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Background: Reconfiguration of trauma services, with direct transport of traumatic brain injury (TBI)
patients to neuroscience centres (NCs), bypassing non-specialist acute hospitals (NSAHs), could potentially
improve outcomes. However, delays in stabilisation of airway, breathing and circulation (ABC) and the
difficulties in reliably identifying TBI at scene may make this practice deleterious compared with selective
secondary transfer from nearest NSAH to NC. National Institute for Health and Care Excellence guidance
and systematic reviews suggested equipoise and poor-quality evidence – with regard to ‘early neurosurgery’
in this cohort – which we sought to address.

Methods: Pilot cluster randomised controlled trial of bypass to NC conducted in two ambulance services
with the ambulance station (n= 74) as unit of cluster [Lancashire/Cumbria in the North West Ambulance
Service (NWAS) and the North East Ambulance Service (NEAS)]. Adult patients with signs of isolated TBI
[Glasgow Coma Scale (GCS) score of< 13 in NWAS, GCS score of < 14 in NEAS] and stable ABC, injured
nearest to a NSAH were transported either to that hospital (control clusters) or bypassed to the nearest NC
(intervention clusters). Primary outcomes: recruitment rate, protocol compliance, selection bias as a result
of non-compliance, accuracy of paramedic TBI identification (overtriage of study inclusion criteria) and
pathway acceptability to patients, families and staff. ‘Open-label’ secondary outcomes: 30-day mortality,
6-month Extended Glasgow Outcome Scale (GOSE) and European Quality of Life-5 Dimensions.

DOI: 10.3310/hta20010 HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 1

© Queen’s Printer and Controller of HMSO 2016. This work was produced by Lecky et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.

vii



Results: Overall, 56 clusters recruited 293 (169 intervention, 124 control) patients in 12 months,
demonstrating cluster randomised pre-hospital trials as viable for heath service evaluations. Overall
compliance was 62%, but 90% was achieved in the control arm and when face-to-face paramedic training
was possible. Non-compliance appeared to be driven by proximity of the nearest hospital and perceptions of
injury severity and so occurred more frequently in the intervention arm, in which the perceived time to the
NC was greater and severity of injury was lower. Fewer than 25% of recruited patients had TBI on computed
tomography scan (n= 70), with 7% (n= 20) requiring neurosurgery (craniotomy, craniectomy or intracranial
pressure monitoring) but a further 18 requiring admission to an intensive care unit. An intention-to-treat
analysis revealed the two trial arms to be equivalent in terms of age, GCS and severity of injury. No
significant 30-day mortality differences were found (8.8% vs. 9.1/%; p> 0.05) in the 273 (159/113) patients
with data available. There were no apparent differences in staff and patient preferences for either pathway,
with satisfaction high with both. Very low responses to invitations to consent for follow-up in the large
number of mild head injury-enrolled patients meant that only 20% of patients had 6-month outcomes. The
trial-based economic evaluation could not focus on early neurosurgery because of these low numbers but
instead investigated the comparative cost-effectiveness of bypass compared with selective secondary transfer
for eligible patients at the scene of injury.

Conclusions: Current NHS England practice of bypassing patients with suspected TBI to neuroscience
centres gives overtriage ratios of 13 : 1 for neurosurgery and 4 : 1 for TBI. This important finding makes
studying the impact of bypass to facilitate early neurosurgery not plausible using this study design. Future
research should explore an efficient comparative effectiveness design for evaluating ‘early neurosurgery
through bypass’ and address the challenge of reliable TBI diagnosis at the scene of injury.

Trial registration: Current Controlled Trials ISRCTN68087745.

Funding: This project was funded by the National Institute for Health Research (NIHR) Health Technology
Assessment programme and will be published in full in Health Technology Assessment; Vol. 20, No. 1.
See the NIHR Journals Library website for further project information.
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Plain English summary

Severe head injury is the most common cause of death and disability in people aged < 44 years in the UK.
When we were funded to conduct this study (and up until April 2012 outside London) patients with

suspected severe head injury were transported by ambulance to the nearest hospital, regardless of whether or
not that hospital had specialist brain surgeons (neurosurgeons). They were assessed by emergency doctors
who decided whether or not they needed to be transferred on to a specialist centre. This approach has the
advantage of getting patients to a hospital quickly so that they can be treated for any immediately
life-threatening injuries, but has the disadvantage of increasing the time before they receive specialist care.

An alternative approach is for patients with suspected severe head injuries and no other obvious
life-threatening injuries to bypass the nearest hospital and go straight to a specialist neurosurgical centre.
Since April 2012 this has been standard practice in the NHS in England. It has the advantage of getting the
patient to specialist care quicker, but may delay treatment of other serious injuries. For example, a patient
with serious internal bleeding that is not recognised by the paramedics could have treatment of this
bleeding delayed if they bypassed the nearest hospital and were taken to a specialist centre. In addition, it
is not always easy to definitively diagnose whether or not an unconscious patient at the incident scene
definitely does have a severe head injury, as impaired consciousness can be caused by many other factors.

The National Institute for Health and Care Excellence recently decided that current evidence for bypassing
the nearest hospital in favour of a specialist centre was inconclusive, and stated that this is an important
issue in need of further study.

We attempted to answer the question of which approach is superior by undertaking a feasibility study for
a randomised trial, in which patients were either transported to the nearest hospital or transported directly
to a specialist neurosurgical centre. We needed to see whether or not ambulance service (AS) crews would
comply with the randomisation and recruit the right patients before designing a full trial. We also
measured patients’ survival and health over the following 6 months to detect if either approach leads to
better outcomes for patients during the feasibility study.

We also used the pilot data to create a best estimate as to whether or not bypassing the nearest hospital
is cost-effective. We used complex statistical modelling for this to reflect the multitude of influences on
patient outcome and, where possible, supplemented the pilot data with literature reviews and information
from experts concerning head injury patients currently receiving usual care in order to make the estimate
as precise as possible. We carried out this feasibility study over 2 years in two regional ASs covering three
specialist centres and 11 general hospitals. An independent ethics committee approved our research plans
and there was continuing independent oversight from clinicians, researchers and Headway to ensure that
the interests of patients remained paramount throughout.

These two work streams have enabled us to decide that the bypass trial is feasible in a practical sense, as
the randomised trial within ASs worked well, especially when face-to-face paramedic training was possible.
This is a promising finding for future research. However, the study showed that fewer than one-quarter
of patients with suspected severe head injury at the scene turned out to have one on their brain scan,
making the effect of any ‘early neurosurgery’ very diluted in this patient group – only 20 out of 293
patients required any brain surgery. A further trial to show the effect of early brain surgery would be
unfeasibly large. The majority of patients recruited had minor injuries and had short periods of
unconsciousness that resolved after < 24 hours in hospital and before they could be visited by trial staff for
consent. We were able to record anonymised 30-day survival in 93% of enrolled patients, but the vast
majority of patients with minor injuries did not respond to written invitations for consent to follow-up. This
is consistent with other studies in this ‘mild head injury’ cohort. We are confident from our checks on
screening that we did not miss many eligible patients (fewer than five).
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There were no differences in the patient characteristics of those recruited into both arms of the trial or in
the 30-day death rates (9% in both arms). When we were able to conduct studies of patient satisfaction
at 6 months post injury, there were no differences between either trial arm (generally high levels of
satisfaction with care) and paramedics were positive about the study in the focus groups and feedback.

Given the low rates of brain surgery in the study, the extensive statistical modelling of cost-effectiveness
was uncertain as to the value of bypass in this patient group. Because of the public health importance of
severe head injury, a further trial of ‘bypass’ as a health technology, rather than ‘early brain surgery’, may
represent value for money for the NHS. However, there are logistical issues in delivering this among the
new trauma systems. The difficulties of consent/following up patients with relatively minor head injuries
are considerable, and perhaps insurmountable, challenges.

It may now be possible to ‘observe’ the effects of bypass on early mortality across NHS England using
national trauma audit while controlling for other influences. Our screening checks and some recent
publications indicate that a significant proportion of patients who go on to require brain surgery for head
injuries have full or almost full consciousness at the scene of injury, and are hence not ‘eligible for bypass’.
Secondary transfer from the nearest hospital to specialist centres will continue to be an important pathway
for this group of patients.

PLAIN ENGLISH SUMMARY
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Scientific summary

Background

The National Institute for Health and Care Excellence (NICE) 2007 Head Injury Guideline revision suggested
that all patients with ‘severe head injury’ [abnormal computed tomography brain scan (CT) suggesting
traumatic brain injury (TBI) and arriving at the first hospital intubated or with a Glasgow Coma Scale (GCS)
score of < 9] should be treated at, or transferred to, a neuroscience centre (NC). Consequently, the current
NHS England reconfiguration of trauma services – with direct transportation of patients with TBI to
specialist neuroscience centres (SNCs), bypassing nearer non-specialist acute hospitals (NSAHs) – could
potentially improve outcomes by expediting earlier neurosurgical intervention.

However, delays in stabilisation of airway, breathing and circulation (ABC) and the difficulties in reliably
identifying TBI at the scene of injury may make this practice deleterious compared with later selective
secondary transfer from nearest NSAH to SNC. Delays in correcting hypoxia and hypovolaemia associated
with longer journeys to hospital for unconscious patients could worsen outcomes through secondary brain
injury. The occult nature of TBI in the ageing population could also mean that large numbers of patients
are taken significant distances past their nearest hospital for no benefit (overtriage).

National Institute for Health and Care Excellence guidance and systematic reviews suggested equipoise and
highlighted poor-quality evidence with regard to the clinical effectiveness and cost-effectiveness of early
neurosurgery through bypass in this cohort. We sought to address this by establishing the feasibility of a
cluster randomised trial to establish the benefit of early neurosurgery in patients with suspected TBI who
are injured nearest a NSAH.

Methods

The study had eight objectives, which were to:

l determine the feasibility of conducting a cluster randomised trial of early neurosurgery in patients
with TBI

l determine the acceptability of the intervention (early neurosurgery) and control (usual care) pathways
to patients, families and staff

l estimate the ‘magnitude of effect’ of early neurosurgery and other parameters required for sample size
estimation, thereby enabling costing of a full study (given successful recruitment)

l determine the accuracy with which paramedics identify isolated TBI at the incident scene (given
successful recruitment)

l estimate the cost per quality-adjusted life-year (QALY) of early neurosurgery, compared with usual care,
based on currently available data (including data from this pilot) and the degree of uncertainty
surrounding this estimate

l determine the expected value of sample information (EVSI) from a fully powered cluster randomised
trial of early neurosurgery in patients with TBI

l identify the major barriers to conducting a cluster randomised trial of early neurosurgery in patients
with TBI and the strategies to overcome them

l contribute to the existing evidence on conducting randomised trials in pre-hospital care through
identifying barriers and facilitators of successful strategies that are generic to pre-hospital trials.
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The study had two work streams: A and B. Stream A consisted of a pilot cluster randomised controlled trial
of bypass to SNC for early neurosurgery – conducted in two ambulance services (ASs) with the ambulance
station (n= 74) as unit of cluster [Lancashire/Cumbria in the North West Ambulance service (NWAS) and
the North East Ambulance Service (NEAS)]. Adult patients with signs of isolated TBI (GCS score of < 13 in
NWAS, GCS score of < 14 in NEAS) and stable ABC, injured nearest to a NSAH, were transported either to
that closest hospital (control clusters) or bypassed to the nearest SNC (intervention clusters). The study was
conducted between January 2012 and September 2013, with the vast majority of recruitment occurring
from April 2012 to March 2013. A nested qualitative cohort study of patients who had consented to
6-month follow-up and a paramedic focus group study were conducted in October and November 2013.

