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ABSTRACT (419 words) 15 

Importance: Whether selective decontamination of the digestive tract (SDD) reduces mortality 16 

in critically ill patients remains uncertain. 17 

Objective: To determine whether SDD reduces in-hospital mortality in critically ill adults.   18 

Design, Setting and Participants: A cluster, crossover, randomized clinical trial that recruited 19 

5982 mechanically ventilated adults from 19 ICUs in Australia between April 2018 and May 2021 20 

(final follow up August 2021). A contemporaneous ecological assessment recruited 8599 21 

patients from participating ICUs between May 2017 and August 2021. 22 

Interventions: ICUs were randomly assigned to adopt or not adopt a SDD strategy for two 23 

alternating 12-month periods, separated by a 3-month inter-period gap. Patients in the SDD 24 

group (N = 2791) received a six-hourly application of an oral paste and administration of a 25 

gastric suspension containing colistin, tobramycin and nystatin for the duration of mechanical 26 

ventilation, plus a four-day course of an intravenous antibiotic with a suitable antimicrobial 27 

spectrum. Patients in the control group (N = 3191) received standard care. 28 

Main outcomes and measures: The primary outcome was hospital mortality. There were eight 29 

secondary outcomes, including the proportion of patients with new positive blood cultures, 30 

antibiotic resistant organisms (AROs) and Clostridioides difficile infections. For the ecological 31 

assessment, a non-inferiority margin of 2% was pre-specified for three outcomes including new 32 

cultures of AROs.   33 

Results: Of 5982 patients (mean age 58.3 years, 36.8% women) enrolled from 19 ICUs; all 34 

patients completed the trial. There were 753 (27.0%) and 928 (29.1%) in-hospital deaths in the 35 
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SDD and standard care group respectively (mean difference [MD], -1.7%; -95% confidence 36 

interval [95% CI], -4.8% to 1.3%]; odds ratio [OR] 0.91, 95%CI 0.82 to 1.02, p=0.12). Of eight pre-37 

specified secondary outcomes, six showed no significant differences. 38 

In the SDD vs standard care groups, 23.1% vs 34.6% had new ARO cultures (absolute difference 39 

[AD] -11.0%, 95%CI -14.7 to -7.3), 5.6% vs 8.1% had new positive blood cultures (AD -1.95%, 40 

95%CI -3.5 to -0.4), and 0.5% vs 0.9% had new Clostridioides difficile infections (AD -0.24%, 41 

95%CI -0.6 to 0.1). In 8599 patients enrolled in the ecological assessment, the use of SDD was 42 

not shown to be non-inferior noninferior with regard to the change in the proportion of patients 43 

who developed new AROs (-3.3% vs -1.59%; MD -1.71%, one-sided 97.5%CI -∞ to 4.31, and 44 

0.88% vs 0.55%; MD -0.32%, one-sided 97.5%CI -∞ to 5.47) in the first and second periods, 45 

respectively. 46 

Conclusions and Relevance: Among critically ill patients receiving mechanical ventilation, SDD 47 

did not significantly reduce in-hospital mortality. However, the confidence interval around the 48 

effect estimate includes a clinically important benefit. 49 

Trial Registration: Clinical Trials.gov registration number: NCT02389036  50 
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Key points 51 

Question: 52 

Among critically ill patients receiving mechanical ventilation, what is the effect of selective 53 

decontamination of the digestive tract (SDD) on hospital mortality? 54 

Findings: 55 

In this randomized clinical trial that included 5982 patients, SDD compared with standard care 56 

without SDD did not result in a significant difference in in-hospital mortality (27.0% vs 29.1%, 57 

respectively; odds ratio, 0.91). 58 

Meaning: 59 

Among critically ill patients receiving mechanical ventilation, SDD did not significantly reduce in-60 

hospital mortality compared with standard care without SDD, although the confidence interval 61 

around the effect estimate includes a clinically important benefit. 62 

 63 

 64 

 65 

 66 

  67 
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INTRODUCTION (273/300 words, 14 references) 68 

Selective decontamination of the digestive tract (SDD) was originally described in 69 

immunocompromised patients with haematological disease1 and in patients with trauma2,3 and 70 

extended to critically ill patients treated in intensive care units (ICUs) in the 1980s.4,5  71 

SDD is the application of topical non-absorbable antibiotics and antifungal agents to the upper 72 

gastrointestinal tract combined with a short course of intravenous antibiotics to patients 73 

receiving mechanical ventilation via an endotracheal tube.6 74 

The principal aim of SDD is to prevent the development of ventilator-associated pneumonia 75 

caused by pathogenic Gram-negative bacteria and secondary overgrowth with yeasts from the 76 

upper gastrointestinal tract. SDD usually consists of an oral paste and gastric suspension of 77 

three non-absorbed antimicrobial agents combined with a short course of an intravenous 78 

antibiotic with an appropriate antimicrobial spectrum.5  79 

Although systematic reviews of published randomized clinical trials have reported that the use 80 

of SDD was associated with reductions in interval mortality rates and in the incidence of 81 

ventilator-associated pneumonia,7-10 widespread international use of SDD as a standard of care 82 

remains low.6,11,12 Clinician uncertainty may relate to concerns about the generalizability of the 83 

results of previous randomized clinical trials, weak recommendations about the use of SDD in 84 

international clinical practice guidelines13 and that the use of SDD may increase the prevalence 85 

of antibiotic resistant organisms.8,14 86 

To address this uncertainty, the Selective Decontamination of the Digestive Tract in the 87 

