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ICU = intensive care unit; MRSA = methicillin-resistant Staphylococcus aureus; PPM = potentially pathogenic microorganism; SDD = selective
decontamination of the digestive tract; VAP = ventilator-associated pneumonia; VRE = vancomycin-resistant entercocci.
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Recent meta-analyses have shown that the use of selective
decontamination of the digestive tract (SDD) can reduce the
occurrence of ventilator-associated pneumonia (VAP) [1–5].
Two of these analyses also demonstrated a significant
reduction in intensive care unit (ICU) mortality [4,5].
However, the effectiveness of SDD has remained
controversial [6,7]. Although SDD has received considerable
attention in European ICUs, North American intensivists have
been uniformly resistant to the incorporation of SDD as
standard care [8,9]. One of the main concerns is the fear of
emergence of selection for resistant organisms. Furthermore,
in the guidelines for the prevention of nosocomial pneumonia
published in 1997, the Centers for Disease Control and
Prevention stated that available data do not justify the routine
use of SDD in ICU patients [10].

We recently performed a single-center, prospective, controlled,
randomized trial on the use of SDD that showed improved

survival of ICU patients treated with SDD [11]. Importantly, the
study also demonstrated that colonization with resistant
bacteria decreased, which is opposite to the expectation of the
skepticists about SDD in intensive care patients.

The concept on which SDD is based
Nosocomial infections are caused by a limited number of
potentially pathogenic microorganisms (PPMs) such as
Streptococcus pneumoniae, Haemophilus influenzae,
Staphylococcus aureus, Moraxella catarrhalis, Escherichia
coli and Candida albicans that are carried by healthy people,
and by opportunistic aerobic Gram-negative bacilli such as
Klebsiella, Proteus, Morganella, Enterobacter, Citrobacter,
Serratia, Acinetobacter and Pseudomonas species that are
present in individuals with underlying pathology.

One method for preventing nosocomial infections by these
PPMs is the use of SDD [12]. This technique combines
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Abstract

Several emotional responses may be invoked in critical care physicians when confronted with selective
decontamination of the digestive tract (SDD). Although recent meta-analyses have shown that the use
of SDD reduces the occurrence of ventilator-associated pneumonia and improves ICU survival, the
effectiveness of SDD has remained controversial. We recently concluded a large randomized,
controlled trial on the use of SDD that showed improved survival of ICU patients treated with SDD. A
second concern regarding use of SDD has been the fear for the emergence of antimicrobial
resistance. Interestingly, a recently published study did not confirm this fear, and our recently finished
study even demonstrated a decline in colonization with P. aeruginosa and enterobacteriaceae that
were resistant against tobramycin, ceftazidime, imipenem and ciprofloxacin. The hopes are that this
study will at long last end the debate about the efficacy and safety of SDD in critically ill patients.
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enterally applied, nonabsorbable antibiotics and parenteral
antibiotics. The rationale for SDD lies in the appreciation that
the majority of ICU infections are caused by the
aforementioned pathogens, predominantly the Gram-negative
aerobic bacteria. These pathogens may be present prior to
admission to the ICU. They give rise to so-called primary
endogenous infections. Secondary endogenous infections
occur at later time points during the stay in the ICU, are
caused by hospital-acquired organisms, and are preceded by
colonization of the oropharynx, the stomach and the gut.
These infections are much less frequent [13].

The goal of SDD is to prevent, or to eradicate if initially
present, oropharyngeal and gastrointestinal carriage of
PPMs, especially hospital PPMs, leaving the indigenous flora,
which are thought to protect against overgrowth with
resistant bacteria, largely undisturbed [13].

SDD classically consists of four aspects. The first is selective
eradication of PPMs in the oral cavity by application of
orabase, containing nonabsorbable antibiotics (e.g. polymyxin
B, tobramycin and amphotericin B), and decontamination of
the rest of the digestive tract by local administration (through
a nasogastric tube) of the aforementioned antibiotics.
Another method is systemic prophylaxis (e.g. cefotaxime) to
prevent respiratory infections that may occur early during the

ICU stay, caused by commensal respiratory flora (S.
pneumoniae and H. influenzae). The third aspect is optimal
hygiene, to prevent cross-contamination. Finally, regular
cultures of throat swabs and faeces are performed
(monitoring the effectiveness of SDD).

