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ABSTRACT
Introduction Following centralisation of UK paediatric 
intensive care, specialist retrieval teams were established 
who travel to general hospitals to stabilise and transport 
sick children to regional paediatric intensive care units 
(PICUs). There is national variation among these PICU 
retrieval teams (PICRTs) in terms of how quickly they 
reach the patient’s bedside and in the care provided 
during transport. The impact of these variations on clinical 
outcomes and the experience of stakeholders (patients, 
families and healthcare staff) is however unknown. The 
primary objective of this study is to address this evidence 
gap.
Methods and analysis This mixed-methods project 
involves the following: (1) retrospective analysis of 
linked data from routine clinical audits (2014–2016) 
to assess the impact of service variations on 30-day 
mortality and other secondary clinical outcomes; (2) a 
prospective questionnaire study conducted at 24 PICUs 
and 9 associated PICRTs in England and Wales over a 
12-month period in 2018 to collect experience data from 
parents of transported children as well as qualitative 
analysis of in-depth interviews with a purposive sample 
of patients, parents and staff to assess the impact of 
service variations on patient/family experience; (3) health 
economic evaluation analysing transport service costs 
(and other associated costs) against lives saved and 
longer term measurements of quality of life at 12 months 
in transported children and (4) mathematical modelling 
evaluating the costs and potential impact of different 
service configurations. A final work stream involves a 
series of stakeholder workshops to synthesise study 
findings and generate recommendations.
Ethics and dissemination The study has been reviewed 
and approved by the Health Research Authority, ref: 
2 18 569. Study results will be actively disseminated 
through peer-reviewed journals, conference presentations, 
social media, print and broadcast media, the internet and 
stakeholder workshops.

InTRoduCTIon
Centralisation of specialist paediatric services 
in the UK has led to the establishment of 

regional paediatric intensive care units 
(PICUs) and paediatric intensive care 
retrieval teams (PICRTs), mobile intensive 
care teams that travel to general hospitals 
to initiate intensive care and transport crit-
ically ill children to PICUs.1 2 The use of 
PICRTs (rather than non-specialist teams) 
for the inter-hospital transport of critically 
ill children improves the odds of survival by 
42%; the majority (~85%) of such transports 
are currently performed by PICRTs with the 
remainder being performed by non-PICU 
teams.3 

Retrieval services for children have evolved 
ad hoc over the past two decades, and 
currently differ in terms of how the service 
is organised and care provided during trans-
port, in particular, seniority of the transport 
team leader (consultant, junior doctor or 
advanced nurse practitioner), critical care 
interventions performed (eg, intubation 

Strengths and limitations of this study

 ► This is the largest national mixed-methods multiple 
work stream study conducted in paediatric intensive 
care transport.

 ► The study will synthesise findings from four work 
streams to explore the impact of timeliness of inten-
sive care transport on clinical outcomes and family 
experience.

 ► Extensive input from patients and service users, 
integrated health economic evaluation and novel 
mathematical modelling will provide evidence to 
support future service models.

 ► The study findings have the potential to change fu-
ture national standards, guidelines and information 
resources for patients and families.

 ► Our study limitations include the lack of a single val-
idated risk adjustment measure for the data analysis 
work stream and the potential for low return rate of 
parent questionnaires in work stream B.
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or central venous catheterisation) and the frequency 
of critical incidents (eg, accidental extubation) during 
transport.4 PICRTs also vary in the time taken to reach 
the patient from referral acceptance (median 1–4 hours, 
although up to 24 hours during the winter surge in 
demand), impacting on how soon a critically ill child can 
expect to start receiving specialist paediatric intensive 
care (PIC).5 National quality standards recommending 
that PICRTs should reach the patient within 3 hours of 
referral acceptance are based on expert opinion due to 
a dearth of scientific evidence regarding the impact of 
delayed arrival of the PICRT on patient outcomes. In addi-
tion, there has been little systematic research into how the 
patient's experience is influenced by timeliness of access 
to PICRTs, and the quality of care delivered by PICRTs, 
at what is a particularly vulnerable period in critically ill 
children’s (and their families’) lives. Evidence of psycho-
logical trauma can be found long after acute transfer and 
admission to PICU,6 7 so exploring the impact of service 
variation on patients’ and their families’ experience may 
provide an opportunity to intervene and ameliorate an 
acutely difficult experience.

