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Abstract 

Purpose: The aim of this study was to determine whether selective decontamination of the digestive tract (SDD) 
reduces in-hospital mortality in mechanically ventilated critically ill adults admitted to the intensive care unit (ICU) 
with acute brain injuries or conditions.

Methods: We carried out a post hoc analysis from a crossover, cluster randomized clinical trial. ICUs were randomly 
assigned to adopt or not to adopt a SDD strategy for two alternating 12-month periods, separated by a 3-month 
inter-period gap. Patients in the SDD group (n = 2791; 968 admitted to the ICU with an acute brain injury) received a 
6-hourly application of an oral paste and administration of a gastric suspension containing colistin, tobramycin, and 
nystatin for the duration of mechanical ventilation, plus a 4-day course of an intravenous antibiotic with a suitable 
antimicrobial spectrum. Patients in the control group (n = 3191; 1093 admitted to the ICU with an acute brain injury) 
received standard care. The primary outcome was in-hospital mortality within 90 days. There were four secondary 
clinical outcomes: death in ICU, ventilator-, ICU- and hospital-free days to day 90.

Results: Of 2061 patients with acute brain injuries (mean age, 55.8 years; 36.4% women), all completed the trial. In patients 
with acute brain injuries, there were 313/968 (32.3%) and 415/1093 (38%) in-hospital deaths in the SDD and standard care 
groups (unadjusted odds ratio [OR], 0.76, 95% confidence interval [CI] 0.63–0.92; p = 0.004). The use of SDD was associated 
with statistically significant improvements in the four clinical secondary outcomes compared to standard care. There was no 
significant heterogeneity of treatment effect between patients with and without acute brain injuries (interaction p = 0.22).

Conclusions: In this post hoc analysis of a randomized clinical trial in critically ill patients with acute brain injuries 
receiving mechanical ventilation, the use of SDD significantly reduced in-hospital mortality in patients compared to 
standard care without SDD. These findings require confirmation.
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Introduction
Selective decontamination of the digestive tract (SDD), 
consisting of an oral antibiotic paste and a gastric antibi-
otic suspension, combined with a short course of intrave-
nous antibiotics has been extensively studied in critically 
ill patients [1]. In the recently published Selective Decon-
tamination of the Digestive Tract in the Intensive Care 
Unit (SuDDICU) trial, hospital mortality was not signifi-
cantly different for patients allocated to SDD and stand-
ard care without SDD [2]. When data from this and other 
randomized clinical trials were combined in a Bayesian 
meta-analysis, there was a 99.3% posterior probability 
that SDD was associated with reduced hospital mortal-
ity compared to standard care [1]. It remains uncertain 
whether the reduction in mortality associated with SDD 
[2] was driven by a benefit in a particular subgroup or 
subgroups.

Patients with acute brain injuries or conditions with 
reduced levels of consciousness and impaired airway 
reflexes are at risk of aspiration events that may progress 
to lower respiratory tract infections or ventilator-asso-
ciated pneumonia [1, 3, 4]. Ventilator-associated pneu-
monia may result in fever, hypoxaemia and impaired 
ventilation that are recognized causes of secondary brain 
injury [4], potentially resulting in additional deaths. As 
SDD is an infection control strategy designed to prevent 
ventilator-associated pneumonia, it may be of particular 
benefit in this group of patients.

To evaluate the possibility that SDD benefits patients 
admitted to the ICU with acute brain injuries, a post hoc 
subgroup analysis using data from the SuDDICU trial 
was conducted.

Methods
Consent
Ethical approval for the SuDDICU Australia trial was 
obtained from Human Research Ethics Committees and 
Research Governance Offices at each site. As SDD was 
implemented as an ICU-wide intervention, a waiver of 
individual patient consent was obtained from each Lead 
Human Research Ethics Committee according to juris-
dictional requirements. For patients in the standard care 
group, a waiver of consent was obtained as no interven-
tion was provided. As no new data were obtained for this 
subgroup analysis, additional ethical approval was not 
required.