Intensive Care Unit (SuDDICU) trial was designed to test the hypothesis that adding SDD to 88 
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standard care would decrease hospital mortality in mechanically ventilated ICU adults 89 

compared to standard care. An observational evaluation of whether SDD was non-inferior to 90 

standard care in changes in microbiological ecology was conducted simultaneously.  91 

METHODS 92 

Consent 93 

Ethical approval was obtained from Human Research Ethics Committees and Research 94 

Governance Offices at each site.  95 

As SDD was implemented as an ICU-wide intervention, a waiver of individual patient consent up 96 

to hospital discharge was obtained. For patients in the control group and ecological assessment, 97 

a waiver of consent was also obtained as no intervention was offered.  98 

Study design and oversight 99 

This was a cross-over, cluster randomized clinical trial with a concomitant observational 100 

ecological assessment The protocol and statistical analysis plan are presented in Supplement 1 101 

and Supplement 2 respectively and were pre-published.15 The trial was originally planned as an 102 

international trial that would include sites outside Australia in Canada and the United Kingdom. 103 

Details of the evolution of the Australian trial are presented in the introduction of Supplement 104 

3. Data were entered into an encrypted database for statistical analyses conducted at The 105 

George Institute for Global Health.  106 

The SDD study drug preparations were manufactured by Verita Pharma® (Sydney, Australia) 107 

under licence from The George Institute for Global Health in accordance with the standards for 108 

Good Manufacturing Practice approved by the Therapeutic Goods Administration of Australia. 109 
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Trial participants 110 

Eligible ICUs were general medical and surgical facilities in Australia capable of treating 111 

mechanically ventilated adults and able to implement the SDD protocol in all eligible patients. 112 

ICUs were randomly assigned to adopt a SDD strategy or not for two alternating 12-month 113 

periods, separated by a 3-month inter-period gap. 114 

Eligible patients for the intervention periods were those i.) mechanically ventilated via an 115 

endotracheal tube on admission to the ICU, ii.) who became ventilated during that admission 116 

and iii.) who were predicted to remain ventilated for at least 48 hours. Patients who were 117 

previously predicted not to be mechanically ventilated for more than 48 hours, but who 118 

subsequently required ongoing ventilation were rescreened for recruitment.  119 

For the ecological assessment that was conducted to determine changes in participating ICU 120 

microbiological flora, data were collected for one full week of each month during five 3-month 121 

ecology collection periods: the pre-trial period, inter-period gap and post-trial period; and the 122 

final three months of each 12-month intervention period. During these periods, all patients 123 

admitted to participating ICUs regardless of ventilation status, excluding mechanically ventilated 124 

patients who were already enrolled in the intervention groups, were included in the ecology 125 

assessment.  126 

Randomization  127 

During the three-month pre-trial period, participating ICUs were stratified by size based on their 128 

number of beds and then randomly assigned using a computer-generated program written in 129 

SAS to deliver either SDD plus standard care (SDD group) or to continue standard care in the 130 
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first 12-month intervention period. The first intervention period was followed by a three-month 131 

inter-period gap, following which ICUs crossed over to the alternative group for a second 12-132 

month period. This was followed by a three-month post-trial period. (Supplement 3: eFigure 1) 133 

Interventions 134 

SDD comprised i.) a six-hourly topical application of 0.5g of oral paste containing 10mg colistin, 135 

10mg tobramycin and 125,000 international units of nystatin applied to the buccal mucosa and 136 

oropharynx; ii.) a six-hourly administration of 10mL of gastric suspension containing 100mg 137 

colistin, 80mg tobramycin and 2x106 international units of nystatin to the upper gastrointestinal 138 

tract via a gastric or post-pyloric tube; iii.) a four-day course of an intravenous SDD-compliant 139 

antibiotic (e.g. a third-generation cephalosporin or ciprofloxacin) unless already treated with 140 

antibiotics with activity against Gram-negative bacteria during the first four days after 141 

enrolment, in which case additional antibiotics were not administered. Details of the SDD drug 142 

preparations are presented in Supplement 3: sections O to T. 143 

The SDD oral paste and gastric suspension were administered as soon as possible from the time 144 

of admission to the ICU, if mechanically ventilated on admission and/or from the time of 145 

endotracheal intubation in the ICU and continued for the duration of mechanical ventilation via 146 

an endotracheal tube or until day 90, whichever came first. All other treatments, including the 147 

administration of antibiotics for prophylactic or therapeutic indications, were at the discretion 148 

of treating clinicians in accordance with respective institutional microbiological prescription 149 

polices. A list of SDD-compliant antibiotics is presented in Supplement 3: section J.  150 

Data and Study Management 151 
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Data collected at baseline included demographics, admission diagnosis, the Acute Physiology 152 

and Chronic Health Evaluation (APACHE) score (a severity of illness score ranging from 0 to 71 153 

[APACHE-II]16 or 0 to 299 [APACHE-III],17 with higher scores indicating an increased risk of death) 154 

and specific risk factors for infection including prior receipt of oral chlorhexidine and 155 

intravenous antibiotics.  156 

For patients treated in ICUs during the SDD intervention period, daily data documenting the 157 

delivery of SDD oral paste and gastric suspension were collected for the duration of mechanical 158 

ventilation up to 90 days and SDD-compliant antibiotics for 5 days. Adherence in administering 159 

the topical components of SDD was reported as the proportion of patients receiving at least one 160 

dose of an eligible SDD dose on a daily basis for the duration of mechanical ventilation. 161 

For all trial participants, doses of all intravenous antibiotics were collected for 28 days. Data 162 

recorded daily for 90 days while still in the ICU included the duration of mechanical ventilation, 163 