Transported children represent one-third of all UK 
PICU admissions (and one-half of all emergency admis-
sions), yet have poorer outcomes than planned admissions 
or emergency admissions from within the same hospital 
where the PICU is located.3 It is not clear whether this 
is solely because transported children are much sicker, 
or whether other factors such as the timeliness of access 
to PICU expertise and care delivered by PICRTs prior to 
PICU admission have an additional influence on clin-
ical outcome. Understanding the impact of variations in 
PICRT services may help to understand why outcomes in 
this group are worse and how to improve them.

This paper outlines the protocol of a national mixed-
methods study that primarily aims to explore how clinical 
outcomes of critically ill children transported to paediatric 
intensive care (PIC) are affected by variations in both time-
liness of access to PIC and the care provided by PIC retrieval 
teams during stabilisation and transport. Secondary objec-
tives include understanding the experience of the transport 
of critically ill children from the perspectives of different 
stakeholders (patients and families, and healthcare staff 
from referring hospitals, PICRTs and PICUs); health 
economic analysis to explore the relative cost-effectiveness 
of current PICRTs and mathematical modelling to evaluate 
whether alternative models of PICRT service delivery can 
improve clinical and cost effectiveness.

METhodS And AnAlySIS
Study design
As shown in figure 1, Differences in access to Emergency 
Paediatric Intensive Care and care during Transport 
(DEPICT) is a mixed-methods study with multiple work 
streams: (1) work stream A (retrospective quantitative 
analysis of linked data from routine clinical audit and 
administrative sources); (2) work stream B (prospective 

observational study involving administration of question-
naires to parents of transported children as well as parent, 
patient and staff interviews); (3) work stream C (health 
economic evaluation); (4) work stream D (mathematical 
modelling) and (5) work stream E (synthesis of findings 
from the four work streams and stakeholder workshops to 
refine study findings).

Setting
The study will involve critically ill children and young 
people (CYP) (before their 16th birthday) transported 
for emergency admission to 24 PICUs (representing 21 
National Health Service (NHS) Trusts) by 9 PICRTs in 
England and Wales.

Recruitment and analysis plan by work stream
Work stream A
The objectives of this work stream are to study the asso-
ciation between (1) timeliness of access to a PICRT and 
clinical outcomes and (2) care delivered by PICRTs and 
clinical outcomes.

Study dataset
We will create a study dataset by linking four different 
sources of routinely collected audit and administra-
tive data: (1) Paediatric Intensive Care Audit Network 
(PICANet) comprising clinical information regarding the 
case mix, resource use and outcome of ~15 000 children 
transported to PICUs between 1 January 2014 and 31 
December 2016; (2) Intensive Care National Audit and 
Research Centre (ICNARC) Case Mix Programme (CMP) 
consisting of clinical information on children admitted to 
adult critical care units prior to paediatric transport; (3) 
Hospital Episode Statistics (HES) comprising administra-
tive and clinical data on acute hospital attendance and 
admissions from English hospitals as well as similar data 
from the NHS Wales Informatics Service and (4) Office of 
National Statistics (ONS) mortality data.