The primary feasibility outcomes were the recruitment rate, protocol compliance, selection bias as a result
of non-compliance, accuracy of paramedic TBI identification (overtriage as a result of study inclusion
criteria) and pathway acceptability to patients, families and staff.

The secondary outcomes of stream A were those that would form the primary outcomes of a fully
powered trial: 30-day mortality, 6-month Extended Glasgow Outcome Scale and the European Quality of
Life-5 Dimensions.

As an adaptation to the unexpected case mix in the study cohort, an interrogation of the Trauma Audit
and Research Network (TARN=National Trauma Registry) database from the relevant hospitals was
conducted in May 2013 after recruitment had ceased. This enabled a check on the robustness of study
screening and an estimate of the numbers of patients with TBI and on-scene GCS scores that were too
high for study inclusion (undertriage).

Stream B consisted of an economic evaluation using decision analysis modelling to examine alternative
management pathways for adult patients with suspected significant TBI injured closest to a NSAH. Four
interventions applicable to NHS practice were compared: pre-hospital triage and bypass, and secondary
transfer management strategies defined according to the treatment of patients with TBI requiring critical
care (selective, routine and no transfer). Detailed literature searches and formal systematic reviews were
conducted to guide model structuring and inform model parameterisation. The elicitation of expert opinion
was necessary to characterise relative effectiveness and specific inpatient and long-term costs. Incremental
costs between bypass and selective transfer strategies were estimated from Head Injury Transportation
Straight to Neurosurgery (HITS-NS) pilot data.

A hybrid decision tree state transition model was implemented to estimate the cost-effectiveness of
competing strategies in terms of expected net monetary benefit and incremental cost per QALY. The
base-case model followed NICE reference case recommendations and was evaluated probabilistically to
account for parameter uncertainty. The impact of parameter and structural uncertainty was further
examined in a series of scenario, threshold and one-way sensitivity analyses. Decision uncertainty was also
presented using a cost-effectiveness acceptability curve and frontier. Expected value of perfect information (EVPI)
and expected value of partial perfect information (EVPPI) techniques were then calculated to inform
future research priorities. The EVSI and the expected net benefit of sampling (ENBS) from conducting a
definitive trial of bypass were also examined, identifying the optimal sample size for a future study under a
range of assumptions for disease incidence and study characteristics.

SCIENTIFIC SUMMARY
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Results

In total, 56 clusters recruited 293 patients in 12 months, demonstrating cluster randomised pre-hospital
trials as viable for heath service evaluations. Overall, compliance from the paramedics in terms of taking
patients to the hospital in their cluster was randomised to 62% but achieved 90% in the control arm
when face-to-face paramedic training was possible. Non-compliance appeared to be driven by proximity of
the nearest hospital and perceptions of injury severity, and so occurred more frequently in the intervention
arm, for which the perceived time to the SNC was greater and severity of injury was lower; there were no
other differences between the populations with which the allocation was/was not complied.

Fewer than 25% of recruited patients had TBI on CT scan (n= 70), with 7% (n= 20) requiring
neurosurgery (craniotomy, elevation of bone flap or intracranial pressure monitoring with or without
subsequent surgery) but a further 6% (n= 18) required admission to an intensive care unit. An intention-to-treat
analysis revealed the control and intervention groups to be equivalent in terms of median age, GCS and severity
of injury. No significant 30-day mortality differences were found (8.8% vs. 9.1/%; p> 0.05) in the 273 patients
with data available. There were no apparent differences in staff and patient preferences for either pathway,
with satisfaction rated as high with both. Very low response rates to invitations to consent for follow-up in the
large number of mild head injury-enrolled patients meant that only 20% of patients had 6-month outcomes or
satisfaction data. The rates of recruitment, compliance and, most importantly, of traumatic brain injury were
below that of the prespecified feasibility outcomes for proceeding to a full trial of ‘early neurosurgery’ facilitated
by bypass in this cohort. It was not possible to generate an ‘effect estimate’ of early neurosurgery from the trial
data because of the small numbers of patients who required neurosurgery at any time.

The search of the TARN database for the NEAS trial NSAHs found that a further 62 patients with TBI had
a scene GCS score of 14–15 and were, therefore, ineligible for bypass or study inclusion during the
recruitment period. Only five eligible patients with TBI were missed by study screening of > 65,000 patients.

Stream B inevitably has evaluated bypass of patients with suspected TBI – which rarely results in
neurosurgery – rather than early neurosurgery, which was the original intention. Base-case probabilistic
analysis suggested that routine transfer (transport to the local non-specialist hospital and routine secondary
transfer of all patients with acute expanding intracranial haematomas or TBI requiring critical care to
regional NCs) may provide the optimal management strategy at a willingness-to-pay threshold of £20,000
[mean incremental cost-effectiveness ratio (ICER) £2260]. At a higher threshold of £30,000, pre-hospital
triage and bypass was the most cost-effective option (mean ICER £27,158). At both thresholds there was
considerable decision uncertainty, with a high probability of erroneously adopting a suboptimal strategy
(54% and 52%, respectively). Sensitivity analyses demonstrated that this result was critically dependent
on the parameterisation of costs and effects for routine transfer and bypass strategies. Furthermore,
alternative assumptions about life expectancy following injury, utility weights assigned to Glasgow
Outcome Score health states, neurosurgery costs, and discounting rates all resulted in reversal of the
adoption decision at λ= £20,000 and indicated that bypass is the optimal strategy.

The considerable decision uncertainty and important public health burden of TBI was reflected in a large
population EVPI result. Further research up to a value of £36M may be indicated to eliminate parameter
uncertainty and opportunity costs from making the wrong adoption decision at a cost-effectiveness
threshold of £20,000. EVPPI analyses demonstrate that future research would have high value in comparing
costs and relative effectiveness between bypass and selective secondary transfer: that is, a definitive trial-based
economic evaluation of bypass rather than early neurosurgery as a health technology in the HITS-NS cohort.
EVSI results suggested that, if feasible, a definitive bypass trial examining comparative effectiveness is
potentially cost-effective. Maximal ENBS (£11M) would be achieved with a trial of 520 patients per arm,
randomised across eight ASs and taking 3 years. Expected value of information results varied substantially in
sensitivity analyses examining alternative estimates for the population that may benefit from future research
and assumptions on trial characteristics.
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Conclusions

The HITS-NS trial has demonstrated that pre-hospital cluster randomised trials can be used for health
technology assessments of complex interventions. The important new finding of the low rate of TBI and
requirement for neurosurgery in the population eligible for trauma bypass means that the potential effect
of the intervention (early neurosurgery) is diluted and therefore small. An unfeasibly large trial would be
required to reliably detect its impact in this cohort.

Current NHS England practice of bypassing suspected patients with TBI to NCs gives an overtriage ratio
of 13 : 1 for neurosurgery and 4 : 1 for TBI, with uncertain cost-effectiveness. There also is significant
undertriage for patients with TBI presenting with a higher GCS score, some of whom later require
neurosurgery through selective secondary transfer. These findings – alongside those of the health-economic
modelling of pathways from the scene of injury – call into question the clinical effectiveness and
cost-effectiveness of bypass for this study cohort group within the current NHS England trauma systems.
Further evaluations of ‘trauma bypass’ – as opposed to early neurosurgical intervention the technology
evaluated in this feasibility study – would probably be cost-effective for the NHS. However, a trial of trauma
bypass may be difficult to achieve in recently reconfigured services and there would be a need to consider
the challenges of meaningful follow-up and whether or not the other trauma patients currently eligible
for bypass should be included.

It may now be possible to conduct a further evaluation of ‘early neurosurgery through bypass’ on early
mortality in patients with TBI using registry (TARN) data and a comparative effectiveness or case–control
design, which was not possible in the pre-‘trauma system’ climate in which HITS-NS was conceived and no
land ambulance bypass was occurring. In the interim, secondary transfer will remain a necessary pathway
for patients with TBI injured nearest a NSAH with a high level of consciousness (GCS score of > 13) at
the scene.

Trial registration

This trial is registered as ISRCTN68087745.

Funding

Funding for this study was provided by the Health Technology Assessment programme of the National
Institute for Health Research.
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Chapter 1 Introduction

Relevance of HITS-NS to the NHS

In 2007 the National Institute for Health and Care Excellence (NICE) Head Injury guideline update specified that
all severely head-injured patients should be treated at or transferred to a specialist neuroscience centre (SNC).
The bypass of non-specialist acute general hospital (NSAH) emergency departments (EDs) in order to allow
brain-injured patients to have neurosurgical care at the earliest opportunity (early neurosurgery) was identified
as an important research question.1 The need to improve outcomes after traumatic brain injury (TBI) relates to
its dominance as the major cause of death in children and young adults in the UK. After the injured patient
reaches hospital alive, TBI results in 4000 deaths and 5000 lifelong disabilities annually in patients with a
median age of 30 years.2 This burden of morbidity profoundly changes families and relationships, through
bereavement or coping with TBI-related physical, cognitive and emotional impairment. Each patient with TBI
costs an average of £15,000 for acute NHS care, a figure which increases if the patient is admitted to a SNC.3

Subsequent rehabilitation costs are also significant, but both are dwarfed by costs to society from premature
death or lifelong dependency as a young adult. Observational evidence at the time of applying for funding in
2008 suggested that this NHS investment had failed to reduce case fatality from TBI over the 1994–2003
decade, with recent trials of neuroprotective agents failing to identify any single new effective therapy.4

At the time of applying for funding, data from the Trauma Audit and Research Network (TARN) suggested
that, nationally, one-third of patients with TBI were injured nearest to the ED of a SNC and would receive
early neurosurgery.4 The remaining two-thirds of patients were injured nearest to a NSAH, many undergoing
later secondary transfer to SNCs, arriving between 5 and 7 hours later than if they had been transferred
straight from the scene of injury.5 Up to one-third were cared for entirely within acute hospitals. The reasons
for restricted access to specialist care were found to be ambulance service (AS) pre-hospital protocols dictating
that all injured patients are taken straight to the nearest ED and low numbers of critical care beds in SNCs
causing requests for transfer from NSAH to be declined. There were perceived risks, however, in transporting
patients past the nearest NSAH, which may delay stabilisation of the patients’ airway, breathing and
circulation (ABC).

At the time of applying, we (the applicants) felt that using a randomised trial to determine whether or not
early neurosurgery facilitated by direct transportation to a SNC is of benefit would provide an appropriate
evidence base for any future reconfiguration of trauma services. However, we recognised that there were
significant issues to consider in designing a successful randomised controlled trial (RCT) that recruits
patients with TBI in the pre-hospital setting. These include time pressures and targets for ASs, the
challenge of identification and recruitment, paramedic preferences for control or intervention pathways
that may bias patient enrolment, capacity considerations in receiving SNCs and the views of patients,
relatives and staff. These considerations necessitated the robust feasibility study provided in this report.

