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1 STUDY SUMMARY  
  
  

Scientific title  Sedation AND Weaning In CHildren: the SANDWICH trial  

Public title  Weaning children from the breathing machine in the 
children’s intensive care unit  

Health Condition(s) or problem(s) 
studied  

Children admitted to paediatric intensive care units  
(PICU) requiring invasive mechanical ventilation (IMV)   

Study Design  
Cluster-randomised stepped wedge (SW) clinical and 
cost-effectiveness trial with an internal pilot and a 
process evaluation (PE)  

Study Aim and Objectives  

Aim  
To determine if a protocol-based intervention, 
incorporating co-ordinated care with greater nursing 
involvement, to manage sedation and ventilator weaning 
can reduce the duration of IMV and is cost effective 
compared with usual care in children in PICUs.  
  
Primary Objective  
To determine if the intervention reduces the duration of 
IMV in children expected to be ventilated for a prolonged 
period of time  
  
Secondary Objectives   
To determine if the intervention:  

• Reduces total duration of IMV   
• Reduces length of PICU and hospital stay  
• Does not cause additional harm   
• Is cost effective in the National Health Service 

(NHS)  
• Is sustainable and acceptable to staff delivering 

care  
  

Alongside the trial a process evaluation will be 
conducted using the principles of the Medical Research 
Council (MRC)  
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Study Intervention  

A protocol-based intervention incorporating:  
• co-ordinated care with greater nursing involvement   
• patient-relevant sedation plans linked to regular 

assessment using the COMFORT scale   
• regular assessment of ventilation parameters with a 

higher than usual trigger for undertaking an extubation 
readiness test  

• a spontaneous breathing trial (SBT) on low levels of 
respiratory support to test extubation readiness  

Comparator  

Usual care: this is non-protocol-based and primarily 
medically-driven. Sedation levels are often assessed 
using the COMFORT scale. Ventilator weaning generally 
involves slow, gradual reduction of  

 pressure support to very low levels to test readiness for 
extubation  

Primary Outcome  

Duration of IMV measured in hours from initiation of 
invasive ventilation until the first successful extubation 
(success defined as still breathing spontaneously 48 hours 
following extubation).  
  
In cases where a child is admitted to a PICU already 
intubated, the duration of IMV will be measured in hours 
from admission until successful extubation.  

Key Secondary Outcomes  

• Successful extubation  
• Number of unplanned extubations   
• Number of reintubations   
• Incidence and duration of post-extubation use of 

non-invasive ventilation  
• Tracheostomy  
• Post-extubation stridor   
• Any adverse events   
• PICU length of stay   
• Hospital length of stay   
• Mortality occurring within the ICU  
• Mortality occurring within the hospital  
• Cost per respiratory complication avoided at 28 

days  

Key Inclusion and Exclusion Criteria  

Unit inclusion criteria   
UK NHS PICUs willing to comply with the protocolised 
weaning intervention once randomised to crossover to 
the intervention period  
  
Patient inclusion criteria  
All invasively mechanically ventilated children (<16 years 
old)  
  
Patient exclusion criteria  
Children who would not reach the primary endpoint.  
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Countries of Recruitment  UK  

Study Setting  Paediatric Intensive Care Units  

Target Sample Size  9520  

Study Duration  36 months  
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3 BACKGROUND AND RATIONALE  
  
3.1 Background Information  
  
Currently there is no UK consensus on weaning from invasive mechanical ventilation (IMV) in 
Paediatric Intensive Care Units (PICUs). Our feasibility study highlighted considerable variation in 
ventilator weaning practice: usually a slow reduction in ventilator support to a very low level prior 
to extubation and no test for early readiness for extubation on higher levels of support using a trial 
of spontaneous breathing 1. Furthermore, nurses’ roles are not optimally utilised to adjust ventilator 
settings due to lack of protocols to guide ventilator weaning and discontinuation 2. In a large 
number of PICUs, very few nurses are engaged in weaning, most PICUs suspend changes to 
ventilator settings overnight and weaning only happens during the day 1.   

  
Mechanically ventilated children require sedative therapy with associated clinical benefit such as 
reduced agitation, but over-sedation can result in protracted weaning time. A recent National 
Institute for Health Research (NIHR) study of sedatives in PICUs reported that only about one-third 
of children were adequately sedated; and that almost 18% were over-sedated 3. Our feasibility study 
of site visits highlighted limited guidance on target sedation scores, and nurses reported they more 
often increased than decreased sedatives to ensure patient comfort 1. Only two PICUs adopted a 
sedation protocol to guide sedative dose adjustment to sedation score. While there is some 
evidence of an association with using sedation protocols and reduced PICU length of stay, there is a 
paucity of high-quality evidence to guide this practice4.  

  
Pressure on resources is a daily occurrence in the current National Health Service (NHS) and 
admissions to PICU are increasing year by year. Children who are ventilator dependent generally 
remain in PICU, requiring specialised care and frequent monitoring. In the current climate of limited 
availability of PICU beds, maximising use of limited resources is an important goal of providing care 
to critically ill patients. From 2004 to 2013 there was an increase of 15% in PICU admissions in 
England and Wales from 13,982 to 16,100; and overall UK admissions for 2014 were 19,760. There is 
seasonal variation in the number of admissions with peaks seen in the winter months from 
November to January when pressure for beds is greater.  Around 67% of admissions to PICU require 
IMV for acute respiratory failure. In general, 25% of children are discharged within 24 hours, 33% 
remain from 1 up to 3 days; 23% from 3 up to 7 days; and 19% for more than 7 days 5.   

  
Weaning from ventilation is a complex process involving a number of stages: i) recognition that the 
child is ready to begin the weaning process; ii) steps to reduce ventilation while optimising sedation 
in order not to induce distress; and iii) removing the endotracheal tube. Delay at any stage can 
prolong the duration of IMV, therefore an intervention targeted at assisting clinicians to safely 
expedite this process will minimise the risks associated with IMV. The judgement and experience of 
clinicians is critical in guiding weaning from ventilation, however, as data from our feasibility study 
on paediatric usual practice show, there is wide variation both in sedation and ventilator weaning 
practices and junior staff are rarely involved in the process 1. Various intensive care unit (ICU) 
studies have reported associations between rates of high inter-professional collaboration and lower 
patient mortality 6, 7; and improved clinician-to-clinician communication with reductions in ICU 
length of stay 8. A team-led approach that maximises engagement of all staff in early recognition of 
readiness and preparation for weaning ventilation could potentially reduce duration of IMV and 
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PICU length of stay and relieve pressures for beds. As 67% of nurses employed in UK PICUs are Band 
5 (junior) nurses, this would greatly maximise nursing contribution to the weaning process 5. Our 
feasibility study identified very few policies that specifically addressed sedation and weaning 
guidelines and staff interviews confirmed that a strategy for weaning sedation and ventilation was 
an important priority in most PICUs 1. Staff also disclosed continuing uncertainty about readiness to 
wean, the benefits of an extubation readiness test and its potential impact on duration of IMV in the 
UK. Importantly, the overwhelming majority of PICUs (83%) were willing to take part in a cluster 
Randomised Controlled Trial (RCT).   

  
The proposed trial has the capacity to generate new knowledge on the intervention, its 
costeffectiveness and the implementation process. First, it will be large enough to provide reliable 
evidence for or against a combined ventilator/sedation weaning protocol allowing clear, strong 
recommendations to be made on the use of this potentially low cost intervention. Second, it will 
determine the main organisational and process factors considered important for ensuring the 
intervention is optimally implemented in PICUs.  

  
3.2 Rationale for the Study  
  
A Cochrane review of weaning protocols in mechanically ventilated children highlighted only three 
RCTs 9. A two-centre trial (n=260), using an intervention incorporating daily screening and a 
spontaneous breathing trial (SBT), demonstrated a significant reduction of 32 hours (95% CI 8-56 
hours) in duration of IMV without additional harms 10. The smaller pilot studies using computer-
driven protocols showed non-significant effects in duration of IMV, but significant reductions in 
weaning times (106 hours, 95% CI 28-184; and 21 hours, 95% CI 932) 11, 12. In adults, a Cochrane 
review of protocolised weaning (17 trials) showed a 26% reduction in duration of IMV in favour of 
protocols and the most commonly used protocol was daily screening and SBT13. Although results 
from adults cannot be applied to the paediatric population, the use of SBT as a weaning strategy 
shows promise and the paediatric review indicates a state of clinical equipoise that is worthy of 
further evaluation.   

  
Sedation levels in PICU are generally suboptimal and over sedation is common. Strategies to 
improve sedation management include guidelines, algorithms or protocols, but there is weak 
evidence to support effectiveness in children 14.  A recent paediatric multi-centre cluster RCT 
conducted in the United States (n=31 sites) evaluated a sedation weaning protocol that included a 
SBT and found no significant reduction in duration of IMV 15. However, the main focus of this 
intervention was the stringent sedative regime (targeted sedation, arousal assessments, extubation 
readiness testing, sedation adjustment every 8 hours, and sedation weaning). A process evaluation 
was not conducted alongside this trial, therefore the reasons for a lack of effect are uncertain and 
we cannot determine if this was due to intervention and/or implementation failure.    

  
The paediatric review showed low quality evidence emanating from small, mainly singlecentred 
sites 9. This indicates a state of clinical equipoise: considerable promise that the intervention will be 
effective, but an evidence base that is currently too weak to warrant routine roll-out without further 
evaluation in a large, robust, multi-centre RCT. That sedation and ventilator weaning are inextricably 
linked and shown to impact on duration of ventilation, provides the rationale for evaluating a 
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combined approach in the trial. Additionally, the process evaluation will augment the interpretation 
of the trial outcomes 16.   
 
  
3.3 Rationale for the Intervention  
  
The health technology being assessed is a protocol-based intervention incorporating coordinated 
care with greater nursing involvement; patient-relevant sedation plans linked to regular assessment 
using the COMFORT tool; regular assessment of ventilation parameters with a higher than usual 
trigger for undertaking an extubation readiness test; and a SBT on low levels of respiratory support 
to test extubation readiness.  

  
There is strong evidence that co-ordinated care improves quality and saves money in healthcare, 
but it depends on the approach used, how well it is implemented and on the particular environment 
17. Within ICU, the dynamic, complex and time-pressured environment necessitates a team 
approach to care delivery that requires effective communication and collaboration 18. Various 
studies in ICU have reported associations between rates of high interprofessional collaboration and 
patient mortality 6, 7; and improved clinician-to-clinician communication with reductions in ICU 
length of stay 8. Qualitative research indicates that interprofessional collaboration and 
communication are major factors that influence weaning and adoption of weaning protocols 19.   

  
In ventilator weaning, there is strong evidence that mechanically ventilated patients should have 
their readiness to wean assessed daily and weaning should be initiated on the basis of objective 
clinical criteria, rather than the clinician's subjective impression20. Weaning generally involves either 
a period of spontaneous breathing (a SBT) or a gradual reduction in the amount of ventilator 
support. The SBT was developed to identify patients who are ready to discontinue ventilation 20. The 
test aims at monitoring signs of respiratory muscle fatigue while the patient is still intubated. Adult 
studies have shown that most patients do not need gradual weaning; when assessed with a daily 
evaluation and SBT, approximately 75% of patients are ready to be extubated 21. Early paediatric 
studies have shown similar results22-23. However, although the introduction of weaning protocols has 
resulted in decreased ventilation times in adult patients 13, only one study (n=260) has shown that a 
similar protocol can benefit the paediatric population 10.  

  
In sedation weaning, a Cochrane review of two single-centre adult trials (n=633) 24 and a recent 
multi-centre paediatric trial (n=2449) 15 showed no clear evidence that protocol-directed sedation is 
more effective than non-protocolised care. However, systematic review evidence from six 
observational studies including 2011 children reported a beneficial association between the use of 
sedation guidelines and reduced PICU length of stay, frequency of unplanned extubation, 
prevalence of patients experiencing drug withdrawal, total doses delivered and duration of sedation 
4.  

   
Sedation and weaning are inextricably linked and clinical co-ordination of care is an important 
priority. Therefore, it makes sense to package these together in a way that is not overly 
complicated: (a) daily evaluation and SBT; (b) sedation assessment and a strategy to minimise 
sedation; and (c) maximisation of engagement of staff. While the individual components have been 
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evaluated separately, the evidence to support them is still limited due to its low quality, and they 
have not been combined and evaluated in this particular way.  