ICU and hospital admission, all new organisms isolated from blood and non-blood cultures, any 164 

positive test for Clostridioides difficile and antibiotic resistant organisms from all cultures, as 165 

defined in Supplement 3: section K. 166 

For the ecological assessment, data were collected for one full week of each month during five 167 

3-month ecology collection periods: the pre-trial period, inter-period gap and post-trial period; 168 

and the final three months of each 12-month intervention period on all patients admitted to the 169 

participating ICU regardless of mechanical ventilation status, excluding mechanically ventilated 170 

patients already enrolled in the intervention periods.  171 

Outcome Measures 172 
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The primary outcome was all-cause in-hospital mortality within 90 days of enrolment during the 173 

index hospital admission. 174 

Clinical secondary outcomes were ICU mortality and days alive and free of mechanical 175 

ventilation, ICU admission, and hospitalization through 90 days  176 

Microbiological secondary outcomes were the results from all new blood cultures; the 177 

incidence of new Clostridioides difficile infections; the incidence of pre-defined antibiotic 178 

resistant organisms from all blood, non-blood surveillance and clinical cultures and total 179 

antibiotic use, defined in daily defined doses. 180 

Ecological assessment outcomes were the same as microbiological secondary outcomes, except 181 

that the outcome for total antibiotic use was excluded from the analysis.  182 

Pre-specified additional analyses conducted during this trial, but are not included in this report, 183 

were a nested cohort microbial metagenomic analysis, a health economic analysis from a 184 

healthcare system perspective and an updated trial-level systematic review with Bayesian 185 

meta-analysis that included the results of this trial.  186 

Sample size calculation 187 

Based on data from a randomized clinical trial conducted in similar populations in Australia and 188 

available at the time of trial design,18 a total of around 6000 patients from up to 20 Australian 189 

ICUs recruiting 150 patients per treatment period and assuming an intra-cluster correlation 190 

coefficient of 0.01 and an inter-period correlation of 0.005, provided at least 80% power to 191 

detect a 4.2 percentage point reduction in hospital mortality from a baseline mortality rate of 192 

29% at an alpha of 0.05. This projected absolute reduction in mortality was considered to fall 193 



 

13 
 

within a range between 3.5 and 5.0 percentage points, representing a relative risk reduction 194 

between 12 and 17 percentage points and a number needed to treat between 20 and 29 that is 195 

consistent with other randomized clinical trials conducted in the Australian context18,19 196 

representing a plausible range for a detectable difference. 197 

For the ecological assessment, the original sample size calculation was based on 40-50 sites 198 

recruiting 110-150 patients per period that would provide 80% power to reject a non-inferiority 199 

margin of 2%.8 This calculation assumed a base incidence of antibiotic resistance of 10% (as 200 

defined in the original study protocol) using an inter-cluster coefficient of 0.01 and an inter-201 

period coefficient of 0.005 as per the mortality analysis. Based on these assumptions, 20 202 

Australian centres had 90% power to reject a non-inferiority margin of 3% for antibiotic 203 

resistance. 204 

Statistical Analysis 205 

Data were exported to SAS Enterprise Guide (version 8.3) for analysis. All patients were 206 

analyzed according to their randomization group, regardless of adherence. The primary analysis 207 

used all available data with no imputation for missing data.  208 

The primary outcome of death in hospital within 90-days was analyzed using an individual-level 209 

hierarchical logistic regression model, including both a random cluster effect and a random 210 

cluster-period effect. The effect of the intervention is presented as the odds ratio (OR) for 211 

death and the 95% CI, adjusted by the Kenward-Roger correction.20 Pre-specified sensitivity 212 

analyses were conducted without the Kenward-Roger correction and by fitting a linear 213 

regression at the cluster level;21 and assessing the potential effect of missing data, using a 214 
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‘worst case’ and ‘best case’ scenario are presented in the statistical analysis plan. Adjusted 215 

analyses of the primary outcome were conducted using the logistic regression model after 216 

adding age, sex, severity of illness and operative vs. non-operative diagnosis as fixed covariates. 217 

Post-hoc analyses included calculation of mean risk differences and its 95%CI for the primary 218 

outcome (hospital mortality) and one clinical secondary outcome (death within the ICU); 219 

secondary analyses excluding patients who were enrolled less than one hour from the time to 220 

admission to the ICU; adding prior treatment with oral chlorhexidine and intravenous 221 

antibiotics to the model and presenting the primary outcome for each participating site. 222 

The primary outcome was also examined in five pre-specified subgroup pairs based on pre-223 

randomization age, sex, severity of illness, operative diagnosis and trauma. Heterogeneity 224 

across subgroups was assessed by adding the subgroup variable as well as its interaction with 225 

the intervention to the main analysis model.  226 

Analyses of secondary duration outcomes were analysed as the number of days alive and free of 227 

the outcome up to day 90, using a hierarchical linear regression model with the Kenward-Roger 228 

correction. Intervention effects were reported as the adjusted mean difference (MD) and its 229 

95% CI. No adjustments for baseline co-variates were made for secondary outcomes. Time to 230 

discharge alive from ICU and hospital were summarized using cumulative incidence functions 231 

treating mortality as a competing risk, censored at day 90. The intervention effect was 232 

estimated as the hazard ratio (HR) and its 95% CI obtained from a cause-specific Cox model, 233 

with a fixed effect of treatment and a random site effect. The proportionality assumption was 234 

confirmed by visual inspection of the survival curves, given that the test cannot be conducted 235 

using a frailty model. 236 
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Defined daily doses of antibiotics were defined according to the World Health Organisation 237 