During the application and contracting phase of our study, the Department of Health (DH) commissioned, for
the first time, formalised trauma systems in NHS England. These systems – which largely came into being in
April 2012 when recruitment for Head Injury Transportation Straight to Neurosurgery (HITS-NS) commenced –

are predicated on the majority of major trauma (most of which is characterised by the presence of TBI4) being
identified in the pre-hospital environment by triage protocols – which are similar to the inclusion criteria for this
study. Any patient who is identified as having potentially sustained major trauma (including TBI) is brought to a
major trauma centre (MTC) as long as the time from leaving the scene is < 45 minutes –most MTCs have
onsite neuroscience facilities so can be classified as interchangeable with SNC within our study. The challenges
of implementing our study of bypass alongside this new trauma system model of bypass are described during
the methods section below. The discussion of HITS-NS study results will delineate their relevance to this new
NHS context alongside that of other literature on the new trauma systems.
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Initial cost–benefit estimate for early neurosurgery

Early neurosurgery consists of interventions within 4 hours of injury to reduce intracranial pressure (ICP),
which rises after TBI and, if unchecked, causes secondary brain injury and brain death. The interventions
include evacuation of intracranial haematoma [subdural haematoma (SDH), extradural haematoma (EDH)],
establishment of ICP monitoring and resulting surgical interventions, such as ventriculostomy and
decompressive craniectomy. To justify the feasibility analysis, we hypothesised that, should early neurosurgery
be shown in a full trial to be cost-effective at absolute 30-day mortality and 6-month severe disability reduction
of 5%, the extra costs to the NHS (£17M per annum3) would be offset by the significant economic benefits
of reduced morbidity in this young population, which can be estimated from a 5% reduction resulting in
450 fewer TBI deaths and severe disabilities per annum; the annual societal saving, given a conservative
estimate of each TBI death or severe disability costing society £250,000 (J Nicholl, University of Sheffield,
September 2011, personal communication), would be £117M (£100M after NHS costs) – this excludes the
value of any legal settlements.

Benefits of specialist neuroscience centre care within 12 hours
of traumatic brain injury

An analysis of data from the TARN examined the effect of care in neurosurgical centres on outcome after
severe TBI [Glasgow Coma Scale (GCS) score of < 8 or intubated on arrival at hospital and subsequently
shown to have a brain injury] in 6900 patients.4 All patients in this study were taken by paramedics to the
nearest accident and emergency (A&E) department, regardless of specialisation. Outcomes were compared
between those who were transported directly to an ED at a SNC or transferred there after stabilisation at
the nearest NSAH and those who received care solely in an acute hospital setting. After case-mix
adjustment for age, injury severity score (ISS),6 presenting physiology [combined scoring of first ED (GCS),
systolic blood pressure and respiratory rate] and propensity scoring, patients who were treated solely
outside neurosurgical centres had double the odds of death of those treated in a SNC. This was true
regardless of whether the TBI required formal craniotomy and evacuation of haematoma or was
generalised swelling managed with ICP monitoring in neurointensive care. This analysis was unable to
adjust for pupillary responses and was not ‘intention to treat’; however, it was felt to support the premise
that care in a neurosurgical centre should be made available within 12 hours of severe TBI regardless of
the need for formal neurosurgery.4 This has been endorsed by NICE1 in the 2007 guideline and by the
2008 Society of British Neurosurgeons.7 Within the latter, a case has been made for increasing the number
of intensive care beds within SNCs to enable them to accept a higher proportion of the patients with TBI
referred to them. However, even if this provision were made, the pre-trauma system patterns of care –

highlighted in the recent National Confidential Enquiry into Patient Outcome and Death (NCEPOD) report
and other publications – would not have allowed patients with TBI injured nearest a NSAH to receive early
neurosurgery (within 4 hours of injury5,8).

UK pre-hospital care systems and incident postcode determine
current traumatic brain injury patient access to early
neurosurgery (within 4 hours of traumatic brain injury)

It is currently assumed that neurosurgery for severe TBI is time-critical because ICP rises as intracranial
volume expands after TBI. Thus, the sooner any intracranial clot is evacuated, or other measures to lower
the ICP are used, the lower the chance of irreversible brain damage occurring through (ischaemic)
secondary brain injury. What is less clear is how quickly early neurosurgery needs to occur. Early studies
prior to the advent of routine computed tomography (CT) scanning suggested clot evacuation should
occur within 2 hours of coma in EDH, or 4 hours of injury for SDH.9 These analyses of observational data
have large effect sizes, making a trial apparently unethical. However, current NHS data show that the
two-thirds of patients with TBI who sustain injury nearest a NSAH cannot receive neurosurgery within
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these time frames (i.e. early neurosurgery=within 4 hours of injury). The analysis showed that in 2005–7
patients with SDH/EDH who are taken first to a NSAH are transferred to the neurosurgical centre on
average 5–7 hours after injury.5 This is due to inherent delays of stabilisation for CT/transfer and referral/
acceptance communications. The only means of achieving early neurosurgery is to take all patients with
TBI from scene to the nearest SNC, which – excluding the 10% of the UK’s population who live in remote
and rural areas – is commonly < 1 hour’s journey time from the scene of injury.

[For other forms of early neurosurgery a Cochrane Injuries Group systematic review found the evidence
inconclusive as to whether or not interventions such as ICP monitoring, and the interventions that result
from it (generally possible only in neurocentres), are of benefit at any time point.10]

Systematic review of early neurosurgery

The real uncertainty, therefore, lies in whether or not pre-hospital care systems should be reconfigured to
enable patients with TBI to receive early neurosurgery – the risk being that NSAH bypass delays ABC
stabilisation, particularly haemorrhage control (relevant as one-third of patients with TBI will have significant
extracranial injuries), and may result in the transportation of injured patients who are unconscious through
non-TBI causes to the SNC when they would have possibly been better treated locally. A systematic review
has been conducted in conjunction with the NICE Head Injury Guideline Development Group (GDG) to
address this. There have been no trials, but two North American observational studies were relevant. The first
was a cohort study that obtained data from the New York State Trauma Registry from 1996 to 1998.11

The population were adults (> 13 years) with scene GCS score of < 14. A subgroup of 2763 head-injured
patients from a data set of 5419 trauma patients was analysed. Group 1 (n= 2272, 82.2%) were transported
to regional/area trauma centre. Group 2 (n= 491, 17.8%) were assessed via American Triage system
(pre-hospital care) and referred directly to a non-trauma centre. Study limitations included retrospectively
categorising patients as ‘head injured’ from data reported in the trauma registry, and no intention-to-treat
analysis of non-TBI patients with GCS score of < 14. The results of this study showed that the mortality rate
of immediate transfer to a neuroscience centre compared with a non-trauma centre were in favour of
transfer to neuroscience centre (NC), with an odds ratio of 0.88 [95% confidence interval (CI) 0.64 to 1.22].11

The second study described a cohort of patients aged < 21 years, admitted to 1 of 90 paediatric hospitals
or trauma centres. The cohort compared three branches defined by the site of intubation: field, trauma
centre or non-trauma centre.12 Taking data from the last two branches, risk stratification was performed;
degree of head injury was measured using the New Injury Severity Score and Relative Head Injury Severity
Scale. No significant differences were found between the two scales or the place of intubation. However, a
correlation was drawn between severity of injury and increased likelihood of survival with direct transfer to
a trauma centre.12 With this study it is difficult to draw rational conclusions as to the benefits of direct
transport of patients from the scene to either a neurosciences unit or general hospital, as there is doubt
caused by retrospective definition of head injury and whether multiply injured patients were included.
The other study showed that the mortality rate of immediate transfer to a neurosciences centre was more
favourable (not significant).11 From this review there is weak evidence for direct transport of head-injured
patients from the scene to a neuroscience unit being beneficial. Neither study considered longer – post
discharge – outcomes.

A simulation model showed improved survival and cost-effectiveness from directly transporting patients to
a neurosciences hospital. However, parameters were based on expert judgement rather than clinical data.13
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Consequently, the NICE Head Injury 2007 GDG indicated that early versus delayed neurosurgery facilitated
by direct SNC transport from scene is an important research question that requires better evidence than
that provided from the observational data reviewed.11 Subsequent to HITS-NS being funded, a further
Health Technology Assessment (HTA)-funded systematic review of bypass in suspected TBI did not show
convincing benefit; however, studies were often of a low quality and it was often questionable whether or
not any bypass had occurred.14

Other relevant evidence concerning timing of early airway,
breathing and circulation control and outcome

Three other studies in relation to the timing of control of ABC in severe injury merit consideration
alongside the findings from the review of early neurosurgery. First, a Cochrane review15 has examined the
effects of early intubation for injured patients in coma. This relates to the HITS-NS study question, as the
control (usual care) group get earlier advanced airway care when transported to the nearest NSAH.
However, this systematic review indicates that this is not necessarily of importance in this patient group.15

Second, a recently published uncontrolled analysis of Yorkshire ambulance data linked to patient records
suggests a 1% increase in mortality for every additional 10-km distance to hospital for all ill and injured
patients. The excess mortality could be attributed to delays in ABC stabilisation, but not without controlling
for confounders, which was not possible in this data set.16 Finally, modelling of unpublished Portuguese
observational data suggests that early intubation was associated with greater mortality benefits than early
neurosurgery for patients with TBI in coma; however, recording of timings in this analysis was suboptimal,
as was the performance of the model for predicting survival.17 A further important consideration is that
TARN data suggest that only 80% of patients with apparent TBI [significant reductions in consciousness
level (GCS score of < 13) at the scene] are subsequently shown to have brain injury as the explanation.
Other causes include haemorrhage and alcohol.18

Possibility of examining the effect of early neurosurgery
through a cluster randomised pre-hospital trial

If the only way to determine the effects of early neurosurgery is through a randomised pre-hospital trial of
bypassing NSAHs then feasibility is a major consideration. Conducting pre-hospital trials in the UK has
proved problematic but not insurmountable. In the past there have been issues about compliance with
randomisation in individual patients. The most successful method used to date internationally is time
cluster allocation, used successfully in the PPOPs (Paramedic Practitioners for Older People) trial of
paramedic practitioners within Sheffield (alternate day cluster randomisation of paramedic vs. paramedic
practitioner).19 In North America, alternate day time cluster allocation has been used with some success in
two trials of fluid and airway therapy.20,21 In both of these settings, no outcome clustering was observed.
However, this approach is expensive, requiring constant ‘senior despatch paramedic’ presence to reinforce
alternate day allocation. This reinforcement also increases scene time. Given recent NHS performance
management of AS responses times, this approach is now not pragmatic. Alternate week allocations
require less reinforcement but overwhelm neurosurgical centres for the ‘intervention’ 7 days, when all
patients with TBI in their region would be transported directly to them. One possible solution to these
difficulties could be a unit of service cluster: the ambulance station. All paramedics from the same station
would practise consistently within the same arm of the trial for the duration of the study, thus requiring
less reinforcement of trial randomisation. The potential pitfalls of this approach include clustering of
outcomes, contamination of the control by intervention group and selective compliance by paramedics
depending on preconceived ideas. However, if the regional trauma networks – established in the wake of
health reforms proposed by Lord Darzi21,22 – are to function, then it is essential to provide robust evidence
concerning the benefits of early neurosurgery, evidence that this feasibility study and any subsequent
large-scale trial would hope to provide.
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Systematic review of pre-hospital trauma trials

In order to put the findings of HITS-NS into context, a decision was made post funding – by the HITS
investigators – to conduct this study in order to best understand the feasibility challenges that are inherent
in conducting pre-hospital trauma trials. The review was conducted by Nathan Chapman, a student at the
University of Sheffield, as part of his Bachelor of Medical Science dissertation, supervised by the HITS-NS
chief investigator (FL). Nathan’s time was not funded by the HTA funding of HITS-NS.

The review is reproduced in Appendix 1.
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Chapter 2 Study objectives

The a priori study research objectives as per the application were as follows.

