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1 AMENDMENT HISTORY 

 

Amendment 

No. 

Protocol 

Version 

No. 

Date 

issued 

Author(s) of 

changes 

Details of Changes made 

1 2 20 Nov 

2017 

P Ramnarayan 1. Updated PI details for Cardiff and 

Vale University Health Board (Wales 

site) 

2. Updated PI details for Oxford 

University Hospital NHS Trust. 

3. Clarification of the inclusion criterion 

for the qualitative and questionnaire 

study: transports performed by 

PICRTs as well as other teams will be 

eligible (Section 8.2.1). 

4. Inclusion of a new section covering 

consent processes for parents whose 

children died on the intensive care 

unit prior to being approached for 

participation in the study (Section 

8.2.1.1). 

5. Addition of a paragraph to clarify that 

both parents will be able to complete 

transport questionnaires separately if 

they wished to do so (Section 8.2.2). 

6. Clarification regarding the timing of 

approach for consent: timing is now 

left to the discretion of the clinical 

team (Section 9).  

2 2.1 27 Mar 

2018 

P Ramnarayan Updated PI details for University Hospital 

Bristol NHS Trust. 

3 3 28 Aug 

2018 

P Ramnarayan 1. Details of data linkage for Welsh NHS 

data added to page 18 and 19, 

Section 8.1.2.2 

2. Change in time frame for parents to 

decide to participate in feedback 

study (work stream B), page 34, 

Section 9.   

4 3.1 19 Nov P Ramnarayan 1. Added 4 DGH sites to the list of 
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2018 participating sites 

5 3.2 11th 

Dec 

2018 

P Ramnarayan 1. Added a further 3 DGH sites to the list 

of participating sites 

6 4.0 24th Jan 

2018 

P Ramnarayan 1. Addition of measures to the 12 

month follow up 
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ICH International Conference of Harmonisation 

NHS National Health Service 

NRES National Research Ethics Service  

PI Principal Investigator 

PIL Participant/ Patient Information Leaflet 

R&D NHS Trust R&D Department 

REC Research Ethics Committee 

SAE Serious Adverse Event 

SDV Source Data Verification 

SOP Standard Operating Procedure 

TMF Trial Master File 

UCL University College London 
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3 STUDY SYNOPSIS 

Title   Critically ill children and young people:  do national Differences in access to 

Emergency Paediatric Intensive Care and care during Transport affect clinical 

outcomes and patient experience?  The DEPICT study 

Sponsor name  Great Ormond Street Hospital NHS Foundation Trust 

Primary 

objective 

 To study how clinical outcomes of critically ill children transported to 

paediatric intensive care (PIC) are affected by national variations in 

timeliness of access to paediatric intensive care. 

Secondary 

objective (s) 

 1. To study how the experience of critically ill children (and their families) 

transported to paediatric intensive care are affected by national 

variations in timeliness of access to paediatric intensive care. 

2. To study how clinical outcomes of critically ill children transported to 

paediatric intensive care are affected by national variations in care 

provided by PIC retrieval teams (PICRT) during stabilisation and 

transport. 

3. To study how the experience of critically ill children (and their families) 

transported to paediatric intensive care are affected by national 

variations in care provided by PIC retrieval teams (PICRT) during 

stabilisation and transport. 

4. To study the relative cost effectiveness of current PICRTs. 

5. To use mathematical modelling to evaluate whether alternative models 

of PICRT service delivery can improve clinical and cost effectiveness. 

Study Design   Mixed methods study including a) quantitative analysis of linked routinely 

collected PICANet audit data, b) qualitative study involving questionnaires 

and interviews of critically ill children transported to intensive care and their 

families, clinicians and managers, c) health economic analysis and d) 

mathematical modelling.  

Study Endpoints  Primary outcome: 30-day mortality 

Secondary outcomes: Mortality in PICU, at 90 days and within the first year 

after the index PICU admission; length of stay in PICU; Resource use in PICU 

(days on invasive ventilation, vasoactive agent therapy, renal replacement 

therapy and extra-corporeal life support); length of hospital stay for the 

index admission; number of hospital admissions and days in hospital in the 

12 months following the index PICU admission. 

Sample Size  Quantitative analysis: PICANet data analysis on 15,000 transports performed 

by PIC retrieval teams. 

Questionnaires: 800-1000 completed transport questionnaires. 

Interviews: 50 parents of critically ill children transported to PICU; 20-30 

critically ill children transported to PICU; 35-40 clinicians involved in the care 
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of critically ill children; 4-8 service managers/NHS commissioners. 

Summary of 

eligibility 

criteria 

 Children and young people (age <16 years) transported by a PIC retrieval 

team for emergency admission to a paediatric intensive care unit in England 

and Wales. 

Intervention  None 

Procedures: 

Screening & 

enrolment 

 Only the qualitative study will involve prospective patient recruitment. For 

this part of the study, all emergency admissions to participating PICUs over a 

12-month period will be screened for eligibility. Eligible patients will be 

identified and consent sought for participation in the study. 

Baseline  Consent will be sought from parents/legal guardians for completion of 

transport questionnaires; for potential contact with the researchers for 

participation in an interview at a later date; and for future contact by a 

researcher to administer quality of life questionnaires at 12 months. 

Treatment 

period 

 Over a 12-month period, using questionnaires, we will gather feedback from 

parents regarding the transport of their children. 

 

We will conduct semi-structured interviews of parents to elicit their 

experiences and perceptions regarding emergency transport to PICU (where 

possible, the experiences of children themselves), 35-40 clinicians working in 

acute general hospitals/PICUs/PICRTs, and service managers/commissioners. 

End of Study  We will collect follow up data at 12 months from parents/families regarding 

the child’s quality of life using validated questionnaires.  
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4 INTRODUCTION 

4.1 Background 

The United Kingdom (UK) has one of the highest child mortality rates in Europe.[1] In recent years, 

two confidential enquiries and one Royal College report related to preventable child deaths have 

highlighted how deficiencies in the organisation and delivery of acute care may result in poor 

clinical outcomes, and how improvements in the recognition and management of acutely ill 

children may lead to better clinical outcomes.[2, 3] 

4.1.1 CENTRALISATION OF PAEDIATRIC INTENSIVE CARE 

Over the past few decades, evidence linking higher volume to better outcomes has led to the 

centralisation of specialist services such as cancer surgery, perinatal care and trauma.[4-6] Through 

concentration of skills in fewer centres, centralisation is believed to improve clinical outcomes and 

enable cost-effective delivery of specialist care. However, conversely, the need for patients to 

travel increased distances to access acute services may compromise clinical outcomes. 

 

Prior to 1997, the care of critically ill or injured children (defined as anyone under the age of 16) in 

the UK was fragmented: intensive care was delivered in 28 PICUs (mean: 233 admissions/year), 125 

adult intensive care units (mean: 21 admissions/year) and 120 children’s wards (mean: 31 

admissions/year).[7] In 1997, based on expert opinion and scientific evidence, the UK Department 

of Health recommended that paediatric intensive care (PIC) services should be centralised.[8] 

Dedicated regional PIC units (PICUs) were established, and specialist PIC retrieval teams (PICRTs) 

were set up to transport critically ill children from general hospitals to PICUs. PICRTs act as mobile 

intensive care teams: they travel to general hospitals and start paediatric intensive care, ensuring 

that specialist expertise is not delayed until the patient reaches the PICU, and safely transport 

critically ill children to the PICU.[9] 

 

Currently, although children may first present when they are critically ill to one of 215 acute 

hospitals in the UK, only 25 have a PICU; children presenting to other general hospitals require to 

be transferred to a hospital with a PICU, located a median distance of 32 km away (IQR 14-57).[10] 

Our research has previously shown that the use of PICRTs (rather than non-specialist teams) for the 

inter-hospital transport of critically ill children improves the odds of their survival by 42%.[10] The 

majority (~85%) of inter-hospital transports of critically ill children in the UK are currently 

performed by PICRTs.[11] 

4.1.2 VARIATIONS IN ACCESS TO PAEDIATRIC INTENSIVE CARE AND CARE DELIVERED BY PICRTS 

Each year, nearly 5000 critically ill children are transported by PICRTs from general hospitals to UK 

PICUs. National audit data from the Paediatric Intensive Care Audit Network (PICANet) reveal wide 

variations in the timeliness of access to paediatric intensive care in these patients.[11] Firstly, the 
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median time taken for PICRTs to reach critically ill children at general hospitals ranges from 1 to 4 

hours, reflecting considerable differences in how soon a critically ill child can expect to start 

receiving paediatric intensive care. During the winter surge period, some children may even wait up 

to 12-24 hours for the PICRT to arrive. Secondly, there is variation in the time taken by PICRTs to 

transport children into the admitting PICU, reflecting differences in how soon a critically ill child can 

start receiving definitive care (e.g. surgery) only available in a specialist centre. 

 

Similarly, PICANet data indicate that there is considerable variation in the care provided to critically 

ill children by PICRTs prior to PICU admission, in terms of the seniority of the transport team leader 

(consultant, junior doctor, or advanced nurse practitioner), critical care interventions performed by 

the transport team (e.g. intubation or central venous catheterisation and delivery of vasoactive 

drug infusions), and the frequency of critical incidents (e.g. accidental extubation) occurring during 

transport.[11] 

 

We do not know whether these differences in timeliness of access to paediatric intensive care and 

care delivered during stabilisation and transport by PICRTs matter in terms of clinical outcomes and 

patient experience. It is also unclear what their impact on healthcare costs is. This lack of scientific 

evidence has led over the years to the evolution of different models of PICRT provision, the 

development of national standards based on expert opinion rather than scientific evidence, and has 

contributed to the lack of progress in improving care at the crucial interface between secondary 

and tertiary paediatric care. 

4.2 Study rationale 

4.2.1 CLINICAL OUTCOMES FOR TRANSPORTED CRITICALLY ILL CHILDREN 

Children cannot choose which hospital to go to when they are critically ill. It is therefore crucial that 

NHS acute services are organised and delivered in a way that ensures timely, equitable access to 

high quality care throughout the patient pathway. Each year, nearly 5000 children presenting to 

general hospitals with life-threatening illness or injury require to be transported by PICRTs to PICUs. 

Transported children represent one-third of all PICU admissions (and one-half of all emergency 

admissions). Yet, compared to the two other main patient groups (planned admissions and 

emergency admissions from within the same hospital where the PICU is located), they have the 

poorest clinical outcomes: their PICU mortality is nearly double that of planned PICU admissions 

(8% vs. 4%),[10] and they have a significant risk of long-term complications and considerable 

associated health and social care costs. It remains unclear whether this is solely because 

transported children are much sicker than other groups of critically ill children, or whether the 

timeliness of access to PICU expertise and the quality of care delivered by PICRTs prior to PICU 

admission may have an additional influence on clinical outcomes. 
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4.2.2 EXPERIENCES OF TRANSPORTED CRITICALLY ILL CHILDREN AND THEIR FAMILIES 

From a family perspective, parents of sick children have described the process of PICU retrieval as 

the ‘the worst journey of their lives’. Studies have shown that families demonstrate evidence of 

psychological trauma long after acute transfer and admission to PICU.[12, 13] There has been little 

systematic research into how the patient experience is influenced by timeliness of access to PICU 

expertise and the quality of care delivered by PICRTs prior to PICU admission, at a particularly 

vulnerable period in critically ill children’s and their families’ lives. 