Study design and oversight
The study protocol and statistical analysis plan [5] and 
the primary manuscript [2] for the SuDDICU crossover, 
cluster randomized clinical trial have been published 
previously.

The SuDDICU trial was reported according to the 
CONSORT 2010 reporting guidelines [6] (electronic sup-
plementary material, ESM).

Data were entered into an encrypted database for sta-
tistical analyses conducted at The George Institute for 
Global Health, Australia.

Details of the trial management, sponsorship, collabo-
rations and committees are provided in the ESM.

Trial participants
The SuDDICU Australia trial was conducted in 19 ICUs 
in 17 hospitals in Australia from May 2017 to November 
2021.

Eligible ICUs were general medical and surgical ICUs 
capable of treating mechanically ventilated adults and 
able to implement SDD in all eligible patients.

Eligible patients were mechanically ventilated (either 
on ICU admission or during ICU admission) and 
expected to remain ventilated until at least the second 
day after enrolment. Patients who were not initially 
expected to require 2 days of ventilation were rescreened 
and enrolled if eligibility criteria were subsequently met. 
SuDDICU trial site and participant eligibility criteria are 
shown in ESM.

For this post hoc subgroup analysis, patients with an 
acute brain injury at ICU admission were identified using 
the Acute Physiological And Chronic Health Assessment 
(APACHE)-III ICU admission diagnosis [7]. Patients with 
the following admission diagnoses were defined as having 
an acute brain injury: cardiac arrest; intracerebral hem-
orrhage; subarachnoid hemorrhage; stroke; brain infec-
tion; neurologic neoplasm; seizure; subdural haematoma; 
coma; traumatic brain injury; and epidural haematoma. 
All other patients were defined as not having an acute 
brain injury.

Randomization
ICUs were randomly assigned to adopt a SDD strategy or 
to continue standard care for two alternating 12-month 
periods, separated by a 3-month inter-period gap. Full 
details of randomization, that was stratified by the num-
ber of ICU beds in the study site, is outlined in the proto-
col5 and the SuDDICU trial manuscript [2].

Take‑home message 

Improvement in clinically important outcomes associated with 
selective decontamination of the digestive tract (SDD), such as 
reduced mortality and duration of mechanical ventilation, may be 
restricted to specific high-risk populations such as those with acute 
brain injuries. SDD may have no benefit in patients without acute 
brain injuries
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Interventions
SDD comprised (i) a 6-hourly topical application of 0.5 g 
of oral paste containing 10 mg colistin, 10 mg tobramy-
cin and 125,000 international units of nystatin applied 
to the buccal mucosa and oropharynx; (ii) a six-hourly 
administration of 10 mL of gastric suspension containing 
100  mg colistin, 80  mg tobramycin and 2 ×  106 interna-
tional units of nystatin to the upper gastrointestinal tract 
via a gastric or post-pyloric tube; (iii) a 4-day course of 
an intravenous SDD-compliant antibiotic that included a 
third-generation cephalosporin or ciprofloxacin, unless 
already treated with specified antibiotics with activity 
against Gram-negative bacteria during the first 4  days 
after enrolment, in which case additional antibiotics were 
not administered.

The SDD paste and suspension were manufactured 
by Verita Pharma® (Sydney, Australia) under licence 
from The George Institute for Global Health in accord-
ance with the standards for Good Manufacturing Prac-
tice approved by the Therapeutic Goods Administration 
of Australia. Details of the SDD drug preparations have 
been described previously [2].

The SDD oral paste and gastric suspension were 
administered as soon as possible after eligibility criteria 
were met and were continued until extubation or day 90, 
whichever came first.

All other treatments, including use of prophylactic or 
therapeutic antibiotics, were at the discretion of treat-
ing clinicians in accordance with respective institutional 
microbiological prescription policies.