HITS-NS will:

l determine the feasibility of conducting a cluster randomised trial of early neurosurgery in patients
with TBI

l determine the acceptability of the intervention (early neurosurgery) and control (usual care) pathways
to patients, families and staff

l estimate the ‘magnitude of effect’ of early neurosurgery and other parameters required for sample size
estimation, thereby enabling costing of a full study (given successful recruitment)

l determine the accuracy with which paramedics identify isolated TBI at the incident scene (given
successful recruitment)

l estimate the cost per quality-adjusted life-year (QALY) of early neurosurgery compared with usual care
based on currently available data (including data from this pilot) and the degree of uncertainty
surrounding this estimate

l determine the expected value of sample information (EVSI) from a fully powered cluster randomised
trial of early neurosurgery in patients with TBI

l identify the major barriers to conducting a cluster randomised trial of early neurosurgery in patients
with TBI and the strategies to overcome them

l contribute to the existing evidence about conducting randomised trials in pre-hospital care through
identifying barriers and facilitators of successful strategies that are generic to pre-hospital trials.

The HITS-NS study has work streams A (feasibility pilot: objectives 1–4, 7 and 8) and B (objectives 5, 6 and 8),
which ran concurrently from May 2011 until November 2013. The methods, results and discussion of each
of these elements are described sequentially in Chapter 3.

DOI: 10.3310/hta20010 HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 1

© Queen’s Printer and Controller of HMSO 2016. This work was produced by Lecky et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.

7





Chapter 3 HITS-NS stream A: feasibility pilot
cluster randomised trial of early neurosurgery

S tream A is a feasibility study of a cluster randomised trial of early neurosurgery in patients with signs of
significant TBI and no other life-threatening injuries at the scene of the incident. Two alternative patient

pathways were compared. The first was the current practice (at the time of application) of transporting all
injured patients to the nearest ED. The intervention group were transported directly from the scene to the
nearest neurosurgical centre, provided that this was a < 1-hour journey from the scene. The study took
place within two UK ASs.

Methods

Cluster randomised design and cluster eligibility and randomisation
Consideration was given to number of possible designs for randomising patients to early neurosurgery
facilitated by acute hospital bypass. After extensive consultation and previous peer review comments, the
investigators identified unit of service cluster randomisation as the most efficient and effective design that
would not hamper emergency services in the pursuit of time-based targets. This design would also not
overwhelm local NCs. Eligible clusters were ambulance stations within the North East Ambulance Service
(NEAS) or the Lancashire and South Cumbria division of the North West Ambulance Service (NWAS), which
would regularly attend to patients meeting the eligibility criteria below. There were 74 eligible clusters in
total within the two participating ASs. The ScHARR (School of Health and Related Research) trial statistician
at the University of Sheffield randomised these ambulance stations to intervention (early neurosurgery) or
control (usual care) in a 1 : 1 ratio, and stratified that randomisation using a matched pair design. Each
matched pair of cluster ambulance stations was equivalent in terms of AS, distance from neurosurgical
centre, distance from nearest acute hospital ED and number of full-time acute ambulance patient
transportation vehicles. Each cluster ambulance station remained within its randomised trial arm for the
12 months’ duration of patient recruitment.

Eligibility criteria
These are articulated below for the individual patients recruited to the study from the grant application.
These criteria underwent several modifications through substantial ethical amendments, which are
consequently described later in the text (see Table 1). The final separate NEAS and NWAS protocols that
were approved through substantial amendments – as a merged protocol [prepared at the request of the
Data Monitoring and Ethics Committee (DMEC)] – are provided in Appendix 6.

Inclusion criteria
Patients injured nearest an acute general hospital ED (NSAH) but not more than a 1-hour land ambulance
journey from a NC and thought to be aged ≥ 16 years, when assessed at scene by ambulance personnel,
with both:

l signs of significant TBI, such as a reduced consciousness level (GCS score of < 13) and external signs of
head injury, and

l no overt signs of ABC compromise.
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Prospective exclusion criteria
Patients who fulfil any of the following criteria will be excluded; that is, those who:

l are thought to be aged < 16 years
l have been found by the treating paramedic not to have signs of TBI at the scene (i.e. full or only mildly

impaired consciousness: GCS score of > 12)
l have obvious life-threatening injuries affecting ABC:

¢ A – partial or complete airway obstruction/contamination present after simple manoeuvres.
¢ B – respiratory rate of < 12 or > 30 breaths per minute or sucking chest wound or signs of tension

pneumothorax, such as absent air entry into a hemithorax with contralateral tracheal deviation.
¢ C – significant external haemorrhage not easily controlled by pressure or amputation above the

wrist or ankle or absence of radial pulse on palpation.
¢ (Paramedics recognise these signs as part of their current scope of practice.)

l are injured at ≥ 1 hour’s travelling time from a NC.

Retrospective exclusion criteria (stream A only)
Any surviving patient for whom consent has not been given for follow-up by the AS Mental Capacity Act
(MCA) consultee, patient or relative.

Important changes from original eligibility criteria for patients
New trauma bypass protocols came into effect in NEAS and NWAS, just before the HITS-NS study
commenced (Table 1). Therefore, the study eligibility criteria had to be amended to fit in with their bypass
protocols if confusion and chaos in the ASs were to be avoided. Essentially, compared with the original
study criteria, NWAS instituted a lower respiratory rate exclusion criteria (< 10 instead of < 12 breaths per
minute) and NEAS allowed level 2 emergency medical technicians to assess patients for bypass and
included patients with a higher GCS score (≤ 13 instead of ≤ 12).

Finally, the Trial Steering Group (TSG), prior to patient recruitment commencing, asked that the airway
exclusion criteria be extended to include any patient for whom a supraglottic airway had been provided at
the scene. These amendments to the original eligibility criteria were all approved in a series of substantial
amendments by the study Research Ethics Committee (REC).

Patient identification
Eligible patients were identified both through NEAS and NWAS paramedics in the clusters making direct
contact with the study research paramedics – when they had identified a patient as meeting the study
inclusion criteria – and through daily screening of the AS patient report forms using electronic databases.
The latter was highly resource intensive for research paramedics, as it entailed screening large numbers of
patients daily who had been ‘trauma pre-alerts’ to receiving hospitals or for whom the word head injury
had been written somewhere on the ambulance patient report form (PRF), and sometimes there were
delays in the ambulance stations scanning the paper PRFs on to the service electronic data bases, which
could result in delays in patient identification. Once eligible patients had been identified from the
screening or direct contact, the research paramedic would contact the hospital in question to confirm the
identification details (it is not uncommon for head injury patients with impaired consciousness levels to be
solely ‘unknown males/females’ throughout their contact with the AS if there are no relatives/friends at the
scene of injury) and determine the patient’s current location (inpatient/died/discharged/transferred to
another hospital) in order to facilitate the approach for consent. In this way it was assumed that all eligible
patients, whether they had been identified by the cluster trial paramedics or not, would be included in the
trial. In the end it was the study research paramedics who determined finally whether or not the patient
was eligible for recruitment. The screening standard operating procedure (SOP) developed by the Trial
Management Group (TMG) and approved by TSG is given in Appendix 2.

HITS-NS STREAM A
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Ethical basis and practicalities of obtaining informed consent from
participants whenever possible or action for which fully informed consent
was not possible
It was not possible to obtain informed consent for the trial from HITS-NS patients at the scene of injury.
Patients did not have capacity owing to the HITS-NS inclusion criteria being a reduced consciousness level.
The time frames involved did not allow patients’ next of kin, if available, or the nominated consultee for
the AS, sufficient time for consideration. Consent for research in this situation is covered by the MCA Section
32.9 Hence we obtained ethics approval to enrol patients into the trial at scene with later consent for
follow-up and inclusion of data from the North Wales REC 10 (10/WNo03/30), which specialises in ethics
approval for studies involving adults who lack capacity. Consent to follow-up and inclusion of data were
obtained by the HITS-NS research paramedics – or occasionally by a Comprehensive Local Research Network
(CLRN)-funded research nurse in one of the participating hospitals – from patients who recovered capacity.
When capacity was not recovered, advice was sought from a consultee who was, in general, either the next
of kin or the AS nominated consultee for the MCA as appropriate prior to hospital discharge.

TABLE 1 The final separate NEAS and NWAS protocols

Protocol
characteristic Original NWAS NEAS

Assessed by Attending paramedic Attending paramedic Attending paramedic or Level
2 EMT

Inclusion criteria Patients injured nearest to an acute general hospital ED, but not more than 1 hour’s land ambulance
journey from a NC, thought to be aged ≥16 years when assessed by ambulance personnel and with both:

Signs of significant TBI, such
as a reduced consciousness
level (GCS score of ≤ 12) and
external signs of head injury

Signs of significant TBI, such
as a reduced consciousness
level (GCS score of ≤ 12) and
external signs of head injury

Signs of significant TBI, such
as a reduced consciousness
level (GCS score of ≤ 13a) and
external signs of head injury

No overt signs of ABC compromise

Exclusion criteria Thought to be aged < 16 years

No signs of signs of TBI
identified at the scene (i.e. full
or only mildly impaired
consciousness (GCS score
of ≥ 13)

No signs of signs of TBI
identified at the scene (i.e. full
or only mildly impaired
consciousness (GCS score
of ≥ 13)

No signs of signs of TBI
identified at the scene (i.e. full
or only mildly impaired
consciousness (GCS score
of ≥ 14a)

Life-threatening injuries, affecting ABC, identified at scene:

A Partial or complete airway obstruction/contamination present after simple manoeuvres, or any
patient who has been intubated or had a supraglottic device inserted at the scene of injury

B – Respiratory rate <12 breaths
or >30 breaths per minute or
sucking chest wound or signs of
tension pneumothorax, such
as absent air entry into a
hemithorax with contralateral
tracheal deviation

B – Respiratory rate <10 breaths
or >30 breaths per minute or
sucking chest wound or signs of
tension pneumothorax such as
absent air entry into a
hemithorax with contralateral
tracheal deviation

B – Respiratory rate < 12
breaths or > 30 breaths per
minute or sucking chest
wound or signs of tension
pneumothorax such as absent
air entry into a hemithorax
with contralateral tracheal
deviation

C Significant external haemorrhage not easily controlled by pressure or amputation above the wrist
or ankle or absence of radial pulse on palpation

Scene of injury > 1 hour’s ambulance journey time from a NC

Retrospective
exclusion criteria

Any surviving patient for whom consent has not been given for follow-up by the AS MCA consultee,
patient or relative

EMT, emergency medical technician.
a The value in italic text indicates where the adapted NEAS and NWAS protocols deviate from the original.
Non-shaded rows indicate original REC-approved criterion applied throughout the study in both ambulance services; shaded
rows specify criterion in original REC-approved protocol (dark green) and subsequent REC-approved amendments for
NWAS (light green) and NEAS (blue).

DOI: 10.3310/hta20010 HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 1

© Queen’s Printer and Controller of HMSO 2016. This work was produced by Lecky et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.

11



It became clear early on in patient recruitment that significant numbers of study patients had relatively
minor injuries and were being discharged from hospital within 24 hours of arrival before they could be
approached face to face for consent by research paramedics. With the approval of a REC we amended the
protocol and patient information sheet to allow these ‘early discharge’ patients to be written to for
consent and to reply by sending back a slip in a stamped addressed envelope as agreement to discuss
participation by telephone. The patient information sheet and consent form were also sent in the mailing.
On receipt of the slip, the research paramedic telephoned the patient to explain the study and obtain
consent, where appropriate; patients were encouraged to then sign and return the consent form. Patients
were also able to return the consent form by post without discussion if they felt happy to do so. Further
approval was gained to send text reminders when mobile phone details were available for patients to
respond. At our request the REC was happy for us to retain anonymised data, including 30-day mortality
on all eligible patients, counting those who did not respond to the postal invitations to participate further
but had not explicitly refused consent. From the outset, we had REC approval to retain anonymised 30-day
mortality data on all patients who died within a week of admission to hospital without approaching
distressed relatives.