4.2.3 RELEVANCE TO NHS SERVICE DELIVERY 

Although centralisation of PICUs and the establishment of PICRTs occurred over two decades ago, 

PICU/PICRT services continue to evolve in response to clinical and financial pressures.[9] The goal of 

providing high quality care within a ‘hub and spoke’ model of specialist acute care in a cost effective 

manner is highly relevant now, and will continue to be relevant well into the future. PICU/PICRT 

services find themselves facing several clinical pressures such as limited PICU bed availability in the 

face of increasing demand, especially during ‘surge’ periods in winter; compliance with expert 

opinion based national standards which specify that PICRTs should reach the patient bedside within 

3 hours;[14] the need for 24/7 transport team availability even during times of high PICU workload; 

ensuring the availability of adequate numbers of trained staff within the constraints of the 

European Working Time Directive; and falling numbers of PICU trainees. As other areas of specialist 

paediatrics are further centralised (e.g. surgery and anaesthesia), concerns have also been raised 

regarding the deskilling of non-specialist hospital staff, which may lead to delays in the stabilisation 

of sick children, particularly those with complex health needs. These changes may result in an 

increase in demand for a more rapid response from PICRTs.[15] 

4.2.4 TIMELINESS OF PROPOSED RESEARCH 

Acute NHS specialist services such as trauma and stroke care have undergone a process of 

centralisation over the past decade. Intensive care services for children were similarly centralised in 

the late 1990s, and dedicated regional PICUs were established. PIC retrieval teams were set up to 

transport critically ill/injured children from general hospitals to hospitals with PICUs – these 

specialist teams have been shown to enhance the safety of inter-hospital transport and improve 

survival in transported critically ill children. However, concerns have persisted regarding how 

quickly critically ill children at general hospitals can access paediatric intensive care within this 

centralised model of acute care, and progressive deskilling of staff at general hospitals in the 

management of critically ill children. 

 

Evidence is urgently required to understand whether and how delays in access to paediatric 

intensive care and variations in the quality of care provided during acute stabilisation and transport 

affect clinical outcomes and patient experience. To address this evidence gap, national audit data 

relating to the referral and transport of critically ill children have been collected by PICANet since 

2012. For the first time, these data clearly show national differences in the timeliness of access to 

paediatric intensive care (time taken by PICRT to reach the patient bedside) and care delivered by 



Page 16 of 50 

 

The DEPICT study Version 4.0 24 Jan 2019 

PICRT during transport (team composition, interventions performed and frequency of critical 

incidents).[20] As the primary conduits through which critically ill children at general hospitals 

access paediatric intensive care in an emergency, it is plausible that variations in PICRT provision 

compromise equity of access and may adversely affect their clinical outcomes and patient 

experience. In the absence of scientific evidence, expert opinion has guided the development of 

PICRT services and national quality standards over the past decade. 

 

Reconfigurations of specialist paediatric services have been planned to improve the clinical and cost 

effectiveness of the current models of care, but currently lack a firm evidence base on which to do 

so. The availability of several years of detailed national audit data through PICANet now makes it 

possible for the first time to generate the high-quality evidence necessary to guide the 

development of future standards of care and inform decisions about national policy relating to the 

care of critically ill children.  

5 AIMS AND OBJECTIVES 

5.1 Study aims 

1. Understand whether and how clinical outcomes and experiences of critically ill children 

transported to PICU are affected by national variations in: a) timeliness of access to paediatric 

intensive care, and b) care provided by PICRTs prior to PICU admission. 

2. Study the relative cost effectiveness of current PICRT services, and use mathematical modelling 

to evaluate whether alternative models of PICU/PICRT service delivery can improve clinical and 

cost effectiveness. 

3. Provide evidence for the development of future clinical standards. 

5.2 Study objectives 

1.1:  To perform a quantitative analysis using linked routinely collected audit data to study the 

association between timeliness of access to paediatric intensive care and clinical outcomes in a 

national cohort of critically ill children transported to PICU. 

[Timeliness of access to intensive care will be measured by a) time from referral to arrival of a 

PICRT at the patient’s bedside, and b) time from referral to PICU admission]. 

1.2:  To perform a quantitative analysis using linked routinely collected audit data to study the 

association between care delivered by PICRTs and clinical outcomes in a national cohort of 

critically ill children transported to PICU. 

[We will study specific aspects of PICRT care such as team composition, interventions 

performed and critical incidents during transport]. 

1.3:  a) To explore, using qualitative methods (individual interviews and workshops) and 

questionnaires, the experiences and perspectives of a purposively sampled national cohort of 

parents of transported critically ill children. 
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b) If and where feasible, to use innovative methods to explore the experiences of transported 

critically ill children. 

1.4:  To explore, using qualitative methods (individual interviews and workshops), the experiences 

and perspectives of a purposively sampled national cohort of clinicians from a range of settings 

(acute general hospitals, PICRTs and PICUs) and service managers/NHS commissioners. 

2.1:  To perform cost effectiveness analyses of PICRT provision for critically ill children, comparing 

different service models currently in use. 

2.2:  To use mathematical modelling and location allocation optimisation methods to explore 

whether alternative models of service delivery for PICU/PICRT services can improve clinical 

outcomes while remaining cost effective. 

2.3:  To synthesise study findings to inform the development of evidence-based national standards 

of care and information resources for families and clinicians. 

6  PROPOSED RESEARCH OUTPUTS 

Provision of early, high-quality acute care has been shown to improve clinical outcomes in specific 

diseases such as paediatric sepsis and head trauma.[16, 17] It is unclear how these findings apply to 

the vast majority of critically ill children who require stabilisation and transport to a PICU by PICRTs. 

We will examine whether and how timeliness of access to paediatric intensive care and care 

delivered during acute stabilisation and transport affect clinical outcomes and experiences of 

critically ill or injured children with a range of diagnoses and pre-existing medical conditions, so that 

findings can be generalised to all critically ill children. 

 

Positive and negative experiences of families and clinicians will be used to inform the development 

of new clinical guidelines to ensure that they address the concerns and needs of patients, families 

and those who care for them.  Whilst the stresses associated with PICU are well understood (for 

both families and clinicians),[13, 18] evidence about experiences associated with PIC retrieval is 

anecdotal at best. Understanding experiences will enable information, preparation and support to 

be tailored to the needs of families, with the potential to reduce levels of acute stress and anxiety 

and improve psychological outcomes in the longer term. 

 

Centralisation of specialist acute care has occurred in several NHS services such as stroke, trauma, 

and specialist paediatrics.[4, 19] The findings from our research, particularly our novel approaches 

employing mathematical modelling, can provide evidence that can be generalised to evaluate other 

such centralisations. This is especially relevant to questions related to the trade-off between 

timeliness of access to acute care and provision of high quality cost effective specialist care. 
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7 STUDY DESIGN 

DEPICT is a multi-disciplinary mixed-methods study comprising four linked work streams 

culminating in a series of workshops (See Appendix A for Study Flow Diagram): 

A. Quantitative analysis of national paediatric intensive care audit data (PICANet) linked to 

routine administrative data (Hospital Episode Statistics in England and Patient Episode Database 

for Wales), death registrations (Office of National Statistics) and adult critical care data (Case 

Mix Programme). 

[This analysis will be conducted retrospectively using data collected as part of national audit 

during a 3-year period between 2014 and 2016]. 

B. Qualitative and questionnaire study involving interviews of parents of critically ill children 

transported to PICU (and children themselves, where feasible); interviews with clinicians 

working in PICUs, PICRTs and acute general hospitals and service managers/commissioners; and 

questionnaires to collect feedback from parents of transported children. 

[This workstream will involve prospective recruitment of patients over a 12-month period in 

2017-18]. 

C. Health economic evaluation of the costs and value for money of different models of PICRTs to 

identify cost-effective models of service delivery. 

[This workstream will involve analysis of costs and children’s outcomes collected as part of the 

previous workstreams]. 

D. Mathematical modelling, including the use of location-allocation optimisation, to explore the 

potential clinical and cost impact of alternative models of service and geographical locations 

where PICRTs could be based. 

[This workstream will involve modelling using the findings of the previous workstreams]. 

E. Workshops involving key stakeholders: children and young people, parents, clinicians, and 

service managers/commissioners. 

 

The study will involve the participation of all 10 PICRTs and 24 PICUs in England and Wales 

(representing 21 individual NHS Trusts). 

8 RESEARCH PLAN 

The study population will be critically ill children and young people (age <16 years) who are 

transported for emergency admission to a participating PICU in England and Wales. 

8.1 Workstream A: Quantitative analysis 

The two main objectives of the quantitative analysis are: 

Objective 1.1: To study the association between timeliness of access to paediatric intensive care 

and clinical outcomes, and 
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Objective 1.2: To study the association between care delivered by PICRTs and clinical outcomes. 

8.1.1 STUDY DATASET 

We will generate a linked dataset for the study from several data sources: 

1. National paediatric intensive care audit data from the Paediatric Intensive Care Audit Network 

(PICANet, www.picanet.org.uk). 

PICANet is commissioned by the Healthcare Quality Improvement Partnership (HQIP) as part of 

the National Clinical Audit Programme and is based at the Universities of Leeds and Leicester. 

PICANet data contain detailed clinical information regarding the case mix (age, diagnosis and 

severity of illness), resource use (daily organ support interventions) and outcome (such as 

length of PICU stay and vital status at discharge) of critically ill children. Detailed data regarding 

the transport are also included in PICANet. Data quality is ensured using precise rules and 

definitions applied by trained local data collectors at each participating unit, and both local and 

central validation checks to ensure completeness, logic and consistency. 

2. Hospital Episode Statistics (HES, http://content.digital.nhs.uk/hes) 

Administrative data related to A&E attendances and inpatient admissions to NHS Trusts in 

England are routinely collected as part of the HES Admitted Patient Care (APC) and Accident & 

Emergency (A&E) datasets. HES data contain demographic information (age, gender, ethnicity), 

clinical information (diagnoses and procedures), geographical information (address, site of 

treatment) and administrative information (time waited in A&E, hospital length of stay). 

Automatic data cleaning rules are completed at various stages in the cleaning and processing 

cycle. Similar APC and A&E data for Wales can be accessed from the NHS Wales Informatics 

Service's Information Services Division as part of the Patient Episode Database for Wales 

(PEDW). 