Studies on SDD
There are presently no studies that have compared the whole
regimen, as already described, with regimens using only
nonabsorbable antibiotics in the oral cavity and the rest of
the digestive tract, or with nonabsorbable antibiotics in the
oral cavity alone. We specifically chose to review the trials in
which the whole regimen of SDD (oropharyngeal, intestinal
and systemic) has been studied since we consider the first
three aspects of the original SDD regimen essential to
control the three types of infection in ICU patients (primary
endogenous infections, secondary endogenous infections
and exogenous infections).

Twelve prospective, randomized studies in which SDD is
compared with controls (Table 1) [14–25] and five meta-
analyses including only prospective studies have been
published in the past 15 years. A large prospective,
controlled, randomized trial has recently been finished. At
present, data from this trial are only available in abstract form
[11].

Table 1

Selective decontamination of the digestive tract (SDD) schemes and outcomes of prospective randomized trials

Pulmonary infection 
Number of incidence (%), Mortality (%), 

Reference patients control versus SDD P value control versus SDD P value

Aerdts et al. [14] 88 69.2 vs 5.9 0.0001 15.4 vs 11.8 Not significant

Blair et al. [15] 256 34.4 vs 9.7 0.002 21.4 vs 10.5 Not significant

de Jonge et al. [11] 934 –a –a 22.9 vs 14.8 0.002

Cockerill et al. [16] 150 18.6 vs 5.3 0.03 21.3 vs 14.7 Not significant

Jacobs et al. [17] 79 9.3 vs 0 < 0.05 53.5 vs 38.8 Not significant

Kerver et al. [18] 96 85.1 vs 12.2 < 0.01 32.0 vs 28.5 Not significant

Krueger et al. [19] 546 11.1 vs 2.3 0.007 28.6 vs 19.6 Not significantb

Palomar et al. [20] 83 50.0 vs 17.1 0.005 31.0 vs 24.4 Not significant

Rocha et al. [21] 101 46.3 vs 14.9 < 0.001 44.4 vs 21.3 < 0.05c

Sanchez-Garcia et al. [22] 271 29.3 vs11.5 0.05 47.1 vs 38.9 Not significant

Ulrich et al. [23] 100 55.8 vs 14.6 < 0.001 53.8 vs 31.3 < 0.02c

Verwaest et al. [24] 440 11.4 vs 6.6 < 0.05 16.8 vs 15.5 Not significant

Verwaest et al. [24] 440 11.4 vs 7.0 < 0.05 17.6 vs 15.5 Not significant

Winter et al. [25] 183 34.8 vs 3.3 < 0.01 43.5 vs 36.3 Not significant

a Not evaluated.
b Overall intensive care unit mortality was not statistically different, but the mortality was significantly reduced for patients with Acute Physiology
and Chronic Health Evaluation II scores of 20–29 on admission.
c Not significant on intention-to-treat analysis.
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Effects on pneumonia
In the studies in which the original SDD regimen was
compared with standard care, the use of SDD significantly
reduced the incidence of pneumonia [14–25]. The reduction
was independent of the choice of systemic antimicrobial
agent, as well as the choice of topical antimicrobial agents,
since the effect of SDD on the incidence of pneumonia was
found in all the reviewed studies (Table 1).

Remarkably, the incidence of VAP in the control groups
varied from 9.3% [17] to 85.1% [18]. One reason for this
large variation may be differences in patient populations.
Another reason may be the difference in the way in which
pneumonia is diagnosed. In some studies, the diagnosis of
VAP was made on clinical, radiological and microbiological
criteria alone. It can be argued that in these studies the
reduction in respiratory tract infections is in fact a reduction
in colonization and purulent tracheobronchitis, and not a
reduction in pneumonia. Other studies used bronchoscopic
techniques, with quantitative cultures that usually cause the
incidence of VAP to be one-half of that with the diagnosis
made based on clinical, radiological and microbiological
criteria. But, also in these studies, the SDD regime still
demonstrated a significant reduction in the incidence of
pneumonia compared with conventional treatment.

Effects on mortality
Only two of the published studies demonstrated a reduced
mortality in SDD-treated patients compared with control
subjects [21,23]. In these studies the reported reduction in
mortality was found after exclusion of a number of patients. In
an intention-to-treat analysis the differences in mortality did
not reach significance [4]. Although in all studies but one the
number of patients that died in the SDD-treated group was
lower compared with the number of patients that died in the
control group [14–18,20,22,24,25], a significant effect of
SDD on mortality could not be demonstrated. This was due
to the small number of patients in those studies (i.e. all these
studies were underpowered).