This proposed pathway for obtaining consent is consistent with the DH guidance in relation to research in
the emergency setting and Good Clinical Practice in research on adults who lack capacity.23 The consent
SOP developed by the TMG and approved by TSG is given in Appendix 3.

Setting
The study was conducted in two regional AS NHS Trusts – the Lancashire and South Cumbria trauma
network subdivision of the NWAS and the NEAS – covering three neuroscience hospital centres (SNCs) and
11 non-specialist ‘acute’ hospitals with type 1 (accept ‘999’ ambulances and supported by full resuscitation
facilities) EDs (NSAHs).

The ASs, SNCs and NSAHs covered by the trial are shown below (Table 2). Each AS covers a mixed urban
and rural population. TARN data suggest that the trauma cases, (and their outcomes) received by the
hospitals in the proposed regions for this study are similar to those nationally represented on TARN. The
participating ASs involved received 0.5 out of 3 million emergency ‘999’ ambulance calls in England
(excluding London) in 2006–7 and generated similar performance data to that of the rest of England.24

At the time of commencing recruitment, the London Ambulance Service was already operating early
neurosurgery technology (no outcome data available) as part of their trauma system. Therefore, there was
a lesser requirement for the trial population to be representative of that within London. The TMG felt that
this evidence suggested that they were representative of the population to which early neurosurgery made
available by NSAH bypass would apply.

For the purposes of the study, the trial NCs were also identified as research sites, as patients frequently
consented therein; the acute hosptials were designated as participant identification centres, where patients
were followed up for consent and after discharge.

HITS-NS STREAM A
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Interventions

The control and intervention patient pathways are described in Figure 1: within these, the following
interventions are relevant.

Time
The HITS-NS trial was not studying a new patient intervention; the new technology under scrutiny was the
timing of neurosurgery in patients injured nearest an acute hospital ED compared with the time to any
interventions that may be required to stabilise the injured patient’s ABC. Time zero was the time at which
paramedics left the scene of the incident with the injured patient. The time frames were measured
identically in all clusters/arms of the trial.

Neurosurgery
Neurosurgery included any craniotomy for evacuation of intracranial haematoma, debridement of open
fractures and insertion of ICP monitor. Time to neurosurgery was from time zero to the time that the
patient arrived in theatre, for whichever of these procedures came first. It was envisaged that this would
occur early (within 4 hours of time zero) in patients presenting to the intervention clusters and later after
secondary transfer in the control clusters, but was measured identically in both.

Airway, breathing and circulation stabilisation
The interventions that stabilise the injured patients’ ABC that fall outside the scope of paramedic practice
include endotracheal intubation (ETI) facilitated by drugs, decompression of tension pneumothorax
(if present) and surgery/interventional radiology to control internal haemorrhage, as dictated by the patient’s
injuries and physiological status. It was envisaged that most HITS-NS patients would require ETI; the other
interventions being less frequently required. The time to each of these interventions was to be recorded,
the time to ABC stabilisation being from time zero to whichever ABC intervention procedure was first
commenced. It was measured identically in all clusters/trial arms and it was thought likely, but not
necessarily, to be a given that this would occur up to 30 minutes earlier from time zero in the control (usual
care) group. Paramedics were trained to exclude patients with signs of imminently requiring these
interventions from the study.

TABLE 2 Relationship between trial NCs, acute hospitals and ASs

Trial NC Trial acute hospitals Ambulance service

RPH Blackburn Royal Infirmary

Blackpool Victoria Hospital

Royal Lancaster Infirmary

NWAS

RVI North Tyneside General Hospital

Queen Elizabeth Hospital (Gateshead)

South Tyneside District Hospital

Sunderland Royal Hospital

Wansbeck General Hospital

NEAS

JCUH University Hospital of North Durham

Darlington Memorial Hospital

University Hospital of North Tees

NEAS

JCUH, James Cook University Hospital, Middlesbrough; RPH, Royal Preston Hospital; RVI, Royal Victoria
Infirmary, Newcastle.
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Study roll-out

Following the implementation of a range of set-up phase activities that needed to be completed before
patient recruitment could begin and after delays by factors beyond the control of the chief investigator and
trial manager, such as the signing of contracts and the recruitment of local study co-ordinators
(the NEAS trial co-ordinator Graham McLelland started in post on 28 November 2011, and the NWAS
trial co-ordinator Betty Pennington started in post on 13 February 2012), phased recruitment commenced
in NEAS in January 2012 and in NWAS in April 2012.

The key set-up phase activities that required completion prior to the start of recruitment included:

l research governance and information governance processes

¢ obtaining REC approvals
¢ finalising subcontracts with ASs and other partners
¢ obtaining all site-specific information (SSI) approvals and NHS permissions including Caldicott

approvals and letters of access for the two local trial co-ordinators and the trial manager

l implementation of paramedic training
l development of trial SOPs

¢ preparation of numerous complex SOPs that were necessary for the conduct of the trial
[e.g. participant recruitment, consent, data collection and management, participant follow-up,
reporting of serious adverse events (SAEs), ‘stopping the trial’]

¢ establishing processes for HITS-NS data collection, clinical record form (CRF) and data retrieval in
collaboration with the TARN, who were to be responsible for assisting with trial data management
and security

l promoting the trial and raising awareness around trial recruitment

¢ establishing links with colleagues within the trial neurocentres and trial acute hospitals, and raising
awareness of the trial

¢ issuing press releases and AS bulletins
¢ displaying trial information posters in the NHS settings involved
¢ creating a website.

Only once these activities had been launched and, where necessary, completed – including piloting of
numerous and complex trial procedures, resolving a number of challenges impacting on progress – could
recruitment commence.

Paramedic training
This was delivered to a large number of staff. In NWAS training was delivered to > 350 paramedics at
28 stations, and in NEAS to > 500 paramedics and advanced technicians at 46 stations. A paramedic
training strategy was developed by the trial manager, Dr Wanda Russell, and was enhanced by additional
material developed by the research paramedics (local trial co-ordinators) to ensure optimal delivery of the
strategy within the two ASs. The content of the training covered the following dimensions.

The objectives were:

l to introduce the HITS-NS trial
l to inform paramedics of their role in HITS-NS trial
l to identify sources of key information about the trial and further points of contact regarding any aspect

of the conduct of the trial relevant to the role of the paramedic.
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The structure of the training programme was as follows:

l ‘Why?’ The background to HITS-NS.
l ‘What?’ The research objectives of the trial.
l ‘How?’ The design of the trial – inclusion criteria, recruitment of patients, sample size, interventions,

consent process and trial data.
l ‘Who?’ The roles and responsibilities of the chief investigator and the local principal investigators (PIs),

research sites (ASs, neurocentres), participant information centres (PICs), research paramedics/local
co-ordinators, trial manager, other collaborators and partners.

l ‘Where?’ Geographical locations.
l ‘When?’ Anticipated launch dates and timeline for the trial.

Initially, training in NEAS was delivered on a divisional basis, with the AS stations in the two NEAS divisions
potentially involved in bypass to the James Cook University Hospital (JCUH) being targeted for training first.
A more extensive training roll-out then followed; however, the roll-out of the new Major Trauma Bypass
(MTB) protocol in NEAS required that HITS-NS training was redesigned to show how the HITS-NS trial
would run alongside the MTB protocol, and a revised training package was delivered to all paramedics.
Training was launched across all HITS-NS stations at the same time in NWAS, with training strategies,
including face-to-face training, cascading down via team leaders, self-directed learning packs and online
training via the HITS-NS website. Uptake of training among paramedics at all NEAS and NWAS ambulance
stations was monitored and logged using processes appropriate to each region. This involved, for example,
notification of completed training by individual paramedics via an e-mail sent to the local trial co-ordinator
or by the return of a slip certifying completed training (see Appendix 4 for training materials).

Initially, recruitment in NEAS was launched using a phased approach, commencing in January 2012. There
were 46 ambulance stations – with 23 randomised to the intervention arm and 23 to the control arm of the
trial – involved in recruitment to HITS-NS, with caution initially being observed about allowing intervention
stations to go live until a minimum of 70% paramedics at a given station had returned signed forms stating
that they had completed their HITS-NS training. This resulted in a gradual roll-out of stations. However,
from 2 April all 46 stations were formally launched alongside the launch of the new trauma bypass protocol
in the NEAS region. The new trauma bypass roll-out involved a mail-out of the bypass protocol to all
paramedic staff in NEAS, and mandatory HITS-NS training material for paramedics was included in this
mail-out. Therefore, the NEAS approach to training sign-off was adopted in that the posting of the mail-out
to individual paramedics provided HITS-NS training, which did not require a signed form to confirm
completed training. This process, therefore, facilitated the launch of the trial across the region.

Similarly, in NWAS, an initial strategy required that a minimum of 70% of paramedics returned HITS-NS
training confirmation to qualify individual stations as ready for launch. This was achieved with face-to-face
training in the 28 cluster ambulance stations. However, as in NEAS, training was reinforced with the
inclusion of a mandatory training pack in the roll-out of the new trauma bypass protocol, and from this
point the launch of all stations was considered complete.

The trauma bypass protocols for NEAS and NWAS have had differences that have impacted on the
inclusion/exclusion criteria for HITS-NS, necessitating protocol amendments to cater for both regions, which
required submission of substantial amendments to the REC, with approvals being granted.

Promoting the trial and raising awareness around trial recruitment
Much work was done to raise awareness of the HITS-NS trial in the trial neurocentres and acute hospitals.
Meetings were held with research nurses, consultants and research and development (R&D) staff at all
three neurocentres (in NEAS and NWAS), at which staff from PICs also attended. The purpose of these
meetings was to ensure that contacts in PICs and neurocentres could be established to assist in the process
of tracking patients who were recruited into HITS-NS. The study was given good support and systems were
put into place that allowed the local trial co-ordinators to make contact with designated individuals at
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PICs/neurocentres who were able to advise about the location and condition of HITS-NS patients. The
research nurses received briefing about the consent-taking process in order to assist in this activity.

Trial site files, including delegation logs for completion, were established at all research sites and PICs.

Awareness of the HITS-NS trial was reinforced in the trial neurocentres and acute hospitals prior to the
launch of the trauma bypass protocols, and meetings were held with clinical staff to discuss how HITS-NS
could be conducted alongside the new trauma bypass protocols.25 Close liaison continued with colleagues
throughout the duration of the trial to ensure, in particular, that patient consenting processes and data
collection ran smoothly.

The trial also received coverage by local press in the NEAS region and a press release was issued in NWAS.

A HITS-NS website was developed to inform the public of the trial and also to include comprehensive
training reference material accessible to paramedics only (www.hits-ns.tarn.ac.uk).

Promotional materials – including small tins of a variety of sweets and pens, all with HITS-NS logos – were
also distributed to paramedics in NWAS and NEAS.

Development of trial standard operating procedures
Standard operating procedures were successfully developed for the recruitment and consent processes,
for data collection and management, for stopping the trial early and for the reporting of SAEs at the
outset of the trial. These were subsequently reviewed and modified to include recommendations from the
TMG and the TSG and based on observations and developments arising from piloting the procedures
where relevant.

A comprehensive screening procedure for identifying potential HITS-NS patients and a screening log for
identifying eligible patients were also developed as part of the recruitment SOP. The screening process for
identifying potential HITS-NS patients also required close collaboration between the research paramedics
and staff, in the informatics departments of NEAS and NWAS, to identify possible appropriate and efficient
mechanisms involving data downloads of call data and electronic patient report forms. This particular
activity required considerable planning and extensive testing (see Appendices 2 and 3).

