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Question: Does a ventilator liberation intervention reduce duration of invasive mechanical
ventilation in children anticipated to require prolonged ventilation in comparison with a non-
protocolized approach?

Findings: In this stepped-wedge cluster randomized trial that included 8843 children anticipated to
have prolonged ventilation, the unadjusted median time to successful extubation between those
receiving protocolized care compared with usual care was 64.8 vs 66.2, respectively. This difference
was statistically significant, but smaller than had been anticipated.

Meaning: Among children anticipated to have prolonged ventilation, a ventilation liberation
intervention resulted in a reduction in time to first successful extubation; however, the clinical

importance of the effect size is uncertain.
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Abstract

Importance

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

ventilation in the pediatric intensive care unit.
Objective

To determine if a ventilator liberation intervention reduces duration of invasive mechanical
ventilation in children anticipated to require prolonged mechanical ventilation.

Design, Setting, Participants

A pragmatic multi-center, stepped-wedge, cluster randomized trial. Seventeen hospital sites (18
pediatric intensive care units) in the United Kingdom were sequentially randomized from usual care
to the intervention. From February 2018 to October 2019, 8843 critically ill children anticipated to
require prolonged mechanical ventilation were recruited. The last date of follow-up was November
11, 2019.

Interventions

Pediatric intensive care units provided usual care (n = 4155 participants) or the sedation and
ventilator liberation intervention (n = 4688 participants) that consisted of assessment of sedation
level, daily screening for readiness to undertake a spontaneous breathing trial, a spontaneous
breathing trial to test ventilator liberation potential, and daily rounds to review sedation and

readiness screening and set patient-relevant targets.

Main outcomes and measures

The primary outcome was duration of invasive mechanical ventilation from initiation of ventilation
until first successful extubation. The primary estimate of the treatment effect was a calendar time
and cluster adjusted hazard ratio (aHR) with 95% confidence intervals (Cl) in children anticipated to

have prolonged mechanical ventilation.
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Results

All 8843 children observed under intervention and usual care conditions (median age, 8 months;
42% female) completed the trial. The intervention compared with usual care resulted in a
significantly shorter median time to successful extubation (64.8 vs 66.2, adjusted median [IQR]
difference, -6.1 hours, [-8.2- -5.3]; aHR 1.11, 95% Cl 1.02-1.20, P=0.02). Serious adverse events
included hypoxia (intervention n=9, 0.2% vs usual care n=11, 0.3%) and nonvascular device
dislodgement (intervention n=2, 0.04% vs usual care n=7, 0.1%).

Conclusions and relevance

Among children anticipated to have prolonged of mechanical ventilation, a sedation and ventilator
liberation intervention compared with usual care resulted in a statistically significant reduction in
time to first successful extubation. However, the clinical importance of the effect size is uncertain.
Trial registration

International Standard Randomised Controlled Trial Number ISRCTN16998143

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

The majority of children admitted to pediatric intensive care units (ICUs) require invasive mechanical
ventilation (IMV).** Despite its benefits, IMV is associated with complications, including ventilator-
associated pneumonia and ventilation-induced lung injury. Mechanical ventilation also requires

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

Weaning protocols are widely used in adult ICUs. The practice of testing readiness for liberation with
a spontaneous breathing trial (SBT) is well-established.® A meta-analysis of protocolized weaning (14
trials, 2205 participants) reported moderate certainty of evidence for a 26% (95% Cl: 13 to 37%)
reduction in IMV duration, with 11 trials evaluating the SBT.” A systematic review of protocolized
weaning in children (3 trials, n=321 participants) concluded that evidence was insufficient to

determine net benefit or harm.®

Across the UK, there is variation in pediatric ICU sedation and ventilator weaning practices, and
minimal involvement of junior medical and nursing clinicians.’ Furthermore, approximately two
thirds of nurses employed in UK pediatric ICUs are junior staff nurses.* It was hypothesized that
engagement of the existing multiprofessional ICU team in a sedation and ventilation liberation

intervention would reduce time to successful liberation from IMV.