Data and study management
Data collected at baseline included demographics, ICU 
admission diagnosis, APACHE score (a severity of ill-
ness score ranging from 0 to 71 [APACHE-II] [8] or 0 to 
299 [APACHE-III] [9], with higher scores indicating an 
increased risk of death) and specific risk factors for infec-
tion including prior receipt of oral chlorhexidine and 
intravenous antibiotics.

For patients treated in ICUs during the SDD interven-
tion period, daily data documenting the delivery of SDD 
oral paste and gastric suspension were collected for the 
duration of mechanical ventilation up to 90  days and 
administration of SDD-compliant antibiotics for 5  days. 
Adherence in administering the topical components of 
SDD was reported as the proportion of patients receiving 
at least one eligible dose of SDD on a daily basis for the 
duration of mechanical ventilation.

Doses of all intravenous antibiotics were collected for 
28  days, presented as daily defined doses, as defined by 
the World Health Organisation [10]. Data recorded daily 
for 90  days included the duration of mechanical venti-
lation, ICU and hospital admission, all new organisms 

isolated from blood and non-blood cultures, any new 
positive test for Clostridioides difficile and new antibiotic 
resistant organisms from all cultures, as described previ-
ously [2].

Details of source data verification and monitoring are 
provided in the ESM.

Outcome measures
The primary outcome was all-cause in-hospital mortal-
ity within 90 days of enrolment during the index hospital 
admission.

Clinical secondary outcomes were ICU mortality and 
days alive and free of mechanical ventilation, ICU admis-
sion and hospitalization through 90 days.

Microbiological secondary outcomes were the results 
from all new blood cultures; the incidence of new posi-
tive Clostridioides difficile tests; the incidence of new 
pre-defined antibiotic resistant organisms from all blood, 
non-blood surveillance and clinical cultures, and total 
antibiotic use, defined in daily defined doses.

Statistical analysis
Although not pre-specified, this subgroup analysis was 
conducted using the same statistical analysis plan used in 
the main SuDDICU analysis [2]. Patients were analyzed 
in their randomization group, regardless of adherence, 
using all available data without imputation.

The primary outcome of death in the hospital within 
90  days was analyzed using an individual-level hierar-
chical logistic regression model, including both a ran-
dom cluster effect and a random cluster-period effect. 
The effect of the intervention was estimated as the odds 
ratio (OR) for death and the 95% confidence interval 
(CI) with degrees of freedom adjusted by the Kenward-
Roger correction [11]. Absolute difference of event rate 
was also estimated from a linear regression at cluster 
level weighted proportionally to the inverse of the bino-
mial variance for each cluster-period. ICU mortality 
was evaluated in a similar fashion.

The number of days alive and free of mechanical ven-
tilation, ICU, and hospitalisation within 90  days were 
analyzed using a hierarchical linear regression model 
with the Kenward-Roger correction. Intervention 
effects were reported as adjusted mean differences and 
95% CIs. Time to discharge alive from the ICU and the 
hospital was summarized by subgroup using cumula-
tive incidence functions treating mortality as a compet-
ing risk, censored at day 90. Intervention effects were 
estimated as hazard ratios (HR) and 95% CIs obtained 
from a cause-specific Cox model, with a fixed effect of 
treatment and a random site effect.

In all analyses, heterogeneity in treatment response 
for patients with and without an acute brain injury was 
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assessed by adding the subgroup variable as well as its 
interaction with the intervention to the main analysis 
model.

