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Abstract

Selective decontamination of the digestive tract (SDD) is an infection prevention measure for intensive care unit (ICU)
patients that was proposed more than 30 years ago, and that is currently considered standard of care in the Neth-
erlands, but only used sporadically in ICUs in other countries. In this narrative review, we first describe the rationale
of the individual components of SDD and then review the evidence base for patient-centered outcomes, where we
distinguish ICUs with low prevalence of antibiotic resistance from ICUs with moderate—high prevalence of resistance.
In settings with low prevalence of antibiotic resistance, SDD has been associated with improved patient outcome

in three cluster-randomized studies. These benefits were not confirmed in a large international cluster-randomized
study in settings with moderate-to-high prevalence of antibiotic resistance. There is no evidence that SDD increases
antibiotic resistance. We end with future directions for research.
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Selective decontamination of the digestive tract (SDD)
is an infection prevention measure for intensive care
unit (ICU) patients, which was proposed more than 30
years ago [1], and that is currently considered standard
of care in the Netherlands [2], but only used sporadically
in ICUs in other countries [3]. In this narrative review, we
first describe the rationale of the individual components
of SDD and then review the evidence base for patient-
centered outcomes, where we distinguish ICUs with low
prevalence of antibiotic resistance from ICUs with mod-
erate—high prevalence of resistance. We end with future
directions for research.
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The concept

The concept of SDD originates from two fundamental
observations made in the 1960s and 70s. In the United
States, Waldemar Johanson described that the pharyn-
geal flora of patients changed within a few days after hos-
pital admission; from predominantly Gram-positive to
predominantly Gram-negative bacteria [4]. Subsequent
studies revealed that these Gram-negative bacteria were
the main causes of hospital-acquired infections (at that
time), especially of nosocomial pneumonias. Around the
same time, a Dutch clinical microbiologist, Dick van der
Waaij, described the interaction between gut flora and
infections in neutropenic gnotobiotic mice [5]. He dem-
onstrated that conservation of the anaerobic intestinal
flora prevented such mice from bacterial overgrowth
with Gram-negative bacteria and subsequent infections.
He called this phenomenon “colonization resistance”
In those days, these observations were based on con-
ventional microbiological culture techniques. Yet, this
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concept—a healthy gut flora that prevents infection—has
now been repeatedly confirmed in studies using deep
sequencing technologies.

The second step was the translation of these findings
to cancer patients with long-term neutropenia that fre-
quently suffered from Gram-negative infections. Infec-
tious disease specialists started to treat leukemia patients
prophylactically with antibiotics active against Gram-
negative bacteria, while preserving the protective anaer-
obic flora by avoiding antibiotics with anti-anaerobic
activity, such as penicillins [6].

In the early 1980s, Stoutenbeek and van Saene, then
working in Groningen, the Netherlands, introduced this
concept in ICU patients [1]. The targeted pathogens for
prevention were the Enterobacterales (e.g., Escherichia
coli and Klebsiella pneumoniae), Pseudomonas aer-
uginosa, and Staphylococcus aureus. The intestinal flora
was considered the source of these potential pathogenic
micro-organisms for colonization of the upper respira-
tory tract during hospitalization. Therefore, topical anti-
biotics were chosen that were not absorbed (to avoid
systemic distribution), that were active against the listed
pathogens and that would not disturb the anaerobic flora.
As such, the combination of an aminoglycoside (tobramy-
cin) and colistin was selected, and these antibiotics were
administered in an oropharyngeal paste applied in the
buccal cavity and as a solution inserted through the
nasogastric tube (both four times daily) (Fig. 1). Ini-
tial small studies, mainly in trauma patients, led to two
modifications of the regimen. Amphotericin B was
added to prevent overgrowth with yeasts. Furthermore,

Take-home message

In settings with low prevalence of antibiotic resistance, SDD is
consistently associated with less antibiotic resistance and with
improved patient outcome. In settings with moderate-to-high
prevalence of antibiotic resistance, benefits of SDD on clinically
relevant patient outcomes remain to be demonstrated.

a prophylactic 4-day course of a cephalosporin—cefotax-
ime—(not active against anaerobes) was added to treat
any incubating infection caused by the commensal flora
of the respiratory tract at the time of hospital admission.
The choice of cefotaxime was motivated by the assump-
tion that trauma patients would have—at the time of
trauma and immediate hospital admission—a normal
respiratory tract flora susceptible to a third-generation
cephalosporin. In later SDD studies, enrolled patient
populations gradually changed to also include surgical
and medical patients, with extensive medical histories,
including prior antibiotic use and carriage with bacteria
non-susceptible to cefotaxime.