Methods

Trial design and oversight

This was a pragmatic, stepped-wedge cluster randomized trial (eFigure 1, Supplement 1)*° with a
cost-effectiveness and a process evaluation that will be reported separately. The pragmatic domains

are shown in eFigure 2, Supplement 1. The National East Midlands Research Ethics Committee
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approved the protocol (17/EM/0301, 12 September 2017). An opt-out consent approach was used
with distribution of study leaflets to parents and no requirement for written or oral informed
consent The Northern Ireland Clinical Trials Unit managed the trial. Data collection was managed
through the mandatory national registry of pediatric ICU admissions: the Paediatric Intensive Care
and Audit Network (PICANet) # with additional items recorded on an electronic case report form.
Independent oversight was provided through Trial Steering and Data Monitoring Committees
convened by the UK National Institute of Health Research. The protocol was published! and the

protocol and statistical analysis plan are available in Supplement 2.

The primary objective was to determine the effect of the intervention on the duration of IMV in
children anticipated to have prolonged IMV. Prolonged IMV was defined a priori and determined by
diagnostic codes. Diagnostic codes associated with duration of IMV less than 24-hours were
categorised as ‘short’. All other codes were categorised as ‘prolonged’. (e-Methods, Supplement 1).
As a secondary objective, we determined the effect of the intervention on the duration of IMV for all

children irrespective of the prolonged or not categorisation.

Trial sites and participants

All UK hospital sites with one or more pediatric ICUs were eligible for the trial. Children (< 16-years)
were eligible if they received IMV and excluded if admitted with a tracheostomy insitu, were not
immediately expected to survive, were expected to undergo treatment withdrawal, or

parents/guardians opted out.

Randomization

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

that were randomized together to prevent intervention contamination. All clusters started data
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collection simultaneously. At each 4-week period, starting from period three to 18, one cluster
transitioned to training and subsequently continued in the intervention condition. The transition
order was randomly determined using a computer-generated algorithm and restricted to try to
ensure the trial was balanced across control and intervention conditions with respect to the cluster

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

Interventions and intervention training

A description of the intervention is provided in eMethods in Supplement 1 and the training
resources are available on the website.®® The intervention incorporated education and training for
the multi-professional pediatric ICU team to deliver four key components. Components included
assessment of sedation levels using COMFORT scales, daily screening for readiness to undertake a
SBT, initiation of a SBT when screening criteria were satisfied and a daily multi-professional round
(Box). Intervention training included online and face-to-face education. The trial implementation
manager trained the local research team and multi-professional champions to roll out training. The

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

Adherence was measured by the proportion of (a) the four intervention components performed and
captured daily; (b) staff trained by end of the transition period; and (c) intervention reach?*
(admissions screened divided by IMV admissions over the trial period). The mean adherence

proportions for each ICU were ranked and divided into tertiles.

Usual care is described elsewhere.® Typically, this was medically-led, involved a slow reduction in
ventilator support to very low levels of support prior to extubation, and ICUs did not have ventilation
or sedation protocols. Usual care in participating ICUs at the start of the trial is shown in eTable 1

(Supplement 1).
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Outcome measures

The primary outcome was the duration of IMV, defined as time from initiation of ventilation until the
first successful extubation. Success was defined as still breathing spontaneously for 48-hours after
extubation. Pre-specified secondary outcomes as defined in the trial protocol are reported, except
cost per complication avoided at 28-days that will be reported elsewhere. Outcomes were measured
from patient admission up to 90-days or PICU discharge (whichever was earlier). At the end of the

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

Statistical analysis

The planned sample was between 11 024 to 14 310 patients (dependent on the intra-cluster
correlation coefficient, ICC). Following the internal pilot, re-estimation of the mean duration of IMV
was 5.8 (SD 9.6) days and ICC 0.005 (95% Cl: 0.001 to 0.01). A revised sample size calculation
estimated that 9520 patient admissions would provide 80% to 87% power to detect a 1-day target
effect size. The one-day difference was considered by the study team as clinically important and
plausible for patients managed with a ventilation liberation intervention following discussions with
ICU staff during pre-trial feasibility work. Sample size calculations assumed a simple exchangeable

correlation structure as was the convention at the time.*®

ICUs were analyzed according to the sequence they were randomized to, so all participants were
analyzed according to their randomized group. In this way, ICUs were assumed exposed to the
intervention following their training periods. Patients admitted during training periods were not
included. For the primary analysis, observations with missing outcome data were excluded and for
the secondary analysis, adjusting for individual level covariates, observations with missing outcome
or covariate data were excluded. Missing data were minimal and there was no requirement for
multiple imputation. The proportion of missing data for the primary analysis for the primary

outcome was 0.17%, and 0.18% for the secondary adjusted analysis. The primary estimate of the
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treatment effect was a time and cluster adjusted hazard ratio (aHR) with 95% Cls. A 2-sided P < .05
significance threshold was used for all analyses. Because of the potential for type 1 error due to
multiple comparisons, findings for analyses of secondary endpoints should be interpreted as

exploratory.

