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Question: Does a ventilator liberation intervention reduce duration of invasive mechanical 52 

ventilation in children anticipated to require prolonged ventilation in comparison with a non-53 

protocolized approach? 54 

Findings: In this stepped-wedge cluster randomized trial that included 8843 children anticipated to 55 

have prolonged ventilation, the unadjusted median time to successful extubation between those 56 

receiving protocolized care compared with usual care was 64.8 vs 66.2, respectively. This difference 57 

was statistically significant, but smaller than had been anticipated.  58 

Meaning: Among children anticipated to have prolonged ventilation, a ventilation liberation 59 

intervention resulted in a reduction in time to first successful extubation; however, the clinical 60 

importance of the effect size is uncertain.   61 
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Abstract  62 

Importance 63 

There is limited evidence on the optimal strategy for liberating children from invasive mechanical 64 

ventilation in the pediatric intensive care unit. 65 

Objective 66 

To determine if a ventilator liberation intervention reduces duration of invasive mechanical 67 

ventilation in children anticipated to require prolonged mechanical ventilation. 68 

Design, Setting, Participants 69 

A pragmatic multi-center, stepped-wedge, cluster randomized trial. Seventeen hospital sites (18 70 

pediatric intensive care units) in the United Kingdom were sequentially randomized from usual care 71 

to the intervention. From February 2018 to October 2019, 8843 critically ill children anticipated to 72 

require prolonged mechanical ventilation were recruited. The last date of follow-up was November 73 

11, 2019.  74 

Interventions 75 

Pediatric intensive care units provided usual care (n = 4155 participants) or the sedation and 76 

ventilator liberation intervention (n = 4688 participants) that consisted of assessment of sedation 77 

level, daily screening for readiness to undertake a spontaneous breathing trial, a spontaneous 78 

breathing trial to test ventilator liberation potential, and daily rounds to review sedation and 79 

readiness screening and set patient-relevant targets.  80 

Main outcomes and measures 81 

The primary outcome was duration of invasive mechanical ventilation from initiation of ventilation 82 

until first successful extubation. The primary estimate of the treatment effect was a calendar time 83 

and cluster adjusted hazard ratio (aHR) with 95% confidence intervals (CI) in children anticipated to 84 

have prolonged mechanical ventilation.  85 
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Results 86 

All 8843 children observed under intervention and usual care conditions (median age, 8 months; 87 

42% female) completed the trial. The intervention compared with usual care resulted in a 88 

significantly shorter median time to successful extubation (64.8 vs 66.2, adjusted median [IQR] 89 

difference, -6.1 hours, [-8.2- -5.3]; aHR 1.11, 95% CI 1.02-1.20, P=0.02). Serious adverse events 90 

included hypoxia (intervention n=9, 0.2% vs usual care n=11, 0.3%) and nonvascular device 91 

dislodgement (intervention n=2, 0.04% vs usual care n=7, 0.1%). 92 

Conclusions and relevance 93 

Among children anticipated to have prolonged of mechanical ventilation, a sedation and ventilator 94 

liberation intervention compared with usual care resulted in a statistically significant reduction in 95 

time to first successful extubation. However, the clinical importance of the effect size is uncertain.     96 

Trial registration 97 

International Standard Randomised Controlled Trial Number ISRCTN16998143 98 

https://doi.org/10.1186/ISRCTN16998143   99 
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Introduction  100 

The majority of children admitted to pediatric intensive care units (ICUs) require invasive mechanical 101 

ventilation (IMV).1-4  Despite its benefits, IMV is associated with complications, including ventilator-102 

associated pneumonia and ventilation-induced lung injury. Mechanical ventilation also requires 103 

sedation, which likewise is associated with complications that may prolong liberation from IMV.5  104 

 105 

Weaning protocols are widely used in adult ICUs. The practice of testing readiness for liberation with 106 

a spontaneous breathing trial (SBT) is well-established.6 A meta-analysis of protocolized weaning (14 107 

trials, 2205 participants) reported moderate certainty of evidence for a 26% (95% CI: 13 to 37%) 108 

reduction in IMV duration, with 11 trials evaluating the SBT.7 A systematic review of protocolized 109 

weaning in children (3 trials, n=321 participants) concluded that evidence was insufficient to 110 

determine net benefit or harm.8 111 

 112 

Across the UK, there is variation in pediatric ICU sedation and ventilator weaning practices, and 113 

minimal involvement of junior medical and nursing clinicians.9 Furthermore, approximately two 114 

thirds of nurses employed in UK pediatric ICUs are junior staff nurses.4 It was hypothesized that 115 

engagement of the existing multiprofessional ICU team in a sedation and ventilation liberation 116 

intervention would reduce time to successful liberation from IMV. 117 

 118 

Methods 119 

Trial design and oversight 120 

This was a pragmatic, stepped-wedge cluster randomized trial (eFigure 1, Supplement 1)10 with a 121 

cost-effectiveness and a process evaluation that will be reported separately. The pragmatic domains 122 

are shown in eFigure 2, Supplement 1. The National East Midlands Research Ethics Committee 123 
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approved the protocol (17/EM/0301, 12 September 2017). An opt-out consent approach was used 124 

with distribution of study leaflets to parents and no requirement for written or oral informed 125 

consent The Northern Ireland Clinical Trials Unit managed the trial. Data collection was managed 126 

through the mandatory national registry of pediatric ICU admissions: the Paediatric Intensive Care 127 

and Audit Network (PICANet) 4 with additional items recorded on an electronic case report form.  128 

Independent oversight was provided through Trial Steering and Data Monitoring Committees 129 

convened by the UK National Institute of Health Research. The protocol was published11 and the 130 

protocol and statistical analysis plan are available in Supplement 2.  131 

The primary objective was to determine the effect of the intervention on the duration of IMV in 132 

children anticipated to have prolonged IMV. Prolonged IMV was defined a priori and determined by 133 

diagnostic codes. Diagnostic codes associated with duration of IMV less than 24-hours were 134 

categorised as ‘short’. All other codes were categorised as ‘prolonged’.  (e-Methods, Supplement 1). 135 

As a secondary objective, we determined the effect of the intervention on the duration of IMV for all 136 

children irrespective of the prolonged or not categorisation.  137 

 138 

Trial sites and participants 139 

All UK hospital sites with one or more pediatric ICUs were eligible for the trial. Children (< 16-years) 140 

were eligible if they received IMV and excluded if admitted with a tracheostomy insitu, were not 141 

immediately expected to survive, were expected to undergo treatment withdrawal, or 142 

parents/guardians opted out.   143 

 144 

Randomization 145 

 146 

The cluster (hospital site) was the unit of randomization. One cluster contained two pediatric ICUs 147 

that were randomized together to prevent intervention contamination. All clusters started data 148 
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collection simultaneously. At each 4-week period, starting from period three to 18, one cluster 149 

transitioned to training and subsequently continued in the intervention condition. The transition 150 

order was randomly determined using a computer-generated algorithm and restricted to try to 151 

ensure the trial was balanced across control and intervention conditions with respect to the cluster 152 

size (large/small) determined by published numbers of ICU admissions .12 (eMethods, Supplement 1) 153 