  
3.4 Rationale for the Comparator  
  
The control arm is intended to reflect current best practice in NHS PICUs. Sedation and ventilator 
weaning in standard care is currently non-protocol-based and medically-driven. Sedation levels will 
be assessed and recorded with a validated sedation tool and ventilator weaning will involve a slow 
reduction in ventilator support until low levels are achieved consistent with readiness for 
extubation. Conducting a SBT from higher levels of pressure support is not a component of current 
practice.  

  
3.5 Rationale for the Study Design  

  
The cluster design chosen is a stepped wedge cluster randomised trial. Cluster randomisation is 
essential, as the intervention is delivered at the level of the cluster (site) as the individual level 
components would be susceptible to contamination if patients were individually randomised. The 
stepped wedge design has been chosen over the conventional parallel cluster design for the 
following reasons: there are limited number of clusters available to allow detection of the important 
clinical effect at 90% power; units are more likely to participate in the trial if they are guaranteed 
their unit will at some point receive the intervention; it would be infeasible and more costly to 
deliver the intervention simultaneously to units randomised to the intervention in a parallel design; 
and if the intervention is found to be effective, knowledge translation will be easier as PICUs 
participating can potentially continue after the trial, maximising the benefits of any effects to the 
NHS and patients.   
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4 STUDY AIM AND OBJECTIVES  
  
4.1 Research Hypothesis  
  
Children who are weaned from mechanical ventilation with a protocol-based approach will have a 
reduced duration of IMV than those weaned without a protocol-based approach.  

  
4.2 Study Aim  
  
To deliver a UK multi-centre stepped wedge cluster RCT to determine if a protocol-based 
intervention incorporating co-ordinated care with greater nursing involvement to managing 
sedation and weaning ventilation can reduce the duration of IMV and is cost effective compared 
with usual care in children in PICUs.   

  
4.3 Study Objectives  
  
4.3.1 Primary objective  
  
To determine if the intervention reduces the duration of IMV in children expected to be ventilated 
for a prolonged period of time.  

  
4.3.2 Secondary Objectives  
  
To determine if the intervention:  

  
• Reduces the duration of IMV in all eligible children irrespective of their expected ventilation 

duration (short or prolonged)  
• Reduces length of PICU and hospital stay  
• Does not cause additional harm as assessed through review of adverse events and respiratory 

complications  
• Is cost effective in the NHS  
• Is sustainable and acceptable to staff delivering care  

  
4.3.3 Process Evaluation  
  
A process evaluation will be conducted alongside the trial to explore the processes involved in 
delivering the intervention, in order to identify factors and the mechanisms of their interaction that 
are likely to impact on trial outcomes. The process evaluation is described in section 12.   

  
  
  
5 STUDY DESIGN  
  
5.1 Study Design  
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This is a stepped wedge (SW) cluster randomised clinical and cost-effectiveness trial with an internal 
pilot phase and a process evaluation.  

  
In PICO terms:  

  
Population:   Children admitted to eligible PICUs who require IMV.  
Intervention:  A protocol-based intervention incorporating co-ordinated care with greater nursing 

involvement to managing sedation and weaning ventilation.  
Comparator:  Usual care: sedation and ventilation weaning that is non-protocol-based and 

primarily medically-driven.  
Outcome:  Duration of IMV.  
  
5.1.1 Stepped Wedge Trial Design  
  
The SW design involves sequential but random rollout of the intervention over multiple time 
periods. The time period duration will depend on the number of clusters involved but will be 
approximately 4 weeks (hereafter referred to as one month).  In this trial, the cluster is the hospital 
site, therefore randomisation will be conducted at the hospital site level. In general there is one 
PICU per site. In sites where two PICUs are participating, the pair of PICUs will be randomised to 
cross from control to intervention together to avoid intervention contamination within the site. This 
trial requires that all participating PICUs begin the control phase of the trial when the data collection 
period begins. There will be an initial two-month period of baseline data collection during which 
none of the PICUs will be exposed to the intervention. Subsequently, every month, one site will be 
randomised to the intervention and start a two-month training period during which the intervention 
will be rolled out to that unit. The two-month training periods during which the unit can neither be 
assumed to be exposed or not exposed, will not be included in the analysis (or power calculation). 
Once each PICU has crossed over to the intervention it will remain exposed to the intervention for 
the remaining duration of the study. After the last PICU has crossed over and has fully transitioned 
to the intervention arm, there will be a final two-month period during which all PICUs will be fully 
exposed.  

  
To assess for intervention contamination in units not yet randomised (control phase), sedation and 
ventilation weaning steps will also be monitored by collecting daily information on ventilation 
parameters (mode of IMV, fraction of inspired oxygen (FiO2), positive end expiratory pressure 
(PEEP) and peak inspiratory pressure (PIP), ventilator rate, tidal volume, and the level of pressure 
support above PEEP) and sedation scores (COMFORT) prior to extubation will be measured. This will 
enable changes in practice across time to be detected.  

  
Fidelity to the intervention will be monitored as follows during the trial period. Fidelity to the 
sedation and ventilation weaning steps will be monitored by collecting daily information on 
ventilation parameters (mode of IMV, FiO2, PEEP, PIP, ventilator rate, tidal volume, and the level of 
pressure support above PEEP) and sedation scores (COMFORT) in the pre-weaning stage and the 
ventilation parameters and sedation score prior to the SBT.  

  
Adherence to elements of the intervention will be monitored in the following ways:   
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• ward round sedation and ventilation planning   
• assessment of COMFORT   
• assessment of criteria for readiness to wean   
• progression to SBT when readiness criteria are fulfilled   

  
5.1.2 Internal Pilot Study  
  
The SW design of this trial requires that all participating PICUs begin in the control phase of the trial 
when data collection begins. An internal pilot will be conducted in the first four sites randomised to 
the intervention.   

  
Sites will be classified at the beginning of the study according to size (large/small) and the study will 
use a restricted randomisation process to ensure that the first four sites randomised to receive the 
intervention will include two large and two small sites.  

  
Data collection will commence at all sites from month one, but the pilot will specifically evaluate 
and report on progress during the following time periods of each pilot site:  

  
• Period from randomisation prior to the training period (to facilitate preparation of staff rotas)  
• Training period  
• Initial period after having implemented the intervention  

  
Specifically, the following criteria will be considered:  

  
• Monitoring if the actual patient numbers/month of eligible children matches predictions  

Feasibility of data collection procedures  
• Monitoring the percentage of parents opting out from allowing their child’s data collection  
• Delivery of training (target >80% of staff/unit trained by the end of the pilot period)  
• Adherence to elements of the intervention (review and feedback of compliance with 

COMFORT scoring and ward round sedation and ventilation planning; progression to  
SBT when readiness criteria are fulfilled. Target >75% by the end of the pilot period)  

  
Formal progression criteria with cut off points will not be set; rather, it is proposed to consider all 
criteria simultaneously. Data collection will continue in all units until the formal decision to proceed 
is made by the Trial Steering Committee (TSC) in consultation with the NIHR Health Technology 
Assessment (HTA) secretariat based on available information.  

  
Alongside the internal pilot the process evaluation will be conducted.  At the pilot sites information 
will be collected on feasibility and acceptably from baseline visits about usual practice and 
resources; the implementation process during the training period; and interviews with key staff 
approximately two months following the training period.  

  
  



 

5.2 Example Study Schematic Diagram 
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5.3 Study Timeline  
  
The total study duration will be 36 months. The first 9 months will constitute the start-up period 
and all participating units will open and begin data collection in month 10. An internal pilot will run 
from months 10-18. The duration of the trial in participating units will be 20 months. At the end of 
the 20-month trial period, no further patients will be enrolled into the trial. Children who have 
already been enrolled prior to this point will be followed up for 28 days only. There will be 7 months 
at the end of the trial for final data analysis, reporting and trial close down.   

  

 
  
  
5.4 End of Study  
  
For the purposes of submitting the end of trial notification to the Sponsor and Research Ethics 
Committee (REC), the end of the trial will be considered to be when database lock occurs for the 
final analysis. The trial will be stopped prematurely if:  

  
• Mandated by REC  
• Mandated by the Sponsor (e.g. following recommendations from the Data Monitoring Data 

Monitoring Committee (DMC)  
• Funding for the trial ceases  

  
The REC that originally gave a favourable opinion of the trial will be notified in writing once the trial 
has been concluded or if it is terminated early. 

 

6 OUTCOMES  
  
6.1 Outcome Measures  
  
6.1.1 Primary Outcome Measure  
  
The duration of IMV measured in hours from initiation of IMV until the first successful extubation 
(success is defined as still breathing spontaneously 48 hours following extubation). In cases where a 
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child is admitted to a PICU already intubated, the duration of IMV will be measured in hours from 
admission until successful extubation.  

  
6.1.2 Secondary Outcome Measures  
  

• Incidence of successful extubation (defined as breathing spontaneously 48 hours following 
extubation)   

• Number of unplanned extubations (defined as dislodgement of the endotracheal tube from 
the trachea, without the intention to extubate immediately and without the presence of 
airway competent clinical staff appropriately prepared for the procedure occurs)   

• Number of reintubations  
• Total duration of IMV  
• Incidence and duration of post-extubation use of non-invasive ventilation  
• Tracheostomy insertion  
• Post-extubation stridor  
• Any adverse events (e.g. unplanned removal of any invasive tube)  
• PICU length of stay from admission to discharge measured in days   
• Hospital length of stay from admission to discharge measured in days  
• Mortality occurring within the ICU  
• Mortality occurring within the hospital   
• Cost per complication avoided at 28 days  

  
Outcomes will be measured from patient admission up to 90 days or discharge (whichever is 
earlier). However, at the end of the 20-month enrolment period, data collection will continue for a 
maximum of 28 days only.    

 

7 STUDY SETTING AND ELIGIBILITY  
  
7.1 Study Setting  
  
The trial will be conducted in at least 13 PICUs in the UK with a case mix typical of UK critical care 
practice. The PICUs recruited all participate in the Paediatric Intensive Care Audit Network 
(PICANet). PICANet is an international audit of paediatric intensive care that collects data on all 
children admitted to PICUs in the UK and Ireland (www.picanet.org.uk). Participating organisations 
provide clinical audit data to the PICANet database. A list of the study units participating in the 
SANDWICH trial will be maintained in the Trial Master File (TMF).  

  
7.2 Eligibility Criteria for Clusters (Site)  
  
The PICUs must provide evidence that medical and nursing staff have clinical equipoise for 
protocolised weaning, must nominate a local champion and agree to comply with the protocolised 
weaning intervention once randomised to cross over to the intervention. Staff must also document 
a willingness to participate in training.  
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7.3 Patient Eligibility Criteria  
  
Within eligible clusters, patients will be eligible for inclusion in the data analysis if they fulfil the 
following criteria:  

  
7.3.1 Inclusion Criteria  
  
   All children (<16 years old) in participating PICUs receiving IMV.   

  
7.3.2 Exclusion Criteria   

  
• Children who would not reach the primary endpoint (tracheostomy in situ; not expected to 

survive; treatment withdrawal).  
• Children who are pregnant, as documented in their medical notes  

  
7.4 Co-enrolment Guidelines  
  
Patients enrolled in SANDWICH may be enrolled in other observational studies.  

  
Patients enrolled in other interventional studies are potential candidates for SANDWICH. The PI or 
other unit staff should notify the trial team at the Clinical Trials Unit (CTU) with details of the 
interventional study. The study details will be reviewed by the Chief Investigator in consultation 
with the Trial Management Group (TMG).  Where applicable, the TMG may consult with the Chief 
Investigator of the other study before making a decision on whether coenrolment is acceptable.  

  
    
8 RECRUITMENT   
  
8.1 Recruitment Strategy  
  
All PICUs will be recruited prior to starting the trial to enable all units to begin baseline data 
collection at the same time point. The trial will be conducted in at least 13 units.   

  
8.2 Screening Procedure  
  
All invasively mechanically ventilated children in the PICU will be screened for eligibility for inclusion 
in data analysis.  Eligibility will be confirmed by authorised nursing/medical staff on the delegation 
log. A screening log will be maintained at each unit that will include details of the number of 
participants excluded and the reason for exclusion. Recording this information is required to 
establish an unbiased study population and for reporting according to the CONSORT statement 26.   