For the primary and time-to-event secondary outcomes, Cox proportional hazards models were used
with a frailty term for clustering by ICU (which accounts for random cluster effects). Time-to-event
outcomes were censored at the point of transitioning from the usual care condition to the training
periods, discharge to another hospital, at 90-days, death, and point of receiving a tracheostomy.
Checks of the appropriateness of the proportional hazards assumption indicated no evident
departures from proportionality on Schoenfeld residuals plots. For time to event outcomes, an
absolute measure of effect was derived by computing the median of the model-based prediction of
survival duration at all 22 time periods, for both the intervention and usual care conditions, and the
difference between the two; and summarising the extent of variability using the inter-quartile range

over the 22 time periods.

Binary secondary outcomes were analysed using mixed effects binomial regression with a log-link to
estimate the adjusted relative risk (aRR); and a binomial model with identity link to estimate the
adjusted risk difference (aRD), with estimation using the restricted maximum likelihood approach.
All mixed models included cluster as a random effect assuming an exchangeable correlation
structure and used the Kenward and Roger small sample correction ° to correct the potential
inflation of the type | error rate due to small number of clusters. In the case of non-convergence of
binomial linear mixed models to estimate risk differences, marginal estimates of risk differences
using generalised estimating equations, assuming an independent correlation structure, with a Fay
and Graubard small sample correction on standard errors, with 95% confidence intervals derived
from a z-distribution were reported. ¥ In the case of non-convergence of the binomial model with a

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

normality assumptions and making transformations where necessary.

A pre-specified secondary analysis of the primary outcome was conducted adjusting for additional
covariates: age, severity of illness (PIM3 score), respiratory versus other diagnostic grouping, type of
admission (planned/unplanned), and reason for admission (surgical/medical). A pre-specified
exploratory subgroup analysis was conducted for the primary outcome using a global test for
interaction and 99% Cl for size of unit (large and small, based on annual admissions); adherence to
the intervention (tertiles of ranked averages); type of admission to unit (planned and unplanned);
and reason for admission (surgical, medical respiratory, and medical other). To assess sensitivity to
assumptions made about the nature of time effects and correlations an extensive series of sensitivity
analyses for the secondary binary outcomes was conducted (e-Methods, Supplement 1). This
showed very little difference between the more complex correlation structures and the

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

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

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

Results

Trial sites and participants

All 18 ICUs opened simultaneously to recruitment on 5 February 2018 and closed on 14 October
2019. The last date of follow-up was 11 November 2019. Participating ICUs had a greater number of
beds, annual patient admissions and included more London sites than non-participating ICUs (eTable
2, Supplement 1). The trial included 10 495 admissions, of which 8843 were in diagnostic groups

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

11
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well balanced across intervention and usual care conditions (Table 1; all children eTable 3,

Supplement 1).

Delivery of the intervention

A total of 1865 of 2247 (median 85%, IQR: 80%, 90%) eligible clinical staff completed training within
the 8-week training period and by 12-weeks the total completed was 1955 (median 88%, IQR: 80%,
90%) (eTable 4, Supplement 1). Across ICUs, adherence was high for intervention reach (median
82%, IQR 77%, 89%), sedation assessment (median 83%, IQR 82%, 91%), setting targets for sedation
level (median 85%, IQR 63%, 89%) and ventilation parameters (median 90%, IQR 81%, 96%).
Adherence was moderate for SBT screening (median 74%, IQR 66%, 83%) and lower for proceeding
to SBT when screening criteria were met (median 40%, IQR 31%, 51%). (eTable 5, Supplement 1).
Documented reasons for non-progression to SBT and extubation are summarized in eTables 6 and 7,

Supplement 1.