 154 

Interventions and intervention training 155 

A description of the intervention is provided in eMethods in Supplement 1 and the training 156 

resources are available on the website.13 The intervention incorporated education and training for 157 

the multi-professional pediatric ICU team to deliver four key components. Components included 158 

assessment of sedation levels using COMFORT scales, daily screening for readiness to undertake a 159 

SBT, initiation of a SBT when screening criteria were satisfied and a daily multi-professional round 160 

(Box). Intervention training included online and face-to-face education. The trial implementation 161 

manager trained the local research team and multi-professional champions to roll out training. The 162 

intervention was delivered to all children receiving invasive mechanical ventilation in the ICU.  163 

Adherence was measured by the proportion of (a) the four intervention components performed and 164 

captured daily; (b) staff trained by end of the transition period; and (c) intervention reach14 165 

(admissions screened divided by IMV admissions over the trial period). The mean adherence 166 

proportions for each ICU were ranked and divided into tertiles.  167 

Usual care is described elsewhere.9 Typically, this was medically-led, involved a slow reduction in 168 

ventilator support to very low levels of support prior to extubation, and ICUs did not have ventilation 169 

or sedation protocols. Usual care in participating ICUs at the start of the trial is shown in eTable 1 170 

(Supplement 1).  171 

 172 
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Outcome measures 173 

The primary outcome was the duration of IMV, defined as time from initiation of ventilation until the 174 

first successful extubation. Success was defined as still breathing spontaneously for 48-hours after 175 

extubation. Pre-specified secondary outcomes as defined in the trial protocol are reported, except 176 

cost per complication avoided at 28-days that will be reported elsewhere. Outcomes were measured 177 

from patient admission up to 90-days or PICU discharge (whichever was earlier). At the end of the 178 

enrolment period, data collection continued for a maximum of 28-days.  179 

 180 

Statistical analysis 181 

The planned sample was between 11 024 to 14 310 patients (dependent on the intra-cluster 182 

correlation coefficient, ICC). Following the internal pilot, re-estimation of the mean duration of IMV 183 

was 5.8 (SD 9.6) days and ICC 0.005 (95% CI: 0.001 to 0.01). A revised sample size calculation 184 

estimated that 9520 patient admissions would provide 80% to 87% power to detect a 1-day target 185 

effect size.  The one-day difference was considered by the study team as clinically important and 186 

plausible for patients managed with a ventilation liberation intervention following discussions with 187 

ICU staff during pre-trial feasibility work. Sample size calculations assumed a simple exchangeable 188 

correlation structure as was the convention at the time.15 189 

ICUs were analyzed according to the sequence they were randomized to, so all participants were 190 

analyzed according to their randomized group.  In this way, ICUs were assumed exposed to the 191 

intervention following their training periods. Patients admitted during training periods were not 192 

included. For the primary analysis, observations with missing outcome data were excluded and for 193 

the secondary analysis, adjusting for individual level covariates, observations with missing outcome 194 

or covariate data were excluded. Missing data were minimal and there was no requirement for 195 

multiple imputation. The proportion of missing data for the primary analysis for the primary 196 

outcome was 0.17%, and 0.18% for the secondary adjusted analysis. The primary estimate of the 197 
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treatment effect was a time and cluster adjusted hazard ratio (aHR) with 95% CIs. A 2-sided P < .05 198 

significance threshold was used for all analyses. Because of the potential for type 1 error due to 199 

multiple comparisons, findings for analyses of secondary endpoints should be interpreted as 200 

exploratory. 201 

For the primary and time-to-event secondary outcomes, Cox proportional hazards models were used 202 

with a frailty term for clustering by ICU (which accounts for random cluster effects).  Time-to-event 203 

outcomes were censored at the point of transitioning from the usual care condition to the training 204 

periods, discharge to another hospital, at 90-days, death, and point of receiving a tracheostomy. 205 

Checks of the appropriateness of the proportional hazards assumption indicated no evident 206 

departures from proportionality on Schoenfeld residuals plots. For time to event outcomes, an 207 

absolute measure of effect was derived by computing the median of the model-based prediction of 208 

survival duration at all 22 time periods, for both the intervention and usual care conditions, and the 209 

difference between the two; and summarising the extent of variability using the inter-quartile range 210 

over the 22 time periods.     211 

Binary secondary outcomes were analysed using mixed effects binomial regression with a log-link to 212 

estimate the adjusted relative risk (aRR); and a binomial model with identity link to estimate the 213 

adjusted risk difference (aRD), with estimation using the restricted maximum likelihood approach.  214 

All mixed models included cluster as a random effect assuming an exchangeable correlation 215 

structure and used the Kenward and Roger small sample correction 16 to correct the potential 216 

inflation of the type I error rate due to small number of clusters.   In the case of non-convergence of 217 

binomial linear mixed models to estimate risk differences, marginal estimates of risk differences 218 

using generalised estimating equations, assuming an independent correlation structure, with a Fay 219 

and Graubard small sample correction on standard errors, with 95% confidence intervals derived 220 

from a z-distribution were reported. 17  In the case of non-convergence of the binomial model with a 221 

log-link, a Poisson model with robust standard errors was fitted. For continuous outcomes, similar 222 
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models were used with an identity link and assuming a normal distribution, but checking for 223 

normality assumptions and making transformations where necessary.  224 

A pre-specified secondary analysis of the primary outcome was conducted adjusting for additional 225 

covariates: age, severity of illness (PIM3 score), respiratory versus other diagnostic grouping, type of 226 

admission (planned/unplanned), and reason for admission (surgical/medical). A pre-specified 227 

exploratory subgroup analysis was conducted for the primary outcome using a global test for 228 

interaction and 99% CI for size of unit (large and small, based on annual admissions); adherence to 229 

the intervention (tertiles of ranked averages); type of admission to unit (planned and unplanned); 230 

and reason for admission (surgical, medical respiratory, and medical other). To assess sensitivity to 231 

assumptions made about the nature of time effects and correlations an extensive series of sensitivity 232 

analyses for the secondary binary outcomes was conducted (e-Methods, Supplement 1). This 233 

showed very little difference between the more complex correlation structures and the 234 

exchangeable correlation structures that were assumed in the primary analysis (Supplement 3). 235 