Data linkage
PICANet and ICNARC will provide patient-level identifiable 
data (NHS number, sex, postcode and date of birth) about 
emergency paediatric admissions to intensive care to NHS 
Digital (https:// digital. nhs. uk/) for data linkage, including 
a pseudo-anonymised identifier. NHS number will be the 
primary identifier to allow matching between data sources, 
and this has high levels of completeness in both the PICANet 
(98%) and CMP (97%) data. NHS Digital will merge these 
data sources and link them with HES and ONS. Identifi-
able data will be removed by NHS Digital before providing 
the linked data to the statistical team at the University of 
Leicester. Additional clinical and demographic data will be 
provided from PICANet and ICNARC to the statistical team 
using the study-specific patient-level pseudo-anonymised 
identifier to link the data. The data flow to and from NHS 
Digital is described in figure 2. Additional information for 
Wales will be requested and will follow a similar data flow 
to that in figure 2, although linkage will only take place on 
NHS number.
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Figure 1 Study flow diagram illustrating the study work streams and their relationship. PICANet, Paediatric Intensive 
Care  Audit Network; PICRT, paediatric intensive care retrieval team; PICU, paediatric intensive care unit.
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Study population
All transports of critically ill children (before their 
16th birthday) to a PICU in England and Wales from 
1 January 2014to 31 December 2016 will be included. 
Exclusions will be made for no match between PICANet 
transport and PICU admission data, and transports by 
neonatal or local/non-specialist teams.

Outcomes
The primary outcome will be mortality within 30 days 
following PICU admission (the first admission in case of 
multiple PICU admissions). Secondary outcomes, selected 

by clinical members of the research team to complement 
the primary outcome, will include (1) mortality at PICU 
discharge, 90 days and 1 year following (first) PICU admis-
sion; (2) number of PICU admissions during study period 
and time to readmission (if applicable); (3) length of stay 
in PICU for each PICU admission; (4) resource use in 
PICU (number of days of invasive ventilation, vasoactive 
agent therapy, renal replacement therapy and extra-cor-
poreal life support); (5) length of hospital stay linked to 
the (first) PICU admission; (6) number of emergency 
department attendances in the 12 months following 

Figure 2 Flow of data to and from NHS Digital for the data linkage work stream of the DEPICT Study. CMP, Case Mix 
Programme; DEPICT, Differences in access to Emergency Paediatric Intensive Care and care during Transport; HES, Hospital 
Episode Statistics ; NHS, National Health Service; ONS, Office of National Statistics; PICANet, Paediatric Intensive Care Audit 
Network.
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discharge from PICU and (7) hospital resource use in the 
12 months following PICU discharge.

Statistical analysis
The full statistical analysis plan is available on the study 
website (https:// depict- study. org. uk/ study- documents). 
Summary information will be provided including the 
following:

 ► Characteristics of the transports undertaken, for 
example, grade of team leader, n (%).

 ► Interventions during or prior to transport conducted 
by the retrieval team, n (%)
For example, intubation, central venous catheter in-
sertion, adverse events during transport (medical: eg, 
accidental extubation, or vehicular: eg, road traffic 
accident).

 ► Primary diagnosis reason from evidence available at 
the time of admission, n (%)
For example, respiratory, neurological, cardiovascu-
lar, infection, endocrine/metabolic, haematology/
oncology, trauma, other.

 ► Reason for admission, as identified during admission, 
n (%)
For example, bronchiolitis, seizure disorder, asthma, 
croup, postoperative, diabetic ketoacidosis.

 ► Paediatric Index of Mortality (PIM)-2/PIM-3 score, 
median (range) and grouped as <1, 1 to <5; 5 to <15, 
15 to <30, 30–100.

 ► Mortality at 30 days, 90 days and 1 year after first PICU 
admission.

 ► Length of stay, median (range).
 ► Daily interventions in the PICU (eg, ventilation) and 

median days treatment received (range).

Missing or implausible data
At this stage, we are unaware of the level of missing data 
which will be encountered; however, data quality and 
completeness of the PICANet and CMP data are believed 
to be high. Missing data will still occur and when levels of 
missing data are high (>10%) for key variables, reasons for 
this will be investigated, for example, whether one partic-
ular transport team has a certain variable consistently 
missing. If we believe data are missing at random, we will 
investigate use of multiple imputation. We will develop 
robust proposals for handling each variable as we become 
aware of the level of missingness and present these to the 
Study Management Group for approval before analysis is 
conducted.