To evaluate for the possibility of heterogeneity of 
treatment effect on in-hospital mortality within the 
subgroup of patients with acute brain injuries, the sub-
group was divided group into three mutually exclu-
sive categories and fitted an interaction between 
treatment allocation and category. These categories 
were: (i) traumatic brain injury (defined as APACHE-
III ICU admission diagnoses of head trauma, sub-
dural hematoma and subdural/epidural hematoma; 
(ii) subarachnoid hemorrhage and stroke (defined as 
APACHE-III ICU admission diagnoses of intracer-
ebral hemorrhage; subarachnoid hemorrhage; stroke; 
intracerebral hemorrhage) and (iii) other brain injuries 
(defined as APACHE-III ICU admission diagnoses of 
cardiac arrest; brain infection; neurologic neoplasm; 
seizure; other neurologic disease; coma). An additional 
within brain injury subgroup analysis compared het-
erogeneity of treatment effect on in-hospital mortality 
was based on whether or not patients were receiving 
intravenous antibiotics at baseline.

Microbiological outcomes were analyzed using the 
proportions of patients with at least one event in each 
cluster-period. These proportions were modelled using 
weighted linear regression where the weights are com-
puted using the inverse of variance for each cluster-
period. All these analyses were performed without any 
adjustment.

All statistical tests were performed using a two-sided 
level of 0.05.

As all analyses conducted in this study are post hoc, 
they were be considered to be exploratory.

Statistical analyses were conducted using SAS software 
(version 9.4) (Cary NC, USA).

Results
Study sites and patients
A total of 5982 mechanically ventilated adults were 
included with 2061 (mean age 55.8  years; 36.4% 
women) defined as having an acute brain injury or 
condition.

In the first intervention period, 1019 patients with an 
acute brain injury were recruited into the trial with 388 
(38.1%) in the SDD group and 631 (61.9%) in stand-
ard care group. In the second intervention period, 1042 
patients with an acute brain injury were recruited with 
580 (55.7%) in the SDD group and 462 (44.3%) in stand-
ard care group.

The primary outcome was available for all 968 patients 
in the SDD group and all 1093 patients in the standard 
care group (Fig. 1).

Baseline characteristics of patients with acute brain 
injuries allocated to SDD and standard care groups were 
similar (Table  1) except that the time from ICU admis-
sion to enrolment was a median of 11.6 h (interquartile 
range [IQR] 1.3–29.6 h) in the SDD group and a median 
of 1.9 h (IQR 0–17.5 h) in the standard care group; oral 
chlorhexidine was used in 261/968 (27%) of patients in 
the SDD group and 198/1093 (18.1%) in the standard care 
group and systemic steroids were used in 51/968 (5.3%) 
in the SDD group and 103/1093 (9.4%) in standard care 
group.

Study treatments and process measures
Among patients with acute brain injuries in the SDD 
group, the proportion of days of mechanical ventilation 
where patients received both the SDD oral paste and gas-
tric suspension was 93.1% (eFigure 1, ESM).

Data on administration of each component of SDD are 
shown in eTable 1, ESM and the proportions of patients 
receiving SDD-compliant antibiotics in the SDD and 
standard care groups are shown in eFigure2, ESM.

Primary outcome
At hospital discharge within 90  days of enrolment, in 
patients with acute brain injuries, 313 (32.3%) of 968 allo-
cated to the SDD group and 415 (38%) of 1093 allocated 
to the standard care group had died (mean difference 
− 6.2%, 95% CI − 8.9 to − 3.5%; OR 0.76, 95% CI 0.63–
0.92; p = 0.004). Findings were similar after adjusting for 
age at baseline, sex, APACHE II/III score and diagnosis 
(OR 0.74; 95% CI 0.57–0.97; p = 0.03) but not significant 
after adding time from ICU admission to enrolment, sys-
temic steroids, oral chlorhexidine and receipt of intrave-
nous antibiotics at the time of enrolment (OR 0.78; 95% 
CI 0.59–1.04; p = 0.08). (Table 2).

The respective hazard ratios for time to death with 
SDD vs. standard care were 0.83 (95% CI 0.71–0.96) and 
1.01 (95% CI 0.89–1.15) for patients with and without 
acute brain injuries, respectively (Fig. 2a, b).