Analyses were conducted using Stata®/SE Versions 16.1 (StataCorp LP, College Station, TX, USA) and 236 

SAS software, version 9.4 (SAS Institute). Variance components (ICCs) are reported. 237 

 238 

Results 239 

Trial sites and participants 240 

All 18 ICUs opened simultaneously to recruitment on 5 February 2018 and closed on 14 October 241 

2019. The last date of follow-up was 11 November 2019. Participating ICUs had a greater number of 242 

beds, annual patient admissions and included more London sites than non-participating ICUs (eTable 243 

2, Supplement 1). The trial included 10 495 admissions, of which 8843 were in diagnostic groups 244 

identified as anticipated to require ‘prolonged’ ventilation (Figure 1). Patient characteristics were 245 



12 
 

well balanced across intervention and usual care conditions (Table 1; all children eTable 3, 246 

Supplement 1).   247 

 248 

Delivery of the intervention 249 

A total of 1865 of 2247 (median 85%, IQR: 80%, 90%) eligible clinical staff completed training within 250 

the 8-week training period and by 12-weeks the total completed was 1955 (median 88%, IQR: 80%, 251 

90%) (eTable 4, Supplement 1). Across ICUs, adherence was high for intervention reach (median 252 

82%, IQR 77%, 89%), sedation assessment (median 83%, IQR 82%, 91%), setting targets for sedation 253 

level (median 85%, IQR 63%, 89%) and ventilation parameters (median 90%, IQR 81%, 96%). 254 

Adherence was moderate for SBT screening (median 74%, IQR 66%, 83%) and lower for proceeding 255 

to SBT when screening criteria were met (median 40%, IQR 31%, 51%). (eTable 5, Supplement 1). 256 

Documented reasons for non-progression to SBT and extubation are summarized in eTables 6 and 7, 257 

Supplement 1.  258 

 259 

Primary outcome 260 

After adjustment for cluster and calendar time, the intervention resulted in a significantly shorter 261 

duration of IMV before successful extubation (aHR for extubation 1.11, 95% CI 1.02 to 1.20, P=0.02). 262 

The median (IQR) hours was 64.8 (22.1-141.4) in the intervention condition compared with 66.2 263 

(21.8-138.0) in usual care and the adjusted median (IQR) difference across all calendar time periods 264 

was -6.1 (-8.2- -5.3) hours (Table 2; all children eTable 8, Supplement 1). The probability and time to 265 

successful extubation by observation period is shown in Figure 2 (all children, eFigure 3, Supplement 266 

1).  267 
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In a prespecified secondary analysis that adjusted for additional covariates, the findings were not 268 

statistically significant (prolonged ventilation cohort, aHR 1.07, 95% CI 0.98 to 1.16, P=0.13; all 269 

children, aHR 1.06, 95% CI 0.98 to 1.14, P=0.17).  270 

 271 

Secondary outcomes 272 

There was a significantly higher incidence of successful extubation in the intervention condition (aRR 273 

1.01, 95% CI 1.00-1.02, P=0.03). There was no significant difference in total duration of IMV (median 274 

(IQR) days, intervention, 2.7 (0.9-6.3) vs usual care, 2.8 (0.9-5.9); adjusted median (IQR) -0.20 (-0.25- 275 

-0.18); aHR 1.09, 95% CI 1.00-1.18, P=0.06). Post-extubation use of non-invasive ventilation was 276 

significantly higher in the intervention condition (aRR 1.22, 95% CI 1.01-1.49, P=0.04), but there was 277 

no significant difference in duration of non-invasive ventilation (median (IQR) days, intervention, 1.8 278 

(0.7-6.8) vs usual care, 2.1 (0.7-6.6); adjusted median (IQR) 0.22 (0.18-0.29); aHR 0.9, 95% CI 0.7-1.2, 279 

P=0.43). ICU length of stay was not significantly different (median (IQR) days, intervention, 5.0 (3.0-280 

10.0) vs usual care, 5.0 (3.0-9.0); adjusted median (IQR) difference 0.00 (0.00-0.00); aHR 0.97, 95% CI 281 

0.90-1.06, P=0.53), but there was a significantly longer hospital length of stay in the intervention 282 

condition (median (IQR) days, intervention, 9.6 (5.0-19.8) vs usual care, 9.1 (5.0-18.9); adjusted 283 

median (IQR) difference 0.91 (0.84-0.97); aHR 0.89, 95% CI 0.81-0.97, P=0.01).  The intervention 284 

resulted in a significantly higher incidence of unplanned extubation (aRR 1.62, 95% CI 1.05-2.51, 285 

P=0.03), but no significant differences in reintubation (aRR 1.10, 95% CI 0.89-1.36, P=0.38) (Table 2; 286 

all children eTable 8, Supplement 1).  287 

In relation to other safety outcomes, there were no statistically significant differences between 288 

intervention or usual care in risk of tracheostomy; post-extubation stridor; or mortality in ICU or 289 

hospital for both patient cohorts (Table 2; all children eTable 8, Supplement 1).   Variance 290 

components ICC for all secondary binary outcomes are reported in eTable 9, Supplement 1.  291 
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 292 

Adverse events 293 

 294 

There were 18 and 25 serious adverse events in the intervention and usual care conditions 295 

respectively.  Events included hypoxia (intervention n=9, 0.2%; usual care n=11, 0.3%) and 296 

nonvascular device dislodgement (intervention n=2, 0.04%); usual care n=7, 0.1 %). (eTable 10; all 297 

children eTable 11, Supplement 1). 298 

 299 

Clinical and Exploratory outcomes 300 

Baseline ventilation parameters were similar (eTable 12, Supplement 1). Ventilation parameters 301 

immediately before the SBT in the intervention condition and 2-hours before extubation in usual 302 

care were not different in any clinically important extent (eTable 13, Supplement 1).  303 

Exploratory subgroup analyses for the duration of IMV before successful extubation showed no 304 

significant interactions in pre-specified subgroups based on size of unit, type of admission, reason 305 

for admission and adherence to the intervention (eFigure 4, Supplement 1).  306 

 307 

Discussion 308 

In this stepped-wedge cluster randomized clinical trial in children anticipated to require prolonged 309 

ventilation, the use of a sedation and ventilation liberation intervention compared with usual care 310 

significantly reduced the duration of IMV to successful extubation. The effect size was small and thus 311 

the clinical significance is uncertain. The significant effect was consistent across all children receiving 312 

mechanical ventilation.  313 

The small effect may have resulted from several factors. First, the trial recruited a broad population 314 

and as a result, there may have been heterogeneity in the treatment effect that could have 315 
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attenuated the overall effect. As a result, a greater effect in a more focused population cannot be 316 

excluded. Second, given the historic lack of bedside nurses’ involvement in ventilator weaning in the 317 