Application of SDD was accompanied by microbio-
logical surveillance of respiratory samples and rectal
swabs at the day of admission and twice weekly. Results
from these cultures should serve as an early warning for
selection of antibiotic resistant pathogens, but also as a
measure of the efficacy of SDD. Persisting carriage with
Gram-negative bacteria is—in some centers, but not eve-
rywhere—followed by more frequent application of the
SDD antibiotics or addition of nebulized antibiotics such
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Fig. 1 Components of SDD and SOD. SDD selective digestive tract decontamination, SOD selective oropharyngeal decontamination
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as colistin. Twice weekly surveillance, but not nebulized
antibiotics, is currently part of the Dutch SDD guideline
[2].

The main goal of SDD is to prevent ICU-acquired infec-
tions (and thereby improve patient outcomes). Therefore,
the targeted population is comprised of patients with an
expected ICU stay of at least 2 or 3 days, and receiving
mechanical ventilation; the preferred moment to start
SDD is immediately upon ICU admission. In most stud-
ies, SDD was continued until ICU discharge and in some
until extubation [1, 7-10].

Later, as an alternative to SDD, selective oropharyngeal
decontamination (SOD) was proposed, based on clinical
studies suggesting a more important role of upper res-
piratory tract colonization in the pathogenesis of ven-
tilator-associated pneumonia than intestinal carriage
[11]. SOD consists of the oropharyngeal application of
the same antibiotics without the intragastric application
and without systemic prophylaxis. As at that time, many
patients eligible for SDD were treated with antibiotics
for clinical indications and that an increasing number of
patients were colonized with bacteria resistant to second-
generation cephalosporins when admitted to ICU, it was
decided not to include the 4-day course of systemic anti-
biotics in SOD.

Considerations for study design

Since the first published studies on SDD in ICU patients,
study designs have changed. Here, we briefly describe the
most important considerations leading to these changes
in recent studies (Supplement Table 1).

Micro-organisms are not necessarily bound to indi-
vidual patients. Most ICU-acquired infections are caused
by Enterobacterales (e.g., Escherichia coli and Klebsiella
pneumoniae), Pseudomonas aeruginosa, and Staphylo-
coccus aureus, and most will originate from the endog-
enous flora, present at the time of ICU admission. Yet,
some infections may be caused by pathogens acquired
through cross-transmission, and the relative importance
of this may vary considerably between ICUs.

Until 2000, most studies were individually randomized
trials with at most 578 patients recruited [12]. Although
valid to determine the effectiveness of an intervention
in many circumstances, individual randomization may
reduce the generalizability of study results and is subop-
timal if cross-transmission occurs. The latter implies that
colonized patients pose a risk for acquisition of bacte-
rial carriage and subsequent infection to other patients
and, vice versa, decolonized patients may offer indirect
protection to those not receiving SDD. Both effects will
reduce the effectiveness of SDD, compared to settings
where all eligible patients will receive SDD. To overcome
this, investigators have adopted cluster designs, in which

all eligible patients in an ICU receive SDD or not, as it
would happen in real life.

Another complicating factor is the requirement of
informed consent before the intervention can be started.
For an intervention with an intended immediate start
after ICU admission, this practically precludes enroll-
ment of all eligible patients and will delay the start of
SDD in many that do consent. This may lead to less gen-
eralizable study populations and reduce the effectiveness
of SDD, as compared to settings where SDD would be
started in all eligible patients upon ICU admission [13].
In the first clustered SDD study, performed in two ICUs
in a single center, informed consent was still required [9].
In three more recent cluster-randomized studies, waivers
for informed consent were granted in the Netherlands,
Belgium, Spain, Portugal, Italy, Slovenia, and the UK.
Waivers were granted, because SDD was considered part
of daily ICU practice in each country. At the same time,
there was true equipoise on the effects of SDD, leading
to marked differences in practice between ICUs. More-
over, SDD (and SOD) were considered safe and it was
acknowledged that a cluster-randomized study would not
be feasible without such a waiver. The waivers allowed an
immediate start of SDD after ICU admission and enroll-
ment of 6000 patients and more [7, 8, 10].

Another advantage of cluster studies is the possibility
to study effects of the interventions on antibiotic resist-
ance at the ward level, as all eligible patients in an ICU
receive the same intervention. For this, monthly point-
prevalence surveys of antibiotic resistance were used in
most of these studies [7-10].