There was no significant heterogeneity in the effect 
of SDD on mortality for patients with (OR 0.78, 95% 
CI 0.59–1.04, p = 0.08) and without (OR 0.85, 95% CI 
0.72–1.00, p = 0.05) acute brain injuries, respectively 
(interaction p = 0.22) (Fig. 3, eTable2, ESM).

There was no significant difference in mortality 
between the SDD and standard care groups between 
patients with traumatic brain injury vs. subarachnoid 
hemorrhage or between stroke vs. other brain injuries 
(eTable 3, ESM); or based on receipt or not of intrave-
nous antibiotics at baseline (eTable 3, ESM).

Causes of death in patients with acute brain injuries by 
treatment group are shown in eTable 4, ESM.
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Fig. 1 Participant flow for patients with acute brain injuries in the SuDDICU trial
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Clinical secondary outcomes
Of four clinical secondary outcomes (death in ICU, days 
alive and free of mechanical ventilation, days alive and 
free of ICU admission and days alive and free of hospital 
admission), there were statistically significant differences 
in favor of the SDD group in patients with acute brain 
injuries (Table 2).

The respective hazard ratios for days alive and free of 
mechanical ventilation with SDD vs. standard care were 

1.11 (95% CI 1.01–1.22) and 1.1 (95% CI 1.03–1.18) for 
patients with and without acute brain injuries, respec-
tively (eFigure 3a and 3b, ESM).

The respective hazard ratios for alive and free of ICU 
with SDD vs. standard care were 1.1 (95% CI 0.99–1.22) 
and 1.03 (95% CI 0.96–1.11) for patients with and with-
out acute brain injuries, respectively (eFigure 4a and 4b, 
ESM).

Table 1 Characteristics of patients with acute brain injuries at ICU admission

 ± values are mean ± SD

APACHE Acute Physiology And Chronic Health Evaluation, ICU intensive care unit, IQR interquartile range, SD standard deviation, SDD selective decontamination of the 
digestive tract
a Severity of illness was determined by the Acute Physiology and Chronic Health Evaluation (APACHE) scores, ranging from 0 to 71 (APACHE II) [7] or 0 to 299 (APACHE 
III) [8], with higher scores indicating an increased risk of death

Characteristic SDD (n = 968) Standard care (n = 1093)

Age, years 54.9 ± 18.04 56.6 ± 17.6

Male, no. (%) 625 (64.6) 686 (62.8)

ICU admission source, no. (%)

 Emergency department 522 (53.9) 513 (46.9)

 Admitted following emergency surgery 199 (20.6) 223 (20.4)

 Hospital floor (wards) 121 (12.5) 177 (16.2)

 Transfer from another hospital 74 (7.6) 112 (10.2)

 Transfer from another ICU 39 (4) 62 (5.7)

 Admitted following elective surgery 13 (1.3) 6 (0.5)

Time from ICU admission to enrolment, median (IQR), h 11.6 (1.3–29.6) 1.9 (0–17.5)

Severity of illness  scorea, median (IQR)

 APACHE II 22 (17–28)
[n = 471]

22 (16–27)
[n = 702]

 APACHE III 66 (47–90)
[n = 497]

78 (56–99)
[n = 373]

Comorbidities, no. (%)

 Diabetes 167 (17.3) 203 (18.6)

 Systemic steroids 51 (5.3) 103 (9.4)

 Immunosuppression 41 (4.2) 70 (6.4)

Prior treatments, no. (%)

 Receiving intravenous antibiotics at enrolment 569 (58.8) 582 (53.2)

 Receiving intravenous antibiotics for > 48 h prior to enrolment 124 (21.8) 113 (19.4)

 Use of oral chlorhexidine 261 (27) 198 (18.1)

ICU admission diagnosis, no. (%)

 Cardiac arrest 316 (32.6) 336 (30.7)

 Traumatic brain injury 220 (22.7) 233 (21.3)