3. Death registrations, ONS (http://content.digital.nhs.uk/onsmortality) 

The Office for National Statistics collects data regarding the date and cause of death, as well as 

location of death, as part of death registrations in England and Wales. These data can also be 

accessed through the HES-ONS linked mortality data set. 

4. National adult intensive care audit data, CMP (www.icnarc.org/Our-Audit/Audits/Cmp/About) 

National audit data are submitted by all adult, general critical care units in England, Wales and 

Northern Ireland to the Case Mix Programme Database (CMP) at the Intensive Care National 

Audit and Research Centre (ICNARC). The CMP contains detailed clinical information regarding 

case mix (age, diagnosis), resource use (organ support interventions) and outcomes (length of 

stay, vital status at discharge, discharge destination) of critically ill adults and children admitted 

to adult ICUs. 

http://www.picanet.org.uk)/
http://www.hscic.gov.uk/hes)
http://www.hscic.gov.uk/onsmortality)
file://///./fshome/user$/RamnaP/Ram/Research/Ongoing/Transports%20HSDR%20Jan2016/FULL/www.icnarc.org/Our-Audit/Audits/Cmp/About
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8.1.2 DATA LINKAGE 

8.1.2.1 Purpose of data linkage 

While PICANet data contain detailed clinical information regarding the transport, patient case mix, 

resource use and short-term outcome of transported critically ill children, there is limited 

information in PICANet regarding the patient pathway immediately prior to transport (such as 

length of time spent at the referring hospital and wards where the patient was cared for, whether 

admitted to the adult ICU for stabilisation prior to transport, and interventions performed). Linking 

PICANet data to HES data (and similar data from NHS Wales) for the acute hospital admission prior 

to transport and to CMP data (if the patient is admitted to an adult ICU) will provide a clearer 

understanding of the level of care provided to the child before transport to PICU – these factors are 

likely to significantly confound the association between timeliness of access to paediatric intensive 

care and clinical outcome. Therefore, it is crucial that information regarding pre-transport care is 

available for this study, which we plan to obtain from PICANet data linkage to HES and CMP. 

Similarly, PICANet data are limited to the PICU stay, which means that longer term outcomes of the 

patient such as 30- and 90-day mortality as well as healthcare resource use following PICU 

discharge are not available from PICANet. Data linkage to HES/ONS is vital to ensure that data 

related to 30-day mortality (study primary outcome), as well as other longer term clinical outcomes 

(secondary outcomes), is available. 

 

See Appendix B for an example patient pathway for a critically ill child requiring transport to PICU. 

8.1.2.2 Study data and generating the linked dataset 

We will extract relevant PICANet data related to the transport and the PICU admission episode 

from all transported admissions to participating PICUs in England and Wales with an admission date 

during a 3-year study period (1 Jan 2014 to 31 Dec 2016). To ensure a high-quality dataset, we will 

apply a series of data cleaning rules including individual data range checks and inter-variable 

validation to the study data set to identify and clean common and obvious data quality errors prior 

to analysis. 

 

We will apply for HRA CAG approval for this study. See Appendix C for data flows during the linkage 

process. 

 

Data linkage will be undertaken by the NHS Digital Data Access Request Service (DARS) acting as a 

‘trusted third party’. PICANet have experience of successfully linking PICANet data to HES/ONS data 

through HSCIC in the past. The availability of NHS numbers in a very high proportion of PICANet 

(98%) and CMP records for children (97%) provides reassurance that most records can be 

successfully matched using a minimal number of patient identifiers. PICANet data, including 

identifiers, is currently held at the University of Leeds. University of Leeds will upload a list of 

patient identifiers (NHS numbers, date of birth, name and postcode) and a unique DEPICT study 

number to secure servers at NHS Digital for a cohort of children admitted to PICUs in England 
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during a 3-year period (2014-16) – Dataset 1. Similarly, ICNARC will upload a similar list of patient 

identifiers and a unique local CMP identifier for children admitted to AICUs in England during the 

same 3-year period (2014-16) – Dataset 2. No clinical information will be transferred to NHS Digital. 

NHS Digital will first merge Dataset1 with Dataset 2. The merged dataset will then be linked to 

HES/ONS data. A pseudonymised dataset consisting of DEPICT study number, Unique CMP 

identifier, and HES/ONS data will be returned from NHS Digital to the University of Leicester. 

University of Leicester will send a list of DEPICT study numbers to University of Leeds and a list of 

unique CMP identifiers and corresponding DEPICT study numbers to ICNARC. University of Leeds 

will send PICANet clinical data for the DEPICT study numbers to the University of Leicester. 

Similarly, ICNARC will send CMP clinical data for the DEPICT study numbers to the University of 

Leicester. The final pseudonymised study dataset containing only the study number will be held at 

the University of Leicester for analysis. NHS Digital will follow established procedures to destroy 

patient identifiable data once the linkage has been completed. 

 

Data linkage for A&E and Admitted Patient Care (APC) data for care received in Wales will be 

conducted by NHS Wales Informatics Service in a similar flow as for the English data. A list of 

eligible NHS numbers and a unique DEPICT or CMP study identifier will be passed from PICANet and 

ICNARC to NHS Wales. NHS Wales will identify which NHS numbers appear on both lists and this will 

be used to link each child with their hospital A&E data and data related to their clinical care. 

Matching will consider the fact that some children may be admitted to hospitals or PICUs on more 

than one occasion throughout the study period. This data will be passed to the University of 

Leicester in a pseudonymised form (i.e. the NHS number removed but the DEPICT and CMP study 

identifiers will remain). The University of Leeds and ICNARC will then pass clinical data to the 

University of Leicester using the DEPICT or CMP study identifiers to allow the data sources to be 

combined with the A&E and APC data from NHS Wales. 

 

Matching will consider the fact that some children may be admitted to hospital (and PICU) on 

multiple occasions within the study period. 

8.1.3 DATA ANALYSIS 

The study statistician will employ established approaches to develop statistical models to study the 

association between timeliness of access to paediatric intensive care and clinical outcomes 

(Objective 1.1), and the association between care delivered by PICRTs and clinical outcomes 

(Objective 1.2). 

8.1.3.1 Clinical outcomes 

Primary outcome: Mortality within 30 days following PICU admission (the first admission in case of 

multiple PICU admissions), established by data linkage with death registrations. 

 

Secondary outcomes to include: 
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a) Mortality at fixed time-points (PICU discharge, 90 days and 1 year following [first] PICU 

admission) 

b) Number of PICU admissions during study period and time to readmission (if applicable)  

c) Length of stay in PICU (number of days from PICU admission to discharge, for each PICU 

admission) 

d) Resource use in PICU (number of days of invasive ventilation, vasoactive agent therapy, renal 

replacement therapy and extra-corporeal life support during PICU stay, for each PICU 

admission) 

e) Length of hospital stay linked to the first PICU admission (number of days from hospital 

admission to hospital discharge) 

f) Number of A&E attendances in the 12 months following discharge from the first PICU admission 

g) Hospital resource use (total number of days admitted to hospital) in the 12 months following 

discharge from the first PICU admission. 

8.1.3.2 Model 1: Timeliness of access to paediatric intensive care 

Timeliness of access to paediatric intensive care will be measured by: 

a) Time from acceptance of the referral by a PICRT to arrival of the PICRT at the patient bedside, 

and 

b) Time from acceptance of the referral by a PICRT to arrival of the patient on the PICU. 

8.1.3.3 Model 2: Care delivered by the PICRT 

Three aspects of care delivered by the PICRT will be studied: 

a) Team composition: grade of PICRT team leader (consultant, junior doctor, advanced nurse 

practitioner); seniority of transport nurse; presence of medical technician on transport. 

b) Interventions performed by the transport team (airway-related: intubation, reintubation; 

vascular access: central venous, arterial, intraosseous; chest drain; use of vasoactive agents; 

non-invasive ventilation). 

c) Occurrence of a critical incident during transport. 

8.1.3.4 Model development 

Prior to model development and data analysis, we will discuss and finalise a statistical analysis plan, 

which will outline the statistical methodologies to be employed during the analysis and a strategy 

for addressing confounding and how we will deal with missing values. A draft statistical analysis 

plan will be discussed at the first study steering committee (SSC) meeting during months 4-6 and 

finalised over subsequent months. 

 

The overall strategy for the model development will consist of three main steps: 1) to identify 

potential confounding variables (both measured and unmeasured) and to select appropriate 

confounders available from the linked dataset for inclusion in the analyses; 2) to utilise carefully 

considered traditional regression models as well as propensity scores to draw inferences regarding 

the effect of key factors on patient outcome; and 3) to investigate the issue of unmeasured 
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confounding using instrumental variable analysis and perform sensitivity analyses to estimate the 

effects of unmeasured confounders on our findings. 

 

1) Identifying potential confounding variables and selection of variables for model development 

In the first instance, we will draw upon the expertise of clinical applicants and PICANet to generate 

a list of potential confounding factors. We expect the main confounding variables to be severity of 

illness (main diagnosis leading to PICU admission, ventilation status at referral and the Paediatric 

Index of Mortality 2 score) and the receipt of intensive care interventions prior to the PICRT arriving 

at the patient bedside. Intensive care interventions carried out by the general hospital team prior 

to the arrival of the PICRT are recorded in PICANet; we will also include as confounders the time 

spent at general hospital prior to being referred/accepted for transport to PICU (from linked HES 

data), and care provided in an adult intensive care unit (from linked CMP data). We will seek 

additional input from clinical applicants at monthly PMG meetings during months 4-12 of the 

project to further refine this list. We have also scheduled a Study Steering Committee (SSC) meeting 

during months 4-6, at which clinical members (medical/nursing/allied health professionals) will help 

further refine the list of confounders. In this way, we will obtain extensive expert clinical input into 

the choice of potential confounding variables that could be included in the model development; we 

will also generate clinical knowledge regarding the mechanisms by which variables may influence 

the exposure status and outcome. 

 

Based on the clinical knowledge generated through the above process, we will produce directed 

acyclical graphs (DAG) to visually examine the assumptions regarding the causal structure of the 

variables being analysed and to help decide which variables should be included as confounders. The 

visualization of the process will also help in the identification of measurable factors that might 

serve to block a backdoor path including an unmeasured (or unmeasurable) confounder. It will also 

serve to allow the effect of any likely bias induced by unmeasured confounding to be estimated. 

DAGs will also help differentiate confounding variables (variables that affect the outcome and have 

an association with the exposure status) from variables that could potentially be used as 

instruments in the instrumental variable analysis (variables that affect the exposure status but not 

the outcome, other than through the exposure). The final DAG will be derived by consensus where 

possible, or by a majority view of the experts involved if necessary. 