Formal statistical analysis
Two main statistical models will form the basis of the 
primary analysis: see figure 3 for a graphical representa-
tion of the entire transport pathway. Model 1 will inves-
tigate the impact on mortality due to the timeliness of 
access to care for children requiring transport by a PICRT. 
PICANet collects data on all key time points within the 
transport including, time transport was agreed; time the 

Figure 3 Graphical illustration of the reasons for delay in a PICRT reaching the patient’s bedside at the referring hospital and 
the patient reaching the PICU. AICUs, adult intensive care units; CYP, children and young people; EDs, emergency departments; 
PICRT, paediatric intensive care unit retrieval team; PICU, paediatric intensive care unit.
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transport team set off; time the team arrived at the district 
general hospital and time the team arrived at the PICU. 
Model 2 will investigate the care delivered by the transport 
team on the way to the PICU and the impact this has on 
mortality.

Model building for both analyses will follow these steps:
1. Selection of key confounders via statistical and clinical 

discussions (see table 1).
2. Drawing of a directed acyclic graph (DAG) to repre-

sent the model to be fitted8 and to ensure minimal ad-
justments are used. This DAG will be approved by the 
Study Management Group and published in papers 
related to its use.

3. Formal regression model will be fitted (eg, logis-
tic model with mortality as the outcome to compare 
whether, after adjustment, the time to arrive at the pa-
tient's bedside impacts on the odds of mortality). Dif-
ferent approaches to modelling covariates will be con-
sidered including fractional polynomials and splines 
if their use provides a difference of at least 4 in the 
Akaike Information Criterion (AIC) between the mod-
els. The AIC allows comparison between multiple sta-
tistical models to identify the most appropriate model 
to use.

4. Model checking will be conducted including, Hosmer-
Lemeshow test, c-statistic and Briers score (or equiva-
lent model checking methods for other approaches). 

Stability of model estimates will be assessed via 
bootstrapping.

Sensitivity analyses will be conducted to investigate 
any assumptions, including missing data and unob-
served confounding (using an instrumental variables 
approach),9 and the robustness of the data.

There may be children with more than one transport 
recorded in the data. For these children, we will either 
conduct the analysis on their most recent transport, or 
cluster on patient identifier to adjust the standard errors 
or use a random effect within a generalised linear mixed 
model. Again, this will form part of our sensitivity analyses.

The analysis will be repeated for secondary outcomes, 
using the following statistical approaches:

 ► Length of stay: survival analysis approaches including 
competing risks.

 ► Resource use in PICU and hospital resource use following 
PICU discharge: negative binomial models (to account 
for the fact that many children will have no resource 
use for certain interventions).

 ► A&E attendances: logistic regression (re-admitted 
to A&E: yes/no) or Poisson regression (number of 
re-admissions).

All assumptions for methods used will be investigated 
to ensure our approaches are robust, for example, we will 
check for overdispersion when using negative binomial 
models. All analyses will consider the potential clustering 

Table 1 List of potential confounders for consideration in each of the statistical models

Variable Data source

Age PICANet and CMP

Sex PICANet and CMP

Ethnicity HES, PICANet and CMP

Pre-existing comorbidities (or a proxy, eg, time in hospital in 
the previous year)

HES, PICANet and CMP

Deprivation (IMD score) PICANet and CMP (via postcodes or LSOA)

Diagnosis PICANet, CMP and HES

Severity of illness (PIM-2/PIM-3 score and individual variables 
from first contact with transport team, not from referral)

PICANet

Ventilated at referral PICANet

Previous admission to intensive care PICANet and CMP

Volume of referring hospital HES or RCPCH data

Interventions prior to arrival of the transport team PICANet

Referral location (A&E, HDU, theatre, ward etc.) PICANet

Season (winter defined as Nov to Feb) PICANet

In hours versus out of hours (to include evenings and 
weekends)

PICANet

Interventions conducted when retrieval team arrives PICANet

Grade of team leader PICANet

CMP, Case Mix Programme; HDU, High Dependency Unit; HES, Hospital Episode Statistics; IMD, Index of Multiple Deprivation; LSOA, 
lower super output area; PICANet,  Paediatric Intensive Care Audit Network; PIM, Paediatric Index of Mortality; RCPCH, Royal College of 
Paediatrics and Child Health. 
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within the data, including the transport teams, and some 
patients have multiple transports. Where appropriate, 
multilevel models or methods to account for clustering 
(eg, robust standard errors) will be used.