A significant reduction in ICU mortality has been
demonstrated in two recent meta-analyses [4,5]. In the
analysis by D’Amico et al., the mortality was 24% in SDD-
treated patients and was 30% in controls [4]. In addition, one
recently published study showed a reduced mortality in
patients on SDD in midrange stratum with Acute Physiology
and Chronic Health Evaluation II scores of 20–29 on
admission [19]. We recently finished a prospective,
randomized, controlled study in 934 patients (medical and
surgical), presently unpublished, and found a significant
reduction in ICU mortality and hospital mortality [11].

Major concerns exist because the majority of studies was
performed in a nonblinded fashion. However, the results of the
two double-blind studies are comparable with the results of
the nonblinded studies in respect to the reduction of the

incidence of VAP (Table 1). Although a double-blind study is
the optimal design to determine the efficacy of an intervention,
only two of the aforementioned studies were double-blind
trials [21,22]. Because surveillance cultures will immediately
show which patient is receiving SDD and which patient is not,
it is not possible to perform a study in a blinded fashion.

Surveillance cultures are an integral part of microbiology for
SDD patients. They are necessary to enable monitoring of
the efficacy of SDD and the detection of exogenous infection
problems in the ICU. Furthermore, even if it would be
possible, the consequence of a blinded study is to create an
environment in which both regimens are used at the same
time. Under these circumstances the desired effects of SDD
would be less because of cross-contamination. This situation
has been dealt with in the study of de Jonge et al. [11] by
randomly admitting patients to separate units, which were
randomized to be using SDD or conventional treatment. Also,
as recently shown [26], the inverse relationship between
methodological quality score (e.g. blinded versus nonblinded
studies) and the benefit of SDD exists for the incidence of
VAP, but not for mortality. A well-designed trial can thus be
used to demonstrate the effect of SDD on mortality, whether
blinded or not.

Effects of SDD on antimicrobial resistance
It has been argued that the use of SDD may lead to the
emergence of antimicrobial resistance. However, in none of
the published prospective, randomized trials was there a
clinically significant harmful effect of SDD in respect to
superinfections, nor was there colonization with
microorganisms that had acquired resistance to the
antibiotics used.

Only two studies adequately analyzed the effects of SDD on
antimicrobial resistance [11,19]. The study by Krueger et al.
[19] demonstrated no remarkable differences between SDD-
treated patients and placebo-treated patients with respect to
the isolation of resistant bacteria. Although increasing
numbers of patients in both groups became colonized by
coagulase-negative staphylococci, enterococci resistant to
ciprofloxacin and gentamicin, and oxacillin-resistant
coagulase-negative staphylococci, methicillin-resistant S.
aureus (MRSA) was rarely isolated. The study by de Jonge et
al. demonstrated a decline in colonization with P. aeruginosa
and enterobacteriaceae that were resistant against
tobramycin, ceftazidime, imipenem and ciprofloxacin [11],
which is in contrast with the expectation of the skepticists of
SDD. In their study, no colonization with MRSA was found in
any patient and the incidence of colonization with
vancomycin-resistant entercocci (VRE) was very low (< 2%).
Colonization with VRE was not influenced by the
administration of SDD.

Different effects could clearly have been found in ICUs with a
high prevalence of MRSA and VRE. SDD does exert

Available online http://ccforum.com/content/7/2/107
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selective pressure on MRSA. Indeed, increased colonization
with MRSA in SDD-treated patients has been reported in
ICUs with endemic MRSA [24,27]. However, no publications
exist reporting an increase in hospital outbreaks of MRSA in
countries with a low incidence of MRSA carriage in the
population. On the contrary, Staphylococcal and
Enterococcus spp. infections were uncommon and the level
of methicillin resistance did not change in a study on the
long-term effects of SDD by Hammond and Potgieter [28].
Although no studies showed increased colonization or
infection with VRE, it cannot be excluded that SDD has a
detrimental effect on VRE in situations were VRE is endemic.
On the other hand, the reduced prescription of systemic
broad-spectrum antibiotics in SDD-treated patients may also
lead to decreased incidence of VRE [22].