 Intracerebral hemorrhage 120 (12.4) 119 (10.9)

 Subarachnoid hemorrhage 100 (10.3) 118 (10.8)

 Seizure 61 (6.3) 85 (7.8)

 Brain infection 50 (5.2) 48 (4.4)

 Stroke 37 (3.8) 44 (4)

 Coma 33 (3.4) 41 (3.8)

 Subdural/epidural haematoma 15 (1.5) 28 (2.6)

 Brain neoplasm 4 (0.4) 13 (1.2)

 Other 12 (1.2) 28 (2.6)
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The respective hazard ratios for alive and free of hospi-
tal with SDD vs. standard care were 1.06 (95% CI 0.94–
1.18) and 1 (95% CI 0.93–1.07) for patients with and 
without acute brain injuries, respectively (eFigure 5a and 
5b, ESM).

There was no significant heterogeneity in the effect of 
SDD on the four secondary clinical outcomes for patients 
with and without acute brain injuries (eTable2 and eFig-
ure 3, ESM).

Microbiological secondary outcomes
For the SDD group compared to the standard care group, 
there was a statistically significant reduction in the pro-
portion of patients from whom new antibiotic resistant 
organisms were cultured (20.5% vs 34.2%; absolute differ-
ence − 13.9 percentage points; 95% CI − 17.5 to − 10.3); 

for new positive blood cultures excluding coagulase neg-
ative Staphylococcus aureus (2.8% vs 5.5%; absolute dif-
ference − 1.9 percentage points, 95% CI − 3.5 to − 0.4) 
and for new positive Clostridioides difficile tests (0.1% vs 
0.8%; absolute difference − 0.6 percentage points, 95% CI 
− 1 to − 0.1) (Table 2).

Among the patients with acute brain injuries in the 
SDD and standard care groups, respectively, the number 
of patients with blood cultures collected was 552 (57%) 
vs. 713 (65.2%) and the number of patients with non-
blood cultures collected was 229 (23.7%) vs. 411 (37.6%). 
Data on specific organisms cultured from blood speci-
mens and for new antibiotic resistant organisms cultured 
from non-blood specimens from the SDD and stand-
ard care groups are shown in the eTable  5, ESM. New 
antibiotic resistant organisms were cultured from the 

Table 2 Clinical outcomes for patients with acute brain injuries at ICU admission

ICU intensive care unit, IQR interquartile range, SD standard deviations, SDD selective decontamination of the digestive tract
a Adjusted for baseline Age, Sex, APACHE II/III score and diagnosis (operative vs non-operative)
b Adjusted for time from ICU admission to enrolment, systemic steroids, oral chlorhexidine, and on intravenous antibiotics at time of enrolment in addition to the 
other variables from the previous model
c Proportions of patients with at least one event (e.g. one new bloodstream infection) were compared between treatment arms using an analysis at the cluster-period 
level. Linear regression was used to model the proportion of events in each cluster-period as in the second sensitivity analysis of the primary outcome

Characteristic SDD
(N = 968)

Standard care
(N = 1093)

Difference %
(95% CI)

Odds ratio
(95% CI)

p value

Primary outcome: in‑hospital death within 90 d, no. (%)

 Primary analysis 313 (32.3) 415 (38) − 6.2% (− 8.9% to − 3.5%) 0.76 (0.63 to 0.92) 0.004

 Adjusted  analysisa 0.74 (0.57 to 0.97) 0.03

 Adjusted  analysisb 0.78 (0.59 to1.04) 0.082

Clinical secondary outcomes
 Death in the ICU, no. (%) 247 (25.5) 323 (29.6) − 5.0% (− 8.4% to − 1.5%) 0.79 (0.65 to 0.97) 0.02

 Days alive and free of mechanical 
ventilation

  Mean ± SD 57.2 ± 38.3 52.1 ± 39.5 5.60 (2.17 to 9.03) 0.001

  Median (IQR) 81 (3 to 87) 78 (1 to 87)