Sample size
We anticipate a sample size of 10 000 to 15 000 transports 
as seen in previous years of transport data collected by 
PICANet (https://www. picanet. org. uk/ annual- reporting- 
and- publications/). A formal prospective sample size 
calculation was not possible, as in reality, we will use all 
available data and ensure our level of adjustment is reason-
able compared with the number of events to ensure we do 
not over-fit the model.

Reporting conventions
Adjusted odds ratios, risk ratios or other coefficients will 
be reported to one decimal place with 95% CIs. P values 
will not be presented and consideration will be given to 
both statistical and clinical significance. Small numbers 
will be suppressed in line with HES guidance (http:// 
docs. adrn. ac. uk/ 888040/ mrdoc/ pdf/ 888040_ hes- analy- 
guide- apr13. pdf).

Work stream B
The objectives of this work stream are to explore (1) 
parents’, and where feasible, children’s, experiences of 
emergency transport to PICU and (2) clinicians’ and 
service managers’ (or commissioners’) perspectives of 
PICU transport and its impact on care provided to criti-
cally ill CYP, and the wider impact on other patients and 
services.

Recruitment of transported CYP and their parents
Parents of critically ill CYP admitted to PICU over a 
12-month period from January 2018 will be recruited. All 
emergency admissions to participating PICUs over this 
period will be screened for eligibility; CYP transported by 
PICRTs (or other transport teams) will be eligible.

Parents/guardians of eligible patients will be 
approached by clinical/research staff while their child is 
on PICU to discuss the study and obtain written informed 
consent for (1) completion of a questionnaire relating to 
the experience of PIC transport; (2) potential contact by 
a researcher for participation in an interview 3–6 months 
after PICU admission; (3) contact by researchers for 
completion of a child quality of life questionnaire (Peds-
QL), generic quality of life questionnaire (HUI-2) and 
asked details of use of health services and other family 
costs 12 months after PICU admission and (4) the use of 
patient identifiers to extract PICANet data relating to the 
child’s transport episode.

Relevant information sheets for the study will be avail-
able in English as well as six other languages (Bengali, 
Gujarati, Punjabi, Urdu, Polish and Welsh—chosen based 
on the most frequently spoken languages in England 
and Wales from 2011 census data) to support the process 
of informed consent. Separate procedures have been 
devised to recruit parents of CYP who die in the PICU. 

These procedures involve sending a personalised letter 
from the site principal investigator and information 
sheets and consent form approximately 6–8 weeks after 
the child’s death.

Questionnaire study
Parents who agree to participate will be given a paper 
questionnaire, developed specifically for this study from 
existing questionnaires, review of relevant literature and 
using the experience of the study team, steering group 
and parent representatives to further inform the format 
and content. Parents will also be able to complete the 
questionnaire electronically, including a speak-aloud 
option to facilitate completion for participants with low 
literacy levels. Where appropriate, two copies of the 
questionnaire will be offered to families recognising that 
parents may have different perspectives and capturing 
both would enrich the description of family experiences. 
The questionnaire uses a mixture of rating scales, tick 
boxes and free text boxes to collect parental responses 
to specific questions regarding their experience before, 
during and after their child’s transport to PICU and 
includes questions related to arrival of the PICRT, infor-
mation provided about the transport process, expecta-
tions about the transport team and whether these were 
met and whether the family were able to accompany the 
child in the transport. Demographic questions will be 
asked but no identifiable information will be recorded. 
The questionnaire was piloted with several families at 
two PICUs to check coherence, clarity and acceptability. 
If consent is provided, questionnaire responses will be 
linked with PICANet data on that specific patient trans-
port to provide additional information for analysis (eg, 
exact time of arrival at patient's bedside).

Interview study
We will interview a purposive sample of parents, CYP 
and healthcare staff. Interview topic guides for staff and 
parents/guardians have been provided as online supple-
mentary file 1.

