bacteriaceae resistant to cefotaxime, aminoglycosides, or
ciprofloxacin;  Pseudomonas aeruginosa resistant to
ceftazidime, aminoglycosides, ciprofloxacin, or imipenem;
MRSA; or any isolate of Acinetobacter spp; Spearman
regression coefficient —0-72, p=0-01). The investigators
recorded no increase in resistance to components of the
SDD regimen, although they did record an increase in
B-lactam resistance in P aeruginosa.®

A retrospective cohort study in a surgical ICU that used
SDD, detected an increase in vancomycin-resistant
enterococci from 1-1% to 2-1% of admissions over
4 years (p=0-05).” In this ICU, very few patients received
SDD (54 of 6152 patients), but the OR for the development
of vancomycin-resistant enterococci was higher for
patients who received SDD and vancomycin during ICU
stay (OR 10-9, 95% CI 2-4-46-9) than it was for those
who received vancomycin alone (4-3, 2-6-7-0).%

Finally, two groups of investigators followed up cohorts
from RCTs of SDD"* with before-and-after studies™*
examining changes in resistance rates before introduction
of the SDD intervention and after removal of SDD after the
trial. A 2 year trial in a South African ICU" detected a
reduction in cefotaxime-resistant Enterobacteriaceae
(p=0-02), and no statistically significant changes in MRSA
or aminoglycoside-resistant Gram-negative bacilli.” By
contrast with these findings, an ecological analysis of the
6 months after versus the 6 month before an SDD
intervention in a large crossover RCT in the Netherlands
showed an increase in intestinal colonisation with resistant
Gram-negative bacilli; ceftazidime resistance increased
from 5% to 15%, tobramycin resistance increased from 7%
to 13%, and ciprofloxacin resistance increased from 7% to
13% (p<0-05 for all comparisons).*

Discussion
We did not detect an increased incidence of colonisation or
infection with antimicrobial resistant pathogens in
recipients of selective decontamination compared with
non-recipients in an ICU setting. For all pathogens other
than MRSA, the pooled OR estimate showed a lower level
of antibiotic-resistance in patients who received selective
decontamination compared with patients who did not.
This reduction in resistance was statistically significant for
polymyxin-resistant and third-generation cephalosporin-
resistant Gram-negative bacilli. These results seemingly
contradict the well established relation between
antimicrobial use and selection of antimicrobial resistance.
What, then, are some potential mechanisms by which
selective decontamination antimicrobials might not

result in increased rates of antimicrobial-resistant
organisms in the ICU? One possibility is that by
preventing hospital-acquired infections, the use of
prophylactic selective decontamination antimicrobials
could lead to reductions in the need for therapeutic
antimicrobials. If the overall net use of antimicrobials is
unchanged (or even decreased) with selective
decontamination, then there would be no increased
antimicrobial selection pressure. Although five trials
noted net reductions in systemic antimicrobial use in
recipients of selective decontamination,*"## other
studies detected increases in antibiotic use, and most
trials did not study this idea. Another possibility is that by
decreasing the total burden of colonisation with Gram-
positive cocci and Gram-negative bacilli, as has been
shown in a previous systematic review,’ selective decon-
tamination might reduce the total denominator of
pathogens, so that even if the proportion of resistant
pathogens increases, the incidence of antimicrobial-
resistant pathogens per patient might still decrease. A
third potential explanation would be that selective
decontamination might decrease the burden of bacterial
colonisation, and thereby lead to less transmission of
pathogens (including antimicrobial-resistant pathogens)
in patients, but these studies had no data with which to
further test this hypothesis.

However, an absence of detection of antimicrobial
resistance associated with selective decontamination
could also relate to limitations identified in the included
studies. First, and most importantly, the effect of selective
decontamination on ICU-level antimicrobial resistance
rates over time is largely unstudied. The median duration
of selective decontamination intervention was 16 months,
which should be sufficient time for exertion of selection
pressure. However, only five studies examined temporal
trends in resistance, only two compared the difference in
antimicrobial resistance rates over time in recipients of
selective decontamination versus non-recipients, and
only one assessed this difference in patients treated in
separate ICUs. Therefore, existing studies of selective
decontamination have not answered the question of how
selective decontamination affects ICU-level antimicrobial
resistance rates over time.

Second, the quality of the individual RCTs in this field
is variable,***"" and selective reporting cannot be ruled
out because most studies examined only a subset of
important antimicrobial-resistant organisms. Antibiotic
resistance rates varied substantially between control
groups in different studies in different countries, and
even between control ICUs within individual studies.
Also, differential microbiological sampling of patients in
intervention and control groups could have led to
systematic differences in outcome detection. Since most
studies examined recipients of selective decontamination
and non-recipients in the same ICU concurrently or with
crossover designs, the signal of antimicrobial resistance
could have been diluted by cross-contamination of
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control patients by antimicrobial-resistant pathogens
from recipients of selective decontamination.

The absence of a strong signal of increased antimicrobial
resistance despite nearly three decades of selective
decontamination research and practice suggests that the
perceived risk of long-term harm related to selective
decontamination cannot be justified by available data.
Further research is needed to substantiate our findings
and overcome the limitations of previous studies on this
subject. In particular, we recommend a large multi-
national, non-crossover, cluster randomised trial design,
which would examine individual-level, and, even more
importantly, ICU-level, changes in antimicrobial
resistance rates over an extended period in recipients of
SDD and controls in separate ICUs. Such a trial is
urgently needed to assess whether this potentially life-
saving intervention can be given to critically ill patients
without causing harm to future patients.
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