  
8.3 Informed Consent  
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A non-confirmed deemed consent (opt-out) approach will be taken in this cluster randomised 
stepped wedge trial.  The hospital site is the cluster and one site per month will be informed that 
they have been randomised to receive training on the intervention; they will continue using the 
intervention until the end of the trial. In the recruiting clusters, leaflets will be provided to parents, 
or legal representative, of children, informing them that the PICU is involved in a study and that 
staff will be collecting anonymised patient level information during that time. Individual patient 
consent will not be confirmed with parents. This study is assessing how well a new approach to 
weaning and sedation works and all clinical staff will follow the same protocol for weaning and 
sedation after their PICU is randomized to the intervention. This deemed consent (opt-out) 
approach is considered appropriate for the following reasons:  

  
1. In line with guidance from the Ottawa Statement 27 and feedback from proposed guidance on 

consent in cluster trials from the NHS Health Research Authority 28, there is broad support for 
taking different approaches to seeking consent in low-risk trials where the patient is likely to 
receive the research intervention as part of their standard treatment. The trial falls into this 
category because the intervention is non-invasive and directed at clinician behaviour change.  

2. During feasibility work the Clinical Research Network (CRN): Children’s Young Persons’ Advisory 
Group and a parent research group at Alder Hey were consulted on their views regarding consent. 
Parents and young people indicated that written informed consent was unnecessary due to the 
low-level of risk and non-invasive nature of the intervention and preferred posters and leaflets 
2925.  

3. Posters and leaflets will be displayed in prominent areas to explain that a trial is taking place with 
the PICU. The leaflets provided to parents will include details of who can be contacted to get more 
information or to request that their child's data is not included in the data analysis. This method 
is already established practice and works well in PICUs for informing parents of patient data 
collection for the national audit of Paediatric Intensive Care occurring in the participating ICUs.   

4. The units routinely submit clinical data to the PICANet database. These data are used locally by 
participating PICUs to monitor activity and performance. We will use PICANet data. PICANet will 
produce a facility for units to download a  pseudoanonymised dataset for the SANDWICH trial.  

  
8.4 Patient Withdrawal  
  
Children may be withdrawn from outcome data collection on the request of parents or legal 
representatives who decline participation in the research. If parents opt out from the research 
before any data has been collected for their child this will be noted on the screening log, which will 
be held at the unit; the Chief Investigator (CI) and the units Principal Investigator (PI) will be 
informed. If at any other stage in the study children are withdrawn, units will inform their PI and the 
clinical trials unit. Withdrawal should also be noted by the unit in the patient record and on 
PICANet. Units will maintain a log with details of the number of patients withdrawn and the reasons 
for withdrawal. Any data collected up to the point of withdrawal will not be included in the data 
analysis.  
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9 ASSIGNMENT OF INTERVENTION  
  
9.1 Intervention Description  
  
A protocol-based intervention incorporating co-ordinated care with greater nursing involvement is 
being assessed; patient-relevant sedation plans linked to regular assessment using a COMFORT 
scale; regular assessment of ventilation parameters with a higher than usual trigger for undertaking 
an extubation readiness test; and a SBT on low levels of respiratory support to test extubation 
readiness.  

 The intervention comprises a number of components including:   
• Greater inter-professional collaboration in regularly reviewing sedation management 

including:   
a) review of COMFORT scores, sedative regimen and setting targets  
b) ventilation and setting ventilation goals   

• Measurement of sedation using COMFORT    
• Regular daily assessment of criteria for readiness to perform a SBT by bedside nursing staff  
• A SBT and if no distress, a discussion about the decision to extubate  

  
A full description of the protocol-based intervention will be available in the study-specific guideline. 
This will be provided to units once they are randomised and have entered the intervention-training 
period, so as not to influence usual practice at units during their control period.  

  
9.2 Assignment of Intervention  
  
Each PICU will be allocated a unique ID. At the beginning of the study all sites will be classified 
according to size (large/small based on the number of children receiving IMV in participating PICU 
derived from PICANet annual report). A restricted randomisation process will be used to ensure that 
the study is balanced with respect to site size across exposed and unexposed “arms” of the trial. The 
randomisation will be completed in real time and will create a balance of large and small units.  

  
9.3 Blinding  
  
Due to the nature of the intervention and usual care sedation management and weaning processes 
the study will not be blinded. However, the randomisation process is designed to conceal allocation 
and details of the intervention until the point of randomisation, thus minimising potential attrition 
caused by advance knowledge of when a unit will receive the intervention.   

 Research nurses collecting data cannot be blinded to the allocated group because they will be 
involved in training staff in the intervention. However, patients do not need to be aware of whether 
they are receiving the intervention or usual care and any possible impact of loss of blinding will be 
explored in the process evaluation interviews with staff at the end of the trial.   
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10 DATA COLLECTION & DATA MANAGEMENT  
  
10.1 Data Collection  
  
The trial will collaborate with PICANet to make best use of the established data collection 
infrastructure which exists in all PICUs in the UK. All participating PICUs routinely submit clinical 
data to the national audit of Paediatric Intensive Care. These data are used locally by participating 
PICUs to monitor activity and performance. They have full access to, and ownership of the data. 
Data are validated on entry and centrally on the PICANet server. PICANet produce a download 
facility that allows participating units to extract data required for the trial, thus reducing the burden 
of data collection for unit staff.  

When submitting individual patient data to PICANet unit staff will indicate which patients are 
eligible for inclusion in the data analysis and will add a unique trial number. PICANet will produce a 
pseudoanonymised dataset for the SANDWICH trial which can be downloaded by unit staff at 
required intervals during the study. The data download for SANDWICH will not include any patient 
identifiable information.   

The PICANet data required for the trial will be transmitted from the participating centres to the 
Northern Ireland Clinical Trials Unit (NICTU) electronically using a secure method.  

 PICANet currently does not fully collect data to measure the primary outcome (duration of 
mechanical ventilation in hours) and several of the secondary outcomes. Additional variables to 
assess compliance with sedation and ventilation parameters would also not be captured by PICANet. 
Instead, these data will be collected and recorded on the electronic case report form (CRF) by the PI 
or designee at each unit. The data collected in the electronic CRF will not include any patient 
identifiable information.  
  
10.2 Data Variables  
  
Data collection will be restricted to variables required to define patient characteristics at enrolment; 
to monitor the intervention received and adverse events; determine quality of life; and use of 
health care resource. Data collection includes the variables detailed below (* denotes data collected 
through PICANet):  

  
Baseline Data (for both usual care and intervention)  

• Inclusion/exclusion criteria and eligibility screen  
• Patient Number (Patient ID* and Event ID generated in PICANet; Patient No.  

generated in the CRF*)  

• Sex*  
• Age on admission (in months)*   
• Gestational age at delivery (if patient is under 2 years old)*  
• Date/time of admission  
• Previous ICU Admission (during current hospital stay)*  
• Location from where the child was admitted (same hospital, other hospital, outpatient clinic 

or home)*  
• Paediatric Index of Mortality score (including breakdown of reason for this admission)*   
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• Primary diagnosis for this admission*  
• Date/time of intubation  

  
    
Daily data collection (for both usual care and intervention periods) up to 90 days or PICU discharge 
(whichever is earlier)  

• Once daily, at 8 am or as close to this time as possible, the mode of IMV, FiO2, PEEP, PIP, 
ventilator rate, tidal volume, and the level of pressure support above PEEP (depending on the 
mode of ventilation) (whilst the child is ventilated through an endotracheal tube)  

• Adverse events  
• Paediatric Critical Care Minimum Dataset (for obtaining the healthcare resource group for 

each PICU admission) *  
  
Additional data collected during the intervention phase up to 90 days or PICU discharge  

(whichever is earlier) (whilst the child is ventilated through an endotracheal tube)  
 COMFORT scoring and ward round sedation and ventilation planning  

• Readiness to wean criteria   
• Date/time of start/end of SBT and outcome (if applicable)  
• Mode of IMV, FiO2, PEEP, PIP, ventilator rate, tidal volume, and the level of pressure support 

above PEEP and COMFORT score (prior to SBT) (if applicable)  
  
Additional data collected during the control phase (whilst the child is ventilated through an 
endotracheal tube)  

• Mode of IMV, FiO2, PEEP, PIP, ventilator rate, tidal volume, and the level of pressure support 
above PEEP (2 hours prior to extubation)  

• COMFORT score  (2 hours prior to extubation or score recorded closest to this timepoint 
prior to extubation)   

  
Outcome data collection up to 90 days or PICU discharge (whichever is earlier)   

• Successful extubation  
• Unplanned extubations   
• Reintubation (including date and time)  
• Date/time of start/end of post-extubation use and duration of non-invasive ventilation   
• Post-extubation stridor  
• Date and time of tracheostomy   
• Date and time of extubation  
• PICU mortality (status on discharge)*  
• PICU length of stay *  
• Location where child was discharged to from the PICU*  

  
Data collected after PICU discharge.  

• Hospital length of stay (calculated from the date/time of hospital discharge)  
• Destination following hospital discharge  
• Hospital mortality (status on discharge)  
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Data censorship for each patient will occur at 90 days after admission to ICU. However, at the end of 
the 20-month enrolment period, patients will be followed-up for a maximum of 28 days.   

  
10.3 Study Instruments  
  
COMFORT Scale  

The COMFORT and COMFORT Behaviour scale is used to assess sedation in critically ill children 
requiring mechanical ventilation. The scale has various indicators such as alertness; 
calmness/agitation; respiratory response; physical movement; blood pressure; heart rate; muscle 
tone and facial tension. Units will use either the COMFORT or COMFORT Behaviour Scale depending 
on usual practice at the unit.   

 

10.4 Data Management of Non-PICANet Data  
  
Trial data will be entered onto the electronic CRF on a Clinical Trial Database (MACRO) by delegated 
unit personnel and processed electronically as per NICTU Standard Operating Procedures (SOPs) and 
the study specific Data Management Plan (DMP).  

 Data queries will be ‘raised’ electronically (MACRO) where clarification from unit staff is required for 
data validations or missing data. Unit staff will ‘respond’ electronically to data queries ensuring that 
amendments, where applicable, are made to the Clinical Trial Database.    
  
All essential documentation and trial records will be stored securely and access will be restricted to 
authorised personnel.   
  
All study documentation, study data and patient medical records will be archived as per regulatory 
requirements and those responsible for archiving will be noted on the sponsor agreement.  

  
10.5 Data Quality  
  
Data integrity and study credibility depend on factors such as ensuring adherence to the protocol 
and using quality control measures to establish and maintain high standards for data quality.  

 The CI and the NICTU will provide training to unit staff on trial processes and procedures including 
CRF completion and data collection.  
  
Monitoring during the trial will check adherence to the protocol, trial specific procedures and Good 
Clinical Practice (GCP).   

 Within the NICTU, the clinical data management process is governed by SOPs which help ensure 
standardisation and adherence to International Conference of Harmonisation Good Clinical Practice 
(ICH-GCP) guidelines and regulatory requirements.  
  
For data collected in the electronic CRF, data validation will be implemented and discrepancy 
reports will be generated following data entry to identify data that may be out of range, 
inconsistent or protocol deviations based on data validation checks programmed into the clinical 
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trial database. Changes to data will be recorded and fully auditable. Data errors will be documented 
and corrective actions implemented.  

 PICANet’s data validation methodology includes real-time data validation reporting back to data 
suppliers using clinical advice on appropriate ranges for clinical data. There is comprehensive 
checking of outcome variables and data used for risk adjustment. Missing data, excessive use of 
exception values and data anomalies are reported and progress chased until resolved. Stringent data 
quality, logic and range checks are built into the webbased data collection system which provides 
real-time data validation reporting.  By using a standardised format for data entry and upload 
PICANet maintains a consistent data quality. In addition, validation visits to units by the PICANet 
research nurse check the accuracy of data transcription from clinical notes.  
  
A Data Monitoring Committee (DMC) will be convened for the study to carry out reviews of the 
study data at intervals during the study.  

  
11 STATISTICAL CONSIDERATIONS  
  
11.1 Sample Size  
  
The primary aim of this study is to determine whether the intervention can reduce the average 
number of hours on ventilation in eligible children. To inform the power calculation we used PICU 
admissions data for the years 2014-2016 from 18 units participating in the trial to determine 
parameters to inform the sample size calculation. In this trial, duration of ventilation is censored at 
the point of transitioning from the control to the training period, discharge to another hospital, at 
90-days, death, and receiving a tracheostomy so applying censoring to this dataset provided us with 
a homogeneous population that more accurately reflected the trial population. The mean duration 
of mechanical ventilation was 5.8 (SD 9.6) days and an ICC (95% CI) of 0.005 (0.001 – 0.01). It is 
postulated that a reduction of one day on ventilation is both clinically important and achievable.   