Collaborating Centre for Drug Statistics Methodology22 and presented as the mean cumulative 238 

daily defined dose for all antibiotics and for each antibiotic over the duration of each 239 

intervention period up to 28 days. Absolute differences (AD) between groups in mean 240 

cumulative daily defined doses were tested post-hoc using a hierarchical linear mixed model. 241 

Microbiological outcomes and adverse events were reported as proportions and compared 242 

between treatment groups using an analysis at the cluster-period level. 243 

The statistical significance threshold for the primary outcome was a 2-sided p value of less than 244 

0.05. For the four secondary clinical outcomes, a step-down Holm-Bonferroni approach was pre-245 

specified to control the family-wise error rate.23 All other tests were performed using a 2-sided 246 

level of 5%. Because of the potential for type one error due to multiple comparisons, findings 247 

for analyses of secondary endpoints were considered exploratory. 248 

Ecological data were assessed using a non-inferiority comparison and with a non-inferiority 249 

margin set at 2%, assuming a base incidence of antibiotic resistance of 10%. An increase of 2% is 250 

half the increase in tobramycin resistance reported from a previous cluster randomized clinical 251 

trial of SDD24 and was considered to represent an increase likely to affect the acceptability of 252 

SDD.25,26 Data were analyzed from the five study periods using linear regression to model the 253 

proportion of events in each cluster and each period, presented as the mean proportion and its 254 

two-sided 95% CI (equivalent to a one-sided 97.5%CI). The main effect of the interventions was 255 

estimated as the change, expressed as the MD and its 95%CI (presented as a one-sided 97.5%CI) 256 

in new organisms and antibiotic resistant organisms isolated from all cultures and new 257 

Clostridioides difficile infections from the pre-trial period vs. the first intervention period and 258 
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inter-period gap period combined (first comparison) and from the inter-period gap vs. the 259 

second intervention period and post-trial period combined (second comparison). A p-value from 260 

a one-sided test of non-inferiority of <0.025 indicated that the non-inferiority margin of 2% was 261 

rejected. To declare non-inferiority of SDD compared to standard care, the upper bound of the 262 

95% confidence interval around the absolute risk difference between SDD and standard care 263 

needed to be lower than 2%. Post hoc, a sensitivity analysis comparing the change in 264 

proportions from the pre-trial period and each of the two intervention periods was conducted.  265 

One pre-specified interim analysis was conducted and reviewed by the Data and Safety 266 

Monitoring Committee after the completion of the first 12-month intervention period including 267 

day-90 follow-up data at all sites. 268 

RESULTS 269 

Study sites and patients 270 

From May 2017 to November 2021, 19 ICUs in 17 hospitals in Australia recruited a total of 271 

14581 participants, of which 5982 participants were enrolled in the intervention study and 8599 272 

were enrolled in the ecological assessment (Supplement 3: Figure 1, eTable 1, eFigure 2, eFigure 273 

3). 274 

Intervention study  275 

For the first intervention period, 3049 patients were recruited, 1393 (45.7%) in ICUs allocated to 276 

SDD and 1656 (54.3%) in ICUs allocated to standard care; for the second intervention period, 277 

2933 patients were recruited, 1398 (47.6%) in SDD ICUS and 1535 (52.3%) in standard care ICUs. 278 
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The primary outcome was available for all patients, 2791 patients in the SDD group and 3191 in 279 

the standard care group.  280 

There were no significant differences in baseline characteristics between the SDD and standard 281 

care groups, other than the median (IQR) time from ICU admission and enrolment (16.1 [3.5; 282 

39.7] vs. 3.7 [0.0; 20.5] hours), prior treatment with oral chlorhexidine (778 [27.9%] vs. 526 283 

[16.5%]), receipt of pre-enrolment intravenous antibiotics (2098 [75.2%] vs. 2176 [68.2%]) and 284 

receipt of intravenous antibiotics for more than 48 hours prior to randomization  (689 [32.5%] 285 

vs. 600 [27.6%]) respectively. (Supplement 3: Table 1, eTables 2 and 3)  286 

Study treatments and process measures  287 

In the SDD group, the proportion of days of mechanical ventilation where patients received both 288 

the SDD oral paste and gastric suspension was 87.1% (Supplement 3: eFigure 4). The minimum 289 

and total number of eligible doses for the SDD preparations are presented in Supplement 3: 290 

eTable 4. 291 

Over the first four days, SDD-compliant intravenous antibiotics were administered to 80.0% 292 

patients in the SDD group compared with 53.7% patients in the standard care group 293 

(Supplement 3: eFigure 5a and 5b). 294 

Primary outcome 295 

At hospital discharge, 753 of 2791 (27.0%) patients allocated to SDD and 928 of 3191 (29.1%) 296 

patients allocated to standard care had died, (MD -1.7%, 95%CI -4.8% to 1.3%; OR 0.91, 95% CI 297 

0.82 to 1.02, P=0.12).Findings were similar without the Kenward-Roger correction and adjusting 298 

for pre-specified covariates. (Table 2). As all data were available for the primary outcome, 299 
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sensitivity analyses for missing data did not change the principal analysis. (Supplement 3: eTable 300 

8). Post-hoc analyses excluding patients who were enrolled during the first hour after ICU 301 

admission (638/2361 [27.0%] vs. 577/1889 [30.5%], OR 0.85, 95%CI 0.68 to 1.06, p=0.13) and 302 

adjusting for baseline imbalances in chlorhexidine and intravenous antibiotic treatment (OR 303 