UK9, engaging the nurses fully in the process may have prompted earlier consideration of 318 

extubation; this was a key factor in a previous study.18 Third, observations showed a lower 319 

adherence to undertaking a SBT when screening criteria were satisfied and may reflect clinician 320 

hesitancy to drop swiftly from a high to a low level of support to test readiness for liberation. While 321 

the screening criteria indicated potential to proceed to a SBT, progression may not have been 322 

clinically inappropriate. Reluctance and non-adherence may plausibly be a sign of the difficulties 323 

clinicians experience in changing long-standing practices.19 Further, the large numbers of staff 324 

required to deliver the trial intervention may have attenuated the effect compared to the effect size 325 

seen in other smaller pediatric trials evaluating a SBT as a ventilation liberation intervention.  326 

Very few pediatric randomized clinical trials have specifically evaluated a daily screening and SBT 327 

strategy. In a two-center trial recruiting mainly medical patients, Foronda et al reported a reduction 328 

in duration of IMV of more than 24 hours in the SBT group (n=294, median 3.5 versus 4.7 days, 329 

P=0.01).20 A single-site trial of cardiac surgical patients by Ferreira et al reported a significant 330 

reduction in extubation success in the SBT group (n=110, 83% versus 68%, p = 0.02), but a longer 331 

difference in duration of IMV in the SBT group that did not meet statistical significance (median 29.4 332 

versus 21.5 hours, P=0.29).21 In both trials, relatively few clinicians delivered the intervention in a 333 

controlled manner; thus, the findings may not directly translate when applied into wider clinical 334 

practice. In contrast, Curley et al evaluated a sedation protocol incorporating am SBT delivered by 335 

each site’s multidisciplinary team in a 31-site cluster trial that enrolled medical patients.5  They 336 

reported no significant differences in duration of IMV between groups (n=2449, both groups median 337 

6.5 days), but showed reduced variation in sedation management with inter-professional 338 

involvement. In the current study, the median duration of IMV days in usual care was less than three 339 

days and much shorter than that reported in other pediatric studies evaluating SBTs5,20,21 or other 340 

weaning protocols.22-24  It was also shorter than pre-trial estimations that were based on the mean 341 
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duration. It is possible that, with a shorter duration of IMV in usual care, the intervention had a 342 

reduced absolute effect.   343 

The significantly higher incidence of unplanned extubation may be associated with less sedation and 344 

more awake patients. However, the proportion of unplanned extubation was lower than 4 to 8% 345 

reported elsewhere,5,25 and did not result in a higher rate of reintubation. This may be an indication 346 

that some patients might be ready to breathe without assistance sooner than previously expected, a 347 

point raised in previous adult and pediatric studies.26,27  Thus in some respects, usual care may be a 348 

conservative approach. The greater use of non-invasive ventilation after extubation in the 349 

intervention condition may reflect the need for continued ventilator support because of earlier 350 

extubation. Alternatively, it could also reflect clinician discomfort with a more accelerated weaning 351 

and extubation approach in contrast to a conservative approach.  352 

Children in the intervention condition had a significantly longer hospital stay.  Whether this finding 353 

represents an association with the intervention or is a consequence of greater use of non-invasive 354 

ventilation or other factors cannot be ascertained within the present study. 355 

The stepped-wedge design had several strengths. It helped overcome the risk of intervention 356 

contamination in usual care; maximise power to detect an effect; facilitate intervention training; and 357 

increase ICU participation by guaranteeing receipt of the intervention.28 The pragmatic recruitment 358 

facilitated testing in a broader population that would potentially benefit from the intervention.   359 

 360 

Limitations 361 

 362 

This study has several limitations. First, assignment of the intervention was unblinded. This may have 363 

led to performance or detection bias. Second, hospital sites were the unit of randomization, and the 364 

children enrolled were a heterogeneous group with a variety of respiratory, cardiac, and other 365 

impairments. Whether the intervention would perform differently in a more homogenous group 366 



17 
 

remains to be determined. Third, the intervention included several components and adherence to all 367 

components was not uniformly observed. It was not possible to determine which components were 368 

primarily responsible for the observed effect. Fourth, data on sedatives, analgesics and sedation 369 

levels were not collected; rather ICU teams were recommended to consider the child’s sedation 370 

needs informed by COMFORT scores and SBT readiness screens. Fifth, the categorization of 371 

diagnostic codes to define prolonged ventilation was based on diagnoses that typically require more 372 

than 24-hours of ventilation. Stratification based on codes requiring more prolonged ventilation (e.g. 373 

more than 48 hours) may have shown different effects. 374 

 375 

Conclusions 376 

 377 

Among children anticipated to have prolonged of mechanical ventilation, a sedation and ventilator 378 

liberation intervention compared with usual care resulted in a statistically significant reduction in 379 

time to first successful extubation. However, the clinical importance of the effect size is uncertain. 380 

381 



18 
 

Acknowledgements 382 

 383 

Author affiliations: Wellcome-Wolfson Institute for Experimental Medicine, Queen’s University 384 

Belfast, Northern Ireland (Blackwood, Clarke, McIlmurray, Jordan, McAuley);  School of Health and 385 

Society, University of Salford, Manchester and Alder Hey Children’s NHS Trust, Liverpool, England 386 

(Tume); Birmingham Women's and Children's NHS Foundation Trust, Birmingham, and Institute of 387 

Applied Health Research, University of Birmingham (Morris); Centre for Public Health, Queen's 388 

University Belfast, Northern Ireland (Clarke); Northern Ireland Clinical Trials Unit, The Royal 389 

Hospitals, Belfast, Northern Ireland (McDowell, Ashley, Murray); University of Birmingham, England 390 

(Hemming, Easter); Great Ormond Street Hospital, London, and University College London, England 391 

(peters); Leeds Institute for Data Analytics, School of Medicine, University of Leeds, England 392 

(Parslow, Feltbower); Usher Institute of Population Health Sciences, University of Edinburgh, 393 

Scotland (Walsh); Royal Brompton Hospital, London, England (Macrae).  394 

 395 

Author contributions:  396 

Dr Bronagh Blackwood and Ms Cliona McDowell had full access to all the data in the study and take 397 

responsibility for the integrity of the data and the accuracy of the data analysis. 398 

Concept and design: Blackwood, Tume, Morris, Peters, Clarke, Jordan, Agus and McAuley. 399 

Acquisition, analysis, or interpretation of data: Blackwood, Tume, Morris, Peters, McDowell, 400 

Hemming, Easter, Jordan, Agus, Parslow, Feltbower, Walsh, Macrae, McAuley. 401 

Drafting of the manuscript: Blackwood, Tume, Morris, Peters, McDowell, Hemming, McAuley. 402 