 

2) Draw inferences regarding the effect of key factors on patient outcome 

Before any modelling work is undertaken, we will do a thorough descriptive analysis of the datasets 

and look for potential issues that would need to be addressed at an early stage, such as a large 

proportion of missing data for key confounders or an unusual distribution of age/weight/diagnosis 

or other risk factors. Prior to multivariate modelling, we will explore univariate associations 

between key explanatory variables (timeliness, care delivered) and potential confounders with our 

stated primary and secondary outcomes. All explanatory variables and confounders with significant 

univariate association with outcome will be considered in the regression modelling for Models 1 

and 2. 
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We will develop statistical models to study the association between timeliness of access to 

intensive care and clinical outcomes, and the association between care delivered by PIC retrieval 

teams and clinical outcomes. Since we recognise that the data could potentially be clustered by 

PICRT, we will develop multilevel models as appropriate (to include the random effects of 

PICU/PICRT/general hospital) depending on the outcome: 

 Mortality at fixed time-points: logistic regression 

 Length of stay (PICU, hospital), resource use in PICU and hospital resource use following 

PICU discharge: linear, Poisson or negative binomial regression models (as appropriate) and 

survival models 

 A&E attendances: Poisson or negative binomial regression model (as appropriate) 

 

For both Model 1 and Model 2, several multivariate models will be developed and Akaike 

Information Criterion (AIC) used for further model selection. We will also use cross-validation 

methods alongside an examination of model residuals and leverage, to ensure we are not over-

fitting.  Different models will contain different combinations of the potential confounders, which 

will be chosen from a set. We will also include other risk factors within the models, including 

patient- and organisation-level factors (but not limited to): patient age, weight, ethnicity, index of 

multiple deprivation, co-morbidities, geographical region, distance from PICRT base to referring 

hospital, distance from referring hospital to admitting PICU, season (summer: Mar-Aug vs. winter: 

Sep-Feb) and bed occupancy of the nearest PICU. For each model, we will carefully consider the 

inclusion/exclusion of confounders that could mask the effect of timeliness (e.g. distances; PIM-2 

score) or team composition (geographical region, if this is a key determinant of team composition). 

 

We will also analyse the data using propensity scores – this technique will help us to include a large 

number of confounders in the analysis. 

 

3) Investigating unmeasured confounding 

We will primarily use instrumental variable analysis to study the effect of unmeasured confounding 

in this study. Identifying a suitable instrumental variable (IV) in this setting is likely to be 

challenging, since it needs to satisfy three key assumptions: a) the IV must not be correlated with 

patient outcome, except through the effect of the exposure; b) the IV must be highly predictive of 

the exposure; and c) the relationship between the IV and the exposure must not be confounded. 

Because the first assumption is empirically unverifiable, the choice of the instrument heavily relies 

on expert clinical knowledge – we will propose and discuss various candidate instruments at the 

PMGs and the first SSC meeting (months 4-6). The choice of the ‘best’ instrumental variable will be 

finalised as part of the analysis plan, based on clinical and statistical input. We anticipate that 

candidate IVs will include variables such as distance to the referring hospital (nearby hospital versus 

distant hospital) and activity level at the time of referral (based on number of other ongoing 

retrievals within the retrieval service at the time of referral). We will also use sensitivity analyses to 

estimate the effect of unmeasured confounding on our study findings. 
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8.1.3.5 Sample size calculations 

PICANet data from 2014/15 indicates that the 30-day mortality rate for transported PICU 

admissions is approximately 7% and that PICRTs reach critically ill children within 3 hours of referral 

acceptance in 85% of cases. Accounting for the potential for clustering of data by PICRTs, we 

calculate that a minimum of 9685 transports would allow us to detect a 3% difference in 30-day 

mortality between the two groups (transports taking ≥3 hours to reach patient bedside and 

transports taking <3 hours to reach patient bedside) with 80% power and alpha 5%. We will analyse 

PICANet data from transported PICU admissions over a 3-year period (nearly 15,000 transports) to 

ensure adequate sample size for our analysis. 

8.2 Workstream B: Qualitative and questionnaire study 

This work stream will address the following two objectives of the DEPICT study: 

Objective 1.3: To explore parents’, and where feasible children’s, experiences of emergency 

transport to PICU, and 

Objective 1.4: To explore clinicians’ and service managers’/commissioners’ perspectives of PICU 

transport and its impact on care provided to critically ill children and young people, and the wider 

impact on other patients and services. 

 

We will employ a mixed-methods approach with a convergent triangulation study design whereby 

quantitative and qualitative data will be collected concurrently, with equal weight being given to 

both work streams. We will integrate findings from the qualitative and questionnaire study (how do 

national variations in the timeliness of access to emergency intensive care and care delivered by 

PICRTs affect patient/family experience?) with findings from the quantitative study (how clinical 

outcomes are affected by national variations) at the interpretation stage to generate 

complementary views of paediatric retrieval. Uniquely, the qualitative study will gather rich 

narrative detail from patient experiences and clinician perspectives that cannot be obtained from 

quantitative analyses of routine data. 

 

See Appendix D for schedule of procedures involved in the qualitative and questionnaire study. See 

Appendix E for the data flow involved in the qualitative and questionnaire study. 

8.2.1 RECRUITMENT OF TRANSPORTED CHILDREN AND THEIR PARENTS 

Parents of all critically ill children and young people transported to one of the 24 participating 

PICUs in England and Wales during a 12-month period (and where feasible, the children/young 

people themselves) will be eligible for recruitment to the qualitative and questionnaire study. 

Transport may have been performed by PICRTs or, less commonly, by other transport teams. 

 

Clinical staff at each participating PICU will screen for eligible participants at PICU admission. 

Participants (parents and children/young people) who meet the inclusion criterion will be 

approached by suitably qualified and trained clinical/research staff to discuss the study. Written 

informed consent will be sought from eligible participants: 
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a) for completion of a questionnaire relating to the experience of PIC transport; 

b) to be contacted by a qualitative researcher based at Great Ormond Street Hospital for potential 

participation in an interview at a later date; 

c) to be contacted by the qualitative researcher for completion of quality of life questionnaires, 12 

months later; and 

d) for the use of patient identifiers to extract data from PICANet relating to the individual child’s 

transport episode. 

 

A detailed study information sheet will be provided. Adequate time will be provided for parents and 

children/young people to consider taking part in the study. It is anticipated that the majority of 

children/young people will be too young and/or too ill to participate directly in the consent process; 

however, age-appropriate information sheets and assent forms will be used where appropriate. 

 

8.2.1.1 Bereaved parents 

It is possible that some children may unfortunately die before the clinical/research staff have the 

opportunity to discuss participation in the study with their parents. In this situation, we do not 

intend to exclude parents from participating in the research; excluding parents of children who die 

will also introduce selection bias into the study. Recognising that the standard consent processes 

will not be suitable for these situations, after consultation with parent co-applicants and the Study 

Steering Committee, we have developed a separate consent process for this subgroup of parents. 

We have also developed versions of the participant information sheet and consent forms for 

bereaved parents. Parents will be approached several weeks after the child’s death (timing left to 

the discretion of the clinical team involved in the care of the child) by means of a personalised 

letter sent from the study Principal Investigator (PI) for the relevant research site. Enclosed with the 

personalised letter will be the appropriate participant information sheet, two self-complete 

consent forms and two copies of the transport questionnaires. Bereaved parents will be invited to 

participate in the study (to complete the transport questionnaire and agree to be contacted for 

participation in an interview, but not for the 12-month quality of life questionnaire). If the parents 

decide to participate in the study, they will be able to return the signed consent form(s) in a reply-

paid envelope. Completed transport questionnaires will be returned in a separate reply-paid 

envelope or completed online (see below).  

8.2.2 QUESTIONNAIRE STUDY 

Clinical/research staff at each participating PICU will give a paper questionnaire to parents who 

consent to completing a questionnaire relating to the experience of PIC transport. Based on our 

ongoing research experience of collecting long term follow up information from children 

transported by the CATS team (BASIC, NIHR portfolio ID 15920) we will also offer parents the option 

to complete this questionnaire electronically using a secure online system (only centre and study 

numbers will be used; no identifiable data will need to be entered into the questionnaire). 

Wherever possible and relevant, both parents will be offered the opportunity to complete the 
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transport questionnaire individually if they were present for some of their child’s transport to 

intensive care, recognising that parents may have different perspectives and capturing both 

viewpoints would enrich the description of family experiences. 

 

We recognise that some patients will be from families who do not speak/write English and that 

these families may generally have a poorer experience of health care. Therefore, we will discuss 

with different PICRTs, and arrange for the information leaflet, consent form and transport 

questionnaire to be translated into the 5 most commonly spoken languages (other than English).  

 

We will develop the questionnaire from similar existing questionnaires and from relevant literature, 

and use the experience of the study team, the steering group and parent representatives to further 

inform its format and content before it is finalised. 

 

The questionnaire will seek parental responses to specific questions regarding their experience 

during and after their child’s transport to PICU. We will cover aspects such as how long they waited 

for a PICRT to arrive, what information was provided regarding the transport process, expectations 

of the transport and whether these were met, medical staff involved from the PICRT, whether 

parents were able to accompany their child in the ambulance, duration and experiences of the 

journey and handover on arrival at the PICU, and whether they felt informed and involved in their 

child’s care. We will use a mixture of rating scales, tick box questions and free text boxes; the 

questionnaire will be designed to take no longer than 15 minutes to complete. We will pilot the 

questionnaire first to ensure that it is acceptable to parents. Parents will be given a reply-paid 

envelope to return the questionnaire directly to the study team or, if they prefer, they will be able 

to return the questionnaire to a study collection box on the PICU. 

 

Since postal response rates to questionnaires are typically about 20-25%, we anticipate receiving 

800-1000 completed questionnaires (around 4500-5000 critically ill children are transported to 

PICU by PICRTs each year). We will link data from the questionnaires with PICANet audit data 

collected for that particular transport to provide additional information for the analysis (e.g. time to 

arrive at bedside). 