0.91, 95% CI 0.75 to 1.11, P=0.28) did not significantly alter the analysis (Supplement 3: eTable 304 

8); hospital mortality at each participating ICU is presented in Supplement 3: eTable 9. 305 

Clinical secondary outcomes  306 

There were no significant between-group differences in ICU mortality (MD -1.4%, 95%CI -3.5% 307 

to 0.7 OR 0.92 95% CI 0.79 to 1.08),, the number of days alive and free of mechanical ventilation 308 

(MD 2.09, 95% CI -0.35 to 4.53), ICU admission (MD 1.75 95% CI -0.62 to 4.12) and hospital 309 

admission (MD 1.34 95% CI -0.89 to 3.58). (Table 2). Given than none of the differences were 310 

significant at the 5% level, the pre-specified Holm-Bonferroni multiplicity correction was not 311 

applied. Proximate and underlying causes of death are presented in eTable 10. There were no 312 

significant between-group differences in the time to death (HR 0.93, 95% CI 0.84 to 1.02), time 313 

to ICU discharge (HR 1.05 95% CI 0.99 to 1.11) or time to hospital discharge (HR 1.01 95% CI 314 

0.95 to 1.08, Supplement 3: Figure 2a, eFigures 8 and 9). There was no significant heterogeneity 315 

in the effect of intervention assignment on hospital mortality in any of the five pre-defined 316 

subgroup pairs (Figure 2b). 317 

Microbiological secondary outcomes  318 

During the intervention period, in the SDD and standard care groups, the number of patients 319 

with blood cultures collected was 1664 (59.6%) vs. 2163 (67.8%) and the number of patients 320 
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with non-blood cultures collected was 583 (20.9%) vs. 1036 (32.5%), respectively (Supplement 321 

3: eTables 5 and 6). There was a statistically significant reduction in the proportion of patients 322 

from whom antibiotic resistant organisms were cultured (23.1% vs 34.6%; AD -11.0%, 95% CI -323 

14.7 to -7.3) and new positive blood cultures (5.6% vs 8.1%;  AD -1.95%, 95% CI -3.5 to -0.4) in 324 

the SDD group compared with the standard care group. There was no significant difference in 325 

the incidence of new Clostridioides difficile infection (0.5% vs 0.9%; AD 0.24%, 95%CI -0.6 to 0.1) 326 

between the two groups. (Table 2). 327 

There was no significant difference in mean cumulative daily defined dose of all intravenous 328 

antibiotics administered over the first 28 days (MD -0.035 95% CI -0.13 to 0.06) (Table 2) and in 329 

the overall total daily defined dose (Supplement 3: eFigure 6) or for each antibiotic class 330 

(Supplement 3: eFigure 7) between the SDD and standard care groups.  331 

Ecological assessment 332 

Among 8599 patients recruited into the ecological assessment, there were no significant 333 

between-group differences in demographics, severity of illness scores, hospital mortality and 334 

microbiological cultures over the five 3-month assessment period (Supplement 3: eTable 11). 335 

The proportions of participants with development of antibiotic resistant organisms, new 336 

positive blood cultures, and Clostridioides difficile infections over the five 3-month assessment 337 

periods are presented in Table 3.  For the pre-trial period vs. the first intervention period and 338 

inter-period gap period combined (first comparison) and from the inter-period gap vs. the 339 

second intervention period and post-trial period combined (second comparison), SDD was non-340 

inferior to standard care for the change in the proportion of new positive blood cultures (-0.75% 341 

vs 0.30%; MD -1.05%, one-sided 97.5%CI -∞ to 0.47, non-inferiority p<0.001 and -0.90% vs -342 
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0.86%; MD 0.04% one-sided 97.5%CI -∞ to 1.67, non-inferiority  p=0.008) and for Clostridioides 343 

difficile infections (-0.19% vs 0.05%; MD -0.24%, one-sided 97.5%CI -∞ to 0.18, non-inferiority 344 

p<0.001 and 0.03% vs -0.03%; MD-0.05%, one-sided 97.5%CI -∞ to 0.37, non-inferiority 345 

p<0.001), but not for the change in proportions with positive cultures for antibiotic resistant 346 

organisms (-3.3% vs -1.59%; MD -1.71%, one-sided 97.5%CI -∞ to 4.31, non-inferiority p=0.11 347 

and 0.88% vs 0.55%; MD -0.32%, one-sided 97.5%CI -∞ to 5.47, non-inferiority p=0.21) (Figure 348 

3).  A post hoc sensitivity analysis comparing the pre-trial period to each post-intervention 349 

period did not meaningfully alter the results. (Supplement 3: eTable 12, eFigure 10) 350 

Adverse events and protocol deviations 351 

Adverse and serious adverse reactions were not notably different between the SDD and 352 

standard care groups. (Table 2 and Supplement 3: eTable 13). Protocol deviations and valid 353 

reasons for not administering SDD interventions are presented in Supplement 3: eTables 14 and 354 

15. 355 

DISCUSSION 356 

In this cross-over, cluster randomized clinical trial, the use of Selective Decontamination of the 357 