Critical revision of the manuscript for important intellectual content: All authors. 403 

Statistical analysis: Hemming, McDowell, Easter. 404 

Obtained funding: Blackwood, Tume, Morris, Peters, Clarke, Hemming, McDowell, Agus, Jordan, 405 

Parslow, Walsh, Macrae, McAuley. 406 



19 
 

Administrative, technical, or material support: Blackwood, Tume, Morris, McDowell, Agus, Murray, 407 

McIlmurray, Walsh. 408 

 409 

Conflict of interest disclosures: All authors have completed and submitted the ICMJE Form for 410 

Disclosure of Potential Conflicts of Interest. Drs Blackwood, Agus, Clarke, McAuley, McDowell, 411 

Parslow and Walsh reports grants from NIHR HTA programme during the conduct of the study. No 412 

other disclosures were reported. 413 

 414 

Sites investigators and staff: Addenbrooke’s Hospital, Cambridge: Zoe Stone, Rosalie Campbell, 415 

Naomi Rowel, Liz Nash, Phil Castle, Mark Harvey, Clare King, Sarah Hardwick, James Nicholas; Alder 416 

Hey Children’s Hospital, Liverpool: Katie Bailey, Emily McDonald, Tom Collins, Adam McNeill, Bron 417 

Robinson, Amanda Bull, Helen Cosgrove, Becky Garrett, Sarah Hindley, Lindsey Kenworthy, Louise 418 

Foster, Vicky Llewellyn, Liz Mansfield, Andrea Rodriguez, Lorraine Abbott, Shirley George, Roberto 419 

Iavarrone, Paul Ritson, Katie Kaye; Birmingham Children’s Hospital: Sarah Fox, Samantha Owen, 420 

Roxanne Williams, Carly Tooke, Lauren Dowd, Kate Penny-Thomas, Sophie Dance, Helen Winmill, 421 

Julie Menzies, Alison Jones, Rakesh Sheinmar; Bristol Royal Hospital for Children: Laura Dodge, 422 

Reanate Reisinger, Christina Linton, Sophie Coles, Kimberley Hamilton, Jen Bond, Emily Madge, Kelly-423 

Marie Brock, Peter Davis, Sarah Goodwin, Dora Wood; Great North Children’s Hospital, Newcastle 424 

upon Tyne: Dawn Metcalfe, Ashleigh Robson,Amanda Soulsby, Kate Teeley, Anna Stancombe, Kirsty 425 

Mulgrew, Louisa Hunter, Shelley Sweeney, Ashley Marley, Julie Allen, Erin Bonney, Gemma Conroy, 426 

Joanne Cowley, Alison Crozier, Julie Dodds, Angela Doherty, Deborah Ehala, Gillian Green, Melanie 427 

Haughan, Nicola Mears, Jo Mulholland, Janine Palmer, Elaine Pantry, Claire Riddell, Claire Riddell, 428 

Kirstine Stait, Katherine Brunton, Anna Yearham; Great Ormond Street Hospital, London: Samiran 429 

Ray, Olugbenga Akinkugbe, Gareth Jones, Eugenia Abaleke, Hamza Meghari, Adela Mattatore, Tom 430 

Brick, Yael Feinstein, Sarah Caley, Grace Banks, Joanne Bowley, Katy Maguire, Lorna O’Rourke, 431 

Deborah Lees, Caitriona Morrisey, Emma Hart, Ann Maguire, Nicola Pearson, Joanne Broadhurst, 432 



20 
 

Clare Paley, Alison Drew, Carmen Kurtzner, Harriet McCauley, Katie Smith, Isabella Wright, Eleni 433 

Tamvaki, Lisa Cooke, Grace Banks, Sarah Napier, Annabelle Linger, Renee Barrett, Jo Rendle, Daryl 434 

Herring, Lolinda Mago, Joanna Goniak, Zaina Ahmed, Charlotte Hambly, Fiona O'Mahony, Rosemary 435 

Jamieson, Katrina Capey, Charlotte Donovan, Nicola Barker, Helen Mercer; John Radcliffe Hospital, 436 

Oxford: Teresa Liu, Hannah Sparkes, Rachel Mc Minnis, Jackie Fulton, Sarah Addison, Katie Mogg, 437 

Rebecca Harmer, Rachel Lynch, Joanna Bartlett, Rosie Priddy, Janet Mc Cluskey; King’s College 438 

Hospital, London: Lauren Jameson, Asha Hylton: Leeds General Infirmary: Sian Cooper, Mark 439 

Wareing, Sharron Frost, Beverley Robinson, Tim Haywood, Andrew McNulty, Tammy Jaques, Rachael 440 

Funk, Sharon Coulson, Sharon Beanland, Helen Townson, Sarah Mawer, Katie Hill, Kathryn Reeves, 441 

Jennifer Carter, Marie Webster, Darren Hewett, Adrian Watson; Noah’s Ark Children’s Hospital for 442 

Wales, Cardiff: Jade Smallman, Emma Smith, Rhiannydd Poynter, Rebecca Thomas, Emily Stacey-Cox, 443 

Sarah Stacey; Royal Belfast Hospital for Sick Children, Belfast: Jeremy Lyons, Mohammed Babiker, 444 

Ben Kennedy, Roisin McDonald, Philip Ross, Rory Sweeney, Fiona Wallace, Pauline Blair, Niamh 445 

McPeake, Paul Magowan, Deborah Black, Sinead McAteer, Andrea Burrell, Sharon McAuley, Maria 446 

McCreight, Cealaigh Quinn, Carol McCormick, Heather Tough, Stewart Reid, Mark Terris, Ann 447 

Maguire, Lucy Simms; Royal Brompton Hospital, London: Katie Goodliffe, Stephanie Gleissner, Melisa 448 

Ollivier, Joana Gracio, Diana Freitas, Chelsea Nichola Nilsson, Tessa Shewan, Stephen Tugwell, Matt 449 

Smith, Jennifer Armstrong, Mary Anton, Patricia Hernandez, Dan Blacke, Alicia Arias, Shabnam 450 

Gabriel, Zarine Wessels, Esmee Stirrup, Marta Fernandez, Ana Pedro, Varsha Depala, Silvia 451 

Fernandez Velasco, Justin Wang, Visitacion Jimenez, Laura Diaz, Florence O’Connor, Jess Robinson; 452 

Royal Stoke University Hospital: Jo Tomlinson, Vicky Riches, Claire Boissery, Emma Cooke, Abbie 453 

Cliffe, Mark Bebbington, Kathryn Lea, James Chapman; Sheffield Children’s Hospital: Anton Mayer, 454 