Primary outcome

After adjustment for cluster and calendar time, the intervention resulted in a significantly shorter
duration of IMV before successful extubation (aHR for extubation 1.11, 95% Cl 1.02 to 1.20, P=0.02).
The median (IQR) hours was 64.8 (22.1-141.4) in the intervention condition compared with 66.2
(21.8-138.0) in usual care and the adjusted median (IQR) difference across all calendar time periods
was -6.1 (-8.2- -5.3) hours (Table 2; all children eTable 8, Supplement 1). The probability and time to
successful extubation by observation period is shown in Figure 2 (all children, eFigure 3, Supplement

1),

12
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In a prespecified secondary analysis that adjusted for additional covariates, the findings were not
statistically significant (prolonged ventilation cohort, aHR 1.07, 95% Cl 0.98 to 1.16, P=0.13; all

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

Secondary outcomes

There was a significantly higher incidence of successful extubation in the intervention condition (aRR
1.01, 95% CI 1.00-1.02, P=0.03). There was no significant difference in total duration of IMV (median
(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-
-0.18); aHR 1.09, 95% CI 1.00-1.18, P=0.06). Post-extubation use of non-invasive ventilation was
significantly higher in the intervention condition (aRR 1.22, 95% Cl 1.01-1.49, P=0.04), but there was
no significant difference in duration of non-invasive ventilation (median (IQR) days, intervention, 1.8
(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,
P=0.43). ICU length of stay was not significantly different (median (IQR) days, intervention, 5.0 (3.0-
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% ClI
0.90-1.06, P=0.53), but there was a significantly longer hospital length of stay in the intervention
condition (median (IQR) days, intervention, 9.6 (5.0-19.8) vs usual care, 9.1 (5.0-18.9); adjusted
median (IQR) difference 0.91 (0.84-0.97); aHR 0.89, 95% Cl 0.81-0.97, P=0.01). The intervention
resulted in a significantly higher incidence of unplanned extubation (aRR 1.62, 95% Cl 1.05-2.51,
P=0.03), but no significant differences in reintubation (aRR 1.10, 95% Cl 0.89-1.36, P=0.38) (Table 2;

all children eTable 8, Supplement 1).

In relation to other safety outcomes, there were no statistically significant differences between
intervention or usual care in risk of tracheostomy; post-extubation stridor; or mortality in ICU or
hospital for both patient cohorts (Table 2; all children eTable 8, Supplement 1). Variance

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

There were 18 and 25 serious adverse events in the intervention and usual care conditions
respectively. Events included hypoxia (intervention n=9, 0.2%; usual care n=11, 0.3%) and
nonvascular device dislodgement (intervention n=2, 0.04%); usual care n=7, 0.1 %). (eTable 10; all

children eTable 11, Supplement 1).

Clinical and Exploratory outcomes

Baseline ventilation parameters were similar (eTable 12, Supplement 1). Ventilation parameters
immediately before the SBT in the intervention condition and 2-hours before extubation in usual

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

Exploratory subgroup analyses for the duration of IMV before successful extubation showed no
significant interactions in pre-specified subgroups based on size of unit, type of admission, reason

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

Discussion

In this stepped-wedge cluster randomized clinical trial in children anticipated to require prolonged
ventilation, the use of a sedation and ventilation liberation intervention compared with usual care
significantly reduced the duration of IMV to successful extubation. The effect size was small and thus
the clinical significance is uncertain. The significant effect was consistent across all children receiving

mechanical ventilation.

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

and as a result, there may have been heterogeneity in the treatment effect that could have
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attenuated the overall effect. As a result, a greater effect in a more focused population cannot be
excluded. Second, given the historic lack of bedside nurses’ involvement in ventilator weaning in the
UK®, engaging the nurses fully in the process may have prompted earlier consideration of
extubation; this was a key factor in a previous study.'® Third, observations showed a lower
adherence to undertaking a SBT when screening criteria were satisfied and may reflect clinician
hesitancy to drop swiftly from a high to a low level of support to test readiness for liberation. While
the screening criteria indicated potential to proceed to a SBT, progression may not have been
clinically inappropriate. Reluctance and non-adherence may plausibly be a sign of the difficulties
clinicians experience in changing long-standing practices.'® Further, the large numbers of staff
required to deliver the trial intervention may have attenuated the effect compared to the effect size