  
The app https://clusterrcts.shinyapps.io/rshinyapp/ was used to update the sample size calculation 
given this revised information38.  Using this app and for the actual design of the trial (using the 
actual information on the number of clusters and number of steps, rather than approximated values 
and using the following assumptions: no. clusters per sequence=1, ICC=0.005 (with consideration 
across the range 0.001-0.01), an exchangeable correlation structure, mean difference=1, SD=9.6, at 
5% significance level, the power is approximately 80% for a cluster size of 28 (see power curve).  The 
calculation is based on a standardised effect size (mean and SD) rather than the Hazard Ratio (which 
was used in the original calculation) because the Shinyapp does not yet accommodate survival 
outcomes. This is a conservative approach meaning that it should have slightly underestimated the 
power not having allowed for the time to event nature of the data.  The expected sample size is 
9520 based on an average cluster size of 28 patients per block.  
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11.2 Data Analysis  
  
Baseline characteristics will be summarised by exposure and non-exposure to the intervention and 
summarised by their means and standard deviations, medians and inter-quartile ranges, or numbers 
and percentages as appropriate. Units will be classified as being exposed to the intervention on 
completion of their 8 week training period, and events occurring during this training period will not 
be included in the final analysis with the exception of hospital discharge. The primary aim of the 
study is to evaluate whether there is a difference in the duration of hours on ventilation before and 
after exposure to the intervention: that is, does it improve clinical outcomes for the child. Some of 
the data observations will be censored i.e. children moving to other units (prior to extubation), 
children not weaned before the unit transitions to the training phase, those who are not weaned at 
the end of the 20-month trial period, children at the time they have a tracheostomy, those not 
weaned by 90 days, or children who die.  Therefore, we will use survival analysis and estimate a 
hazard ratio for the intervention effect. Our survival analysis will estimate the hazard of being 
extubated and removed from mechanical ventilation. This means that higher hazard ratios will 
signify success of the intervention.  

We will know exact survival times (i.e. times until successful extubation) for most children, but 
children who either die on ventilation, are transferred to another unit, are not weaned before 
transitioning to the training phase, or are not weaned by 90 days will not have a known extubation 
time. We will treat these types of events as censored observations. That means we will make the 
assumption that children who died on ventilation, not weaned before transitioning to the training 
phase, were not weaned by 90 days or who were transferred to another unit on ventilation, will 
have an extubation time (i.e. were removed from ventilation) greater than the time until they died 
or were transferred.   
  
For children who are transferred to another unit, we will also make the assumption that their actual 
time to extubation is longer than their recorded time until extubation. This is again a plausible 
assumption, as children who are lost to follow up due to transfer would have been ventilated at the 
time of transfer and certainly for at least a short time beyond this. For children who are not weaned 
by 90 days we will make the assumption that their actual time until extubation is longer than 90 
days. For children who die on ventilation, it will be unknown how long they would have been 
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ventilated had they have survived. By treating these observations as censored, we will be making 
the assumption that their time on ventilation is greater than the time until they died.  For children 
who are transferred or discharged post extubation but prior to determining it is successful we will 
make the assumption that it has been a successful extubation.  

  
We will explore various models, but anticipate fitting a Cox proportional hazards model, perhaps 
with some treatment by covariate interaction to incorporate any non-proportionality. Allowance 
will be made for clustering using a frailty term for each unit (this is similar to a random effect in a 
mixed effects model). We will also adjust for calendar time, since the intervention is sequentially 
rolled-out. It is possible that some children will be re-admitted or transferred: these patients will be 
treated as independent events and will be acknowledged within our analysis. Our primary estimate 
of the treatment effect will be a cluster and time adjusted hazard ratio along with 95% CIs. Time 
adjustment is essential because this is a SW trial.  

Secondary analysis will adjust for individual and cluster level covariates such as the adherence score 
and these will be pre-specified in the Statistical Analysis Plan. Null hypotheses and analyses for 
secondary outcomes take a similar form to that for the primary outcome, and where outcomes are 
not survival times, analysis will use the generalized linear mixed model, reporting risk differences for 
binary outcomes and mean differences for continuous outcomes (all adjusting for cluster and time 
effects).    
  
Full details of the analyses will be given in the statistical analysis plan.  

  
11.3 Health Economic Evaluation  
  
A within-trial economic evaluation will be undertaken to measure the cost-effectiveness of the 
intervention compared with standard care. The perspective of the analysis will be the hospital. The 
incremental cost-effectiveness ratio (ICER) is a measure of the additional cost per additional unit of 
effect produced by one intervention compared with another. We will calculate the cost per 
complication avoided at 28 days. The occurrence of the following respiratory complications at 28 
days will be measured; reintubation, unplanned extubations, tracheostomy, post-extubation non-
mechanical ventilation and post-extubation stridor.  

We will estimate total hospital costs until 28 days for each participant by applying appropriate unit 
costs from the NHS Schedule of Reference Costs 32 to resource use data collected prospectively via 
the CRF or PICANet, as appropriate.  Data on the level of care for PICU beddays will be obtained via 
PICANet through the routine collection of the Paediatric Critical Care Minimum Data Set (PCCMDS). 
The PCCMDS consists of items recorded for each PICU bedday that can be used to define the level of 
care and appropriate health-care resource group (HRG). For patients discharged from hospital prior 
to 28 days, data on any PICU readmissions within 28 days will come from PICANet but data on 
readmissions to general hospital wards within this time will not be collected. This is expected to lead 
to only minimal data loss, as the readmission rate within 30 days in a similar paediatric population 
was observed to be low (5%) with a mean hospital length of stay of less than 1 day 33.   
  
Descriptive statistics will be used to summarise hospital service use, costs and respiratory 
complications. Multilevel mixed-effects regression modelling will be used for total costs and 
respiratory complications. We will adjust for calendar time and clustering, ensuring consistency with 
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the other models being constructed as part of the main analysis of the trial. We will estimate 
adjusted incremental (differential) total costs and adjusted incremental effects (respiratory 
complications).  To explore the uncertainty in the estimates of costs and effects, the regression 
models will be bootstrapped to obtain at least 1000 bootstrapped adjusted incremental costs and 
adjusted effects which will be plotted on the cost-effectiveness plane as ICER replicates. Cost-
effectiveness acceptability curves will be constructed from the scatterplots by placing a series of 
lines on the plane which represent different willingness-topay (WTP) thresholds. The WTP threshold 
is the maximum amount of money that the decision-maker would be willing to pay per additional 
unit of effect. The proportion of ICER replicates falling below each WTP threshold equates to the 
probability of the intervention being cost-effective at that threshold. Since there is no generally 
accepted threshold value for cost per respiratory complication avoided a range of plausible 
thresholds will be explored.  

 Sensitivity analysis will be performed to assess the robustness of the cost-effectiveness results to 
changes in key parameters. Since the time horizon of the analysis is less than 1 year, it will not be 
necessary to discount costs and effects.   
  
11.4 Additional Analyses  
  
Exploratory analysis will be reported using 99% confidence intervals for subgroups including size of 
unit and type of condition. The SW design will also allow us to investigate intervention effect 
heterogeneity across clusters and time.  

  
    

12 PROCESS EVALUATION  
  
12.1 Justification  
  
The intervention under investigation in this trial is complex in that it includes a number of 
interdependent and interrelated components.  Adding to that complexity, the intervention is being 
tested in multiple units comprising variable characteristics and so it is susceptible to variations 
between units concerning how it is implemented, received and delivered 34. Therefore, we will 
evaluate the process of the implementation of the intervention to answer the question ‘does it 
work?’ in a way that will help us distinguish between intervention failure and implementation 
failure. Additionally, this evaluation will deliver important evidence concerning the barriers and 
facilitators to adoption. This cannot only help to explain trial outcomes, but also determine factors 
requiring attention if, after the study, the intervention is to be further disseminated to other PICUs 
and sustained in practice. We will follow the guidance from the MRC on the process evaluation (PE) 
16. Additionally, our evaluation will be guided by on-going work of an MRC Network of Trials 
Methodology Hubs’ PhD Fellowship student (supervised by Blackwood, McAuley and Clarke), who is 
developing a framework for PEs in critical care trials.   
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12.2 Aims and Objectives  
  
The aim of the process evaluation is to explore the processes involved in delivering the intervention, 
in order to identify factors and the mechanisms of their interaction likely to impact on trial 
outcomes. The objectives are:  

1. To establish the extent to which the intervention is implemented as intended 
(implementation fidelity), over time and across different PICUs.   

2. To ascertain how participants receive (e.g. understand and respond to) the intervention, 
over time and across different PICUs.  

3. To explore the context over time and across different PICUs and determine factors 
(including managerial support, economic, organisational and work level) that affect 
implementation.  

  
 
12.3 Data Collection Methods  
  
The methods used to conduct the PE will be:  

• Initial unit visits to undertake familiarisation with the PICU and to obtain information on 
context and usual practice. This information will be collected through interviews and/or 
focus groups with staff involved in the implementation and delivery of the intervention, as 
well as research staff (PIs and Research Nurses). We will employ purposive sampling to 
obtain a range of participants according to grade and profession.  

• Telephone interviews with unit research staff and local champions  in the intervention 
phase to obtain information regarding the implementation process; acceptability of the 
intervention; barriers; clinical decisions affecting the use of protocol.   

• Final unit visits to undertake individual and/or focus group interviews with staff involved in 
implementation or intervention delivery. Interviews will explore clinician experiences and 
understandings, including those relating to barriers and facilitators to the delivery and 
receipt of the intervention. These final visits will be staggered to allow time for transcription 
and analysis of qualitative data. Again, we will employ purposive sampling to obtain a range 
of participants according to grade and profession.  

 
   
  
12.4 Data Analysis Methods  
  
We will use the framework approach to analyse qualitative data 35. This will allow us to use themes 
identified a priori alongside those that emerge de novo in the development of the final analytical 
framework. The analysis will look for patterns and exceptions to these patterns that cross-cut the 
entire dataset. To ensure confirmability and trustworthiness, a sample of textual data will be double 
coded and the independent analyses shared to identify key differences and similarities in pursuit of 
an agreed final analysis. Using this approach, we will generate a body of evidence on the barriers 
and facilitators related to the implementation, receipt and setting of the protocol.    
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12.5 Integrating Process and Outcome Data  
  
The integration of process and trial outcome data and subsequent analyses will be secondary and 
explanatory, and separate from the primary effectiveness analysis. The qualitative evidence will be 
systematically combined with outcome data to identify the processes mediating protocol 
implementation, receipt and setting and observed outcomes.   

For example, in relation to assessment of implementation fidelity, we will use an adapted version of 
the Conceptual Framework for Implementation Fidelity 36. Accordingly, we will assess each key 
component of the protocol to answer the following questions:  
  

• Fidelity: were the intervention components implemented as planned?  
• Dose: how much of the intended intervention was delivered? (i.e. to what extent changes 

were made in delivering the components and decisions taken for operating  
‘off protocol’).  

• Reach: what proportion of staff were trained and to what extent were they engaged in the 
intervention components?   

  
We will identify potential moderating factors that may impact on adherence to the key components, 
using evidence gathered as part of the PE. This will allow us to score each of the participating PICUs 
according to adherence to each component. Adherence will be  

‘scored’ on a categorical scale ranging from 0 to 3, with 0 representing ‘no adherence’, 1 
representing ‘some adherence’, 2 representing ‘mostly adhering’, and 3 representing ‘full 
adherence’. Following Sheard et al. 34, each intervention component will be independently scored 
by three members of the research team, with consensus agreement on the final score for each ICU. 
The final score will be available to use as a covariate in secondary analyses.      

Throughout the integration of process and outcome data, and in line with recommended practice, 
we will draw on relevant theory to help understand the observed relationships between 
(components of) the evidence uncovered through the process evaluation and trial outcome data 37.  
  
    
13 SAFETY REPORTING  
  
13.1 Definitions  
  
As the current study is not investigating medical products, adverse event reporting will follow the 
Health Research Authority guidelines on safety reporting in non-clinical trial investigational 
medicinal product studies.  

  
13.1.1 Adverse Event  
  
Events and complications associated with the patient’s underlying medical condition will not be 
considered adverse events (AE). An AE is defined as any untoward medical occurrence in a study 
participant.   
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13.1.2 Serious Adverse Event  
  
A serious adverse event (SAE) is defined as an untoward occurrence that:  

• results in death;  
• is life-threatening;  
• requires hospitalisation or prolongation of existing hospitalisation*;  
• results in persistent or significant disability or incapacity;  
• consists of a congenital anomaly or birth defect; or  
• is otherwise considered medically significant by the investigator.  