Lara Jackman, Nicholas Roe, Pauline Athwal, Alison Widdas, Alison Donolan, Anna Collister, Alex 455 

Howlett, Nat Colley, Jenny Nolan, Nicola McAdam, Linzi Boreham, Suzie Birkitt, Charlotte Clark, 456 

Charlotte Hussey, Kate Conolley, Emily Cleveland, Olivia Hudson, Lauren Williams, Stuart Conquer, 457 

Simon Steel, Ranjana Dhar, Megan Burrill, Nick Mills, Helen Cook, Jenny Longden, Erica Miccoli, 458 



21 
 

Malik Hai, Bethan Stone, Michelle Lee, Michelle Gilley, Ceri Jack, Rachael Saxby, Louise McCarthy; 459 

Southampton Children’s Hospital: Nicki Etherington, Jenny Pond, Cat Postlethwaite, Amber Cook, 460 

Anna Hardy, Lorena Caruana, Sophie Bullyment, James Hardwick, Lisa Gosby, Katy Morton, Donna 461 

Austin, Angela Ledgham, Emily Tracey, Dr Oliver Ross, Ahmed Osman, Michael Griksaitis, Kelly Field: 462 

St George’s Hospital, London: Buvana Dwarakanathan, Nicholas Prince, Julie Geevarghese, Usha 463 

Chandran, Sharmaine Monrose, Josephine Rhodes, Juliemol Thomas, Kirsty Felstead, Laura Poletti, 464 

Lindsey Burnham, Hannah Downing; St Mary’s Hospital, London: Ladan Ali, Suzanne Laing, Naomi 465 

Storkes, Wendy Dadson, Tanya Lincoln, Anne Dowson, Michelle Pash, Kelly Wood, Carey Corrigan, 466 

Debbie Lee, Karen Downer, Katy Bridges. 467 

 468 

Northern Ireland Clinical Trials Unit: Roisin Boyle, Gavin Kennedy, Pauline Bradley, Gerard O’Hanlon, 469 

Glenn Phair, Sorcha Toase, Ruth Holman, Kevin Devlin. 470 

 471 

Funding/Support: This project was funded by the NIHR Health Technology Assessment Programme 472 

(project HTA 15/104/01) and supported by the Paediatric Critical Care Society Study Group.  473 

 474 

Role of the Funder/Sponsor: This trial was commissioned and funded by the NIHR. The Queen’s 475 

University Belfast took legal responsibility for all aspects of the research but did not provide specific 476 

funding. The sponsor and funder approved the design of the study and monitored the conduct of the 477 

study. They played no direct role in the design, data collection, management, analysis, and 478 

interpretation of the data; preparation, review, or approval of the manuscript; or decision to submit 479 

the manuscript for publication. 480 

 481 

Disclaimer: The views expressed are those of the authors and not necessarily those of the National 482 

Health Service, the NIHR, or the Department of Health. 483 

 484 



22 
 

Meeting Presentation: This study was presented at the eCritical Care Reviews Meeting 2021: 485 

January 21st 2021 available at https://criticalcarereviews.com/index.php/eccr21. 486 

 487 

Data Sharing Statement: See Supplement x 488 

489 

about:blank


23 
 

REFERENCES 490 

1. Balcells Ramírez J, López-Herce Cid J, Modesto Alapont V. [Prevalence of mechanical 491 
ventilation in pediatric intensive care units in Spain]. An Pediatr (Barc). 2004;61(6):533-541. 492 

2. Wolfler A, Calderoni E, Ottonello G, et al. Daily practice of mechanical ventilation in Italian 493 
pediatric intensive care units: a prospective survey. Pediatr Crit Care Med. 2011;12(2):141-494 
146. 495 

3. Farias JA, Fernández A, Monteverde E, et al. Mechanical ventilation in pediatric intensive 496 
care units during the season for acute lower respiratory infection: a multicenter study. 497 
Pediatr Crit Care Med. 2012;13(2):158-164. 498 

4. PICANet. Paediatric Intensive Care Audit Network (PICANet) 2019 Annual Report. 499 
https://www.picanet.org.uk/annual-reporting-and-publications/ Published 2019. Accessed 500 
16 July, 2020. 501 

5. Curley MA, Wypij D, Watson RS, et al. Protocolized sedation vs usual care in pediatric 502 
patients mechanically ventilated for acute respiratory failure: a randomized clinical trial. 503 
Jama. 2015;313(4):379-389. 504 

6. Burns KEA, Raptis S, Nisenbaum R, et al. International Practice Variation in Weaning Critically 505 
Ill Adults from Invasive Mechanical Ventilation. Annals of the American Thoracic Society. 506 
2018;15(4):494-502. 507 

7. Blackwood B, Burns KE, Cardwell CR, O'Halloran P. Protocolized versus non-protocolized 508 
weaning for reducing the duration of mechanical ventilation in critically ill adult patients. 509 
Cochrane Database Syst Rev. 2014;2014(11):Cd006904. 510 

8. Blackwood B, Murray M, Chisakuta A, Cardwell CR, O'Halloran P. Protocolized versus non-511 
protocolized weaning for reducing the duration of invasive mechanical ventilation in 512 
critically ill paediatric patients. Cochrane Database Syst Rev. 2013;2013(7):Cd009082. 513 

9. Blackwood B, Tume L. The implausibility of 'usual care' in an open system: sedation and 514 
weaning practices in Paediatric Intensive Care Units (PICUs) in the United Kingdom (UK). 515 
Trials. 2015;16:325. 516 

10. Blackwood B. PRagmatic-Explanatory Continuum Indicator Summary (PRECIS-2) for the 517 
SANDWICH trial. http://www.precis-2.org/Trials. Published 2021. Accessed 1 February 2021. 518 

11. Blackwood B, Agus A, Boyle R, et al. Sedation AND Weaning In Children (SANDWICH): 519 
protocol for a cluster randomised stepped wedge trial. BMJ Open. 2019;9(11):e031630. 520 

12. Ivers NM, Halperin IJ, Barnsley J, et al. Allocation techniques for balance at baseline in 521 
cluster randomized trials: a methodological review. Trials. 2012;13:120. 522 

13. McIlmurray L. SANDWICH: Sedation and Weaning in Children. Queen's University Belfast. 523 
https://www.qub.ac.uk/sites/sandwich/. Accessed 1 December, 2020. 524 

14. Moore GF, Audrey S, Barker M, et al. Process evaluation of complex interventions: Medical 525 
Research Council guidance. Bmj. 2015;350:h1258. 526 

15. Hemming K, Kasza J, Hooper R, Forbes A, Taljaard M. A tutorial on sample size calculation for 527 
multiple-period cluster randomized parallel, cross-over and stepped-wedge trials using the 528 
Shiny CRT Calculator. Int J Epidemiol. 2020;49(3):979-995. 529 