8.2.2.1 FOLLOW-UP QUESTIONNAIRES 

In addition to ascertaining parent-reported quality of life as described in section 8.3 (Health 

Economic Analysis) parents will be asked to complete additional questionnaires at the same time 

about the emotional impact of their child being transported to PICU. Specifically parents will be 

asked to complete the Impact of Events Scale (Revised), the PHQ-4 Patient Health Measure as well 

as three questions related to the emotional support parents have received at the time of the 

admission and in the subsequent 12 months.   
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8.2.3 PARENT INTERVIEWS 

8.2.3.1 Sampling 

We aim to recruit approximately 5 parents of children/young people transported by each of the 10 

PICRTs across England and Wales for participation in an interview (total of approximately 50 

interviews). This number will be sufficiently large to enable us to capture the range of parents’ 

experiences across the different models of care and to reach data saturation, whilst being mindful 

of the resource implications and feasibility of collecting and analysing large amounts of interview 

data within the project time-frame. We will select eligible participants from the cohort of parents 

who have consented for the interview, using sampling criteria as below: 

 Patient age: infant (<1 year), young child (1-4 years), older child (5-12 years), teenager (13-16 

years) 

 Main diagnosis: severe infection, cardiac disease, trauma, neurological disease, other 

 Pre-existing health condition: none, at least one pre-existing health condition 

 Timeliness of access to intensive care: ≥3 hours, <3 hours from referral to PICRT arrival at 

patient bedside 

 Patient’s home location: rural, urban 

 Whether the parent accompanied the child in the transport to the PICU (yes; no) 

 

Across the PICRTs, this purposive sampling strategy will ensure diversity in terms of the child/young 

person’s underlying condition, new/existing disease/injury, rural/urban location, distance to PICU 

and time taken for the PICRT to reach the patient bedside. Further, since we will have sampled 

from each of the PICRTs, there will be diversity in terms of the variations in care delivered by the 

PICRTs (team composition, interventions performed during transport). Finally, we will aim to ensure 

diversity in terms of ethnicity and socioeconomic status. 

8.2.3.2 Recruitment 

The details of parents who have consented for potential participation in interviews will be passed 

on to the qualitative researcher who will be conducting the interviews. The researcher will contact 

eligible parents approximately 2 to 3 months after PICU transport to confirm that they still wish to 

participate, answer any questions they might have about the study, and arrange a mutually 

convenient time and location for the interview to take place. Further written consent will be 

obtained at the time of interview to confirm that parents agree to participate and for their 

interview to be recorded. Interviews will be conducted face to face wherever possible, but if 

parents prefer, telephone or Skype interviews will also be facilitated.  If necessary, interpreters will 

be arranged to ensure that non-English speaking families are able to participate if they wish. 

8.2.3.3 Interviews 

As described above, we aim to recruit parents of approximately 50 children/young people 

transported to PICU. This number will enable us to interview parents who represent each of the 

retrieval models from different PICRTs, thus allowing us to capture important elements of the 
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experience of different models, whilst at the same time ensuring that the number of interviews is 

feasible to conduct and analyse in the time available. The interview guide will focus on parents’ 

experiences prior to, during, and after transport to PICU with the aim of obtaining a more in-depth 

understanding than will be possible from the questionnaires. Particular areas of focus will aim to 

understand what specific aspects of the retrieval parents (and/or children) experienced as working 

well; what they think would constitute an ‘ideal’ or optimum transport to PICU; what aspects 

participants felt worked less well and what could have been done to improve their experience. The 

interviews will provide greater insight into what a ‘high quality’ retrieval looks like from the 

perspective of parents. Interviews are expected to last between 1-2 hours, with appropriate breaks 

if necessary, recognising that parents will be revisiting a difficult and upsetting time in their lives. 

Interviews will be audio-recorded and transcribed verbatim. 

8.2.4 CHILDREN’S AND YOUNG PEOPLE’S PERSPECTIVES 

Where feasible, children and young people will also be recruited to provide feedback about their 

experiences during transfer to PICU. Whilst it is acknowledged that the majority of children/young 

people will be too young and/or too ill at the time to recollect their transfer to PICU, there may be 

some who will be able and willing to share their experiences. 

8.2.4.1 Sampling 

We will endeavour to use a diverse sampling strategy to recruit 20-30 children/young people from 

across the different PICRTs (although if it feasible to recruit up to 5 from each of the 10 PICRTs we 

will do so), focusing on recruiting children who were transported to PICU for different underlying 

reasons and via different PICRT models. Whilst we hope that there will be diversity within the 

sample in terms of elements such as urban/rural location, main diagnosis, and existing/new 

condition, we are also aware of the challenges of recruiting eligible children, so our recruitment 

strategy will be more flexible. We envisage that most, but not necessarily all, will be children of 

parents recruited for interviews. 

8.2.4.2 Recruitment 

Children and young people will be eligible for recruitment if they fulfil the following criteria: 

 Aged between 5 and 16 years 

 Able to remember at least some of their transfer to PICU 

 Able to provide age-appropriate assent for their participation 

 Parent(s) has provided consent for their child’s participation 

 

Recruitment of children will be along similar lines as described above, except that written assent 

will be obtained from children for their own participation, using an age-appropriate assent form. 

8.2.4.3 Interviews 

We will use a range of creative methods to engage children/young people, including activities such 

as ‘draw and write’,[23] ‘Talking mats’,[24] and third-person craft activities, and a conversation will 
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be developed around the use of these materials. Sessions will be audio-recorded, photographs 

taken of any creative outputs and notes made immediately after the session about aspects such as 

the children’s engagement, ability to recall and impact of revisiting the time of their transport to 

PICU.  We will explore with the children their experiences of being transported to PICU, dependent 

on what they can recall, focusing on the time before, during and immediately after the transfer.  

Recognising that this is likely to have been a distressing time for children, the researcher will be 

particularly sensitive to, and careful about, how these experiences are explored. If children would 

like their parents to be present, this will be facilitated.  Sessions are expected to last 30-60 minutes, 

to enable time for rapport building with children at the start of the session and some appropriate 

“ending” of the session before they leave. Members of the research team have experience of using 

creative methods and interviewing children, and any training in the use of specific methodologies 

will be provided to the researcher. 

8.2.5 CLINICIAN AND SERVICE MANAGER PERSPECTIVES 

8.2.5.1 Sampling 

We will use a purposive sampling strategy to identify and recruit 35-40 healthcare professionals 

from PICRTs, PICUs and acute general hospitals. Use of a sampling matrix will ensure diversity in 

terms of professional background, experience, place of work (local hospital, dedicated transport 

team, PICU-run transport team, PICU), rural/urban location and number of emergency transfers. 

We will also recruit 4-8 service managers/NHS commissioners for interviews. 

8.2.5.2 Recruitment 

Local PIs at PICRTs will be asked to identify at least 5-6 eligible professionals from within their own 

service, the PICUs they serve, and acute general hospitals in their region, as well as local service 

managers/commissioners. Study information and an invitation letter to participate in the interview 

will be provided to eligible participants. If they are willing to participate, participants will be asked 

to consent to their details being passed to the researcher who will be conducting the interviews. On 

receiving the details, the researcher will contact them to check that they still wish to participate, 

answer any questions they have about the study and arrange a mutually convenient time for the 

interview to take place.  Professionals will be offered the opportunity to participate in a telephone 

or face-to-face interview, depending on their preference.  Prior to the interview commencing the 

researcher will ask the professional to provide further consent confirming agreement to participate 

and for recording the interview. 

8.2.5.3 Interviews 

Semi-structured interviews will be conducted to elicit staff experiences and perceptions of the 

transport of critically ill or injured children/young people, the impact of the service on the care 

provided to the children/young people themselves, and any wider impact on other patients and 

services. A topic guide will be developed based on relevant literature and the experience of the 

study team/steering group, and will be piloted with 3-4 clinicians prior to beginning the interviews. 

Interviews are expected to last 30-45 minutes and will be recorded and transcribed verbatim. 
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8.2.6 DATA ANALYSIS 

Interview data will be entered into Framework, a matrix based approach, which facilitates rigorous 

and transparent data management. The method involves five distinct, but highly interconnected 

stages: familiarisation; identifying a thematic framework; indexing; charting; mapping and 

interpretation.  The approach enables data to be examined within cases across a range of different 

themes, thereby facilitating comparisons to be made both between different models of retrieval 

and within PICRTs. Use of Framework is also well suited to research involving group- and individual-

level analysis. The data will be managed using NVivo, a qualitative data analysis programme. 

Questionnaire data will be analysed using descriptive statistics to describe and compare the 

different PICRT models and to examine associations between key variables (frequencies, medians 

and inter-quartile ranges, Spearman’s correlations, Mann-Whitney, Chi-squared and Kruskall-Wallis 

analysis of variance, as appropriate). 

8.2.7 WITHDRAWAL FROM STUDY 

Participants will have the right to withdraw from the study at any time after consent. Data collected 

up to the point of withdrawal will be used unless the participants expressly did not wish researchers 

to use the data. 

 

During recruitment of participants for interviews, the researcher will contact consented parents 

approximately 2 to 3 months after PICU transport to confirm that they still wish to participate and 

to answer any questions they might have about the study. Similarly, at 12 month follow up, parents 

will be contacted to confirm they still wish to participate in the study and to complete follow up 

questionnaires. If the parents wish to withdraw from the study, they can do so at any time without 

providing a reason; if a reason for withdrawal is provided, it will be recorded.  

8.3 Workstream C: Health economic evaluation 

This work stream will address the following objective of the DEPICT study: 

Objective 2.1: To perform cost effectiveness analyses of PICRT provision for critically ill children, 

comparing different service models currently in use. 

8.3.1 APPROACH 

We will evaluate the costs and value for money of different ways PICRTs are currently organised to 

identify the most cost-effective model. The data sources described in the quantitative analysis 

(workstream A) will be supplemented with cost data and the assembled dataset of individual 

observational patient-level data will be used to compare different PICRT models. The primary 

health outcome measure for the health economic evaluation will be the number of lives saved in 

each strategy, and the secondary outcome will be quality-adjusted life years. A detailed cost 

analysis of each identified PICRT model will be undertaken based on team composition, 

interventions performed and critical incidents. The statistical analysis will aim to identify 

differences in lives saved, QALYs gained and cost differences between different ways in which 
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PICRTs are organised. We will evaluate costs and mortality at 30 days following PICU admission (the 

primary outcome in the quantitative analysis; short-run analysis), costs, mortality and QALYs at one 

year following PICU admission (the final follow-up point in the study; medium-run analysis), and 

lifetime costs and QALYs (long-run analysis). A UK NHS and personal social services (PSS) 

perspective will be adopted for the short- and medium-run analyses, though PSS cost are expected 

to be small; in the long-run analysis, an NHS/PSS perspective will be adopted in the base case and a 

societal perspective will be adopted in sensitivity analysis. 

8.3.2 MEASURING COSTS 

There are three elements of the cost analysis: costs of PICRT transport; NHS/PSS costs in the short- 

and medium-run; and, NHS/PSS and societal costs in the long-run. A detailed cost analysis of 

transport by the PICRT will be carried out based on travel time, team composition, interventions 

performed and management of critical incidents. Unit costs for each of these items will be obtained 

from provider Trusts and 2014-2015 NHS Reference costs. 

 

For NHS/PSS costs in the short- and medium-run, the main health care resource use categories 

following arrival at the PICU will include time spent in the PICU (also accounting for time on invasive 

ventilation, vasoactive agent therapy, renal replacement therapy and extra-corporeal life support), 

time spent on different wards in the hospital after discharge from the PICU, and the number of 

inpatient and day case admissions, A&E visits and outpatient visits up to one year. Unit costs for 

these items will be taken from 2014-2015 NHS Reference Costs. It will not be possible to measure 

costs outside the hospital during the first year (e.g., primary care costs) directly for each patient 

included in the analysis, but we will estimate these based on published estimates of primary care 

resource use associated with main diagnosis leading to PICU admission. These will be obtained from 

systematic literature searches. While there is considerable uncertainty in these costs, we expect 

them to be a small proportion of total costs when combined with hospital costs. Hence the 

uncertainty is unlikely to affect the results, though we will examine this in sensitivity analyses. 