Parents
Eligible parents will be invited 3–6 months after their 
child’s admission to PICU if they have completed the 
transport questionnaire and consented for interviews. 
Use of a sampling matrix will ensure diversity in terms 
of child’s age, diagnosis, distance from referring hospital 
to PICU, previous use of PICRTs and whether parents 
travelled with the child in the ambulance. We anticipate 
recruiting 50 parents, which should be a sufficiently 
large number to capture the range of parents’ experi-
ences across the different models of care and to reach 
data saturation, balanced with resource implications and 
feasibility of collecting and analysing large amounts of 
interview data. Interviews will be completed face-to-face 
unless a preference is expressed for telephone or Skype, 
and written consent obtained/recorded. Interviews 
will be recorded and transcribed verbatim. Interpreters 
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will be arranged if necessary to support participation of 
non-English-speaking families. The interview topic guide 
will encourage families to talk about their experiences at 
different stages of the transport journey with a specific 
focus on talking about what went well, what worked less 
well and what an optimum service would look like.

Children and young people
CYP aged 5–16 years, who can remember some of their 
transport journey and are able to provide age-appropriate 
assent for their participation, will be eligible. We aim 
to create a diverse sample similar to that described for 
parent interviews but will employ a more flexible recruit-
ment strategy recognising the challenges of recruiting 
eligible CYP. We will use a range of creative methods to 
engage CYP including draw and write,10 talking mats11 
and third-person craft activities. Sessions will be audiore-
corded, photographs taken of any creative outputs and 
notes taken immediately after the session about aspects 
such as CYP’s engagement and their ability to recall the 
experience and the impact of revisiting the time of their 
transport to PICU.

Clinicians and service managers
We will recruit 35–40 health professionals from PICRTs, 
PICUs and a representative sample of acute general 
hospitals; we aim to create a diverse sample in terms of 
professional background, experience, place of work and 
experience of emergency transfers. Participants will be 
recruited via an email advert circulated by local site prin-
cipal investigators. Interested staff will be encouraged to 
contact the study researchers and will be sent an informa-
tion sheet and consent form to complete before partic-
ipation. Interviews will focus on asking participants to 
describe a transfer that went well, one that went less well, 
to discuss the wider impact of the PIC retrieval service on 
the care of other children and services and to describe 
what they feel an optimal service would look like. Initial 
piloting with three to four clinicians will enable further 
refinement of the topic guide.

Data analysis
Based on published response rates from postal question-
naires in the area of paediatric critical care, we estimate a 
return rate of 25% (anticipated 800–1000 returned ques-
tionnaires) but we will work with PICU research teams to 
maximise return rate to improve the generalisability of 
our findings. Descriptive statistics will be used to describe 
and compare different PICRT models and to examine 
key variables. We will assess the impact of missing data 
by repeating analyses with and without participants with 
missing data. We will assess whether missing data is random 
or systematic and report decisions made about missing 
data. Interview transcripts will be entered verbatim into 
NVIVO, a qualitative data analysis programme. The 
Framework approach will be used to enable thematic 
analysis of described experiences. Framework facilitates 
rigorous and transparent data management, involving 

five distinct stages: familiarisation, identifying a thematic 
framework, indexing, charting, mapping and interpreta-
tion.12 Data will be compared within cases (people and 
PICRTs) and across cases, and this will allow comparisons 
of experience between different PICRTs and between 
different models of care.

Work stream C
The objective of this work stream is to evaluate the cost-ef-
fectiveness of PICRT provision for critically ill children, 
comparing different services models that are currently 
in use, varying in terms of team composition, availability 
of interventions in transit and timeliness of access to the 
PICU. This will use the datasets created in work streams A 
and B, supplemented with NHS cost data.

The primary outcome measure will be number of lives 
saved in each strategy; the secondary outcome will be 
quality-adjusted life years (QALYs). For costs, an NHS 
and Personal Social Services (PSS) perspective will be 
adopted in the base case, and a societal perspective will 
be adopted in sensitivity analysis. Costs and outcomes will 
be evaluated using several time horizons, for example, 
up to 30 days and 1 year following PICU admission, and 
lifetime.