Naturally, cluster designs may also create problems,
such as baseline imbalance between groups and within
clusters with time, either because of temporal changes
in patient case mix or because of differences in patient
enrollment (selection bias). The presence of intra-cluster
variation massively affects the required sample size and
the effects of changes in time, for instance in infection
control practices, are difficult to measure. A cross-over
design, in which SDD and its control are evaluated suc-
cessively in the same setting, can be used to minimize
baseline imbalance. Yet, cluster designs always require
complex adjusted statistical analyses [14].

Finally, initial studies sought to quantify the effects of
SDD on preventing ICU-acquired pneumonia. Yet, estab-
lishing this diagnosis is subject to ascertainment bias and,
therefore, would require adequate blinding. However,
as SDD modifies microbiological culture and sensitiv-
ity results, maintaining study blinding is probably unre-
alistic. Instead, recent studies have used patient survival
and ICU-acquired bloodstream infections as primary
outcome.
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SDD in ICUs with low prevalence of antibiotic
resistance

In 2001, a Dutch national guideline concluded that the
routine use of SDD was not recommended in ICUs as
the available evidence for beneficial effects was not con-
sidered to be sufficiently robust and the risks on antibi-
otic resistance had been insufficiently addressed. This
initiated three clustered studies that eventually led—in
2018—to the recommendation to use SDD in all patients
with an expected ICU stay of more than 48 h in the Neth-
erlands [2].

In the first study, eligible patients were randomized—
in a single hospital—to an ICU in which all patients
received SDD or a similar control unit, in which SDD
was not used [9]. Randomization to one of both units was
only possible when both units had at least one bed avail-
able. It was not specified how frequently this occurred,
but the 2-year enrollment period yielded two comparable
patient populations of about 450 subjects. Patient out-
come was better for those in the ICU with SDD, with a
relative risk reduction of hospital mortality of 22% and a
shortened length of stay in ICU.

As this was a single-center study, and because of the
possibility of residual confounding due to differences
between the two participating ICUs, there was limited
adoption of the intervention at that time. Instead, a clus-
ter-randomized cross-over study was performed in 13
ICUs, comparing SDD, but also SOD, to standard care. In
this study, the potential influence of differences between
individual ICUs on patient outcome was addressed using
a cross-over design in which all three study interventions
were applied in all participating units [7]. Yet, despite all
efforts to prevent selection bias in patient enrolment,
there was evidence that patients enrolled in the standard
of care population were less ill than those enrolled in the
SDD or SOD groups. After adjustment for baseline char-
acteristics, both SDD and SOD were associated with a
better patient outcome compared to standard care with
relative reductions in mortality 28 days after ICU admis-
sion of 13% and 11%, respectively.

Finally, another similarly designed study was per-
formed in 16 ICUs comparing 12-month periods of SDD
and SOD. In this study, SDD was associated with a bet-
ter patient outcome than SOD, with absolute and relative
day-28 mortality reductions of 3.0% and 11.6%, respec-
tively [8]. In a post hoc analysis of the de Smet study,
SDD and SOD appeared to be cost-effective compared
to standard care [15]. In a subsequent analysis based on
the individual patient data from the de Smet [7] and the
Oostdijk [8] study, SDD yielded significantly lower in-
hospital mortality and comparable costs compared with
SOD in Dutch ICUs [16].

All three studies used an SDD regimen which included
systemic antibiotics and were performed in ICU settings
with low prevalence of antibiotic resistance. Carriage
and infection rates with feared multi-resistant patho-
gens, such as methicillin-resistant S. aureus (MRSA),
vancomycin-resistant enterococci (VRE), or carbape-
nem-resistant Gram-negative bacteria were less than 1%
and proportions of infections caused by Enterobacterales
resistant to the third-generation cephalosporins among
all infections caused by Enterobacterales were less than
10%. An individual patient data meta-analysis of six stud-
ies, all performed in units with low levels of antibiotic
resistance (from the Netherlands, Germany and France),
included 17,884 ICU admissions [17]. Compared to
standard care or placebo, the pooled adjusted odds ratios
for hospital mortality was 0.82 (95% confidence interval
(CI) 0.72-0.93) for SDD and 0.84 (95% CI 0.73-0.97) for
SOD. Compared to SOD, the adjusted odds ratio for hos-
pital mortality was 0.90 (95% CI 0.82-0.97) for SDD. The
effects on hospital mortality were not modified by type of
ICU admission (p values for interaction terms were 0.66
for SDD and control, 0.87 for SOD and control, and 0.47
for SDD and SOD). Similar results were found for ICU
mortality.