16. Leyrat C, Morgan KE, Leurent B, Kahan BC. Cluster randomized trials with a small number of 530 
clusters: which analyses should be used? Int J Epidemiol. 2018;47(3):1012. 531 

17. Thompson JA, Hemming K, Forbes A, Fielding K, Hayes R. Comparison of small-sample 532 
standard-error corrections for generalised estimating equations in stepped wedge cluster 533 
randomised trials with a binary outcome: A simulation study. Stat Methods Med Res. 534 
2020:962280220958735. 535 

18. Ely EW, Baker AM, Evans GW, Haponik EF. The prognostic significance of passing a daily 536 
screen of weaning parameters. Intensive Care Med. 1999;25(6):581-587. 537 

19. Gupta DM, Boland RJ, Jr., Aron DC. The physician's experience of changing clinical practice: a 538 
struggle to unlearn. Implement Sci. 2017;12(1):28-28. 539 

about:blank
about:blank
about:blank


24 
 

20. Foronda FK, Troster EJ, Farias JA, et al. The impact of daily evaluation and spontaneous 540 
breathing test on the duration of pediatric mechanical ventilation: a randomized controlled 541 
trial. Crit Care Med. 2011;39(11):2526-2533. 542 

21. Ferreira FV, Sugo EK, Aragon DC, Carmona F, Carlotti A. Spontaneous Breathing Trial for 543 
Prediction of Extubation Success in Pediatric Patients Following Congenital Heart Surgery: A 544 
Randomized Controlled Trial. Pediatr Crit Care Med. 2019;20(10):940-946. 545 

22. Schultz TR, Lin RJ, Watzman HM, et al. Weaning children from mechanical ventilation: a 546 
prospective randomized trial of protocol-directed versus physician-directed weaning. Respir 547 
Care. 2001;46(8):772-782. 548 

23. Randolph AG, Wypij D, Venkataraman ST, et al. Effect of mechanical ventilator weaning 549 
protocols on respiratory outcomes in infants and children: a randomized controlled trial. 550 
Jama. 2002;288(20):2561-2568. 551 

24. Jouvet PA, Payen V, Gauvin F, Emeriaud G, Lacroix J. Weaning children from mechanical 552 
ventilation with a computer-driven protocol: a pilot trial. Intensive Care Med. 553 
2013;39(5):919-925. 554 

25. Baisch SD, Wheeler WB, Kurachek SC, Cornfield DN. Extubation failure in pediatric intensive 555 
care incidence and outcomes. Pediatr Crit Care Med. 2005;6(3):312-318. 556 

26. Girard TD, Kress JP, Fuchs BD, et al. Efficacy and safety of a paired sedation and ventilator 557 
weaning protocol for mechanically ventilated patients in intensive care (Awakening and 558 
Breathing Controlled trial): a randomised controlled trial. Lancet. 2008;371(9607):126-134. 559 

27. Kurachek SC, Newth CJ, Quasney MW, et al. Extubation failure in pediatric intensive care: a 560 
multiple-center study of risk factors and outcomes. Crit Care Med. 2003;31(11):2657-2664. 561 

28. Hemming K, Taljaard M. Reflection on modern methods: when is a stepped-wedge cluster 562 
randomized trial a good study design choice? Int J Epidemiol. 2020;49(3):1043-1052.  563 



25 
 

Box. Components of the intervention 

Assessment of sedation levels by the bedside nurse using the COMFORTa score (every 6-hours as a 

minimum time interval) 

Assessment of readiness to undertake a SBT by the bedside nurse using screening criteria 

(minimum twice daily) 

FiO2 ≤ 0.45 

SpO2 ≥ 95% (or as appropriate) 

PEEP ≤ 8cm H2O 

PIP ≤ 22cm H2O 

Cough present 

A spontaneous breathing trial to assess readiness for ventilator. Decision to begin taken by a 

nurse or doctor with the appropriate experience and authority; conducted and monitored by 

bedside nurse (up to maximum 2-hours) 

Spontaneous breathing mode (CPAP) 

PEEP 5cm H2O 

Pressure Support 5cmH2O (above PEEP) 

Multidisciplinary round reviewing the child’s COMFORT scores and spontaneous breathing trial 

assessments with feedback to the bedside nurse on sedation level and ventilation parameter 

targets (minimum daily) 

Abbreviations: CPAP, continuous positive airway pressure; FiO2, fraction of inspired oxygen; PEEP, 564 
positive end-expiratory pressure; PIP, peak inspiratory pressure  565 

a The COMFORT scale  assesses pain and sedation to determine if the child is adequately comfortable 566 

or in need of more or less medication to keep them ventilated.  567 

 568 

 569 
Table 1. Baseline Characteristics of Patient Admissions and Pediatric Intensive Care Units  

Patient Characteristics  Intervention Condition (n = 4688) Usual Care  (n = 4155) 

Female, No. (%) 1970 (42.0) 1744 (42.0) 

Male, No. (%) 2716 (57.9) 2410 (58.0) 

Age on admission,  median (IQR), months 7 (1-45) 9 (1-47) 

No. (%)   
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     Less than 1 month 1042 (22.2) 772 (18.6) 

     1 to less than 24 months 2077 (44.3) 1937 (46.6) 

     24 to less than 72 months 710 (15.2) 665 (16.0) 

     72 months or greater 859 (18.3) 780 (18.8)) 

Previous ICU admission, No. (%) 1429 (30.5) 1102 (26.5) 

Pediatric Index of Mortality 3a, median (IQR) 0.02 (0.01-0.05) 0.02 (0.01-0.05) 

Primary diagnostic group, No. (%)   

     Cardiovascular 1613 (34.4) 1226 (29.5) 

     Respiratory 1410 (30.1) 1289 (31.0) 

     Other 602 (12.8) 484 (11.7) 

     Neurological 385 (8.2) 431 (10.4) 

     Gastroenterology 316 (6.7) 294 (7.1) 

     Infection 253 (5.4) 307 (7.4) 

     Oncology 109 (2.3) 124 (3.0) 

Type of admission, No. (%)   

     Medical, unplanned 2659 (56.7) 2624 (63.2) 

     Medical, planned 265 (5.7) 153 (3.7) 

     Post-surgical, planned 1532 (32.7) 1128 (27.2) 

     Post-surgical, unplanned 232 (5.0) 250 (6.0) 

Pediatric Intensive Care Unit Characteristics    (n = 18)                                                         

Beds, No. (%)  

     6 to 11 9 (50) 

     12 to 30 9 (50) 

Fellowship training provision, No. (%) 15 (72.2) 

Intensivist coverage, No. (%) 18 (100) 

Unit type, No. (%)  