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

Very few pediatric randomized clinical trials have specifically evaluated a daily screening and SBT
strategy. In a two-center trial recruiting mainly medical patients, Foronda et al reported a reduction
in duration of IMV of more than 24 hours in the SBT group (n=294, median 3.5 versus 4.7 days,
P=0.01).%° A single-site trial of cardiac surgical patients by Ferreira et al reported a significant
reduction in extubation success in the SBT group (n=110, 83% versus 68%, p = 0.02), but a longer
difference in duration of IMV in the SBT group that did not meet statistical significance (median 29.4
versus 21.5 hours, P=0.29).%! In both trials, relatively few clinicians delivered the intervention in a
controlled manner; thus, the findings may not directly translate when applied into wider clinical
practice. In contrast, Curley et al evaluated a sedation protocol incorporating am SBT delivered by
each site’s multidisciplinary team in a 31-site cluster trial that enrolled medical patients.> They
reported no significant differences in duration of IMV between groups (n=2449, both groups median
6.5 days), but showed reduced variation in sedation management with inter-professional
involvement. In the current study, the median duration of IMV days in usual care was less than three

52021 or other

days and much shorter than that reported in other pediatric studies evaluating SBTs
weaning protocols.?2?* |t was also shorter than pre-trial estimations that were based on the mean

15
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duration. It is possible that, with a shorter duration of IMV in usual care, the intervention had a

reduced absolute effect.

The significantly higher incidence of unplanned extubation may be associated with less sedation and
more awake patients. However, the proportion of unplanned extubation was lower than 4 to 8%

reported elsewhere,>?

and did not result in a higher rate of reintubation. This may be an indication
that some patients might be ready to breathe without assistance sooner than previously expected, a
point raised in previous adult and pediatric studies.?®?” Thus in some respects, usual care may be a
conservative approach. The greater use of non-invasive ventilation after extubation in the
intervention condition may reflect the need for continued ventilator support because of earlier

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

and extubation approach in contrast to a conservative approach.

Children in the intervention condition had a significantly longer hospital stay. Whether this finding
represents an association with the intervention or is a consequence of greater use of non-invasive

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

The stepped-wedge design had several strengths. It helped overcome the risk of intervention
contamination in usual care; maximise power to detect an effect; facilitate intervention training; and
increase ICU participation by guaranteeing receipt of the intervention.?® The pragmatic recruitment

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

Limitations

This study has several limitations. First, assighment of the intervention was unblinded. This may have
led to performance or detection bias. Second, hospital sites were the unit of randomization, and the
children enrolled were a heterogeneous group with a variety of respiratory, cardiac, and other

impairments. Whether the intervention would perform differently in a more homogenous group
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remains to be determined. Third, the intervention included several components and adherence to all
components was not uniformly observed. It was not possible to determine which components were
primarily responsible for the observed effect. Fourth, data on sedatives, analgesics and sedation
levels were not collected; rather ICU teams were recommended to consider the child’s sedation
needs informed by COMFORT scores and SBT readiness screens. Fifth, the categorization of
diagnostic codes to define prolonged ventilation was based on diagnoses that typically require more
than 24-hours of ventilation. Stratification based on codes requiring more prolonged ventilation (e.g.

more than 48 hours) may have shown different effects.

Conclusions

Among children anticipated to have prolonged of mechanical ventilation, a sedation and ventilator
liberation intervention compared with usual care resulted in a statistically significant reduction in

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

Assessment of sedation levels by the bedside nurse using the COMFORT® 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

Sp02 > 95% (or as appropriate)

PEEP < 8cm H,0

PIP <£22cm H,0

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 H,0

Pressure Support 5cmH,0 (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,
positive end-expiratory pressure; PIP, peak inspiratory pressure

2The COMFORT scale assesses pain and sedation to determine if the child is adequately comfortable

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

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

1 to less than 24 months

24 to less than 72 months

72 months or greater

Previous ICU admission, No. (%)
Pediatric Index of Mortality 32, median (IQR)

Primary diagnostic group, No. (%)

Cardiovascular
Respiratory
Other
Neurological
Gastroenterology
Infection
Oncology

Type of admission, No. (%)
Medical, unplanned
Medical, planned

Post-surgical, planned

Post-surgical, unplanned

1042 (22.2)
2077 (44.3)
710 (15.2)
859 (18.3)
1429 (30.5)

0.02 (0.01-0.05)

1613 (34.4)

1410 (30.1)
602 (12.8)
385 (8.2)
316 (6.7)
253 (5.4)

109 (2.3)

2659 (56.7)
265 (5.7)
1532 (32.7)

232 (5.0)

772 (18.6)
1937 (46.6)
665 (16.0)
780 (18.8))
1102 (26.5)