SDD in ICUs with moderate-to-high prevalence

of antibiotic resistance

The effectiveness of SDD in improving patients’ out-
come is less well studied in ICUs with moderate-to-high
prevalence of antibiotic resistance (as defined by a preva-
lence of at least 5% of bloodstream infections caused by
extended-spectrum [-lactamase-producing Enterobacte-
riaceae). Importantly, there were until recently no studies
with a sufficiently large sample size to demonstrate effect
sizes on patient outcome comparable to those reported
from the studies in Dutch ICUs. Thus, based on the
promising results in these studies, a clustered evaluation
of SDD (but also of SOD and chlorhexidine mouthwash)
was pursued in settings with moderate-to-high preva-
lence of antibiotic resistance. In this study, ICUs were
recruited in Belgium, Spain, Portugal, Italy, Slovenia, and
the UK. In the 13 participating ICUs, the proportion of
bloodstream infections caused by highly resistant micro-
organisms was 25.5% (and 15.1% for third-generation
cephalosporin-resistant Enterobacterales), which mark-
edly deviates from the settings in Dutch ICUs [10].

In this international study, SDD was applied during 6
months and compared to a similarly long baseline period.
In addition to SDD, 6-month periods of SOD and chlo-
rhexidine mouthwash were randomly tested in a cross-
over design. The primary outcome of the study was the
incidence of ICU-acquired bloodstream infection caused
by multidrug-resistant Gram-negative bacteria which
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was 1.2% during SDD and 2.1% during baseline, yielding
an adjusted hazard ratio of 0.70 (95% CI 0.43-1.14). For
patient survival, adjusted hazard ratios for SDD, com-
pared to baseline, were 0.95 (95% CI 0.81-1.11), 0.96
(95% CI10.82-1.12), and 1.03 (95% CI 0.80-1.32) for mor-
tality in ICU, in hospital, and at day 28 after admission,
respectively.

An important modification of the SDD regime in this
study was the absence of routine use of an intravenous
cephalosporin during the first 4 days of ICU stay. As
study sites were selected upon a moderate-to-high prev-
alence of antibiotic resistant bacteria, including third-
generation cephalosporin-resistant Enterobacterales,
such prophylaxis was considered inappropriate, as was
an alternative prophylactic regimen providing a better
coverage of these bacteria, such as a carbapenem. Indeed,
most patients admitted to ICU will receive systemic
antibiotic treatment for medical reasons, with therapy
based on local epidemiology and practices. Therefore,
the consequences of patients not being treated systemi-
cally during these 4 days remain unknown, as the relative
contribution of systemic antibiotics to the overall effect
of SDD has never been determined in a single study. In
a Cochrane review, including 36 studies involving 6914
patients treated in ICUs published until March 2009,
the combination of topical plus systemic antibiotics was
associated with less infections and deaths, whereas regi-
mens of only topical treatment were associated with less
infections but not with less deaths [18]. Furthermore,
in contrast to how SDD was used in the Dutch studies,
application of antibiotics was discontinued upon extuba-
tion instead of upon discharge, but consequences of this
on ICU-acquired bacteremia rates seemed limited.

Antibiotic resistance

In the setting with moderate-to-high levels of antibiotic
resistance, there was, based on regular unit-wide point-
prevalence surveys, no evidence of increasing levels of
antimicrobial resistance, not during the use of SDD, nor
during the use of SOD or chlorhexidine mouthwash [10].
This is in line with findings from a meta-analysis of 64
unique studies of SDD and SOD in ICUs, of which 47
were randomized-controlled trials and 35 included data
for the detection of antimicrobial resistance [19]. When
comparing patients in intervention groups (those who
received SDD or SOD) to those in control groups (who
received no intervention), there were no statistically sig-
nificant differences in the prevalence of colonization
or infection with methicillin-resistant S. aureus (odds
ratio 1.46, 95% CI 0.90-2.37), vancomycin-resistant
enterococci (0.63, 95% CI 0.39-1.02), aminoglycoside-
resistant Gram-negatives (0.73, 95% CI 0.51-1.05), or
fluoroquinolone-resistant Gram-negatives (0.52, 95% CI

0.16-1.68). In fact, prevalence of polymyxin-resistant
Gram-negative bacilli (0.58, 95% CI 0.46—0.72) and third-
generation cephalosporin-resistant Gram-negative bacilli
(0-33, 95% CI 0.20—-0.52) was lower in recipients of selec-
tive decontamination compared with those who received
no intervention.