Conclusion
Taken together, the results of the individual studies and the
meta-analysis indicate a strong protective effect of the
original SDD scheme against VAP in critically ill patients. The
recent, as yet unpublished, study on SDD from our institution
supports the conclusion from the meta-analysis that mortality
is also reduced in SDD-treated patients. In hospitals with a
low prevalence of VRE and MRSA there is no data that show
increased resistance to those organisms. On the contrary,
resistance against Gram-negative aerobic bacteria
decreased in SDD patients compared with patients receiving
standard treatment.

Based on the present data, we recommend using SDD,
combining systemic, topical, oropharyngeal and intestinal
antibiotics, in critically ill patients. As the concept of SDD has
been shown to improve survival, more research is needed to
determine the optimal SDD regimen in situations in which
VRE and MRSA are endemic.

Competing interests
None declared.

References
1. Meta-analysis of randomised controlled trials of selective

decontamination of the digestive tract. Selective Decontami-
nation of the Digestive Tract Trialists’ Collaborative Group.
BMJ 1993, 307:525-532.

2. Heyland DK, Cook DJ, Jaeschke R, Griffith L, Lee HN, Guyatt GH:
Selective decontamination of the digestive tract. An overview.
Chest 1994, 105:1221-1229.

3. Kollef MH: The role of selective digestive tract decontamina-
tion on mortality and respiratory tract infections. A meta-
analysis. Chest 1994, 105:1101-1108.

4. D’Amico R, Pifferi S, Leonetti C, Torri V, Tinazzi A, Liberati A:
Effectiveness of antibiotic prophylaxis in critically ill adult
patients: systematic review of randomised controlled trials.
BMJ 1998, 316:1275-1285.

5. Nathens AB, Marshall JC: Selective decontamination of the
digestive tract in surgical patients: a systematic review of the
evidence. Arch Surg 1999, 134:170-176.

6. Bonten MJ, Kullberg BJ, van Dalen R, Girbes AR, Hoepelman IM,
Hustinx W, van der Meer JW, Speelman P, Stobberingh EE, Ver-
brugh HA, Verhoef J, Zwaveling JH: Selective digestive decontami-
nation in patients in intensive care. The Dutch Working Group on
Antibiotic Policy. J Antimicrob Chemother 2000, 46:351-362.

7. Kollef MH: The prevention of ventilator-associated pneumonia.
N Engl J Med 1999, 340:627-634.

8. Tablan OC, Anderson LJ, Arden NH, Breiman RF, Butler JC,
McNeil MM: Guideline for prevention of nosocomial pneumo-
nia. The Hospital Infection Control Practices Advisory Com-
mittee, Centers for Disease Control and Prevention. Infect
Control Hosp Epidemiol 1994, 15:587-627.

9. Hospital-acquired pneumonia in adults: diagnosis, assess-
ment of severity, initial antimicrobial therapy, and preventive
strategies. A consensus statement, American Thoracic
Society, November 1995. Am J Respir Crit Care Med 1996,
153:1711-1725.

10. Guidelines for prevention of nosocomial pneumonia. Centers
for Disease Control and Prevention. MMWR 1997, 46:1-79.

11. de Jonge E, Schultz MJ, Spanjaard L, Bossuyt PM, Vroom MB,
Dankert J, Kesecioglu J: Effects of selective decontamination of
the digestive tract on mortality and antibiotic resistance. Inten-
sive Care Med 2002, 28(suppl 1):S12.

12. Stoutenbeek CP, Van Saene HK, Miranda DR, Zandstra DF: A
new technique of infection prevention in the intensive care
unit by selective decontamination of the digestive tract. Acta
Anaesthesiol Belg 1983, 34:209-221.

13. Baxby D, van Saene HK, Stoutenbeek CP, Zandstra DF: Selec-
tive decontamination of the digestive tract: 13 years on, what
it is and what it is not. Intensive Care Med 1996, 22:699-706.

14. Aerdts SJ, van Dalen R, Clasener HA, Festen J, van Lier HJ, Vol-
laard EJ: Antibiotic prophylaxis of respiratory tract infection in
mechanically ventilated patients. A prospective, blinded, ran-
domized trial of the effect of a novel regimen. Chest 1991,
100:783-791.