 

Long-run costs will be modelled from published sources based on systematic literature searches of 

the CEA Registry at Tufts University, the NHS Economic Evaluations Database, the Health 

Technology Assessment Database, the Research Papers in Economics Database and PubMed. These 

will include NHS/PSS and societal costs where possible. We will aim to identify published estimates 

of incremental discounted lifetime costs from NHS/PSS and societal perspectives associated with 

main diagnosis leading to PICU admission. Where these are not available directly we will compute 

annual incremental costs by age and model lifetime costs applying survival estimates and 

recommended discount rates.[25] Given the uncertainty in these estimates we will undertake 

extensive sensitivity analyses (see below).  

 

All costs will be reported in 2015/2016 prices, inflated where necessary using published inflation 

indices.[26] 
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8.3.3 MEASURING OUTCOMES 

For the short- and medium-run analysis, mortality up to one year will be measured directly in the 

study, as described in work stream A. Quality of life will be assessed at 12 months and used to 

compute QALYs for the medium-run analysis. As described previously, families will be consented 

during PICU admission for completion of quality of life questionnaires at 12 months follow-up. We 

expect most children to be under 5 years of age at PICU admission (approximately 50% of the 

transported children will be under 1 year of age, 25% will be aged 1-5 years, and 25% over 5 years). 

Measuring health-related quality of life suitable for estimating QALYs in this age group is 

challenging, and we therefore propose to use two methods: HUI-2 measured via proxy assessment 

by the parent and the PedsQL mapped to EQ-5D scores.[27, 28] Parents will also be asked to 

complete a questionnaire to quantify family costs (over the last 12 months) associated with their 

child’s PICU admission. As children recruited to the study are initially critically ill, completion of 

quality of life measures at baseline will not be possible, and so as is normal in critical care studies 

an assumption about baseline quality of life for the cohort will be made, e.g. assume a value of zero 

at baseline.[29, 30] For survivors at 12 months, QALYs will be calculated using the utility scores at 

12 months assuming utility score of zero at baseline, and a linear interpolation between baseline 

and 12 months. For decedents between baseline and 12 months, we will assume zero QALYs. For 

the long-run analysis, utility data will be obtained from published sources including: the CEA 

Registry at Tufts University, which contains a searchable database for utility weights by e.g. 

diagnosis; the NHS Economic Evaluations Database; and systematic searches of the wider literature 

for quality of life information suitable for estimating QALYs e.g. using PubMed. 

8.3.4 ANALYSIS 

Using these methods we will produce a patient-level dataset of costs and outcomes in the short-, 

medium- and long-run for every patient. Analyses of the mortality data will be as described above. 

QALYs will be analysed using a similar approach using linear models. Cost data are likely to be 

skewed and so to analyse these data (at 30 days, one year and lifetime) we will use a generalised 

linear model with gamma family and log link,[31] but will consider using other functional forms, 

such as Normal, Gaussian, inverse Gaussian and negative binomial distributions, selecting the 

model that gives the best fit of the data in terms of residual plots and the Akaike Information 

Criterion. We will also follow current guidance on conduct of economic evaluations using 

observational data to assess the main assumptions for addressing selection bias in the statistical 

models implemented.[32] The regression analyses will estimate lives saved, differences in costs, 

and QALYs gained between different PICRT models. Cost-effectiveness will be measured using 

incremental net monetary benefits (NMBs) calculated at different values of the willingness to pay 

to avoid one death or gain one QALY.  

 

There will be considerable uncertainty in our estimates, especially in the long-run analysis. We will 

investigate this extensively using deterministic and probabilistic sensitivity analysis. Parametric and 

non-parametric bootstrap methods will be employed to evaluate uncertainty around differences in 
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the lives saved, QALYs gained, costs and NMB, and we will construct cost-effectiveness acceptability 

curves.  

 

The main outcome of the health economic analyses will be estimates of the costs and benefits of 

different PICRT models in the short-, medium- and long-run using a variety of cost and outcome 

measures, including point estimates and uncertainty intervals. We will follow current guidance for 

methods of technology appraisal to present and report the results of the economic analysis.[33] We 

will also estimate the budget impact if each PICRT model were to be rolled out nationally based on 

projections of need for PICRT services. 

8.4 Workstream D: Mathematical modelling 

This work stream will address objective 2.2 of the DEPICT study: 

Objective 2.2: To use mathematical modelling and location allocation optimisation methods to 

explore whether alternative models of service delivery for PICU/PICRT services can improve clinical 

outcomes without increasing overall cost. 

 

This work will build directly on the quantitative analysis (work stream A) and the health economic 

evaluation (work stream C), but will also incorporate insights gained from the qualitative work 

(work stream B). 

8.4.1 APPROACH 

The quantitative analysis (work stream A) will reveal which factors are the most important drivers 

of outcome for the child after emergency transport to PICU: for instance, this might be as specific 

as the distance the PICRT has to travel or the interventions provided by the PICRT once at the 

bedside. Or, the factors could be broader such as overall time to bedside or overall time from 

referral to PICU arrival. We will use mathematical modelling and optimisation methods to explore 

the potential impact on outcome of different possible models of service that could impact the 

identified drivers of better outcomes. For instance, possible alternative models could include:  

 more transport services (to reduce distance) (either with same number of teams or more 

teams) 

 the same number of transport services with more teams (to reduce time to bedside by having 

more teams available to go out) 

 seasonal allocations of teams (to plan for the winter surge) 

 changes to team composition, perhaps varying by region/season.  

 

In such modelling, we will also use location-allocation optimization to investigate, for a given 

number of transport services and teams and a set of possible locations, where PICRTs should be 

based to minimise travel time to the local hospitals they serve and to the receiving PICUs. The 

constraints on the numbers of services, numbers of teams and possible locations will be defined 

through conversations with the PICRT services and commissioners. 

 



Page 35 of 50 

 

The DEPICT study Version 4.0 24 Jan 2019 

Potential service models will also take into account the views of parents and staff, in particular 

where there are options that are clearly preferred and would not negatively affect the child’s 

eventual outcome. Any proposed service models will be further re-examined in light of the 

feedback from stakeholders (parents and families, PICUs, PICRTs and local hospital clinicians) from 

the workshops (work stream E). We will also combine the results of this modelling strand with the 

cost-effectiveness analysis to explore how different potential models might affect the cost-

effectiveness of the service. 

8.4.2 ESTABLISHING THE CORE DATASET AND DISTANCE/TIME LOOKUP TABLES 

We will compile a dataset suitable for use in location/allocation analysis. This will involve collating 

data on the location of all hospitals in England and Wales that could act as a point of demand for 

transfer to a PICU and the location of PICUs themselves. We will explore gaining access to the 

SHAPE tool curated by Public Health England that contains these data (https://shape.phe.org.uk), 

including some detail on journey times between sites. Additionally, through discussion with 

commissioners and PICRT services, we will identify the set of potential locations for retrieval service 

teams, which will be a subset of the set of PICUs. We will also explore the approach used by Harper 

et al. for the Welsh ambulance service.[34] We will use their free tool, PatMap 

(https://github.com/JasYoung314/PatMap), to do this, which is based on Google Maps. This will 

result in a set of extensive look up tables containing the journey distances and expected journey 

times between potential locations of retrieval services, points of demand at local hospitals and 

PICUs. 

8.4.3 SETTING UP A LOCATION MATHEMATICAL MODEL 

Using the location/time dataset prepared earlier we will first develop a “coverage” discrete location 

model drawing on standard approaches from the operational research (OR) literature.[35] 

Essentially this coverage model will be used to identify the smallest set of PICRT locations and the 

attendant allocation of hospitals to PICRT “catchment areas” that ensures that each hospital is 

served by a PICRT positioned such that the distance travelled by retrieval teams or the time taken 

to retrieve sick children is below some threshold value. The use of travel distance or travel time and 

the choice of an acceptable threshold value will be informed by the statistical analysis in work 

stream A, the interviews in work stream B, and further discussion with key stakeholders. In this 

standard approach, we are looking for the fewest number of PICRT services that allow for full 

coverage of the country within defined time and distance constraints and then where they should 

be located. 

8.4.4 SETTING UP THE OBJECTIVE FUNCTION FOR THE LOCATION-ALLOCATION OPTIMISATION 

MODEL 

Using the same dataset, we will develop an alternative form of location optimisation model that 

can be used identify PICRT locations that, as a set, minimise the mean expected time taken for the 

retrieval team to arrive at the referring hospital (or the mean expected time taken to get children 

to PICU if the analysis in work stream A suggests this is more appropriate) based on there being a 

https://shape.phe.org.uk/
https://github.com/JasYoung314/PatMap
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certain number of retrieval services nationally.[36] In this approach, we are locating PICRTs to try to 

minimise the time to bedside across the country given a maximum number of PICRT services. 

8.4.5 EXPLORING THE OPTIMAL NUMBER OF TEAMS AVAILABLE FOR EACH PICRT 

The two different optimisation models developed previously do not incorporate decisions as to the 

number of teams available for each retrieval service. Queueing theory such as that deployed by 

Pagel in previous work for the CATS retrieval team will be used to determine the relationship 

between referral rates, the number of retrieval teams that a service has, and the expected time to a 

team being available to despatch. We will also investigate whether the application of hypercube 

queuing models as first developed by Larson to optimise the location and number of emergency 

service vehicles could be adapted for the PICRT context.[37] Developed models for this stream are 

likely to need heuristic solution algorithms and the locations and allocations suggested by the 

previous analyses will then be used as starting solutions in a heuristic search to give locations and 

team numbers that minimise the total number of teams required to meet a particular service 

standard or to give the best service that uses a fixed number of teams. 

8.4.6 ADDING HEALTH OUTCOMES TO THE OPTIMISATION MODELS 

Finally, we will explore the scope for extending the analysis to identify PICRT team sizes and 

locations that, as a set, maximise expected survival based on patterns of forecasted demand and a 

causal interpretation of the statistical associations identified between factors influenced by location 

of PICRTs and clinical outcome from work stream A. 

8.5 Workstream E: Synthesis of findings and workshops 

We have employed a multi-method approach to draw together findings from the various work 

streams (see Flow Diagram for relationship between the work streams, and the framework for how 

and when they will be integrated with each other). Feedback from stakeholder workshops will help 

refine the study findings to generate new evidence in the field of paediatric retrieval. 