  
*Hospitalisation is defined as an inpatient admission regardless of length of stay, even if the 
hospitalisation is a precautionary measure for continued observation. Hospitalisations for a pre-
existing condition, including elective procedures that have not worsened, do not constitute an SAE.  

  
13.1.3 Assessment of Causality  
  
The PI or medically qualified designee should make an assessment of causality, i.e. the extent to 
which it is believed that the event resulted from delivery of the SANDWICH intervention:  

• Not Related: Temporal relationship of the onset of the event, relative to delivery of the 
intervention, is not reasonable or another cause can by itself explain the occurrence of the 
event.  

• Unlikely: Temporal relationship of the onset of the event, relative to delivery of the 
intervention, is likely to have another cause which can by itself explain the occurrence of the 
event.  

• Possibly*: Temporal relationship of the onset of the event, relative to delivery of the 
intervention, is reasonably resulted from the intervention but the event could have been due 
to another, equally likely cause.  

• Probably*: Temporal relationship of the onset of the event, relative to delivery of the 
intervention, is reasonable and the event is more likely a result of the intervention than any 
other cause.  

• Definitely*: Temporal relationship of the onset of the event, relative to delivery of the 
intervention and the event is reasonably a result of the intervention and there is no other 
cause to explain the event, or a re-challenge (if feasible) is positive.  
  

* Where an event is assessed as possibly, probably or definitely related, the event is considered 
‘related’ to the SANDWICH intervention.  

   
13.2 Reporting and Recording  
  
AEs and SAEs will be recorded and reported for each patient until PICU discharge or 90 days after 
admission (whichever is earlier). All reported adverse events will be recorded in the medical notes 
of the patients.   

 Adverse events expected within the trial population include the events listed below:  
  

• Unplanned extubation**  
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• Unplanned extubation requiring reintubation**  
• Unplanned removal of arterial line  
• Unplanned removal of an arterial line requiring reinsertion  
• Unplanned removal of central line  
• Unplanned removal of a central line requiring reinsertion  
• Unplanned removal of a urinary catheter  
• Unplanned removal of a urinary catheter requiring insertion  
• Unplanned removal of a chest drain  
• Unplanned removal of a chest drain requiring insertion  
• Unplanned removal of any other indwelling line, tube or drain  
• Unplanned removal of any other indwelling line, tube or drain requiring insertion  
• Tracheostomy**  
• Post-extubation stridor**  
• Need for non-invasive mechanical ventilation (post extubation)**  
• Reintubation**  
• Bradycardia requiring intervention  
• Hypoxia/desaturation requiring intervention  
• Need for cardiopulmonary resuscitation (CPR)  

  
**These events are being collected as outcomes in the study and so will not be reported separately 
as an AE or SAE.  

  
13.3 Serious Adverse Event Reporting  
  
All SAEs (other than those defined in the protocol as not requiring reporting) should be reported to 
the NICTU within 24 hours of the unit research team becoming aware of the event. SAEs will be 
reported using the SAE report form. The form must be emailed to the NICTU using the following 
dedicated email address:  

 clinicaltrials@nictu.hscni.net  
  
The NICTU will acknowledge receipt of the SAE Form within two working days by email to the unit. 
The unit should not wait until all information about the event is available before notifying the NICTU 
of the SAE. Information not available at the time of the initial report must be documented and 
submitted as it becomes available.  
 If in the opinion of the PI or other medically qualified designee, an SAE occurring to a research 
participant is classified as:  
  

• Related: that is, it resulted from delivery of the intervention, and  
• Unexpected: that is, the type of event is not listed in the protocol as an expected occurrence  

  
the CTU will be responsible for reporting the SAE to the sponsor and to the REC which issued the 
favourable ethical opinion. The CTU will submit the SAE (using the SAE report for nonCTIMPs 
published on the Health Research Authority website) within 15 days of the PI becoming aware of 
the event.   
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13.4 Urgent Safety Measures  
  
If the PI or designee becomes aware of information that necessitates an immediate change in study 
procedure to protect research participants from any immediate hazard, they can implement this 
immediately prior to approval by REC.    

 If an urgent safety measure is taken, the PI should notify the REC that provided the favourable 
opinion for the study immediately by telephone. The PI should also immediately notify the NICTU at 
the following email address:  
 clinicaltrials@nictu.hscni.net  
  
The NICTU will notify the Sponsor and CI. The CI will then notify the REC within 3 days (in writing) 
setting out the reasons for the urgent safety measures and the plan for further action.   

  
  
14 DATA MONITORING  
  
14.1 Access to Study Data  
  
Prior to commencement of the study, the PI at each unit will give permission for trial related 
monitoring, audits, ethics committee review and regulatory inspections, by providing direct access 
to source data and trial related documentation. The patients’ confidentiality will be maintained and 
their identity will not be made publicly available to the extent permitted by the applicable laws and 
regulations.  

  
14.2 Monitoring Arrangements  
  
The NICTU will be responsible for trial monitoring. Monitoring will be conducted in accordance with 
the trial monitoring plan. Monitoring will be an on-going activity from the time of initiation until trial 
close-out and will comply with the principles of GCP. The frequency and type of monitoring will be 
detailed in the monitoring plan and agreed by the trial Sponsor.   

Before the trial starts at a participating unit, they will be provided with training on the trial to 
ensure that unit staff are fully aware of the trial protocol and procedures.  Checks will be completed 
to ensure that all relevant essential documents are in place.   

Monitoring during the trial will check the adherence to the protocol, procedures and GCP, and the 
progress of recruitment and follow up.   

 The close-out procedure at each unit will commence once the final patient enrolled has completed 
all follow-up required by the protocol.  
  
  
15 TRIAL COMMITTEES  
  
15.1 Trial Management Arrangements  
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The CI will have overall responsibility for the conduct of the study.  The NICTU will undertake trial 
management including preparing clinical trial applications (REC and research governance), 
pharmacovigilance, unit initiation/training, monitoring, analysis and reporting. The Trial 
Manager/Co-ordinator will be responsible on a day-to-day basis for overseeing and co-ordinating 
the work of the multi-disciplinary trial team. Additional trial specific oversight committees will be 
convened for the SANDWICH trial. These will include a TMG, TSC and DMC. The NICTU will facilitate 
the setting-up and the co-ordination of these trial committees.  

  
15.2 Trial Management Group (TMG)  
  
A TMG will be established and Chaired by the CI. The TMG will have representation on it from the 
NICTU and other investigators/collaborators who are involved in the study and provide trial specific 
expertise (e.g. trial statistician).  This group will have responsibility for the day-to-day operational 
management of the trial, and regular meetings of the TMG will be held to discuss and monitor 
progress. The discussions of the TMG will be formally minuted and a record kept in the TMF.  

 A TMG Charter will be drawn up to detail the terms of reference of the TMG including roles and 
responsibilities.   
  
15.3 Trial Steering Committee (TSC)  
  
A group of experienced clinicians, a statistician, and patient and public representatives will be 
appointed to the TSC. The TSC will have at least 75% independent membership. It will include the CI 
and will have independent members (one of whom will act as Chair).  

 The TSC will provide oversight with respect to the conduct of the study on behalf of the Funder and 
Sponsor.  The TSC will meet approximately every 6-12 months during the course of the study and 
observers may be invited and be in attendance at TSC meetings, such as the Sponsor or Funder 
representatives or the Trial Manager to provide input on behalf of the NICTU. The discussions of the 
TSC will be formally minuted and a record kept in the TMF.  
  
A TSC Charter will be drawn up to detail the terms of reference of the TSC including membership 
and roles and responsibilities.  

  
15.4 Data Monitoring Committee (DMC)  
  
The role of the DMC is to safeguard the rights, safety and wellbeing of trial participants, monitor 
data and make recommendations to the TSC on whether there are any safety reasons why the trial 
should not continue and monitor the overall conduct of the study to ensure the validity and 
integrity of the study findings.   

The DMC will comprise independent members with at least one statistician and one clinician with 
expertise in the relevant area. The DMC will meet approximately every 6-12 months during the 
course of the study. The discussion of the DMC will be formally minuted and a record kept in the 
TMF.  
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A DMC Charter will be drawn up to detail the terms of reference of the DMC including membership 
and roles and responsibilities.   

   
16 REGULATIONS, ETHICS AND GOVERNANCE  
  
The trial will comply with the principles of GCP, the requirements and standards set out by the EU 
Directive 2001/20/EC and the applicable regulatory requirements in the UK and the Research 
Governance Framework.  

  
16.1 Sponsorship  
  
Queen’s University Belfast (QUB) will act as Sponsor for the study and the CI will take overall 
responsibility for the conduct of the trial.  Separate agreements will be put in place between the 
Sponsor and each organisation who will undertake Sponsor delegated duties in relation to the 
management of the study.  

  
16.2 Funding  
  
This study is funded by the NIHR HTA Programme. This funding covers staff cost, travel, 
consumables, training, trial registration fees, software licenses and open access publication fees.  

This study is funded as a result of a commissioned call from the NIHR and the protocol was 
developed in response to review by NIHR HTA.  

  
16.3 Contributorship  
  
All the applicants (Bronagh Blackwood, Kevin Morris, Duncan Macrae, Mark Peters, Mike Clarke, 
Karla Hemming, Joanne Jordan, Roger Parslow, Cliona McDowell, Ashley Agus, Danny McAuley, 
Lyvonne Tume and Timothy Walsh) contributed to the study design; and along with the TMG were 
involved in the development and finalisation of the protocol. Blackwood brings expertise in the 
evaluation of complex interventions in ICU, particularly considering strategies for weaning from 
mechanical ventilation. Jordan brings expertise in ethnography for the process evaluation. Tume has 
undertaken robust feasibility work to underpin this study and provides nursing leadership in 
education, training and implementation of the weaning protocol. Walsh brings expertise in complex 
intervention in cluster trials. Both Clarke and Hemming provide expertise in clinical trials and 
stepped wedge design. Parslow is an experienced epidemiologist and manages the PICANet dataset. 
Morris, Macrae, Peters, McAuley and Walsh bring clinical intensive care expertise including clinical 
trial leadership and management expertise. McDowell will co-ordinate the statistical aspects of the 
study including analyses and Agus will conduct the economic analysis for the study.  

  
16.4 Patient and Public Involvement  
  
Consultation interviews were undertaken with parents, a 15 year old PICU survivor and 13 young 
people who were members of the NIHR Clinical Research Network: Children, Young Person’s 
Advisory Group Service about the proposed trial.   
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16.5 Competing Interests  
  
The research costs were funded by NIHR HTA.  The CI and members of the TMG have no financial or 
non-financial competing interests and the members of the TSC and DMC will be asked to confirm 
that they have no conflict of interest. In the event that a TSC or DMC member reports a conflict of 
interest, advice will be sought from the Sponsor.   

  
16.6 Indemnity  
  
Queen’s University Belfast (QUB) will provide indemnity for the management and design of the UK 
cohort of the study.  QUB will provide indemnity for negligent and non-negligent harms caused to 
patients by the design of the research protocol. The NHS indemnity scheme will apply with respect 
to clinical conduct and clinical negligence.    

  
16.7 Ethical Approvals  
  
The trial will be conducted in accordance with the ethical principles that have their origin in the 
Declaration of Helsinki. The protocol will be approved by a Research Ethics Committee.  

  
16.8 Good Clinical Practice  
  
The trial will be carried out in accordance with the principles of the ICH-GCP guidelines 
(www.ich.org).   

  
16.9 Study Protocol Compliance  
  
A protocol deviation is defined as an incident which deviates from the normal expectation of a 
particular part of the trial process. Any deviations from the protocol will be fully documented.  

A serious breach is defined as a deviation from the trial protocol or GCP which is likely to effect to a 
significant degree:   

(a) the safety or physical or mental integrity of the subjects of the trial; or  
(b) the scientific value of the trial  
  

The PI or designee is responsible for ensuring that serious breaches are reported directly to the 
NICTU within one working day of becoming aware of the breach.   

Study protocol compliance will be monitored by the NICTU who will ensure that the trial protocol is 
adhered to and that necessary paperwork (e.g. CRFs) is being completed appropriately.  

  
16.10 Protocol Amendments  
  
The investigators will conduct the study in compliance with the protocol given approval/favourable 
opinion by the Ethics Committee. Changes to the protocol may require ethics committee 
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approval/favourable opinion prior to implementation. The NICTU in collaboration with the Sponsor 
will submit all protocol modifications to the research ethics committees for review in accordance 
with the governing regulations.  