There is also no evidence that prolonged use of SDD
is associated with increases in the prevalence of antibi-
otic resistance in Dutch ICUs. In an analysis of trends
in antibiotic resistance among Gram-negative bacteria
in 38 Dutch ICUs using and not using SOD/SDD dur-
ing a 4-year period, there were no statistically significant
trends in antibiotic resistance among 637 blood isolates.
For the 8353 respiratory isolates, resistance to cefotax-
ime/ceftriaxone increased in ICUs that did not use SOD/
SDD (n=13) and decreased in those that continuously
used SOD/SDD (n=17), as did resistance to ciprofloxa-
cin. The introduction of SOD/SDD in eight ICUs was fol-
lowed by statistically significant reductions in resistance
rates for all antimicrobial agents [20]. In a single-center
evaluation, 21 years of SDD use was also not associated
with an increase of antibiotic resistance in ICU [21]. Of
note, the total use of systemic antibiotics in the ICUs
was 11.9% lower during the SDD period, compared to
standard care, in Dutch ICUs [7], which most likely con-
tributed to the observed ecological safety of SDD in that
setting.

There is limited evidence on effects of SDD on antimi-
crobial resistance after ICU discharge. In one study from
the Netherlands, colonization of the gut with Gram-
negative bacteria was determined upon ICU discharge
and on day 10 after ICU discharge, in patients that had
received either SDD or SOD in ICU [22]. SDD resulted
in more effective decontamination of the gut at the time
of ICU discharge and led to lower acquisition rates on
day 10 after ICU discharge, although colonization rates
on day 10 after ICU discharge were similar in both study
groups [22].

Future research directions

In contrast to the extensive clinical evaluation of SDD in
ICU patients, relatively little is known about its effects
on the microbial flora. In one study, changes in the
gut microbiome during SDD were investigated using
metagenomics in a single patient during and after ICU
admission [23]. SDD was associated with an increase
in the abundance of resistance genes, mostly of amino-
glycoside resistance genes carried by anaerobe gut bac-
teria, which was confirmed in 12 other patients. In a
subsequent study, the same investigators analyzed the gut
microbiome in ten ICU patients that received SDD [24].
For comparison, gut microbiota were also determined
twice in ten healthy subjects with a 1-year interval. The
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microbiota of the ICU patients differed from those of
healthy subjects and was characterized by lower micro-
bial diversity, decreased levels of Escherichia coli and of
anaerobic Gram-positive, butyrate-producing bacteria of
the Clostridium clusters IV and XIVa, and an increased
abundance of Bacteroidetes and enterococci. Four types
of resistance genes, providing resistance to aminoglyco-
sides, macrolides, disinfectants, and tetracyclines, were
significantly more abundant among ICU patients than in
healthy subjects. These findings confirm the principles of
SDD, eradicate Enterobacterales but not anaerobes from
the gut, but more studies are needed to better deter-
mine the effects of SDD on selection and transmission of
resistance genes.

The effects of SDD were disappointing in the only
international multi-center study performed in settings
with moderate-to-high levels of antibiotic resistance [10].
Yet, the Selective Decontamination of the Digestive Tract
in Intensive Care Unit Patients (SuDDICU) trial (clinical-
trials.gov NCT02389036) is another cluster, cross-over,
randomized-controlled trial of SDD in mechanically ven-
tilated critically ill patients. It is currently recruiting a
target of 12,000—15,000 patients in Canada, the UK, and
Australia. Patients not already receiving an intravenous
therapeutic antibiotic will be prescribed a 4-day course
of intravenous cephalosporins. The study has a concur-
rent cohort study nested within the randomized trial for
evaluating the effects of SDD on antibiotic resistance pat-
terns. These recruiting countries are countries with the
least moderate rate of antibiotic resistance, and therefore,
the results will give us more information about the use of
SDD in these populations. The study will also have cost-
effectiveness analyses, microbiome/meta genetic analy-
sis, and a process evaluation undertaken in Canada and
Australia to understand the broader patient, health care
practitioner, and ecological and health system implica-
tions of delivering SDD. The study will report in 2021.

Conclusion

SDD has been studied in ICU populations for almost
40 years. Its current status is that the initially perceived
risks for augmented selection of antibiotic resistance
have been firmly rejected. Instead, in settings with low
prevalence of antibiotic resistance, SDD is consist-
ently associated with less antibiotic resistance and with
improved patient outcome. In settings with moderate-
to-high prevalence of antibiotic resistance, benefits of
SDD on clinically relevant patient outcomes remain to be
demonstrated.
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