Digestive Tract in mechanically ventilated critically ill adults did not significantly reduce in-358 

hospital mortality compared with standard care without SDD, although the confidence interval 359 

around the effect estimate includes a clinically important benefit.  360 

The use of SDD did not significantly reduce ICU mortality, the duration of mechanical ventilation 361 

or the duration of ICU and hospital admission. There was a significant reduction in positive 362 

blood cultures and cultures of antibiotic resistant organisms and no significant increase in new 363 
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Clostridioides difficile infections in patients who received SDD. Overall antibiotic use was not 364 

increased in patients receiving SDD. In the ecology assessment, the use of SDD was non-inferior 365 

to standard care for the development of new positive blood cultures and Clostridioides difficile 366 

infections, but not for cultures of new antibiotic resistant organisms. The use of SDD was not 367 

associated with an increased incidence of adverse events. 368 

This pragmatic randomized clinical trial has a number of strengths that include a large study 369 

population recruited from multiple ICUs under routine clinical care conditions that assessed the 370 

effect of SDD on a robust patient-centred outcome. Second, to our knowledge, the trial used the 371 

first mass-produced, commercially manufactured Good Manufacturing Practice-compliant SDD 372 

preparation that comprised the antimicrobial components previously identified to reduce the 373 

incidence of ventilator-associated pneumonia. Third, the trial was conducted according to a pre-374 

published protocol and statistical analysis plan that included a hierarchical logistic regression 375 

model to adjust for the cluster size and a robust assessment of treatment adherence. Fourth, 376 

the trial had no loss to follow-up. Fifth, the observed baseline mortality rate of 29% confirms the 377 

high acuity of illness severity in the study population. Sixth, microbiological surveillance and 378 

antibiotic prescription were conducted in accordance with international practice standards 379 

within the context of a pragmatic trial. Seventh, the concurrent observational ecological 380 

assessment to evaluate changes in ICU microbiology, specifically antibiotic resistance over the 381 

trial period provides new contextual information about the effect of SDD on unit ecology.   382 

A non-systematic analysis of patient-level data from selected randomized clinical trials 383 

conducted between 2000 and 201710 and the current Cochrane library systematic review27 384 

reported that SDD was associated with a statistically significant reduction in hospital mortality 385 
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compared to standard care with an absolute risk reduction in mortality that is similar to the 386 

point estimate from this trial.  387 

Consistent with the results of this trial, previous randomized clinical trials conducted in 388 

environments of low endemic resistance did not report an increase in antibiotic resistance 389 

associated with the use of SDD.5,10,28 A randomized clinical trial conducted in ICUs between 2013 390 

and 2017 with moderate to high baseline rates of antibiotic resistance reported no statistically 391 

significant difference in the incidence of new bloodstream infections with multi-resistant Gram-392 

negative bacteria (the primary outcome) and no significant differences in new highly resistant 393 

microorganisms or 28-day mortality between SDD and baseline standard care.29  394 

While clinicians will need to consider the primacy of the effectiveness of SDD in improving 395 

patient-centred outcomes over the effect on microbiological outcomes, the use of SDD may 396 

confer benefits in specific patient populations such as those with trauma3 and further trials are 397 

needed to confirm benefits in these patients, particularly in high endemic antibiotic resistance 398 

environments.  399 

Limitations 400 

This study had several limitations. First, due its nature, the intervention was unblinded, 401 

although this was mitigated by the objective primary outcome and the adoption of SDD as a 402 

standard of care administered to all eligible patients during the intervention period. Second, 403 

while more patients were recruited into the standard care group compared to the SDD group, 404 

this imbalance is likely due to greater reluctance to recruit patients to the intervention versus 405 

control group when doubt about their duration of ventilation or likelihood of surviving greater 406 
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than 12 hours existed. Third, while protocol adherence for the use of SDD approached 90% over 407 

the duration of the inception period and over 130000 doses of SDD were administered, 408 

prolonged use of SDD in long-term ventilated patients declined over time due to non-409 

palatability of the oral paste and reduced access to the upper gastrointestinal tract for the 410 

gastric suspension. Fourth, reductions in antibiotic resistance and new blood cultures associated 411 

with SDD in the intervention trial may not represent the efficiency of SDD at an individual or 412 

institutional level within the context of an effectiveness trial. Fifth, due to the overall low rate of 413 

antimicrobial resistance and relatively short period of observation, the ecological assessment 414 

had limited power to confirm or refute non-inferiority of SDD compared to standard care and 415 

did not assess changes in microbiological outcomes at a hospital level or changes in ecology that 416 

might be associated with longer-term use of SDD. 417 

Conclusions 418 

Among critically ill patients receiving mechanical ventilation, SDD compared with standard care 419 

without SDD, did not significantly reduce in-hospital mortality. However, the confidence interval 420 

around the effect estimate includes a clinically important benefit. 421 

  422 
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Figure Legends 565 

 566 

Figure 1: Recruitment, randomization and patient flow 567 

SDD – Selective Decontamination of the Digestive Tract; ICUs – Intensive Care Units 568 

Figure 2:  569 

Panel A. Probability of survival to hospital discharge within 90-days  570 

Panel B. Subgroup analysis for in-hospital death within 90-days. 571 

Severity of illness was determined by the Acute Physiology and Chronic Health Evaluation 572 

(APACHE) scores, ranging from 0 to 71 (APACHE-II)16 or 0 to 299 (APACHE-III)17 with higher 573 

scores indicating an increased risk of death.  574 

The median APACHE-II and APACHE-III scores were 20 and 70 respectively.  575 

P-value is from the likelihood ratio test of the interaction term between the subgroup variable 576 

and the intervention. 577 

 578 

Figure 3: Ecological assessment outcomes. 579 

The change in mean proportions of microbiological outcomes between SDD and standard care 580 

are presented from the pre-trial period vs. intervention period 1 and the inter-period gap 581 

combined (first intervention) and the from inter-period gap vs. interventional period 2 and the 582 

post-trial period combined (second intervention).   583 

The pre-defined non-inferiority margin of 2% is presented as the red line. 584 



 