0.02 (0.01-0.05)

1226 (29.5)
1289 (31.0)
484 (11.7)
431 (10.4)
294 (7.1)
307 (7.4)

124 (3.0)

2624 (63.2)
153 (3.7)
1128 (27.2)

250 (6.0)

Pediatric Intensive Care Unit Characteristics (n =18)

Beds, No. (%)
6to11l

12 to 30

Fellowship training provision, No. (%)

Intensivist coverage, No. (%)

Unit type, No. (%)

General

General and cardiac mixed

9 (50)
9 (50)
15 (72.2)

18 (100)

11 (61.1)

5(27.8)
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Cardiac 2(11.1)

Sedation assessment validated tool in place 13 (72.2)

prior to study®, No. (%)

Sedation protocol in place prior to study®, 4(22.2)
No. (%)
Ventilation weaning protocol in place prior 3(16.7)

to study®, No. (%)

2 Paediatric Index of Mortality 3 (PIM3) is a predictive model based on ten explanatory variables collected at
the time of admission to intensive care to estimate the probability of death. Reporting an index ranging from 0
to 1, the higher the index, the higher the estimated probability of death.

b Sedation assessment tools in place were either COMFORT original or COMFORT behavioural which were used
in the intervention (see footnote a in box).

¢ Sedation protocols in place prescribed the reduction of sedatives, whereas the intervention recommended
that sedatives were adjusted to achieve a COMFORT range (see footnote a in box).

4 Weaning protocols in place prescribed stepwise reductions in ventilator support, whereas the intervention
prescribed daily screening and a spontaneous breathing trial

Note for production:
The ICU characteristics can be placed in the left-hand column and the right remain empty if needed
to maintain a three-column format.
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Table 2. Outcomes

Observation period Adjusted analyses®
Intervention Condition Usual Care Absolute Scale Relative Scale
(n = 4688) (n =4155)
Median (IQR) hours hMoeuc:Lin Difference (IQR) P value Hazard Ratio (95%Cl) P value

Primary Outcome
Duration of invasive mechanical ventilation until 1° 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
successful extubation®

Median (IQR) days Median Difference (IQR) P value Hazard Ratio (95%Cl) P value
days

Secondary Outcomes

Total duration of invasive mechanical ventilation® 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 ventilation® 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% Cl) Relative Risk (95% CI)¢

Successful extubation © 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
Tracheostomy® " 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 stridor' 419 (8.9) (n=4688) 356 (8.6) (n=4155) 3.05(-1.71-7.80) 021  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 mortality’ 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

586 Footnotes:
587 2 All outcomes were adjusted for cluster (pediatric ICU) and calendar time (period categorical effect).
588 b Adjusted median differences and IQR were calculated across the 22 time periods
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¢ 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

receiving a tracheostomy.

4The Poisson regression with robust standard errors (to correct for misspecification of Poisson distribution for binomial distribution) was used to estimate the relative risk

¢ Percentage successful extubations in patients where extubation was attempted. An extubation that did not require reintubation within a 48-hour time period was
considered successful.

f Percentage point difference estimated using a mixed effects binomial model with identity link. All other outcomes, percentage point difference was estimated using
generalised estimating equations

& Due to lack of convergence, marginal estimates of risk difference were developed without using a small sample correction

h During the study period

" Laryngeal edema resulting in stridor upon extubation

TIncludes ICU mortality
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Figure title and legends

Figure 1. Selection of pediatric intensive care units and enrolment of patients in a stepped-wedge
cluster randomized trial of a sedation and ventilator liberation intervention in children

21 hospital site had 2 pediatric ICUs that were randomized together to avoid contamination of the
intervention

b 3 patients excluded from analysis, could not link to PICANet data set

¢ diagnostic codes associated with a short duration of ventilation (<24 hours) were categorized as
‘short’, all others were categorized as ‘prolonged’.

Figure 2. Kaplan Meier. Probability and time to successful extubation by observation period in the
prolonged invasive ventilation cohort

Footnote: The hazard ratio and the median difference (IQR) were adjusted for cluster and calendar
time. Patients were observed from initiation of ventilation until the first successful extubation
(defined as still breathing spontaneously for 48-hours after extubation). The curves on the graph are
created using the adjusted figures. The risk table presents the absolute patient numbers and
therefore will not match precisely.
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