Measuring costs
Costs will include PICRT transport and broader NHS/
PSS and societal costs. A detailed cost analysis of transport 
by the PICRT will be carried out based on travel time, 
team composition, interventions performed and manage-
ment of critical incidents, based on PICANet data from 
work stream A.

The main NHS costs will include time spent in the 
PICU, time spent on different wards in the hospital after 
discharge from the PICU, and hospital resource use in 
the 12 months following PICU discharge (admissions, 
emergency department visits, outpatient visits) obtained 
from PICANet data from work stream A. Unit costs for 
each of these items will be obtained from provider trusts 
and published sources, producing a patient-level cost 
dataset for all patients in work stream A. Primary care 
costs will be obtained from 12-month follow-up question-
naires (work stream B), which will include accommoda-
tion, travel, food and drink costs as well as time off work, 
and combined with NHS costs to compute societal costs. 
Mean primary care and family costs will be computed for 
participants in workstream B grouped by primary and 
secondary outcomes and confounding variables used in 
in workstream A; mean group costs will then be mapped 
onto the patient-level data in workstream A. Costs beyond 
1 year will be modelled from published sources based 
on systematic literature searches of the Cost-Effective-
ness Analysis (CEA) Registry at Tufts University, the NHS 
Economic Evaluations Database, the Health Technology 
Assessment Database, the Research Papers in Economics 
Database and PubMed.13 All costs will be reported in 
constant prices, inflated where necessary using published 
inflation indices.14
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Measuring outcomes
Mortality up to 1 year will be measured directly in the 
study (work stream A). Quality of life will be assessed at 12 
months and combined with data on survival to compute 
QALYs. Measuring health-related quality of life suit-
able for estimating QALYs in our population of mainly 
<5-year-old children is challenging. We therefore propose 
to use two methods: HUI-2 measured via proxy assess-
ment by the parent and the PedsQL mapped to EQ-5D 
scores, both obtained from the follow-up questionnaires 
in workstream B.15–17 Mean utility scores by primary and 
secondary outcomes and confounding variables used in 
work stream A will be calculated for patients completing 
the questionnaire in work stream B grouped and then 
mapped onto the patient-level data in work stream A, 
to produce a patient-level QALY dataset for all patients 
in workstream A. Long-run survival and utility data suit-
able for estimating lifetime QALYs will be obtained from 
published sources including the CEA Registry at Tufts 
University, which contains a searchable database for utility 
weights by, for example, diagnosis; the NHS Economic 
Evaluations Database and systematic searches of the wider 
literature for quality of life information suitable for esti-
mating QALYs, for example, using PubMed.

Analysis
We will produce a patient-level dataset of costs and 
outcomes for every patient in work stream A. We will use 
this to analyse the costs and outcomes associated with 
different PICRT models using regression analysis.18 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 statis-
tical models implemented, including assessing the ‘no 
unobserved confounding’ assumption, overlap of base-
line covariates between patients in the different PICRT 
models and the specification of the regression models.19 
The regression analyses will estimate lives saved, differ-
ences in costs and QALYs gained between different 
PICRT models. Cost-effectiveness will be measured using 
incremental net monetary benefits calculated at different 
values of the willingness to pay to avoid one death or gain 
one QALY. We will undertake extensive sensitivity analysis 
to evaluate the impact of uncertainty in our analysis.

We will follow current guidance for methods of tech-
nology appraisal to present and report the results of the 
economic analysis.20 We will estimate the budget impact if 
each PICRT model were to be rolled out nationally based 
on projections of need for PICRT services.

Work stream D
Work stream D will use mathematical modelling and loca-
tion 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 quantita-
tive 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).

We note that these methods are not statistical model-
ling—they are a form of optimisation modelling where the 
aim is to optimise a given decision-dependent goal (eg, 
making journey times as short as possible by changing the 
location of retrieval teams) subject to various constraints 
(eg, maximum number of retrieval team locations and 
minimum level of demand per location). In simple opti-
misation models there are exact solutions. For more 
complex problems that are computationally complex, 
heuristic algorithms are used to obtain a solution. There 
is no formal statistical validation of these models—
instead, we will carry out sensitivity analysis to understand 
the impact of small changes to the objective function, its 
coefficients and constraints on the resulting output (loca-
tion and numbers of PICRTs). This will provide an assess-
ment of the robustness of the modelling approach to this 
problem.