33 
 

The non-inferiority margin was rejected for new organisms isolated and Clostridioides difficile 585 

infection, but not for cultures of antibiotic resistance organisms, presented by the non-586 

inferiority p-value.   587 

 588 

  589 
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Tables 590 

Table 1.  591 
 592 
Characteristic 

All data N(%), unless stated 

Selective 
Decontamination of 
the Digestive Tract  

(N=2791) 

Standard care  
(N=3191) 

Age: mean (SD): years 58.2 (17.1) 58.5 (17.0) 
Female sex 1012 (36.3) 1190 (37.3) 
Male sex 1779 (63.7) 2001 (62.7) 
ICU admission source   

Emergency Department 1119 (40.1) 1170 (36.7) 
Admitted following emergency surgery 566 (20.3) 695 (21.8) 

Hospital floor (wards) 517 (18.5) 575 (18.0) 
Transfer from another hospital 236 (8.5) 314 (9.8) 

Transfer from another ICU 189 (6.8) 209 (6.5) 
Admitted following elective surgery 164 (5.9) 228 (7.1) 

Time from ICU admission to enrolment: 
median (IQR): hours 

16.1 (3.5;39.7) 3.7 (0.0;20.5) 

APACHE diagnostic category: non-
operativea 

2061 (73.8) 2268 (71.1) 

Admission diagnosis of trauma 378 (13.5) 425 (13.3) 
Severity of illness score: (median [IQR])b   

APACHE II score  1479 (20.0 [15.0; 26.0]) 2028 (20.0 [15.0; 
25.0]) 

APACHE III Score 1312 (68.0 [49.0; 89.0]) 1163 (73.0 [53.0; 
95.0]) 

Comorbidities   
Diabetes 610 (21.9) 743 (23.3) 

Systemic steroids 330 (11.8) 405 (12.7) 
Immunosuppressed 231 (8.3) 279 (8.7) 

Prior treatments    
Receiving intravenous antibiotics at 

enrolment
2098 (75.2) 2176 (68.2) 

Receiving intravenous antibiotics for > 48 
hours prior to enrolment

689 (32.5) 600 (27.6) 

Use of oral chlorhexidine 778 (27.9) 526 (16.5) 
 593 
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Table 1. Baseline characteristics of the patients enrolled during in the intervention periods by 594 

group.  595 

a The Acute Physiology and Chronic Health Evaluation (APACHE) diagnostic criteria are 596 

categorized into non-operative and operative groups and include pre-specifed organ system 597 

based criteria with each diagnostic group.  598 

b Severity of illness was determined by the Acute Physiology and Chronic Health Evaluation 599 

(APACHE) scores, ranging from 0 to 71 (APACHE-II),16 or 0 to 299 (APACHE-III)17 with higher 600 

scores indicating an increased risk of death.  601 

ICU – Intensive Care Unit; SD – standard deviation; IQR- interquartile range 602 

  603 
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Table 2:  604 
 605 
 606 
 Selective 

Decontamination 
of the Digestive 

Tract  
(N=2791) 

Standard care 
(N=3191) 

Difference (%) 
(95% CI) 

Odds ratio 
(95%CI) 

p 

Primary 
outcomea,g,i,j,k,l  

     

In-hospital death 
within 90-days: N 
(%)  

     

Primary analysisb  753 (27.0) 928 (29.1)  MD -1.7  
(-4.38 to 1.3) 

0.91  
(0.82 to 1.02) 

0.12

Adjusted analysisc    0.92  
(0.75 to 1.11) 

0.35

Clinical secondary 
outcomesd,g  

     

Death within ICU: 
N (%) 

591 (21.2) 727 (22.8) MD -1.4  
(-3.5 to 0.7) 

0.92  
(0.79 to 1.08) 

 

Days alive and 
free of mechanical 
ventilation: (SD); 
median (IQR)  

61.9 (36.1) 
83 (18;87) 

59.7 (37.1) 
83 (7;87) 

 MD 2.09  
(-0.35 to 4.53) 

  

Days alive and 
free of ICU 
admission mean 
(SD); median (IQR) 

58.4 (35.7) 
79 (6;85) 

 

56.4 (36.4) 
78 (2;85) 

 MD 1.75  
(-0.62 to 4.12) 

  

Days alive and 
free of hospital 
admissionh mean 
(SD); median (IQR) 

45.3 (33.4) 
59 (0;76) 

44.0 (34.4) 
57 (0;76) 

 MD 1.34  
(-0.89 to 3.58) 

  

Microbiological 
secondary 
outcomesg 

     

Any antibiotic 
resistant organism 
found N (%) 

583 (20.9) 1036 (32.5)  AD -11.0  
(-14.7 to -7.3) 

  

Any blood 
organism found N 
(%) 

156 (5.6) 259 (8.1)  AD -1.95  
(-3.47 to -0.43) 

  

Positive for 
Clostridioides 
Difficile N (%) 

14 (0.5) 29 (0.9)  AD-0.24  
(-0.59 to 0.10) 

  

Defined daily dose 
of antibioticse 

0.81 (0.75 to 
0.88) 

0.85 (0.78 to 
0.91) 

 MD -0.035  
(-0.13 to 0.06) 
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over 28 days 
(mean (95%CI) 

Adverse Events   
   

Adverse 
Medication 
Reactions 

0 (0.0) 0 (0.0)    

Serious Adverse 
Medication 
Reactions 

0 (0.0) 0 (0.0)    

Suspected 
Unexpected 
Serious Adverse 
Reactions 

0 (0.0) 0 (0.0)    

Serious Adverse 
Events 

     