  
16.11 Patient Confidentiality  
  
In order to maintain confidentiality, all study reports and communication regarding the study will 
identify the patients and participants by the assigned unique trial number only. Databases where 
information will be stored will be password protected. Patient confidentiality will be maintained at 
every stage and their identities will not be made publicly available to the extent permitted by the 
applicable laws and regulations.  

  
16.12 Record Retention  
  
The PI will be provided with an Investigator Site File (ISF) by the NICTU and will maintain all trial 
records according to GCP and the applicable regulatory requirements. The TMF will be held by the 
NICTU within the Belfast Health and Social Care Trust (BHSCT) and the essential documents that 
make up the file will be listed in an SOP. On completion of the trial, the TMF and study data will be 
archived by the NICTU according to the applicable regulatory requirements and as required by the 
Sponsor. Following confirmation from the Sponsor the CTU will notify the PI when they are no 
longer required to maintain the files. If the PI withdraws from the responsibility of keeping the trial 
records, custody must be transferred to a person willing to accept responsibility and this must be 
documented in writing to the NICTU and Sponsor.  

    
 
17 DISSEMINATION/PUBLICATIONS  
  
17.1 Trial Registration  
  
The trial will be registered with the International Standard Randomised Controlled Trial Number 
(ISRCTN) register.  

  
17.2 Trial Publications  
  
The analyses for the final study report will be provided by the Trial Statistician; it is anticipated that 
the study findings will be published in national and international peer reviewed journals and that 
the preparation of the report will be led by the CI.  In addition, study findings may be presented at 
both national and international meetings and to appropriate patient groups.   

A dissemination strategy will be devised to ensure that findings from this commissioned study are 
reported in a timely and relevant manner to influence health service policy to deliver public benefit. 
The strategy will target a variety of service users including the UK paediatric intensive care 
community, the NHS and the public.  
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17.3 Authorship Policy  
  
Authorship will be determined according to the internationally agreed criteria for authorship 
(www.icmje.org). Authorship of parallel studies initiated outside of the TMG will be according to the 
individuals involved in the project but must acknowledge the contribution of the TMG and the Study 
Co-ordination Centre.  

  
17.4 Data Access  
  
Following the publication of the study outcomes, there may be scope to conduct additional analyses 
on the data collected. In such instances formal requests for data will need to be made in writing to 
the CI who will discuss this with the TMG. In the event of publications arising from such analyses, 
those responsible will need to provide the CI with a copy of any intended manuscript for approval 
prior to submission. Authorship will need to take the format of “[name] on behalf of” or something 
similar, which will be agreed by the TMG.  

  
17.5 Data Sharing Statement  
  
Requests for data sharing will be reviewed on an individual basis by the CI and the TMG.  
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Table of amendments made to the protocol with the date of the change and content 

 

VERSION No. 
date (d.m.year) 

DATE 
APPROVED BY 
ETHICS 

KEY CHANGES TO NEXT VERSION 

V1.0 

13/07/2017 

12/09/2017 Wording clarification for outcomes: 

1. Duration of IMV measured in hours from initiation of 
invasive ventilation until the first successful extubation 

2. Number of unplanned extubations (instead of 
accidental self-extubation) 

Addition of secondary outcomes: 

1. Incidence and duration of post-extubation NIV 
2. Reduces the duration of IMV in all eligible children 

irrespective of their expected ventilation duration 
3. Number of reintubations 
4. Total duration of IMV 

V2.0 

26/10/2017 

05/12/2017 Additional data variables: 

1. Location from where the child was admitted 
2. PICU mortality (status on discharge) @ 90-days 

Addition of AEs expected within the trial population: 

1. Unplanned removal/reinsertion of vascular devices; 
indwelling line, tube or drain 

2. Bradycardia requiring intervention 
3. Hypoxia/desaturation requiring intervention 
4. Need for cardiopulmonary resuscitation (CPR) 

V3.0 

18/04/2018 

08/05/2018 Additional exclusion criterion: Children who are pregnant, as 
documented in their medical notes. 

Additional baseline data variable: Gestational age at delivery  

V4.0 

27/07/2018 

13/08/2018 Description of revised sample size to 9520 

V5.0 

12/03/2019 

26/03/2019 Following sample size recalculation, revised recruitment 
numbers added to study timeline. Study sponsor confirmed this 
was a minor amendment not requiring ethic approval. 

V6.0 

11/09/2019 

N/A  
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1.  BACKGROUND AND DESIGN  
The aim of this study is to deliver a UK multi-centre, stepped wedge (SW), cluster, randomised 
control trial (RCT) to determine if a protocol-based intervention, incorporating co-ordinated care 
with greater nursing involvement to managing sedation and weaning ventilation, can reduce the 
duration of invasive mechanical ventilation (IMV) and is cost effective compared with usual care in 
children in PICUs.    

The cluster design chosen is a stepped wedge cluster randomised trial. Cluster randomisation is 
essential, as the intervention is delivered at the level of the cluster (site) as the individual level 
components would be susceptible to contamination if patients were individually randomised. The 
stepped wedge design has been chosen over the conventional parallel cluster design for the 
following reasons: there are limited number of clusters available to allow detection of the important 
clinical effect at 90% power; units are more likely to participate in the trial if they are guaranteed 
their unit will at some point receive the intervention; it would be infeasible and more costly to 
deliver the intervention simultaneously to units randomised to the intervention in a parallel design; 
and if the intervention is found to be effective, knowledge translation will be easier as PICUs 
participating can potentially continue after the trial, maximising the benefits of any effects to the 
NHS and patients.  

  
 1.1  Study Objectives  
  

Primary objective   
To determine if the intervention reduces the duration of IMV in children expected to be ventilated 
for a prolonged period of time.   

Secondary Objectives   
To determine if the intervention:   

• Reduces the duration of IMV in all eligible children irrespective of their expected ventilation 
duration (short or prolonged)  

• Reduces length of PICU and hospital stay  
• Does not cause additional harm as assessed through review of adverse events and respiratory 

complications  
• Is cost effective in the NHS  
• Is sustainable and acceptable to staff delivering care  

  

1.2 Process Evaluation  
  
A process evaluation will be conducted alongside the trial to explore the processes involved in 
delivering the intervention, in order to identify factors and the mechanisms of their interaction that 
are likely to impact on trial outcomes. The process evaluation is described in section 12 of the 
protocol.  The following analysis will be completed and presented by site in order to determine an 
adherence score for sites:  

• % comfort score measured   
• % set a comfort score range  
• % set ventilation targets  
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• % performed an a Spontaneous Breathing Trial (SBT) when criteria for SBT met  
• % met criteria for SBT at least twice a day  
• % reasons for non-progression to SBT  
• % reasons for non-progression to extubation  

     
  

1.3 Internal Pilot  
  
The SW design of this trial requires that all participating PICUs begin in the control phase of the trial 
when data collection begins. An internal pilot will be conducted in the first four sites randomised to 
the intervention.    

Sites will be classified at the beginning of the study according to size (large/small) and the study will 
use a restricted randomisation process to ensure that the first four sites randomised to receive the 
intervention will include two large and two small sites.   

Data collection will commence at all sites from month one, but the pilot will specifically evaluate and 
report on progress during the following time periods of each pilot site:   

• Period from randomisation prior to the training period (to facilitate preparation of staff rotas)  
• Training period  
• Initial period after having implemented the intervention   

Specifically, the following criteria will be considered:  

• Monitoring if the actual patient numbers/month of eligible children matches predictions  
 Feasibility of data collection procedures  

• Monitoring the percentage of parents opting out from allowing their child’s data collection  
• Delivery of training (target >80% of staff/unit trained by the end of the pilot period)  
• Adherence to elements of the intervention (review and feedback of compliance with 

COMFORT scoring and ward round sedation and ventilation planning; progression to SBT when 
readiness criteria are fulfilled. Target >75% by the end of the pilot period)  
  

Formal progression criteria with cut off points will not be set; rather, it is proposed to consider all 
criteria simultaneously. Data collection will continue in all units until the formal decision to proceed 
is made by the Trial Steering Committee (TSC) in consultation with the NIHR Health Technology 
Assessment (HTA) secretariat based on available information.  

    

1.4 Patient Eligibility Criteria  
  
 Within eligible clusters, patients will be eligible for inclusion in the data analysis if they fulfil the  
following criteria:   
 

Inclusion Criteria   
• All children (<16 years old) in participating PICUs receiving IMV.   
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Exclusion Criteria   
  
• Children who would not reach the primary endpoint (tracheostomy in situ; not expected to 

survive; treatment withdrawal).  
• Children who are pregnant, as documented in their medical notes  

  

1.5 Research Hypothesis  
Children who are weaned from mechanical ventilation with a protocol-based approach will have a 
reduced duration of IMV than those weaned without a protocol-based approach.   

Full details of the background to the trial and its design are presented in the protocol.  The study 
schematic diagram (Figure 1) shows the stepped wedge, cluster, randomised design. The design 
involves sequential but random rollout of the intervention to clusters (hospital sites) over one month 
time periods. All participating sites begin the control phase of the trial when the data collection 
period begins. There will be an initial two-month period of baseline data collection during which no 
sites will be exposed to the intervention. Subsequently, every month, one site will be randomised to 
the intervention and start a two-month training period during which the intervention will be rolled 
out to that unit. Once each site has crossed over to the intervention it will remain exposed to the 
intervention for the remaining duration of the study. After the last site has fully transitioned to the 
intervention arm, there will be a final two-month period during which all sites will be fully exposed.   
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2.  OUTCOME MEASURES  
Primary and secondary outcomes will be measured in all children, irrespective of their expected ventilation 
duration (short or prolonged).  

  
2.1  Primary outcome measure(s)  
The duration of IMV measured in hours from initiation of IMV until the first successful extubation (success is 
defined as still breathing spontaneously 48 hours following extubation). In cases where a child is admitted to a 
PICU already intubated, the duration of IMV will be measured in hours from admission until successful extubation. 
The duration of IMV will also be calculated for all patients who reach a censoring point.  The time until extubation 
will not be known for those children who either die on ventilation, are transferred to another unit or are not 
weaned by 90 days.  In order to minimise any potential within cluster contamination we censor patients when 
they move into the training period; and when the cluster moves into the intervention phase only new admissions 
are included.  The censoring will be balanced across periods as data collection will continue to a maximum of 28 
days at the end of the 20 month recruitment period.  That means we will assume that children who were still 
intubated at the time their site moved into the training period, died on ventilation, were not weaned by 90 days 
or who were transferred to another unit on ventilation, will have an extubation time greater than the time until 
they died or were transferred.    

  
2.2  Secondary outcome measures  

• Incidence of successful extubation (defined as breathing spontaneously 48 hours following extubation)   
• Number of unplanned extubations (defined as dislodgement of the endotracheal tube from the trachea, 

without the intention to extubate immediately and without the presence of airway competent clinical staff 
appropriately prepared for the procedure occurs)   

• Number of reintubations  
• Total duration of IMV  
• Incidence and duration of post-extubation use of non-invasive ventilation  
• Incidence of tracheostomy insertion  
• Incidence  of post-extubation stridor  
• Any adverse events (e.g. unplanned removal of any invasive tube)  
• PICU length of stay from admission to discharge measured in days   
• Hospital length of stay from admission to discharge measured in days  
• Mortality occurring within the ICU  
• Mortality occurring within the hospital   
• Cost per complication avoided at 28 days  

  
Outcomes will be measured from patient admission up to 90 days or discharge (whichever is earlier). However, at 
the end of the 20-month enrolment period, data collection will continue for a maximum of 28 days only.  
Although, not pre specified as a secondary outcome in the protocol we will also include an analysis of total 
combined duration of IMV and NIV.  
  

3.  DATA   
  
3.1  CRF Forms and variables    
Full details of the data to be collected and the timing of data collection are described in the trial protocol.   

A copy of the CRF is presented in the Trial Master File.   
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3.2  Management of datasets  
At the time of analysis:  

The Data Manager in collaboration with the Study Statistician will extract data from MACRO following procedures 
as detailed in the SOP DM09 Database Closure/Lock and the corresponding study Data Management Plan (DMP). 

Trial data will be entered onto the electronic CRF on a Clinical Trial Database (MACRO) by delegated unit 
personnel and processed electronically as per NICTU Standard Operating Procedures (SOPs) and the study specific 
Data Management Plan (DMP).  

Data queries will be ‘raised’ electronically (MACRO) where clarification from unit staff is required for data 
validations or missing data. Unit staff will ‘respond’ electronically to data queries ensuring that amendments, 
where applicable, are made to the Clinical Trial Database. 
  