 Days alive and free of ICU admission

  Mean ± SD 54 ± 37.3 49.2 ± 38.4 5.18 (1.85 to 8.50) 0.002

  Median (IQR) 76 (0 to 84) 72 (0 to 83)

 Days alive and free of hospital  
admission

  Mean ± SD 39.8 ± 34.2 36.3 ± 34.5 3.72 (0.70 to 6.75) 0.02

  Median (IQR) 50 (0 to 72) 38 (0 to 72)

Microbiological secondary outcomes Absolute  differencec, (95% CI)

 Positive for Clostridioides difficile whilst 
in ICU, no. (%)

1 (0.1) 9 (0.8) − 0.56 (− 1.01 to − 0.11) 0.018

 Any blood organism found, no (%) 52 (5.4) 79 (7.2) − 1.53 (− 3.34 to 0.28) 0.09

 Any blood organism found except 
coagulase negative S. aureus, no. (%)

27 (2.8) 60 (5.5) − 1.91 (− 3.48, − 0.35) 0.02

 Any antibiotic resistant organism 
found, no. (%)

198 (20.5) 374 (34.2) − 13.9 (− 17.5, − 10.3)  < 0.0001
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A  Pa�ents with acute brain injuries

No. at Risk
SDD
Standard Care

HR (95%CI)= 0.83 (  0.71,   0.96)

968 735 688 667 663 661 658 657 656 655
1093 804 721 701 693 687 683 680 679 678
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B  Pa�ents without acute brain injuries

No. at Risk
SDD
Standard Care

HR (95%CI)= 1.01 (  0.89,   1.15)
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Fig. 2 Probability of survival within 90 days. A Patients with acute brain injuries. B Patients without acute brain injuries
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respiratory tract in 115 of 968 (11.9%) and 275 of 1093 
(25.2%) of patients allocated to SDD and standard care 
groups, respectively.

The mean cumulative daily defined doses over the first 
28 days of all intravenous antibiotics and of intravenous 
antibiotics not administered as part of the SDD treat-
ment regimen are shown in eFigure 6, ESM. The cumula-
tive daily defined doses of each antibiotic class are also 
shown in eFigure  7, ESM. Among patients with acute 
brain injuries, daily defined doses of antibiotics admin-
istered over the first seven days following enrolment 
were significantly higher in the SDD group compared to 
the standard care group (eFigure 8, ESM) although daily 
defined doses over the first 28 days following enrolment 
were not significantly different between the two groups 
(eFigure 9, ESM).

Adverse events and protocol deviations
New positive Clostridioides difficile infections occurred 
in 1 of 968 (0.1%) patients in the SDD group and 9 of 
1093 (0.8%) patients in the standard care group. Other 
adverse and serious adverse events were rare (eTable  6, 
ESM).

Discussion
In this post hoc analysis using data from a crossover, 
cluster randomized clinical trial, the use of SDD in the 

subgroup of mechanically ventilated critically ill adults 
with acute brain injuries or conditions was associated 
with a statistically significantly reduced in-hospital mor-
tality compared with standard care without SDD. The 
use of SDD was associated with significantly reduced 
ICU mortality, duration of mechanical ventilation and 
duration of ICU and hospital admission and with lower 
rates of new blood stream infections and new cultures of 
antibiotic resistant organisms. In patients without acute 
brain injuries or conditions, who made up around two 
thirds of the SuDDICU trial population, no significant 
differences in any clinical outcome between SDD and 
standard care groups were observed.

Apart from one small trial [12], patients with acute 
brain injuries have not been a focus of clinical tri-
als evaluating SDD [1]. Prior randomized clinical trials 
have suggested that intravenous antibiotic prophylaxis 
may reduce rates of ventilator-associated pneumonia in 
patients after cardiac arrest [13, 14] and with other brain 
injuries in the ICU [15, 16]. These trials of prophylactic 
antibiotics did not focus on patient-important outcomes 
such as mortality.