Any event 29 (1.0) 29 (0.9)    
Blocked gastric 

tube 
7 (0.3) 0 (0.0)    

Otherf 7 (0.3) 0 (0.0)    
 607 
Table 2. Clinical and microbiological outcomes and adverse events for intervention trial by 608 

group.  609 

a  Inter-cluster coefficient (ICC) for Primary Outcome = 0.007 610 

b Hierarchical model with Kenward-Roger correction  611 

c Adjusted analysis for age, sex, severity of illness, operative vs. non-operative diagnosis 612 

d Given than none of the differences were significant at the 5% level for the 4 clinical secondary 613 

outcomes, the planned Holm-Bonferroni multiplicity correction was not applied 614 

e Defined daily doses of antibiotics were defined as the assumed mean maintenance dose per 615 

day for a drug used for its main indication in adults according to the World Health Organisation 616 

Collaborating Centre for Drug Statistics Methodology22  617 
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f Other Serious adverse events were one case each of change in kidney function, persistent 618 

diarrhea, toxic epidermal necrolysis, persist fever, elevated creatinine kinase and two skin 619 

rashes 620 

g Data were censored at day-90 after enrolment. 621 

h The median time to hospital discharge was 16 days in the SDD group and 15 days in the 622 

standard care group. 623 

i There was no significant interaction between treatment and period when analysing the 624 

primary outcome (p=0.76).  625 

j No sensitivity analyses for missing data for the primary outcome was performed as there was 626 

100% data available for analyses.  627 

k Post hoc determination of the intra-cluster coefficient and inter-period correlation is 628 

presented in Supplement 3: eTable 7 629 

l Post hoc sensitivity analyses adjusting the primary outcome for baseline imbalances for prior 630 

use of chlorhexidine and intravenous antibiotics are presented in Supplement 3: eTable 8 631 

 SD – standard deviation; IQR – interquartile range; MD – mean difference; AD – absolute 632 

difference 633 

 634 

  635 
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Table 3 636 

  637 

 Pretrial 
period 

Period 1 and 
inter-period 
gap 

Intervention 
cross-over 

Inter-
period 
gap 

Period 2 and 
post-trial 
period 

New infections with antibiotic resistant organisms from all blood and non-blood culturesa,b,c

SDD 108/915 
(11.8) 

184/1719 
(10.7) 

Standard care  100/874 
(11.4) 

159/1589 
(10.0) 

Standard care  94/1012  
(9.3) 

149/1765 
(8.4) 

SDD 79/912 
(8.7) 

136/1599 
(8.5) 

New positive blood culturesa,b 

SDD 26/915  
(2.8) 

40/1719 
(2.3) 

Standard care  26/874 
(3.0) 

35/1589 
(2.2) 

Standard care  20/1012  
(2.0) 

43/1765 
(2.4) 

SDD 29/912 
(3.2) 

26/1599 
(1.6) 

New infections with Clostridioides difficilea,b 
SDD 6/915 

(0.7) 
5/1719 

(0.3) 
Standard care  2/874 

(0.2) 
5/1589 

(0.3) 
Standard care  2/1012 

(0.2) 
2/1765 

(0.1) 
SDD 2/912 

(0.2) 
4/1599 

(0.3) 
 638 

 639 

 640 
Table 3: Ecological assessment outcomes. 641 

All data presented as n/N (%) 642 

a Three microbiological outcomes are presented for sites randomized to each intervention 643 

period. 644 

b Proportions of patients were obtained using linear regression to model the proportion of 645 

microbiological outcomes in each cluster and each period during the two comparative trial 646 

periods: pre-trial period vs. interventional period 1 and inter-period gap combined and the 647 

inter-period gap period vs. interventional period 2 and the post-trial period combined. 648 
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c Antibiotic resistant organisms were defined according to a modification of the Dutch 649 

Nosocomial Infection Guidelines (Supplement 3: Section G). 650 

SDD – Selective Decontamination of the Digestive Tract  651 

 652 



 



 

 

 

No. at Risk
SDD
Standard Care

HR (95%CI)= 0.93 ( 0.84, 1.02)
Median survival me (Q1, Q3)
SDD : NA (32.0, NA )
Standard Care : NA (19.0, NA )

2791 2300 2158 2103 2077 2063 2052 2045 2039 2038
3191 2630 2393 2329 2300 2287 2275 2268 2265 2263
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New organisms isolated

First intervention -0.75 (-1.94, 0.44) 0.30 (-0.65, 1.26) -1.05 (-2.58 , 0.47) 01.0<

Second intervention -0.90 (-2.09, 0.29) -0.86 (-1.97, 0.25) 0.04 (-1.58 , 1.67) 01.0<

Antibiotic resistance

First intervention -3.30 (-8.17, 1.58) -1.59 (-5.12, 1.94) -1.71 (-7.73 , 4.31) 11.0

Second intervention 0.88 (-3.20, 4.96) 0.55 (-3.56, 4.67) -0.32 (-6.12 , 5.47) 21.0

New Clostridioides difficile infection

First intervention -0.19 (-0.50, 0.12) 0.05 (-0.23, 0.32) -0.24 (-0.66 , 0.18) 01.0<

Second intervention 0.03 (-0.28, 0.33) -0.03 (-0.31, 0.26) -0.05 (-0.47 , 0.37) 01.0<

SDD -> Standard Care Standard Care -> SDD
Mean proportion (95% CI) Mean difference (95% CI)

SDD - Standard Care
Non-inferiority

p-value
Favors

SDD
Favors
Standard Care

0-2%-4%-6% 2% 4% 6%
Difference SDD - Standard Care
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