In relation to data collection and management, the local trial co-ordinators both completed TARN data
entry training, and meetings with TARN data co-ordinators took place both in the North East and the
North West, as the TARN data co-ordinators were to assist in prioritising data entry on to the TARN
database for HITS-NS patients. The data collection and management SOP included processes to allow the
local trial co-ordinators to complete data entry for non-TARN patients using the TARN-based CRF, and also
for non-TARN data variables for all patients. The trial manager worked with a TARN analyst to set up a
data download system for HITS-NS patients, and the data entry system was also thoroughly tested prior to
becoming operational (see Appendix 5).
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Implementation challenges
It is important to note, given the feasibility nature of the trial, that there were a number of challenges to
be managed during the roll-out (and subsequent implementation) of the study. The key challenges
experienced can be summarised as follows.

l Paramedic training for recruitment to HITS-NS:

¢ This had been delivered to paramedic staff already pressured by a growing volume of new
protocols and procedures in their work.

¢ Slow uptake due to the dependency on goodwill among paramedics who are restricted by work
rotas and unavailability of cover to allow for training during working hours.

¢ Setting up effective systems to allow for monitoring training uptake was extremely difficult prior to
the launch of mandatory training alongside the roll-out of the MTB protocols in NEAS and NWAS.

¢ A confusion had arisen from misunderstood randomisation instructions from the trial statistician,
which led to a number of ambulance stations being initially wrongly identified as intervention/
control stations, with about 30 paramedics receiving the wrong training – this situation was
promptly rectified as soon as this confusion came to light.

l Challenges within the ASs:

¢ The HITS-NS trial was conducted alongside a new MTB Protocol launched in April 2012 (which was
applied to the whole trauma population attended by ASs). The protocols identify specific trauma
patients outside HITS-NS inclusion criteria who were to bypass into the newly designated MTCs. In
the study areas, the MTCs were the SNCs.

¢ Previously limited involvement in complex research trials.
¢ Wide geographical areas included in the study.

l Diversity in research and governance procedures:

¢ Individual organisations have different processes.
¢ Time delays in obtaining research site approvals/letters of access for the research paramedic and

participant identification centre permissions for the conduct of the trial.

l Delays in staff recruitment.

Close collaboration with partners, and the continuous monitoring of these challenges by the research team
and the TMG and steering group, allowed strategies and processes to be refined to ensure that the trial
could continue in accordance with the study timeline and planned activities.

Main feasibility outcomes

In the application, the following separate stream A primary feasibility outcomes were identified as
necessary to permit progression to a full trial application:

1. The actual recruitment rate compared with required recruitment rate to HITS NS for each AS. For the
study to be considered feasible the monthly recruitment rate should be at least 50% of that required
and increasing at 12 months. The required rate is determined by the power calculation as 700 over
12 months but 350 with the monthly rate increasing in both ASs was felt to be acceptable.

2. Rates of actual TBI in patients recruited to the trial. For further study to be considered feasible, this
should exceed 80% in each AS and be equivalent between trial arms.

3. Rate of compliance with trial randomisation for each AS. For further study to be considered feasible the
non-compliance rate should not exceed 10% (in each arm).
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4. The degree of selection bias caused by non-compliance with HITS-NS randomisation for each AS.
For further study to be considered feasible there should be no significant difference between the
characteristics of patients in groups where randomisation is and is not complied with. This should be
true overall and within each trial arm. These characteristics include absolute patient transportation times
from the nearest NSAH and neurosurgical hospitals and the increase in transportation time involved in
bypassing nearest NSAH. There should also be equivalence of factors determining survival and disability
after TBI, including age, ISS and severity of TBI.

5. Rates of acceptability of control and intervention pathways to patients, staff and families. For a full trial
to be feasible there should be no significant difference between trial arms. This was assessed by patient
satisfaction questionnaires, logging of complaints and incident/SAE reporting.

6. Numbers of eligible patients with TBI on TARN database who presented to NEAS study hospitals during
recruitment period and were not included in study. (This was added early in the study when the
unanticipated case mix of mild TBI prevalence became apparent.)

The secondary outcomes are measures of patient morbidity and health-related quality of life, which would
form primary outcomes in a full trial and will inform the effect size in a power calculation for a full trial.
The secondary outcome data will also be fed into the EVSI (stream B) analysis. These include 30-day
mortality and 6 months Extended Glasgow Outcome Scale (GOSE)26 and European Quality of Life-5
Dimensions (EQ-5D)27 values and responses to the patient satisfaction survey. A subset of patients
consented to in-depth qualitative interviews about participating in research.

Randomisation and blinding

The process of cluster selection and randomisation by matched pairs has been described above (see Cluster
randomised design and cluster eligibility and randomisation). Each ambulance station cluster remained
within its original allocation for the 12-month duration of the feasibility pilot. As the study of early
neurosurgery was being facilitated by hospital bypass it was ‘open label’ to a degree. Blinding was
preserved where possible and is described below.

The practitioners involved in the patients’ care, including the paramedics attending the incident from
control and intervention cluster ambulance stations, were fully aware of the patients’ trial status throughout
the course of their treatment. It is possible that some of the ED, neurosurgical and intensive care unit (ICU)
staff in both NCs and acute hospitals may have been aware, as they had been briefed about the study.

The patients themselves could be considered to have been initially ‘blinded’, as the majority had an
impaired GCS score on initial recruitment, which would have rarely recovered by the time they reached
hospital, and therefore they would not have been aware of their transportation destination. Patients who
remained incapacitated up until their 6-month follow-up, or who died prior to the 30-day mortality
recording, are likely to have remained unaware of their transportation or involvement in the trial and,
therefore, continued to be ‘blinded’. Surviving patients who regained capacity would not have remained
blinded in this sense, as they would have been approached for consent, or posted information regarding
the trial, and would have been aware of whether or not they were taken to their nearest hospital.

The outcome recorder of 30-day mortality from the hospital or summary care record was blinded
throughout the study. The outcome collator (research paramedic or TARN data co-ordinator), who records
patients’ details, including 30-day mortality and baseline characteristics, on to the study database, was
not blinded. They were aware of the patients’ pathways and identifiers as a result of the nature of the
records they had to access (e.g. paramedic patient report form) to identify the relevant information.
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Patients were recorded on the trial database by the outcome collators using a unique study number, for
which the second digit was either ‘1’ or ‘2’ according to which trial arm they were in. Which trial arm was
recorded as ‘1’ or ‘2’ was unknown to the trial statistician when they received the trial database, and
therefore they were blinded when analysing the outcomes of the trial for the DMEC, but were unblinded
for the analyses in this final report. However, the trial manager was responsible for checking that the
labelling of patients into either ‘1’ or ‘2’ was consistent across both trial sites and, therefore, was
not blinded.

Proposed sample size

We aimed to recruit 700 patients across the two ASs in the stream A feasibility pilot in 74 clusters.

This was based on our full trial power calculation, which for a 3-year full trial indicated that (3 × 1400)
4200 patients would have 80% power to detect an absolute 5% change in rate of poor outcome
(two tailed for GOSE score of < 5) assuming a 30% (supported by TARN/CRASH28 data) event rate, and an
intracluster correlation coefficient (ICC) of 0.02 between ambulance stations and 5% risk of type 1 error.

Assuming that the EVSI showed that a full trial was cost-effective, it would take place in 120 clusters in
four ASs. The sample size target was half the required annual recruitment rate, as in the pilot we recruited
from 50% of our clusters.

Data collection and follow-up

The baseline data that were collected to enable the description of the overall cohort included demographics,
detailed cranial and extracranial injuries, on-scene physiology, transportation times, times to neurosurgical
and other life-saving interventions, ISS,6 GCS score, systolic blood pressure, oxygen saturation and pupillary
responses at scene. Length of stay data were collected on the first and subsequent hospital destinations.
These data were collected by the HITS research paramedics and hospital TARN data co-ordinators using the
TARN electronic data collection and reporting system [Electronic Data Collection & Reporting (EDCR);
www.tarn.ac.uk]. TARN trained the trial staff in the use of the EDCR; some additional (non-TARN) data
were collected on each patient to allow identification of to which cluster they had first presented and that all
of the on-scene eligibility criteria applied. As per normal TARN procedures, all injuries were then coded using
the Abbreviated Injury Scale (AIS)29 by TARN staff who are accredited in using the AIS 2005 dictionary.

All HITS-NS patients who survived to hospital discharge and had identifiable information were approached
by research paramedics for consent for inclusion of data in the trial and follow-up at 6 months. Their
details were checked against the summary of care record so that only patients who were still alive at
6 months were telephoned by either the HITS research paramedic or the trial manager for administering of
the EQ-5D, GOSE interview and patient satisfaction questionnaire. Patients’ general practitioners (GPs)
were also be informed of patient inclusion in the study. Through consultation with the Headway and the
work of a University of Manchester year 4 medical student, Hannah Newcombe, the TMG developed a
patient satisfaction questionnaire to determine acceptability of both trial arms (study objective 2). The
follow-up SOP developed by the TMG and approved by the TSG is provided in Appendix 5.

The early interim analyses of HITS-NS data indicated a need to check the robustness of the screening
procedures. Anonymised data from TARN TBI patients presenting to HITS-NS acute hospitals and
transported by the NEAS during the study period were checked against anonymised NEAS records to
ascertain reasons any for non-inclusion in HITS-NS. FL, as research director of TARN, has National
Information Governance Board (NIGB) approval for research on anonymised records [ECC&–05(g)].
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Patient and public involvement

Headway was closely involved in the design of the trial at application (FL presented at 2009–10 Salford
and Trafford Headway meetings), including discussion about applying the Mental Health Act.
Subsequently, Headway assisted in determining the content of the patient and consultee information
sheets. As members of the TSG, Hugh Potter (HP) and Alastair White (AW), of Headway, represented the
interests of patients and public during the conduct of the trial. HP and AW conducted regular discussions
of trial progress with Headway members at regional Headway group meetings. Salford and Trafford
Headway allowed some of their patient members to be interviewed about the appropriate design and
timing of administration of the patient satisfaction questionnaire. Headway approved SOP guidance
(see Appendix 3) for trial staff in establishing capacity to consent and continue with the trial.

Hugh Potter attended the HITS-NS collaborators meeting in November 2013, at which the study findings
were presented to coapplicants and staff at the research sites. This collaborators meeting was also
attended by Beryl Howgate (BH) from ‘Second Chance’, a head injury patient organisation affiliated with
Headway. BH has worked with the chief investigator on other head injury projects. Both patient members
supported and approved the analyses of HITS-NS and study findings as being important for improving the
future care of patients with suspected significant TBI.

Research governance

Research governance was ensured at all stages of HITS-NS by REC approval (10/WNo03/30), registration of
the trial with the CLRN injuries and emergencies portfolio, and R&D departments of all the NHS trusts
involved as research sites or participant identification centres. The University of Manchester acted as
HITS-NS sponsor and the trial adhered to International Committee on Harmonisation Good Clinical Practice
regulations and the NHS Research Governance Framework 2005. Each amendment to the protocol was
approved by a REC substantial amendment via the sponsor and all of trial sites. The reporting of the trial is
consistent with CONSORT (Consolidated Standards of Reporting Trials) recommendations on the reporting
of cluster randomised trials.

The HITS-NS TSG and DMEC (which reported to the TSG) each contained a majority of independent
expertise, including patient and public involvement, and ensured effective trial management and conduct
in accordance with these stipulations. These groups met regularly throughout the set-up and conduct of
the trial; they approved the revised protocols, SOPs and interim 30-day outcome analyses to ensure that
the interests of patients and the pursuit of high-quality data were paramount throughout the study.