 

We will arrange two workshops for families (children and young people, and parents) in different 

geographical locations to present the preliminary results of the work streams and to collect their 

feedback. Feedback will be instrumental in informing any final analyses required within the health 

economic evaluation and the mathematical modelling strands. Similarly, two similar workshops will 

be arranged for clinicians, with their input used to refine any final analyses. A key stakeholder 

workshop (families, clinicians, commissioners) will be held at the end of the study to present and 

synthesise results from each strand of work to provide evidence to inform the development of 

future national standards and information resources for parents. Workshop participants will be 

asked to consent to the sessions being audio-recorded, with assurance that no individual 

contribution will be directly attributable to them in any outputs. 
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8.6 End of the study 

The end of the study will be the date of completion of the 12 month follow up questionnaires for 

the last patient recruited to the qualitative study.  

9 ETHICAL CONSIDERATIONS 

The quantitative analysis of routine audit data linked to other data sources raises ethical issues 

related to: 

1. Collection and use of patient-identifiable data: We will not separately collect patient identifiable 

data for the purposes of this study without patient consent. The study dataset for the 

quantitative analysis will only utilise pseudonymised data (see linkage section below). The two 

main national audits involved in this research, the Paediatric Intensive Care Network (PICANet) 

and the Case Mix Programme (CMP), both currently collect and process identifiable information 

as part of their national audit role. Collection of personally identifiable data without explicit 

consent for PICANet has been approved by the Patient Information Advisory Group, now the 

NHS Health Research Authority Confidentiality Advisory Group (HRA CAG), and ethical approval 

granted by the Trent Medical Research Ethics Committee, ref. 05/MRE04/17 +5. Similarly, 

Section 251 support for the collection and use of patient identifiable data has been approved 

for the Case Mix Programme by the HRA CAG - Approval Number: PIAG 2-10(f)/2005. 

2. Data linkage: Since linkage of data for this study is not currently covered by the existing Section 

251 approvals, we will apply for HRA CAG approval for this study. Data linkage will be 

undertaken by the NHS Digital Data Access Request Service (DARS) acting as a ‘trusted third 

party’. PICANet have experience of successfully linking PICANet data to HES/ONS data through 

HSCIC in the past. The availability of NHS numbers in a very high proportion of PICANet (98%) 

and CMP records for children (97%) provides reassurance that most records can be successfully 

matched using a minimal number of patient identifiers. PICANet data, including identifiers, is 

currently held at the University of Leeds. University of Leeds will upload a list of patient 

identifiers (NHS numbers, date of birth, name and postcode) and a unique DEPICT study 

number to secure servers at NHS Digital for a cohort of children admitted to PICUs in England 

during a 3-year period (2014-16) – Dataset 1. Similarly, ICNARC will upload a similar list of 

patient identifiers and a unique local CMP identifier for children admitted to AICUs in England 

during the same 3-year period (2014-16) – Dataset 2. No clinical information will be transferred 

to NHS Digital. NHS Digital will first merge Dataset1 with Dataset 2. The merged dataset will 

then be linked to HES/ONS data. A pseudonymised dataset consisting of DEPICT study number, 

Unique CMP identifier, and HES/ONS data will be returned from NHS Digital to the University of 

Leicester. University of Leicester will send a list of DEPICT study numbers to University of Leeds 

and a list of unique CMP identifiers and corresponding DEPICTstudy numbers to ICNARC. 

University of Leeds will send PICANet clinical data to the University of Leicester. Similarly, 

ICNARC will send CMP clinical data to the University of Leicester. The final pseudonymised study 

dataset containing only the study number will be held at the University of Leicester for analysis. 
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NHS Digital will follow established procedures to destroy patient identifiable data once the 

linkage has been completed. 

 

The qualitative and questionnaire study raises ethical issues related to: 

1. Patient/parent informed consent: Eligible patients and parents will be approached for consent 

to: a) complete questionnaires related to their experience of the transport; b) to be approached 

by a researcher for potential participation in an interview at a later date; c) to be approached by 

a researcher 12 months later for follow up quality of life questionnaire completion; and d) to 

consent for their child’s PICANet data related to the transport and PICU admission to be 

provided to the study team. Recognising that families of critically ill children are likely to be 

highly stressed during transport and their child’s admission to intensive care, we will defer the 

consent approach to a suitable time after PICU admission as judged by the clinical team. We will 

ensure that experienced and qualified staff are involved in obtaining consent from the 

parents/families. Information sheets will be available in English as well as five other languages. 

Parents will be given as much time as required to consider whether they wish to participate in 

the study. It will be made clear to the parents that they will be free to withdraw their consent 

for their own and/or their child’s participation in the study at any time without this having any 

impact on their child’s care. The vast majority of children will be sedated and on a ventilator, 

therefore will be unable to remember their illness or transport experience. However, some 

children/young people may not be ventilated; we will provide them with age-appropriate 

information sheets and record their assent if they wish to participate. We will defer discussing 

the study with parents whose child dies in the PICU prior to consent being obtained in 

recognition of the parents’ distress at that time. We will develop specific versions of study 

documents for bereaved parents. 

2. Interviews: We recognise that recollecting a potentially difficult experience in their child’s life 

may be upsetting for parents/families even if it is after several months. We will employ staff 

with previous experience of interviewing children/families on sensitive issues. Interviews will be 

structured over 1-2 hours with appropriate breaks if necessary. We will develop clear policies 

for support for families if required. It will be made clear to participants at the outset that the 

interview can be stopped at any time should they wish.  Recognising that it can sometimes be 

difficult for participants to ask for an interview to be stopped, we will provide participants with 

a card or another agreed signal that they can use to indicate that they would like the interview 

to be stopped.  This technique has been successfully employed in previous studies and 

participants have reported that knowing that they have a mechanism of stopping the interview 

has been reassuring and empowering should they want to do so. 

 

We will employ a range of creative methods to engage children/young people in interviews, 

including activities such as ‘draw and write’,[23] ‘Talking mats’,[24] and third-person craft 

activities, and a conversation will be developed around the use of these materials. Recognising 

that this is likely to have been a distressing time for children, the researcher will be particularly 

sensitive to, and careful about, how these experiences are explored. If children would like their 
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parents to be present, this will be facilitated.  Sessions are expected to last 30-60 minutes, to 

enable time for rapport building with children at the start of the session and some appropriate 

“ending” of the session before they leave. Members of the research team have experience of 

using creative methods and interviewing children, and any training in the use of specific 

methodologies will be provided to the researcher. 

10 DATA MANAGEMENT 

10.1 Source Documents 

Source documents are original documents, data, and records from which participants’ study data 

are obtained. These include, but are not limited to, hospital records (from which medical history 

and previous and concurrent medication may be summarised into the CRF), clinical and office 

charts, laboratory and pharmacy records, diaries, microfiches, radiographs, and correspondence. 

All documents will be stored safely in confidential conditions. On all study-specific documents, 

other than the signed consent, the participant will be referred to by the study participant 

number/code, not by name. 

10.2 Direct Access to source data / documents 

Only members of the study research team and authorised representatives from the sponsor will 

have direct access to the source data and study documentation. All source data and study 

documentation will also be available to external auditors if and when required, and inspectors in 

the event of regulatory inspection. Consent forms will be stored at local sites and patient 

identifiable data will not be shared outside the local site. Access to the final data set will remain 

with the chief investigator. 

10.3 Data Recording and Record Keeping 

The linked dataset for this study will not contain any patient identifiable data. These data will be 

held in secure servers at the University of Leicester. Access to the study dataset will be tightly 

managed by University of Leicester data access policies. Research staff working on the data will be 

employed at the University of Leicester. 

 

Questionnaire data, including the 12-month follow up quality of life questionnaire data, will be 

collected and managed using REDCap electronic data capture tools hosted at University College 

London School of Life and Medical Sciences.[39] REDCap (Research Electronic Data Capture) is a 

secure, web-based application designed to support data capture for research studies, providing 1) 

an intuitive interface for validated data entry; 2) audit trails for tracking data manipulation and 

export procedures; 3) automated export procedures for seamless data downloads to common 

statistical packages; and 4) procedures for importing data from external sources. Study participants 

will be identified by a unique study specific number in REDCap. The name and any other identifying 

detail will not be included in any study data electronic file. Thus, we will ensure that researchers 
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undertaking the health economic evaluation and mathematical modelling will not have access to 

any patient identifiable information. Access to study data will be restricted to authorised individuals 

approved by the Chief Investigator employed at Great Ormond Street Hospital. 

 

Interviews will be audio-recorded on an encrypted digital recorder (with consent/assent) and 

contemporaneous notes will be made by the researcher after each interview.  On arrival back at 

Great Ormond Street Hospital after completing an interview, the researcher will transfer all 

encrypted interviews to the secure server and securely delete the interview from the audio-

recorder.  Interviews will be transcribed verbatim using an external company (Take Note), with 

whom Great Ormond Street Hospital already have a contract with agreed terms and conditions to 

protect confidentiality.  Names and any other identifying information (including hospital details, 

names of health professionals etc.) will be redacted in the transcript.   All audio recordings, 

transcripts and notes will be stored on secure network folders at Great Ormond Street Hospital 

servers; access will be restricted to authorised users only. Study participants will be identified by a 

unique study specific number; the patient name or any other identifying detail will not be included 

in any study data electronic file. 

10.4 Archiving 

Archiving will be authorised by the Sponsor following submission of the end of study report.  

Essential documents will be retained for a minimum of 15 years after completion of the study. 

These documents will be retained for longer if required by the applicable regulatory requirements. 

10.5 Research ethics approval 

This protocol, patient information sheets, informed consent forms and other study-related 

documents will be reviewed and approved by the Sponsor and Research Ethics Committee with 

respect to scientific content and compliance with applicable research regulations involving human 

subjects. 

11 PATIENT CONFIDENTIALITY & DATA PROTECTION 

Patient identifiable data, including initials, date of birth and NHS/hospital number will be required 

for the registration process. The study staff will ensure that the participants’ anonymity is 

maintained.  The participants will be identified only by initials and a participant’s ID number on the 

CRF and any electronic database.  All documents will be stored securely at Great Ormond Street 

Hospital and only accessible by study staff and authorised personnel. The study will comply with the 

Data Protection Act, which requires data to be anonymised as soon as it is practical to do so. Data 

will be stored in a secure manner and in accordance with the Data Protection Act 1998. 
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12 FINANCIAL INFORMATION AND INSURANCE 

This study is funded by the National Institute of Health Research Health Services Delivery Research 

program (NIHR HSDR ref: 15/136/45). 

 

Cover for negligent harm will be provided by the Great Ormond Street Hospital for Children NHS 

Foundation Trust through the Clinical Negligent Scheme for Trusts (CNST). 