In particular, 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. 
Possible alternative models could include the following:

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 increase team availability).
Seasonal allocations of teams (to plan for the winter 
surge).
Changes to team composition.

We will also use location-allocation optimisation 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.

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 nega-
tively affect the child’s eventual outcome.

Any proposed service models will be further re-exam-
ined in light of the feedback from stakeholders (parents 
and families, PICUs, PICRTs and local hospital clini-
cians) from the workshops (work stream E). We will 
also combine the results of this modelling strand with 
the cost-effectiveness analysis, by estimating the costs 
associated with different service configurations and 
the anticipated cost of outcomes associated with that 
configuration (for instance, if longer journey times lead 
to poorer clinical outcomes). It is possible that time to 
bedside is only one important factor; we will explore 
solutions to the model that also seek to minimise time 
from bedside to receiving PICU and time from receiving 
PICU back to base (which will affect team availability). 
We will account for stochastic journey and mobilisation 
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times and explore how best to incorporate seasonal 
demand.

Deciding where best to locate PICRTs also needs to 
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 Children's 
Acute Transport  Service  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 hyper-
cube queuing models as first developed by Larson to 
optimise the location and number of emergency service 
vehicles could be adapted for the PICRT context.21 Devel-
oped 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.

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 influ-
enced by location of PICRTs and clinical outcome from 
work stream A.

Work stream E
We will synthesise the findings from the work streams A 
to D and organise stakeholder workshops (see summary 
of work streams—table 2). We will arrange two workshops 
for families as well as for clinicians in different geograph-
ical locations to present the preliminary results of the 
work streams and to collect their feedback, which will 
be instrumental in informing any final analyses required 
within the health economic evaluation and the mathe-
matical modelling work streams. A final key stakeholder 
workshop (families, clinicians, commissioners) will be 
held to present and synthesise results from each work 
stream. Workshop participants will be asked to consent 
to the sessions being audiorecorded, with assurance that 
no individual contribution will be directly attributable to 
them in any outputs.

Patient and public involvement
Parents of sick children retrieved to UK PICUs have regu-
larly highlighted how the care provided during trans-
port crucially influences their child’s outcome and the 
family’s experience. Two parent representatives form 
part of the study management group to inform the study 
design and conduct, especially related to data collec-
tion with parents, and help develop appropriate parent 
information resources. There are two additional patient 
representatives as part of the study steering committee, 
responsible for overall supervision of the research. The 
results of the study will be presented to key stakeholders 

and user groups will be closely involved with dissemina-
tion of study findings.

Ethics and dissemination
We have approval from the Health Research Authority, 
the National Research Ethics Service–London Riverside 
Committee (ref: 17/LO/1267) and the Confidentiality 
Advisory Group for the DEPICT study. As part of work 
stream A, no patient-identifiable data will be made avail-
able to the DEPICT study team by NHS Digital after 
linkage. In work stream B, families will be consented 
for the questionnaire study at a suitable time after PICU 
admission as judged by the clinical team. We will also 
have established procedures to manage the sensitive 
issues surrounding the interviews of parents/children, 
including the use of staff with previous experience of 
interviewing children/families on sensitive issues, clear 
policies for support for families and to stop interviews at 
any time if parents wish to do so.

Study findings will be disseminated widely using a 
comprehensive dissemination strategy, which will include 
the use of various forms of media to reach a diverse 
range of clinicians, managers and the public at the 
local, national and international levels. Academic media 
(peer-reviewed journal articles, conference presenta-
tions), the internet ( www. depict- study. org. uk), social 
media (Twitter: @DEPICT_Study), print and broadcast 
media (newspaper, television and radio), electronic mail 
(study findings to clinicians and other stakeholders) and 
stakeholder engagement activities (workshops, meetings) 
will be employed to disseminate study findings.
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