Statistical analyses

The analyses are designed to address the outcomes of the feasibility arm of HITS-NS by:

l Estimating the recruitment rate in control and intervention arms as a proportion of 350 with 95%
confidence limits.

l Estimating the rate of TBI in each study group; assuming that this will be 80%, the sample size of
350 per group could estimate this parameter with a standard error (SE) of 2.2%.

l Estimating the rate of compliance with allocated treatment in each study group; assuming this could be
90%, the sample size of 350 per group could estimate this parameter with a SE of 1.6%.

l Comparing patients in the control and intervention arms in terms of factors known to influence
prognosis in severe TBI: age, GCS score, systolic blood pressure, oxygen saturation, type and severity of
brain injury, overall ISS and pupillary responses; we will also compare times to neurosurgical centre and
nearest hospital. These comparisons will be made with appropriate parametric and non-parametric tests
to enable the detection of selection bias.
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l Estimating rates of acceptability of control and intervention patient pathways to patients and families
using results from the questionnaire mailed at 6 months post inclusion.

l Comparing 6-month GOSE (relative risk of poor outcome using a sliding dichotomy30 and EQ-5D scores
[with 95% confidence limits or interquartile ranges (IQRs)] plus 30-day mortality rates (95% confidence
limits in each arm), in the control and intervention groups, on an intention-to-treat basis. The study is
not powered to detect differences that would be the purpose of a full trial; however, as our current
effect size is an estimate, the data for this analysis were sent to the independent DMEC at (30-day
mortality only) 6 and 9 months post start of recruitment.

The 95% CIs required were calculated by the Wilson procedure using an online resource. The CIs for the
difference between two independent proportions in control and intervention were also calculated by the
Wilson procedure, using a similar online resource. The Mann–Whitney U-tests were used to compare
control and intervention groups in terms of ordinal variables (ISS, GCS, pupillary responses) or variables
that are not normally distributed in adult trauma populations, such as age.

The merged study protocol is given in Appendix 6.

Stream A: feasibility study results

Clusters recruiting by ambulance station and study arm
Figures 2 and 3 describe the flow of patients through the study, and it is interesting and instructive to
compare this with the study planned CONSORT diagram in Appendix 6 (the full protocol).

Using the matched pairs of randomised ambulance station clusters described above (see Cluster
randomised design and cluster eligibility and randomisation) (37 matched pairs), eligible ambulance station
clusters were randomised to either control or intervention. Forty-six clusters from NEAS and 28 from NWAS
were randomised. No clusters were lost to follow-up. Of 46 NEAS clusters, 43 recruited patients, whereas
fewer than half (13/28) of the NWAS clusters recruited patients.

In the intervention arm, therefore, 29 (78%) out of a possible 37 clusters recruited patients with a median
cluster size of 6 patients (IQR 3–8 patients); in the control arm, 27 (73%) of 37 possible clusters recruited
patients with a median cluster size of 3 patients (IQR 1–7 patients).

Eligible ambulance station
(n = 74)

NEAS
(n = 46)

(screened n = 65,562;
eligible n = 256)

NWAS
(n = 28)

(screened n = 15,294;
eligible n = 37)

Randomised to
intervention

(n = 23)

Had eligible
patients
(n = 23)

Randomised to
control
(n = 23)

Had eligible
patients
(n = 20)

Randomised to
intervention

(n = 14)

Had eligible
patients
(n = 6)

Randomised to
control
(n = 14)

Had eligible
patients
(n = 7)

FIGURE 2 Cluster randomisation within ASs.
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The matched pairing of clusters prior to randomisation was an attempt to secure equal numbers of patients
in the two arms of the study, as the clusters were matched on numbers of ambulance vehicles at the station
(‘busyness’) and distances from neuroscience and acute hospitals. However, as exact numbers of ‘HITS-NS
eligible’ patients were not known prior to study commencement, this was clearly an estimate. In the end
there was a preponderance of patients in the intervention arm (169) compared with those in the control
arm (124), whereas, ideally, 146 patients would have been recruited into each arm of the study.

Screening and responses to consent requests in consort
Large numbers of patients (> 81,000 in both ASs; see Figure 2) were screened for eligibility to cover
periods where the study co-ordinators were ‘off shift’ and, therefore, unable to take call and text alerts
identifying study patients, or when paramedics had either not recognised or not had time to flag up a
HITS-NS patient. As described in Chapter 3 (see Ethical basis and practicalities of obtaining informed
consent from participants whenever possible or action for which fully informed consent was not possible)
one of the unexpected observations early in the study was that a large numbers of eligible patients turned
out not to have injuries that were serious enough to detain them in hospital for > 24 hours. This often
meant that by the time the screening process had identified them as eligible and their location had been
confirmed by the study co-ordinator, they had left hospital.

A substantial amendment to the original protocol (see Appendix 6) gave the investigators permission to
approach patients by mailing the information sheets and consent forms (as personal approaches in hospital
were not possible), followed by text reminders. The majority of patients did not respond to these mailings
and texts; however, the REC allowed retention of anonymised data on these patients (non-responses to
consent request) up to 30 days post injury. A small number of patients (six intervention and five control)
declined to consent after face-to-face or mailed approaches; three intervention patients had no NHS
number (and no registered GP), which made it impossible to meaningfully identify their 30-day mortality
outcomes. Six patients (one intervention and five control) had no meaningful identifiable data on their
ambulance PRF (not uncommon in unconscious patients arriving at the ED – often described as ‘unknown
male’) and could not be further identified using ED records. One identified control patient was discharged
early to ‘no fixed abode’ and therefore could not be approached.

Availability of patients for 30-day and 6-month follow-up in consort
As a consequence of the responses to consent requests, 159 out of 169 (94%) eligible intervention patients
and 113 out of 124 (91%) patients had data that were sufficient to analyse their 30-day outcomes.

Twenty-four patients died early during the initial hospital admission. A priori REC approval to retain the
anonymised data and 30-day outcomes of those who died prior to 7 days post admission without
approaching distressed families for consent had been granted. Out of those who formally consented, some
patients were not available on the telephone numbers supplied to provide 6-month outcome data. A
minor REC amendment was granted, which allowed the outcome questionnaires to be mailed after no
telephone contact had occurred: four intervention and two control patients responded to mailed 6-month
outcome questionnaires, leaving (from 46 patients who formally consented) seven intervention patients
and seven control patients who were not available for follow-up and were thought to be alive. Four
patients (three intervention and one control) were known to have died between providing consent and
approach for 6-month follow-up. At the time of writing this gave 33 out of 169 (20%) and 24 out of 124
(19%) of intervention and control patients, respectively, who had data that were sufficient to analyse their
6-month outcomes.

Recruitment period
The initial planned recruitment, as per the application, was to appoint the trial manager in July 2010 and
commence recruitment in January 2011. In the end – owing to responding to HTA board questions,
contract and subcontract negotiations and the time taken to recruit and train trial staff – the trial manager
started in post in May 2011. Recruitment started in the NEAS in January 2012. The first 3 months of the
study were spent training paramedics in the NEAS and piloting the study procedures of screening,
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identifying and locating patients and approaches for consent. Four study patients were recruited between
2 January 2012 and 31 March 2012. Recruitment started in full in the NEAS on 1 April 2012. It took slightly
longer to get the NWAS study co-ordinator in post, so recruitment did not start in full until mid-April 2012.
Recruitment ran in both ASs until 31 March 2013, as planned for the feasibility study. There was no
withdrawal of clusters or research sites during this period, although one of the NHS trusts that acted as a
PIC withdrew in mid-December 2012 (see Complaints and serious adverse events). This did not impact
significantly on recruitment.

Table 3 compares the basic clinical characteristics of the control and intervention patients in an
intention-to-treat analysis. The characteristics compared are those of which paramedics would have been
aware at the scene of injury. In both groups, approximately two-thirds of patients were male, with the
median age in the mid-forties.

The median GCS score was ‘12’ in both trial arms, the median oxygen saturation was 97% and the
median systolic blood pressure was 136mmHg. In either group, the proportion of patients with normal
pupillary responses was 95%. The proportion injured by road traffic collision (RTC) and low energy fall was
similar in both groups, at 7–8% and 60%, respectively. The estimated distance to NC was similar
(26 minutes vs. 28 minutes for control and intervention, respectively). The average difference with 95%
confidence limits is given in the fourth column of the table and indicates that there were no significant
differences between control and intervention groups in terms of the characteristics described in Table 3.

The left of each ‘control/intervention’ cell in Table 3 contains the number of patients in each group for
which a measurement of the row specified variable was recorded. The following statements describe the
circumstances surrounding missingness:

l Two control patients who were subsequently not identified by hospital records had no age recorded on
the ambulance PRF, although gender had been recorded.

l Two intervention group patients did not have the exact GCS recorded on the PRF; it was merely
recorded that the GCS score was < 13/14, thereby fulfilling the study inclusion criteria.

TABLE 3 ‘Basic clinical data: factors apparent at scene of injury’

Patient characteristic Intervention (n= 169) Control (n= 124) Difference (95% CI)

Percentage male (95% CI) 169, 69.8% (62.6% to 76.4%) 124, 66.1% (57.5% to 74.1%) 3.6% (–7.1% to 14.5%)

Age in years, median (IQR) 169, 44.6 (29.6 to 70.1) 122, 48.8 (29.8 to 65.3) –0.5 (–5.8 to 4.9)

Scene GCS score, median (IQR) 169, 12 (8 to 13) 124, 12 (8 to 13) 0.02 (–0.80 to 0.84)

Percentage with normal
pupillary response at scene
(95% CI)

115, 96.5% (91.4% to 98.6%) 80, 95% (87.8% to 98.0%) 1.5% (–4.3% to 7.4%)

Scene SBP in mmHg,
median (IQR)

148, 136 (122 to 152) 109, 136 (121 to 151) –0.12 (–6.20 to 6.04)

Scene % SaO2, median (IQR) 154, 97% (95% to 98%) 110, 97% (95% to 98%) 0.17 (–0.81 to 1.14)

Scene % injured by RTC
(95% CI)

162, 7.4% (4.3% to 12.5%) 114, 7.9% (4.3% to 14.3%) –0.5% (–6.9% to 5.9%)

Scene % injured by
low-energy fall (95% CI)

162, 59.9% (52.2% to 67.1%) 114, 59.6% (50.5% to 68.2%) 0.2% (–11.5% to 12.0%)

Estimated time to nearest SNC
in minutes, median (IQR)

162, 26 (19.0 to 31.0) 113, 28 (21.5 to 32.5) –2.4 (–4.9 to 0.1)

RTC, road traffic collision; SaO2, pulse oximetry % oxygen saturation reading; SBP, systolic blood pressure.
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l For patients in either group with missing physiological variables/mechanism of injury, these were not
recorded on the PRF.

l Similarly, the estimated time to nearest SNC could not be calculated as no incident postcode was
recorded on the PRF for seven intervention patients and 11 control patients.

Table 4 presents an intention-to-treat comparison of the characteristics of patients in both groups in terms
of factors that paramedics could not have known precisely of at the scene of injury. The time from leaving
the scene to arrival at the first hospital was between 15 and 20 minutes in both groups. The median
ISS was ‘1’ in both groups. The proportion of patients with significant extracranial injury was low in
both groups, at 4% for intervention and control groups, respectively, as was the proportion of patients
subsequently shown to have TBI in both groups (21.6% and 30.7%). Within the TBI subset of each trial
arm, fewer than one-third of patients received any neurosurgical intervention in theatre (11.4% and
31.4%): 15 patients in total. A further 23 patients with TBI went to an ICU without neurosurgical
interventions in theatre (10 intervention; 13 control). For these TBI ICU patients not requiring theatre,
the ICU care was provided in the NCs in 86% of cases (20/23 patients). Four patients with TBI had ICP
monitors inserted in intensive care; one enrolled patient, who did not have TBI but spontaneous
subarachnoid haemorrhage, also had an ICP monitor inserted in the ICU.