All essential documentation and trial records will be stored securely and access will be restricted to authorised 
personnel.   

All study documentation, study data and patient medical records will be archived as per regulatory requirements 
and those responsible for archiving will be noted on the sponsor agreement.  
  
Data will also be provided from each site via PICANet. NICTU staff will follow the steps outlined in the guideline on 
“SANDWICH How to manage PICANet Data” in relation to this data. The Trial Statistician will import the excel data 
files direct from the eTMF folder 13.8 “data management” into Stata and append the PICANet data from all sites 
to create a master file of the data.  This master dataset can then be merged with the Macro data extracted into 
Stata for analysis purposes.  

  
3.3  Data completion schedule   
The total study duration will be 36 months. The first 9 months will constitute the start-up period and all 
participating sites will open and begin data collection in month 10. An internal pilot will run from months 10-18. 
The duration of the trial in participating sites will be 20 months. At the end of the 20-month trial period, no 
further patients will be enrolled into the trial. Children who have already been enrolled prior to this point will be 
followed up for 28 days only. There will be 7 months at the end of the trial for final data analysis, reporting and 
trial close down.  The study timeline is shown in Table 1.  

  
Table 1. SANDWICH study timeline  
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3.4  Data verification  
Study specific data validation checks will be implemented.  The process of data validation ensuring the accuracy 
and quality of the data will be carried out according to SOP DM04 Data Validation and Discrepancy Management.  

  

4.  DEFINITION OF TERMS  
  
Term  Definition   

Successful Extubation  
  

Success is defined as still breathing spontaneously 48 hours following extubation  
  

Unplanned Extubation  Defined as dislodgement of the endotracheal tube from the trachea, without the 
intention to extubate immediately and without the presence of airway competent 
clinical staff appropriately prepared for the procedure occurs  
  

  

5.  SAMPLE SIZE CALCULATIONS  
The primary aim of this study is to determine whether the intervention can reduce the average number of hours 
on invasive ventilation in eligible children. To inform the revised power calculation we used PICU admissions data 
for the years 2014-2016 from 18 units participating in the trial to determine parameters to inform the sample size 
calculation. In this trial, duration of ventilation is censored at the point of transitioning from the control to the 
training period, discharge to another hospital, at 90-days, death, and receiving a tracheostomy so applying 
censoring to this dataset provided us with a homogeneous population that more accurately reflected the trial 
population. The mean duration of mechanical ventilation was 5.8 (SD 9.6) days and an ICC (95% CI) of 0.005 (0.001 
– 0.01). It is postulated that a reduction of one day on invasive ventilation is both clinically important and 
achievable.    

The app https://clusterrcts.shinyapps.io/rshinyapp/ was used to update the sample size calculation given this 
revised information.  Using this app and for the actual design of the trial (using the actual information on the 
number of clusters and number of steps, rather than approximated values and using the following assumptions: 
no. clusters per sequence=1, ICC=0.005 (with consideration across the range 0.001-0.01), an exchangeable 
correlation structure, mean difference=1, SD=9.6, at 5% significance level, the power is approximately 80% for a 
cluster size of 28 (see power curve).  The calculation is based on a standardised effect size (mean and SD) rather 
than the Hazard Ratio (which was used in the original calculation) because the Shinyapp does not yet 
accommodate survival outcomes. This is a conservative approach meaning that it should have slightly 
underestimated the power not having allowed for the time to event nature of the data.  The expected sample size 
is 9520 based on an average cluster size of 28 patients per block (Figure 2).  
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Figure 2. Power curve  
  

6.   RANDOMISATION AND BLINDING  
  
 6.1  Randomisation  
Each PICU will be allocated a unique ID. At the beginning of the study all sites will be classified according to size 
(large/small based on the number of children receiving IMV in participating PICU derived from PICANet 2017 
annual report).  Sites were ranked from smallest to largest and split at the median into two groups.  A restricted 
randomisation process will be used to ensure that the study is balanced with respect to site size across 
intervention and control phases of the trial. The trial statistician will generate the randomisation schedule before 
the trial commences and will hold in a restricted folder in the statistics section of the TMF.  The trial statistician 
will inform trial management which site is next to crossover at set intervals throughout the trial.  The 
randomisation will be completed in real time and will create a balance of large and small units in that each unit 
will be notified by trial management 12 weeks prior to moving into the training period according to the 
randomisation sequence.  

 The Stepped Wedge design of the study involves sequential but random rollout of the intervention over multiple 
time periods. The time period duration will depend on the number of clusters involved but will be approximately 
4 weeks (hereafter referred to as one month).  In this trial, the cluster is the hospital site, therefore randomisation 
will be conducted at the hospital site level. In general there is one PICU per site. One hospital (GOSH) has two 
PICU units. These two PICU units are separate but given they are within the same hospital they are not completely 
distinct entities (for example they share nursing staff). Due to the likely contamination between these two units 
for the purpose of randomisation they will be treated as one cluster.   
  
This trial requires that all participating PICUs begin the control phase of the trial when the data collection period 
begins. There will be an initial two-month period of baseline data collection during which none of the PICUs will 
be exposed to the intervention. Subsequently, every month, one site will be randomised to the intervention and 
start a two-month training period during which the intervention will be rolled out to that unit. The two-month 
training periods during which the unit can neither be assumed to be exposed or not exposed, will not be included 
in the analysis (or power calculation). Once each PICU has crossed over to the intervention it will remain exposed 
to the intervention for the remaining duration of the study. After the last PICU has crossed over and has fully 
transitioned to the intervention arm, there will be a final two-month period during which all PICUs will be fully 
exposed.   
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 6.2 Blinding and Allocation Concealment  
Due to the nature of the intervention and usual care sedation management and weaning processes the study will 
not be blinded. However, the randomisation process is designed to conceal allocation and details of the 
intervention until the point of randomisation, thus minimising potential attrition caused by advance knowledge of 
when a unit will receive the intervention.   

 Research nurses collecting data cannot be blinded to the allocated group because they will be involved in training 
staff in the intervention. However, patients do not need to be aware of whether they are receiving the 
intervention or usual care and any possible impact of loss of blinding will be explored in the process evaluation 
interviews with staff at the end of the trial.  
  

7.   ANALYSIS PRINCIPLES AND METHODS  
  

7.1 Baseline and Recruitment  
Baseline characteristics will be summarised by exposure and non-exposure to the intervention and summarised 
by their means and standard deviations, medians and inter-quartile ranges, or numbers and percentages as 
appropriate. Units will be classified as being exposed to the intervention on completion of their 8 week training 
period, and events occurring during this training period will not be included in the final analysis with the 
exception of hospital discharge.  Recruitment will be presented as per the flow chart in section 8.2 detailing the 
no of clusters and observations at each step exposed or unexposed and if there were any withdrawals.  
 

7.2 Censoring  
Some of the data observations will be censored i.e. children moving to other units (prior to extubation), children 
not weaned before the unit transitions to the training phase, those who are not weaned at the end of the 
20month trial period, children at the time they have a tracheostomy, those not weaned by 90 days, or children 
who die.     

That means we will make the assumption that children who died on ventilation, not weaned before transitioning 
to the training phase/end of trial, were not weaned by 90 days, had a tracheostomy or who were transferred to 
another unit on ventilation, will have an extubation time (i.e. were removed from ventilation) greater than the 
time of these censoring events.   

 In order to minimise any potential within cluster contamination we censor patients when they move into the 
transition phase; and when the cluster moves into the intervention phase only new admissions are included.   
  

7.3 Primary Outcome Analysis  
The primary aim of the study is to evaluate whether there is a difference in the duration of hours on invasive 
ventilation before and after exposure to the intervention: that is, does it improve clinical outcomes for the child. 
Therefore, we will use survival analysis and estimate a hazard ratio for the intervention effect. Our survival 
analysis will estimate the hazard of being extubated and removed from mechanical ventilation. This means that 
higher hazard ratios will signify success of the intervention.   

We will explore various models in STATA, but anticipate fitting a Cox proportional hazards model, with a 
treatment by time interaction to incorporate any non-proportionality following tests for proportional hazards. 
Allowance will be made for clustering using a frailty term for each unit (this is similar to a random effect in a 
mixed effects model). We will also adjust for calendar time, since the intervention is sequentially rolled-out. It is 
possible that some children will be re-admitted or transferred: these patients will be treated as independent 
events and will be acknowledged within our analysis. Our primary estimate of the treatment effect will be a 
cluster and time adjusted hazard ratio (HR) along with 95% CIs in children expected to be ventilated for a 
prolonged period of time. Time adjustment is essential because this is a SW trial.  An adjusted analysis will also be 
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carried out where we will adjust for the following covariates: age, severity of illness (PIM3 score), respiratory vs 
other diagnostic grouping, type of admission (planned/unplanned), reason for admission (surgical / medical).  We 
will also estimate the treatment effect in all eligible children as this is a secondary objective in the trial.  

 Null hypotheses and analyses for secondary outcomes take a similar form to that for the primary outcome, and 
where outcomes are not survival times, analysis will use the generalized linear mixed model, reporting risk 
differences (RD) and risk ratios (RR) for binary outcomes and mean differences for continuous outcomes (all 
adjusting for cluster and time effects) in children expected to be ventilated for a prolonged period of time.  
Analysis will be completed initially in STATA, however we will explore the impact of the use of SAS software on 
the precision of the estimates for the secondary outcomes as it can account for more complex correlation 
structures (see section 7.4).  Additional sensitivity analyses will report the treatment effects in all eligible children.  
 

7.4 Model based analysis proposal for secondary outcomes  
There are a number of requirements for the analysis model. Firstly, this is a clustered trial and all analysis will take 
clustering into account. Secondly, the trial has 17 clusters, and the model will allow for a correction due to the 
small number of clusters. Thirdly, the design is a stepped-wedge study and we will adjust for temporal 
confounding. Full details on how each of these will be undertaken, with justification is provided below.   

Binary outcomes  
A mixed effects binomial regression with a log-link will be used to estimate the relative risk; and a binomial model 
with identity link used to estimate the risk difference, with estimation using REML. In the case of nonconvergence 
of the binomial model with a log-link, a Poisson model with robust standard errors will be fitted. If the binomial 
model with the identity link does not converge then only a relative risk will be reported. If neither the log or 
identity link converge we will use the logistic link and report odds ratios. We will include fixed effects for period 
and a fixed effect for intervention exposure. The primary analysis will allow for clustering as a random effect 
assuming an exchangeable correlation structure. To correct the potential inflation of the type I error rate due to 
small number of clusters, the Kenward and Roger small sample correction will be used [1]. In a sensitivity analysis 
we will explore if models with more complicated correlation structures are a better fit to the data. These models 
are not being used as our primary analysis models as there is limited understanding as to when such models will 
converge and how to choose between the various different correlation structures which might be plausible. To 
this end we will additionally fit generalised linear mixed models (with same link functions and fixed effects as 
described above) to include the following correlation structures:  a block exchangeable correlation structure to 
include a random cluster and random cluster by period effect; and a discrete time decay correlation structure 
including a random cluster effect with auto-regressive structure (AR(1)).  We will report AIC and loglikelihoods 
from all models so we can make an informal comparison of goodness of fit. Although there are currently no 
recommended models to formally compare goodness of fit between different correlation structures, any large 
differences in goodness of fit between these models should be evident from conventional goodness of fit 
statistics. Should there be large differences and differences between results (point estimates of treatment effects 
and confidence intervals, results will be interpreted cautiously). These binary models will be fitted in SAS using 
proc glimmix because Stata both does not accommodate small sample corrections for binary outcomes and does 
not accommodates correlation structures other than the exchangeable one. However, binary outcomes will be 
analysed in Stata without the small sample correction and under the exchangeable correlation structure as a 
means of verification of results.   

Additional sensitivity analyses   
To additionally explore if the categorical effect for time (i.e. fixed period effect) is both parsimonious and 
adequate to represent the extent of the secular trend, we will model the time effect using a spline function. The 
number of knots used here will be taken as the default. Again, for verification of results this model will also be 
fitted in Stata under the exchangeable correlation structure and without a small sample correction. Models will be 
extended to include random cluster by intervention effects (with a non-zero covariance term) to examine if 
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results are sensitive to the assumption of no intervention by cluster interaction. Models will also be extended to 
include an interaction between treatment and number of periods since first treated, to examine if there is any 
indication of a relationship between duration of exposure to the intervention and outcomes.   