15. Blair P, Rowlands BJ, Lowry K, Webb H, Armstrong P, Smilie J:
Selective decontamination of the digestive tract: a stratified,
randomized, prospective study in a mixed intensive care unit.
Surgery 1991, 110:303-309 [discussion 309-310].

16. Cockerill FR 3rd, Muller SR, Anhalt JP, Marsh HM, Farnell MB,
Mucha P, Gillespie DJ, Ilstrup DM, Larson-Keller JJ, Thompson RL:
Prevention of infection in critically ill patients by selective
decontamination of the digestive tract. Ann Intern Med 1992,
117:545-553.

17. Jacobs S, Foweraker JE, Roberts SE: Effectiveness of selective
decontamination of the digestive tract in an ICU with a policy
encouraging a low gastric pH. Clin Intensive Care 1992, 3:52-
58.

18. Kerver AJ, Rommes JH, Mevissen-Verhage EA, Hulstaert PF, Vos
A, Verhoef J, Wittebol P: Prevention of colonization and infec-
tion in critically ill patients: a prospective randomized study.
Crit Care Med 1988, 16:1087-1093.

19. Krueger WA, Lenhart FP, Neeser G, Ruckdeschel G, Schreck-
hase H, Eissner H-J, Forst H, Eckart J, Peter K, Unertl KE: Influ-
ence of combined intravenous and topical antibiotic
prophylaxis on the incidence of infections, organ dysfunc-
tions, and mortality in critically ill surgical patients: a prospec-
tive, stratified, randomized, double-blind, placebo-controlled
clinical trial. Am J Respir Crit Care Med 2002, 166:1029-1037.

20. Palomar M, Alvarez-Lerma F, Jorda R, Bermejo B: Prevention of
nosocomial infection in mechanically ventilated patients:
selective digestive decontamination versus sucralfate. Clin
Intensive Care 1997, 8:228-235.

21. Rocha LA, Martin MJ, Pita S, Paz J, Seco C, Margusino L, Vil-
lanueva R, Duran MT. Prevention of nosocomial infection in
critically ill patients by selective decontamination of the diges-
tive tract. A randomized, double blind, placebo-controlled
study. Intensive Care Med 1992, 18:398-404.

22. Sanchez-Garcia M, Cambronero Galache JA, Lopez Diaz J, Cerda
Cerda E, Rubio Blasco J, Gomez Aguinaga MA, Nunez Reiz A,
Rogero Marin S, Onoro Canaveral JJ, Sacristan del Castillo JA:
Effectiveness and cost of selective decontamination of the
digestive tract in critically ill intubated patients. A randomized,
double-blind, placebo-controlled, multicenter trial. Am J Respir
Crit Care Med 1998, 158:908-916.

23. Ulrich C, Harinck-de Weerd JE, Bakker NC, Jacz K, Doornbos L,
de Ridder VA: Selective decontamination of the digestive tract
with norfloxacin in the prevention of ICU-acquired infections:
a prospective randomized study. Intensive Care Med 1989, 15:
424-431.

24. Verwaest C, Verhaegen J, Ferdinande P, Schetz M, Van den
Berghe G, Verbist L, Lauwers P: Randomized, controlled trial of

Critical Care    April 2003 Vol 7 No 2 Schultz et al.



111

selective digestive decontamination in 600 mechanically ven-
tilated patients in a multidisciplinary intensive care unit. Crit
Care Med 1997, 25:63-71.

25. Winter R, Humphreys H, Pick A, MacGowan AP, Willatts SM,
Speller DC: A controlled trial of selective decontamination of
the digestive tract in intensive care and its effect on nosoco-
mial infection. J Antimicrob Chemother 1992, 30:73-87.

26. van Nieuwenhoven CA, Buskens E, van Tiel FH, Bonten MJM:
Relationship between methodological trial quality and the
effects of selective digestive decontamination on pneumonia
and mortality in critically ill patients. JAMA 2001, 286:335-340.

27. Lingnau W, Berger J, Javorsky F, Fille M, Allerberger F, Benzer H:
Changing bacterial ecology during a five-year period of selec-
tive intestinal decontamination. J Hosp Infect 1998, 39:195-
206.

28. Hammond JM, Potgieter PD: Long-term effects of selective
decontamination on antimicrobial resistance. Crit Care Med
1995, 23:637-645.

Available online http://ccforum.com/content/7/2/107