   General 11 (61.1) 

   General and cardiac mixed 5 (27.8) 
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   Cardiac 2 (11.1) 

Sedation assessment validated tool in place 

prior to studyb, No. (%) 

13 (72.2) 

Sedation protocol in place prior to studyc,  

No. (%) 

4 (22.2) 

Ventilation weaning protocol in place prior 

to studyd, No. (%) 

3 (16.7) 

 570 
a Paediatric Index of Mortality 3 (PIM3) is a predictive model based on ten explanatory variables collected at 571 
the time of admission to intensive care to estimate the probability of death. Reporting an index ranging from 0 572 
to 1, the higher the index, the higher the estimated probability of death. 573 
b Sedation assessment tools in place were either COMFORT original or COMFORT behavioural which were used 574 
in the intervention (see footnote a in box). 575 
c Sedation protocols in place prescribed the reduction of sedatives, whereas the intervention recommended 576 
that sedatives were adjusted to achieve a COMFORT range (see footnote a in box). 577 
d Weaning protocols in place prescribed stepwise reductions in ventilator support, whereas the intervention 578 
prescribed daily screening and a spontaneous breathing trial 579 
 580 
 581 
 582 
Note for production: 583 
The ICU characteristics can be placed in the left-hand column and the right remain empty if needed 584 
to maintain a three-column format.585 
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Table 2. Outcomes  
   

 
Observation period Adjusted analysesa 

Intervention Condition Usual Care  Absolute Scale  Relative Scale 

 (n = 4688) (n = 4155)   

 Median (IQR) hours Median Difference (IQR) 
hoursb 

P value 
Hazard Ratio (95%CI) 

P value 

Primary Outcome      

Duration of invasive mechanical ventilation until 1st 
successful extubationc 

64.8 (22.1-141.4) (n=4684)  66.2 (21.8-138.0) (n=4144) -6.1 (-8.2- -5.3) 0.02 1.1 (1.0-1.2) 0.02 

      

 Median (IQR) days Median Difference (IQR) 
daysb 

P value 
Hazard Ratio (95%CI) 

P value 

Secondary Outcomes      

Total duration of invasive mechanical ventilationc  2.7 (0.9-6.3) (n=4684) 2.8 (0.9-5.9) (n=4144) -0.20 (-0.25- -0.18) 0.06 1.09 (1.00-1.18)  0.06 

Duration post-extubation non-invasive ventilationc  1.8 (0.7-6.8) (n=805) 2.1 (0.7-6.6) (n=556) 0.22 (0.18-0.29) 0.43 0.91 (0.72-1.15)  0.43 

Pediatric ICU length of stay  5.0 (3.0-10.0) (n=4688) 5.0 (3.0-9.0) (n=4155) 0.00 (0.00-0.00) 0.53 0.97 (0.90-1.06)  0.53 

Hospital length of stay  9.6 (5.0-19.8) (n=4010) 9.1 (5.0-18.9) (n=3581) 0.91 (0.84-0.97) 0.01 0.89 (0.81-0.97)  0.01 

 N (%) % Point Difference (95% CI)  Relative Risk (95% CI)d  

Successful extubation  e  4161 (98.6) (n=4222) 3788 (98.4) (n=3849) 0.95(-0.07-1.97) 0.07 1.01 (1.00-1.02)  0.03 

Unplanned extubation  142 (3.0) (n=4688) 107 (2.6) (n=4155) 0.98(-0.32-2.27) 0.14 1.62 (1.05-2.51)  0.03 

Reintubation f  544 (11.6) (n=4688) 507 (12.2) (n=4155) 0.83(-1.70-3.37) 0.52 1.10 (0.89-1.36)  0.38 

Post-extubation non-invasive ventilation 810 (18.9) (n=4285) 558 (14.4) (n=3886) 9.42(4.30-14.54) <0.001 1.22 (1.01-1.49)  0.04 

Tracheostomyg, h 46 (1.0) (n=4688) 33 (0.8) (n=4155) -0.03(-0.49-0.43) 0.89 0.88 (0.36-2.17)  0.79 

Post-extubation stridori 419 (8.9) (n=4688) 356 (8.6) (n=4155) 3.05(-1.71-7.80) 0.21 0.94 (0.73-1.22)  0.66 

Pediatric ICU mortality  220 (4.7) (n=4682) 173 (4.2) (n=4154) 0.25(-1.98-2.49) 0.82 1.06 (0.73-1.54)   0.75 

Hospital mortalityj 268 (6.3) (n=4278) 200 (5.3) (n=3785) 0.82(-1.96-3.61) 0.56 1.15 (0.82-1.63)   0.41 

Footnotes:  586 
a All outcomes were adjusted for cluster (pediatric ICU) and calendar time (period categorical effect). 587 
b Adjusted median differences and IQR were calculated across the 22 time periods 588 
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c Time-to-event outcomes were censored at the point of transitioning from usual care to the training period, discharge to another hospital, at 90-days, death, and point of 589 
receiving a tracheostomy. 590 
d The Poisson regression with robust standard errors (to correct for misspecification of Poisson distribution for binomial distribution) was used to estimate the relative risk 591 
e Percentage successful extubations in patients where extubation was attempted. An extubation that did not require reintubation within a 48-hour time period was 592 
considered successful. 593 
f  Percentage point difference estimated using a mixed effects binomial model with identity link. All other outcomes, percentage point difference was estimated using 594 
generalised estimating equations  595 
g  Due to lack of convergence, marginal estimates of risk difference were developed without using a small sample correction 596 
h During the study period  597 
i  Laryngeal edema resulting in stridor upon extubation 598 
j Includes ICU mortality 599 
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Figure title and legends 600 

 601 

Figure 1. Selection of pediatric intensive care units and enrolment of patients in a stepped-wedge 602 

cluster randomized trial of a sedation and ventilator liberation intervention in children  603 

a 1 hospital site had 2 pediatric ICUs that were randomized together to avoid contamination of the 604 
intervention 605 
b 3 patients excluded from analysis, could not link to PICANet data set 606 
c diagnostic codes associated with a short duration of ventilation (<24 hours) were categorized as 607 
‘short’, all others were categorized as ‘prolonged’. 608 
 609 
 610 
Figure 2. Kaplan Meier. Probability and time to successful extubation by observation period in the 611 

prolonged invasive ventilation cohort  612 

Footnote: The hazard ratio and the median difference (IQR) were adjusted for cluster and calendar 613 

time. Patients were observed from initiation of ventilation until the first successful extubation 614 

(defined as still breathing spontaneously for 48-hours after extubation). The curves on the graph are 615 

created using the adjusted figures. The risk table presents the absolute patient numbers and 616 

therefore will not match precisely. 617 