Continuous outcomes   
For continuous outcomes we will report mean differences estimated from mixed effects linear regression with 
identity link. All continuous outcomes will be checked for normality and appropriate transformations used. All 
analysis other than choice of link function will take the same form above. In SAS this will be achieved using proc 
mixed (hpmixed for exponential decay to improve computational time); in Stata using mixed.  

Estimation and reporting of within cluster correlations   
We will report time adjusted within-cluster correlations for all outcomes. We will report correlations from the 
different assumed correlation structures (so we will report intra-cluster correlations (ICC); within and 
betweenperiod correlations; and within-period correlations and exponential decay). As well as reporting 
correlations we will additionally report all variance components. For all outcomes (continuous and binary) we will 
report correlations on the latent scale (i.e. proportions scale for binary outcomes) as is appropriate to inform 
future sample size calculations.  To this end, to estimate the intra-cluster correlations, a linear mixed effects 
regression model with an identity-link will be fitted, with a random cluster effect and fixed period effect and fixed 
intervention effect. To report the estimated within-period ICC, between-period ICC assuming a blockexchangeable 
correlation structure we will fit a linear mixed effects regression model with an identity-link, with a random 
cluster and random cluster by period effect, and fixed period effect and fixed intervention effect. To report the 
within-period ICC and the rate of exponential decay under the discrete time decay correlation structure we will fit 
a linear mixed effects regression model with an identity-link, with a random cluster and autoregressive structure 
(AR(1)), and fixed period effect and fixed intervention effect.  No small sample corrections will be made when 
fitting models for intra-cluster correlation estimates as interest here is in the variance components and not the 
treatment effect. Again, these models will be fitted in SAS using mixed (or hpmixed) because Stata does not 
accommodate these more complex correlation structures. Again, for verification, these models will be additionally 
fitted in Stata under the exchangeable correlation structure as a means of verification of the results.    

Missing Data  
Due to the nature of the trial and outcomes that will be collected, missing data will be kept to a minimum and 
therefore, there will be no requirement for the use of multiple imputation.   

SubGroup Analysis  
Exploratory analysis for duration of IMV in the prolonged and pooled populations will be reported using 
interaction tests and 99% confidence intervals for the following subgroups:   

1. Size of unit (2 groups - large; small)  
2. Adherence (3 groups - tertiles of ranked averages)  
3. Type of admission to unit (planned; unplanned)  
4. Reason for admission (3 groups - surgical / medical - respiratory / medical- others)  
The SW design will also allow us to investigate intervention effect heterogeneity across clusters and time.  

  
  

8.  ANALYSIS DETAILS  
  
The results of the analyses will be reported following the principles of the ICH E3 guidelines on the Structure and 
Content of Clinical Study Reports.  
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8.1  Recruitment and follow-up patterns  
• Recruitment by site  
• Withdrawals by site  
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There are 17 clusters which will begin to crossover to the intervention phase at block 5 (in block 1 and 2 everyone 
is in control phase and in block 3 and 4 the first site to crossover is in training) of the trial recruitment period.  As 
one hospital (GOSH) has two PICU units, although separate, due to the likely contamination between the two 
units for the purpose of randomisation will be treated as one cluster, this results in 17 clusters comprising of 18 
PICUs.  
  
 8.3  Baseline Characteristics  

• Gender, no. (%) by treatment arm  
• Age on admission, mean (SD) by treatment arm 
• Gestational age at delivery, mean (SD) by treatment arm  
• Intubated prior to PICU arrival, no. (%) by treatment arm  
• Previous ICU admission (during current hospital stay), no. (%) by treatment arm  
• Location from where child was admitted, no. (%) by treatment arm  
• Paediatric Index of mortality score, mean (SD) by treatment arm  
• Primary diagnostic group, no. (%) by treatment arm  
• Type of admission, no. (%) by treatment arm  

  
 8.4  Ventilation Parameters  

A comparison of the ventilator parameters below at the point patients were eligible for the trial by 
treatment arm will be carried out.  As well as a comparison of ventilator parameters for all those who were 
extubated.  The values at the beginning of the SBT will be used for the Intervention arm (if within 2 hours 
+/- 1 hour of extubation) and the values 2 hours prior to extubation will be used for the Control arm.  The 
following parameters will be compared:  

• FiO2, mean (SD) by treatment arm  
• PIP, mean (SD) by treatment arm  
• PEEP, mean (SD) by treatment arm  
• Ventilator Rate, mean (SD) by treatment arm  
• Tidal Volume, mean (SD) by treatment arm  
• Level of Pressure Support above PEEP, mean (SD) by treatment arm  

  
 8.5  Trial Outcomes  

• Duration of IMV (1st successful extubation), median (IQR) by treatment arm, HR and 95% CI  
• Incidence of successful extubations, no. (%) by treatment arm. RD and 95% CI, RR and 95% CI  
• Incidence of unplanned extubations, no. (%) by treatment arm. RD and 95% CI, RR and 95% CI  

  
Block 21   
  
  
  
  
  
Block 22   
  
  
  
  
  
  
  
  
  

Cluster (n=0 )   
Obser rvations (n= 0   )   Step 21:   

Cluster (n=17 )   
  

Cluster (n=17 )   
Observations (n= )   

Cluster (n=17 )   
Observations (n= )   

Cluster (n=0 )   
Observations (n= 0   )   

Step 22:   
Cluster (n=17 )   
  

Analysis   
Excluded from analysis:   
Observations n= =  

Analysis s  
Excluded from analysis:   
Observations n= =  
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• Incidence of reintubations, no. (%) by treatment arm. RD and 95% CI, RR and 95% CI  
• Total duration of IMV, median (IQR) by treatment arm, HR and 95% CI  
• Incidence of post-extubation use of non-invasive mechanical intubation, no. (%) by treatment arm. RD and 

95% CI, RR and 95% CI  
• Duration of post-extubation use of non-invasive mechanical intubation, median (IQR) by treatment arm, HR 

and 95% CI  
• Total duration of mechanical ventilation (IMV and NIV) median (IQR) by treatment arm, HR and 95% CI  
• Incidence of tracheostomy insertions, no. (%) by treatment arm. RD and 95% CI, RR and 95% CI  
• Incidence of post-extubation stridor, no. (%) by treatment arm. RD and 95% CI, RR and 95% CI  
• PICU length of stay, median (IQR) by treatment arm , HR and 95% CI  
• Hospital length of stay in survivors, median (IQR) by treatment arm , HR and 95% CI   
• Incidence of mortality occurring within ICU, no. (%) by treatment arm. RD and 95% CI, RR and 95% CI  
• Incidence of mortality occurring in the Hospital, no. (%) by treatment arm. RD and 95% CI, RR and 95% CI  

  
 8.6  Toxicity/ Symptoms  

• Adverse Event Rate, no. events (%) by treatment arm and Classification, no. patients (%) by treatment arm. 
RR  and 95% CI.  

• Serious Adverse Event, no. events (%) by treatment arm and Classification, no. patients (%) by treatment 
arm. RR and 95% CI.  

• Unexpected Serious Adverse Reaction, no. events (%) by treatment arm and Classification, no. patients (%) 
by treatment arm. RR and 95% CI.  

  
8.7  Health Economics  
Details of the Health Economics analysis will be outlined in a separate Health Economics Analysis Plan.  

  

9.   ADDITIONAL INFORMATION   
  
9.1  Trial Steering Committee (TSC)  
A group of experienced clinicians, a statistician, and patient and public representatives will be appointed to the 
TSC. The TSC will have at least 75% independent membership. It will include the CI and will have independent 
members (one of whom will act as Chair).   

The TSC will provide oversight with respect to the conduct of the study on behalf of the Funder and Sponsor.  The 
TSC will meet approximately every 6-12 months during the course of the study and observers may be invited and 
be in attendance at TSC meetings, such as the Sponsor or Funder representatives or the Trial Manager to provide 
input on behalf of the NICTU. The discussions of the TSC will be formally minuted and a record kept in the TMF.   

A TSC Charter will be drawn up to detail the terms of reference of the TSC including membership and roles and 
responsibilities.  

  
9.2  Data Monitoring Committee (DMC)  
The role of the DMC is to safeguard the rights, safety and wellbeing of trial participants, monitor data and make 
recommendations to the TSC on whether there are any safety reasons why the trial should not continue and 
monitor the overall conduct of the study to ensure the validity and integrity of the study findings.  

The DMC will comprise independent members with at least one statistician and one clinician with expertise in the 
relevant area. The DMC will meet approximately every 6-12 months during the course of the study. The discussion 
of the DMC will be formally minuted and a record kept in the TMF.  
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A DMC Charter will be drawn up to detail the terms of reference of the DMC including membership and roles and 
responsibilities.   
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12.  APPENDIX 1:  EXAMPLE DRAFT SUMMARY TABLES  
  
Figure xxx. Recruitment   
  
  
  
Figure xxx. CONSORT  
  
  
  
Table x.x.x. Baseline Characteristics at trial entry  
  

Baseline Characteristics  

Observation period    

Control  Intervention  Total  
n=<n>  n=<n>  n=<n>  

Gender                  Male   
                               Female  
                               Ambiguous  
                               Not known  

n(%) 
n(%) 
n(%) 
n(%)  
  

n(%) 
n(%) 
n(%) 
n(%)  
  

n(%) 
n(%) 
n(%) 
n(%)  
  

Age on admission (months)  xx.x ± xx.x  xx.x ± xx.x  xx.x ± xx.x  

Gestational age at delivery (if patient is under  
2 years old)  

      

Intubated prior to PICU arrival  
   Yes     
No  

      

Previous ICU Admission  ICU  
                                   PICU  
                                   NICU  
                                   None  
                                   Not Known  
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Location from where child was admitted  
Same hospital  
Other hospital  
Outpatient clinic  
Home  

      

Paediatric Index of Mortality Score        
Primary Diagnostic Group        
Respiratory  
Cardiovascular  
Neurological  
Gastroenterology  
Infection  
Oncology  
Other  

   

Type of admission  
Planned – following surgery  
Unplanned – following surgery  
Planned – other  
Unplanned  - other  

      

        
Mean (SD) presented for continuous variables and no. (%) for all categorical variables.   
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Table x.x.x Main Clinical Outcome variables  
  

Main Clinical Outcomes  

Observation period      

Control  Intervention  Difference $ (95% CI)  ICC (95% CI)  

n=<n>  n=<n>      
Duration of IMV (1st successful extubation)         

Successful extubations         
Unplanned extubations         
Reintubations         
Total duration of IMV         
Incidence of Post-extubation use of  
noninvasive mechanical intubation  

       

Duration of Post-extubation use of  
noninvasive mechanical intubation  

       

Total duration of IMV and NIV         
Tracheostomy insertions         
Post-extubation stridor         
PICU length of stay          
Hospital length of stay          
Status at discharge 

 
 Aliv
e  

   Dead  

        

Location following discharge  
• Home  
• Other  

        

Mortality occurring within ICU          
Mortality occurring within the Hospital          
          
Mean (SD) presented for treatment arms  
#No. (%) for treatment arms and Risk Ratio and 95% CI presented   
$ HR, RD, RR and mean differences with 95% CIs will be presented based on output from STATA and SAS  
  
  
Table x.x.x Ventilation  
This table will include a summary of ventilation parameters at the point patients were eligible for the trial as well 
as prior to extubation.  

Trial Treatment  

Observation period  

Control  Intervention  

n=<n>  n=<n>  
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Ventilator Rate, mean (SD) by treatment arm      
FiO2      
PIP      
PEEP      
Tidal Volume      
Level of Pressure Support above PEEP      
  
  
Figure x.x.x. Kaplan Meier Curve  
  
Time to death and no. of deaths on x-axis while in PICU  

  
  
  
Table x.x.x. Protocol Deviations   

Category  

 Observation Period  

  
Control  Intervention  

  

Eligibility   n(%)   n(%)  

Late Reporting of SAE  n(%)   n(%)  

Other   n(%)   n(%)  

Total  n   n  
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Table x.x.x. Safety by Treatment Group  
  
    Number of events   Number of patients   

      Total  
n  

Observation Period  Total  
n (%)  

Observ

Control 
n (%)  

Intervention 
n (%)  

Control 
n (%)  

AEs, SAEs,    
   

Total SAEs            
Related to intervention            
Total AEs            
Related to intervention            
Related to intervention and 
unexpected  

          

SAEs  Classification 1            
Classification 1            
….            
            

AEs  Classification 1            
Classification 1            
….            
            
            

Unexpected 
Related SAEs  

Classification 1            
Classification 1            
….            

For no. of events %s are calculated within total SAEs, AEs, respectively within treatment arm.  
  
Figure x.x.x. Forest plot for subgroups  
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