In this large subgroup of nearly 2000 patients with 
acute brain injuries from a pragmatic randomized clini-
cal trial, SDD was associated with improvements in sev-
eral patient-centred outcomes. The 5.7 percentage point 
reduction in mortality corresponds to a number need to 

Fig. 3 Clinical outcomes for patients with and without acute brain injuries at ICU admission. All analysis are adjusted for baseline Age, Sex, APACHE 
II/III score, diagnosis (operative vs non-operative), time from ICU admission to enrolment, systemic steroids, oral chlorhexidine, IV antibiotics at time 
of enrolment, acute neurological injuries and interaction between treatment and acute neurological injuries. SDD selective decontamination of the 
digestive tract
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treat of 18 to avoid 1 death. This is a clinically impor-
tant effect size in a population of patients with a control 
mortality rate of 38 percentage points. Excellent protocol 
adherence was achieved with over 90 percentage points 
of eligible doses of commercial-standard SDD drug 
preparations administered for the duration of mechani-
cal ventilation. In contrast to the overall SuDDICU trial 
population [2], patients with acute brain injuries who 
were allocated to SDD received significantly more daily 
defined doses of antibiotics in the first 7 days compared 
patients allocated to standard care.

Although SDD was associated with lower rates of new 
infections that may have mitigated potential contribu-
tors to secondary brain injury, data about brain process 
measures, such as intracranial pressure, types, duration 
and intensity of brain-specific therapies or assessments 
of longer term functional brain outcome, were not avail-
able to confirm or refute putative mechanisms of benefit. 
While ventilator-associated pneumonia is a common 
cause of ICU-acquired infection [17], specific data on the 
diagnosis or source of infection or the impact of venti-
lator-associated pneumonia on respiratory function were 
not available for analysis, although lower rates of new 
antibiotic resistant organisms were cultured from the 
respiratory tract in patients allocated to SDD.

This subgroup analysis has some limitations. First, the 
intervention was unblinded and, therefore, subject to 
ascertainment bias, although this was mitigated by the 
objective primary outcome and the adoption of SDD as 
standard care administered to all eligible patients dur-
ing the intervention period. Second, we reported the pri-
mary ICU admission diagnoses defining the presence of 
an acute brain injury that may have miscategorized some 
patients. Third, while the primary outcome was reported 
using pre-specified unadjusted analyses, adjusted analy-
ses accounting for baseline imbalances are equally impor-
tant for a post hoc analysis. While statistically significant 
differences in the primary outcome were lost after adjust-
ment for baseline imbalances, the magnitude and direc-
tion of the effect size were not substantially different. 
Fourth, although the modest reduction in mortality with 
SDD observed in patients with acute brain injuries is 
consistent with our study hypothesis and with the benefi-
cial effects from SDD observed in the clinical secondary 
outcomes, a differential mortality treatment effect larger 
than we observed is likely to be implausible. Accordingly, 
the absence of statistically significant heterogeneity of 
treatment effect in our study may be due to low statistical 
power. Fifth, this analysis was hypothesis-driven and was 
not pre-specified before the primary trial.

While the cumulative evidence suggests that the use 
of SDD is associated with reduced hospital mortality [1], 
this post hoc analysis of data from the SuDDICU study 

suggests that this effect may be primarily driven by a ben-
efit in patients with acute brain injuries and that other 
patients may have little or no benefit from SDD. Before 
implementation into clinical practice, these findings must 
be confirmed through analysis of patient-level data from 
other trials or through new randomized clinical trials.

Conclusion
Among critically ill patients receiving mechanical ven-
tilation, SDD significantly reduced in-hospital mortal-
ity in patients with acute brain injuries compared to 
standard care without SDD. However, the findings from 
this post hoc analysis in this patient population require 
confirmation.
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