13 DISSEMINATION 

The results of the study will be disseminated actively and extensively. The research team has strong 

links with (a) the PICU community via the Paediatric Intensive Care Society (PICS), PICS Study Group 

(PICS-SG), and the NIHR CRN: Children Clinical Studies Group (CSG) in Anaesthesia, Intensive Care 

and Cardiology; (b) the PICU Transport community through the PICS Acute Transport Group; (c) the 

Healthcare Quality Improvement Partnership national audit programme through the Paediatric 

Intensive Care Audit Network (PICANet) and Intensive Care National Audit and Research Centre 

(ICNARC) Case Mix Programme; and (d) NHS England. 

 

CLINICIANS AND ACADEMICS: Clinicians in the study steering committee will be drawn from all 

transport services in the UK, and will ensure wide dissemination of the results to frontline clinicians. 

The findings from our work will be presented at national and international conferences, potentially 

including the Annual Conference of the Royal College of Paediatrics and Child Health, the World 

Congress of Pediatric Intensive Care, PICS Annual Scientific Meeting, American Association of 

Pediatrics Conference, the European Society of Paediatric and Neonatal Intensive Care, and British 

Association of Critical Care Nurses (BACCN). A full report of the study will appear in the NIHR Health 

Services Delivery Journal. The study findings will also be published in high-impact, open-access, 

peer reviewed scientific journals and relevant professional journals. 

 

POLICY MAKERS: Evidence to inform future clinical guidelines arising out of the research will be 

published and disseminated to professional societies concerned with the care of children 

presenting with acute illness, including PICS and the Royal College of Paediatrics and Child Health. 

Presentation slides will be prepared for use by the study team or others in disseminating the 

research findings. 

 

PUBLIC: The results of the study will be disseminated to patients and their families, facilitated by 

the co-applicants, members of the research team who have links with PICS and the NIHR CSG, and 

via Family Groups we have liaised with already. A study website and links to social media will be 

created to publicise progress with the research and disseminate our findings. 
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14 PUBLICATIONS POLICY 

All individuals who have made substantial intellectual, scientific and practical contributions to the 

study and the manuscript will, where possible, will be credited as authors; all individuals credited as 

authors will deserve that designation. It is the responsibility of the Chief Investigator and co-PI and, 

ultimately, the Sponsor to ensure that these principles are upheld. The status of manuscripts in 

preparation will be reviewed by the Chief Investigator and Sponsor if required. In all cases where 

journal policies permit, all investigators who contribute patients to the study will be acknowledged.  
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16 Appendix A:  Study Flow Chart 

Differences in Emergency Paediatric Intensive Care and Transport (DEPICT) study 

 

STUDY SET UP 
Ethics and local R&D approvals 

QUANTITATIVE ANALYSIS 
 

DATA SOURCE 
PICANet data: 2014-16 

Transported emergency admissions to UK PICUs 
(n = ~18,000) 

 
PREDICTOR VARIABLES 
Access to intensive care 

- Time from intensive care referral to arrival of 
PICRT 

- Time from intensive care referral to PICU 
admission 

 
Care delivered by PICRT 
- Seniority of team leader 
- Interventions performed 

- Critical incidents during transport 

QUALITATIVE ANALYSIS 
 

PARTICIPANTS 
Prospective recruitment 

Patients and families 
(n = 35-40) 

Purposive sampling will ensure diversity in: 
- Patient ages 

- Main diagnoses 
- Rural/urban location 

- Rapid and delayed PICRT arrival 
- Rapid and delayed PICU admission 
Sampling will include a minimum of: 

3 transported PICU admissions from each of the 
12 PICRT services 

Families approached for consent for participation 
after discharge by PICU staff 

 
METHODS 

- Questionnaires 
- Semi-structured interviews 

 
Clinicians 

(n = 35-40) 
Purposive sampling will ensure diversity in: 

- Professional background of clinician 
- Rural/urban location 

Sampling will include a minimum of: 
2 clinicians each from 6 PICRTs 

2 clinicians each from 6 acute hospitals 
2 clinicians each from 6 PICUs 

  
METHODS 

- Semi-structured interviews 
 

DATA LINKAGE 
PICANet data linked at patient-level to: 

- Hospital Episode Statistics (HES) 
- Office of National Statistics (ONS) 

- Case Mix Programme (CMP) 

PATIENT OUTCOMES 
Primary: 30-day mortality 

Secondary: PICU-related (death, length of stay, 
organ support interventions), Length of hospital 
stay, A&E attendances and hospital admissions 

within 12 months after PICU discharge  

ANALYSIS 
Multilevel, multivariate analyses adjusting for 
patient demographics (age, ethnicity, index of 
multiple deprivation) and clinical data (main 
diagnosis, co-morbidities, severity of illness) 

HEALTH ECONOMIC ANALYSIS 
- Costs 

- Incremental costs per quality-adjusted life year 
gained and death averted 

 

MATHEMATICAL MODELLING 
- What-if scenarios of alternate service models 

- Location optimisation allocation 
 

WORKSHOPS FOR FAMILIES 
 

WORKSHOPS FOR CLINICIANS 
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CYP, parents, clinicians, commissioners  
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17 Appendix B: Example of patient pathway for a critically ill child requiring transport to a PICU 

 

PANEL A: VARIATIONS IN THE TIMELINESS OF ACCESS TO EMERGENCY INTENSIVE CARE IN TRANSPORTED PICU ADMISSIONS 

 

Critically ill/injured children who present to an acute hospital in the UK without a PICU require transport to a hospital with a PICU. Emergency intensive care is initiated 

by PICRTs and continued on PICU. 

Shaded boxes represent factors that influence timeliness of access to emergency paediatric intensive care. PICRT team availability may vary by service (depending on 

how the service is organised and how many teams are available), geographical region (lengthy transports mean longer waits for a team to become available for the 

next transport), and season (a winter surge in demand for PICU/PICRT services mean that patients wait longer for a PICRT and/or travel a longer distance to a PICU 

bed). 

 

IDEAL 

PATHWAY 

   
Timely arrival of a PICRT enables timely access to 

intensive care for the CYP. Timely admission to PICU 

enables timely access to further intensive care 

interventions available in a PICU. 

DELAY IN PICRT 

ARRIVAL 

    Delays in PICRT arrival 

may result in children 

being cared for by non-

specialist staff in EDs or 

AICUs for prolonged 

periods of time. 

DELAY IN PICU 

ADMISSION 

    Delays in admission to 

PICU may result in 

children being exposed to 

long transport times and 

delay further vital 

interventions only available 

on a PICU. 

DELAY IN PICRT 

ARRIVAL AND 

PICU 

ADMISSION 
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18 Appendix C: Data flow during linkage of data sources and generation of study 

dataset 

Red boxes indicate transfers where personal data will be included; blue boxes indicate no personal data will 

be included in the transfer. All transfers will utilise secure transmission means. 

 

FLOW OF ENGLISH DATA IN THE DATA LINKAGE PART OF THE DEPICT STUDY 

 

 
Paediatric Intensive Care Audit 

Network (University of Leeds) 

Case Mix Programme (Intensive 

Care National Audit and Research 

Centre) 

Dataset 1 
NHS number, Sex, Post Code, Date 

of birth + 
DEPICT study number 

Dataset 2 
NHS number, Sex, Post Code, Date 

of birth + 
Unique CMP identifier 

NHS Digital Data Access Request Service 

Merge Dataset 1 with Dataset 2 

Link records in merged dataset with HES/ONS data 

Case Mix Programme (Intensive 

Care National Audit and Research 

Centre) 

Paediatric Intensive Care Audit 

Network (University of Leeds) 

TRANSFER 1 TRANSFER 2 

TRANSFER 3: DEPICT study number, 
Unique CMP identifier, HES/ONS 

clinical data 

APPLICANT: University of Leicester 

TRANSFER 7: DEPICT 
study number, CMP 
clinical data 

TRANSFER 4: 
DEPICT study 

number 

Pseudonymised DEPICT study dataset 

TRANSFER 6: DEPICT 
study number, 

PICANet clinical data 

TRANSFER 5: 
Unique CMP 

identifier, DEPICT 
study number 
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FLOW OF WELSH DATA IN THE DATA LINKAGE PART OF THE DEPICT STUDY 
 

19 

Paediatric Intensive Care Audit 

Network (University of Leeds) 

Case Mix Programme (Intensive 

Care National Audit and Research 

Centre) 

Dataset 1 
NHS number + 

DEPICT study number 

Dataset 2 
NHS number + 

Unique CMP identifier 

NHS Wales Informatics Service 

Merge Dataset 1 with Dataset 2 

Link records in merged dataset with APC/A&E data 

Case Mix Programme (Intensive 

Care National Audit and Research 

Centre) 

Paediatric Intensive Care Audit 

Network (University of Leeds) 

TRANSFER 1 TRANSFER 2 

TRANSFER 3: DEPICT study number, 
Unique CMP identifier, APC/A&E 

clinical data 

APPLICANT: University of Leicester 

TRANSFER 7: 
DEPICT study 
number, CMP 
clinical data 

TRANSFER 4: 

DEPICT study 

number 

Pseudonymised DEPICT study dataset 

TRANSFER 6: DEPICT 
study number, 
PICANet clinical 

data 

TRANSFER 5: Unique 
CMP identifier, 

DEPICT study number 
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Appendix D: Schedule of Procedures (Qualitative and questionnaire study) 

Procedures PICU 
admission 

2-3 months after 
PICU admission 

Within 6 months 
of PICU admission 

12 months after 
PICU admission 

Informed consent for transport 
questionnaire completion, contact by 
GOSH qualitative researcher for 
interviews and completion of 12-month 
follow up questionnaires 

x    

Transport questionnaire completion x    

Contact by GOSH qualitative researcher 
for interviews 

 x   

Parent/children interviews   x  

Contact by researcher for 12-month 
follow up questionnaires 

   x 

Completion of 12-month follow up 
questionnaires 

   x 
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20 Appendix E: Flow of data in the qualitative and questionnaire part of the study 

 

 

 

 

 Patient consent obtained at recruiting site 
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GOSH QUALITATIVE RESEARCHER 

Completed paper transport questionnaire 

Only DEPICT study number entered 

Online questionnaire completed on 
secure REDCAP system hosted at UCL 

SLMS 
Only DEPICT study number entered 

Data stored on SLMS REDCAP servers 
 

Paper questionnaire provided with unique 
DEPICT STUDY NUMBER 

Option to complete questionnaire online 

BY POST ACCESS TO ELECTRONIC DATA 

RECORDED AND TRANSCRIBED DATA 
FROM INTERVIEWS OF 

PARENTS/CHILDREN/CLINICIANS 

G
O

SH
 

Online quality of life questionnaire 
completed on secure REDCAP system 

hosted at UCL SLMS 
Only DEPICT study number entered 

Data stored on SLMS REDCAP servers 

Completed paper quality of life 

questionnaires at 12 months 

Only DEPICT study number entered 

BY POST ACCESS TO ELECTRONIC DATA 

NHS.NET 

EMAIL 

Contact details of parents 