Interventions directed at stabilising the ABC within 6 hours of leaving the scene were needed in fewer
than one-fifth of patients in each trial arm (13.6% and 17.7%). As might be expected, a higher proportion
of patients were transferred for further care in the control arm (15.8% vs. 4.9%). Transfers for further care
occurred in the intervention arm owing to repatriation to NSAH (n= 4) when no TBI was present or to a
SNC in three cases of non-compliance in patients with TBI. In this group of three, only one neurosurgical
intervention of ICP monitoring occurred. The 30-day mortality was similar in both groups, being close
to 9% (9.4% and 8.8%, respectively). There were no significant differences in the characteristics presented
in Table 2 other than the injury severity being, on average, two points higher in the control group and –

as expected – a higher rate of secondary transfer to neuroscience in this control group.

Time from leaving the scene to arriving in hospital was missing for 24 intervention and 22 control patients
as a result of the time of leaving scene not being recorded on the ambulance PRF. There was little
difference between the trial arms in this time interval but non-compliance in the intervention group will
have influenced this finding.

TABLE 4 ‘Basic clinical data: factors not necessarily apparent at scene of injury’

Patient characteristic Intervention (n= 169) Control (n= 124) Difference (95% CI)

Time from leaving scene to
hospital in minutes,
median (IQR)

145, 19 (12 to 25.5) 102, 16 (8 to 25.3) 1.37 (–1.13 to 3.87)

ISS, median (IQR) 162, 1 (1 to 9) 114, 1 (1 to 16) –2.29 (–4.51 to –0.08)

Significant extracranial
injury (%; 95% CI)

162, 3.7% (1.7% to 7.8%) 114, 4.4% (1.9%% to 9.9%) –0.7% (–5.4% to 4.1%)

TBI (%; 95% CI) 162, 21.6% (15.8% to 28.4%) 114, 30.7% (22.8% to 39.6%) –9.1% (–19.7% to 1.5%)

Percentage of those with
TBI who had neurosurgery
(%; 95% CI)

35, 11.4% (3.7% to 25.3%) 35, 31.4% (17.8% to 48.1%) –20.0% (–38.6% to 1.4%)

ABC intervention within
6 hours of leaving scene
(%; 95% CI)

162, 13.6% (8.9% to 19.5%) 113, 17.7% (11.5% to 25.6%) –4.1% (–12.9% to 4.7%)

Transferred for further
care (%; 95% CI)

162, 4.9% (2.5% to 9.4%) 114, 15.8% (10.2% to 23.6%) –10.9% (–18.3% to –3.4%)

HITS-NS STREAM A

NIHR Journals Library www.journalslibrary.nihr.ac.uk

26



Injury details (ISS, % extracranial injury, % TBI) were available for all 272 patient when 30-day mortality
was available but were unable to be determined in patients who were not identified in hospital
(n= 6: 1 intervention and 5 control) and in 4 out of 11 patients who had refused to consent
(6 intervention and 5 control), although the patient information form had advised non-consenters that
their anonymised injury details could still be retained. Study hospitals were at times reluctant to allow the
study co-ordinators access to health records in these circumstances.

The availability of 30-day mortality outcomes has been described in the text following the CONSORT
diagram (see Availability of patients for 30-day and 6-month follow-up in consort).

Feasibility outcomes for stream A: recruitment rate versus target
Figure 4 gives the recruitment rate as a percentage of target by month of study during the study
recruitment period, by overall study recruitment rate and by recruitment rate in the two ASs. May 2012 to
March 2013 is shown as the recruitment period, as the NWAS was not fully recruiting until the end of
April 2012, when all the NWAS clusters were trained. The provisional power calculation for the full study
suggested that 700 patients would be needed per annum from these research site ASs. However, a
feasibility target of 50% (350 patients), with recruitment rising in both sites, was deemed by the TMG, in
the grant application, to be an acceptable feasibility target. This gave a monthly recruitment target of
30 patients per month. Hence the 50% target is outlined in black in the figure.

It had been anticipated by the TMG that (because the NWAS study catchment area was larger in terms of
cluster numbers and population served) two-thirds of the recruitment would have occurred in NEAS and
one-third would have occured in NWAS, giving a 20 : 10 NEAS/NWAS split in terms of patient numbers for
monthly target recruitment of 50%. However, part of the target was that the recruitment rate would be
increasing to > 50% towards the end of the feasibility period.
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Figure 4 shows that the study was unable to recruit to the 50% target in the majority of months of the
study, and that there was no increase in recruitment towards the end of the 12-month recruitment period
(light green line). Although recruitment in NEAS was often close to the 50% target and sometimes
exceeded it (dark green line), NWAS recruitment was usually about 20% of target (blue line). The higher
GCS study inclusion criteria within NEAS need to be borne in mind when interpreting these findings.

Feasibility outcomes for stream A: proportion of study patients with
traumatic brain injury on computed tomography head scan
In order to demonstrate the potential effect of early neurosurgery, the feasibility study target in the
application was for 80% of enrolled study patients to be subsequently shown to have TBI on a CT scan.
Figure 5 shows that the proportion of recruited patients with TBI – in patients whose injury details were
known – fell far below this.

A total of 25% (n= 70; 95% CI 21% to 31%) of 276 patients with known injury details were shown to
have a TBI on CT head scan in the overall study sample. The proportion was similar to this in NEAS, at
21% (n= 52; 95% CI 16% to 26%) but significantly higher in NWAS at 55% (n= 18; 95% CI 40% to
70%). However, as mentioned previously, the GCS cut-off for study inclusion in NWAS was one point
lower (< 13 vs. < 14) than in NEAS.

As mentioned previously (see Important changes from original eligibility criteria for patients) the
application’s study GCS inclusion criteria in NEAS were by necessity changed from the original application
(in order to make the study possible alongside the NEAS MTB criteria) from < 13 to < 14. Consequently, an
a priori analysis of TBI prevalence, including only those patients who met the original GCS inclusion criteria
(GCS score of < 13), was prespecified by the HITS-NS TMG. This is shown in Figure 6.

Figure 6 shows that, in the 180 patients who met the original inclusion criteria, the proportion of patients
with TBI was 30% in the overall sample (n= 60; 95% CI 22% to 38%), with the proportion in NEAS
being 28% (n= 42; 95% CI 19% to 36%). The NWAS results being guided by the original protocol
are unchanged.
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FIGURE 5 Proportion of study patients with TBI vs. study target: all included patients with injury details.
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Feasibility outcomes for stream A: proportion of study patients when
paramedics complied with study allocation
The prespecified rate of compliance with study allocation was 90% in order to demonstrate feasibility.
Figure 7 shows that the percentage overall compliance rate was significantly lower than this, at 62%
(183/293; 95% CI 57% to 67%). Compliance was significantly higher at 81% (100/124; 95% CI 72% to
91%) in the control group compared with 49% (83/169; 95% CI 41% to 57%) in the intervention group.

Figure 8 breaks this analysis down further by AS. Overall, the NWAS demonstrated excellent compliance
with study allocation at 90% (33/37; 95% CI 78% to 95%), the rates being similar (at 91%) in the control
group of 20 patients compared with the intervention group of 17 patients for whom compliance was
89%. The picture was somewhat different in the NEAS, with an overall compliance rate of 59% (150/256;
95% CI 50% to 66%), with a significant difference between the control group (for which compliance
almost met the study target at 79% of 104 patients) compared with a much lower rate of 45% in the
152 intervention patients.
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FIGURE 6 Proportion of study patients with TBI vs. study target: all included patients with original inclusion criteria
of GCS score of < 13.
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Feasibility outcomes for stream A: selection bias arising from
non-compliance
Table 5 illustrates selection bias arising as a result of non-compliance with study allocation. For the factors
of which the paramedics were aware, this occurred only with respect to estimated time to neuroscience
centre (ETNC); in the control group, when compliance occurred, the ETNC was on average 2.6 minutes
longer (95% CI 1.5 to 12 minutes) than when there was non-compliance; in the intervention group the
converse occurred – with compliance the ETNC was 3.5 minutes (95% CI 0.6 to 6.3 minutes), on average,
closer than when there was non-compliance.
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FIGURE 8 Rate of compliance with study allocation by study arm and AS.

TABLE 5 Selection bias arising from non-compliance with study allocation (factors of which paramedics
were aware)

Patient characteristic Complied Not complied Difference (95% CI)

Percentage male (95% CI)

Control 100, 67.0% (57.4% to 75.7%) 24, 62.5% (42.2% to 79.9%) 4.5% (–17.0% to 26.0%)

Intervention 83, 72.3% (62.0% to 81.1%) 86, 67.4% (57.0% to 76.7%) 4.9% (–9.0% to 18.7%)

Age, median (IQR)

Control 98, 48.8 (29.0 to 70.0) 24, 48.6 (31.6 to 62.5) 2.8 (–7.5 to 12.9)

Intervention 83, 44.3 (29.5 to 64.4) 86, 45.4 (29.6 to 73.6) –1.7 (–8.8 to 5.5)

GCS score, median (IQR)

Control 100, 12 (8.3 to 13) 24, 11 (7.3 to 13.8) –0.2 (–1.6 to 1.3)

Intervention 81, 12 (6 to 13) 86, 12 (10 to 13) –1.0 (–2.1 to 0.1)

Estimated time to nearest SNC (minutes), median (IQR)

Control 89, 28 (22.5 to 35.5) 24, 25 (17.3 to 29) 2.6 (1.5 to 12.0)

Intervention 81, 24 (18 to 29) 81, 28 (20 to 33) –3.5 (–6.3 to –0.6)

HITS-NS STREAM A

NIHR Journals Library www.journalslibrary.nihr.ac.uk

30



Table 6 presents the same analysis in terms of factors of which paramedics could not have been directly
aware but perhaps may have estimated at the scene of injury. This analysis indicates that in the
intervention group compliance was more likely in patients with an ISS that was on average 5.2% higher
(95% CI 2.8% to 7.7%) and a TBI prevalence that was on average 23.5% higher (95% CI 1.3% to
35.6%) than when non-compliance occurred. No such selection bias arose as a result of the small amounts
of non-compliance in the control group or occurred in terms of subsequent mortality rate.

Prespecified analysis of robustness of screening
In May 2013, 2 weeks after the end of patient enrolment, a search of TARN submissions for TBIs revealed
that 323 adults with TBIs presented in the catchment areas of the trial hospitals in the NEAS during the
recruitment period and did not appear to have been entered into the study. A search for their ambulance
patient report forms by the NEAS study co-ordinator – matching by anonymised information, such as age
and date of injury – enabled exclusion of those who had one of the trial NCs as their nearest hospital to the
scene of injury. This left 184 patients (Table 7) and revealed that only five could have been eligible for the
study but were missed by screening. The reason for non-inclusion of the other patients was ineligibility due
to too high a recorded scene GCS score (14 or 15) (n= 62), not having a head injury that was evident to the
paramedics at the scene (n= 17), not having being transferred to hospital by a HITS-NS-trained land
ambulance crew [helicopter= 18, transfer in= 24, Yorkshire Ambulance Service attended or not HITS-NS
trained crew (n= 10) or not having used an ambulance to get to hospital (n= 23)].

Patient satisfaction and nested qualitative cohort
The objectives were:

l to determine the acceptability of the intervention (early neurosurgery) and control (usual care)
pathways to patients, families and staff

l to explore service providers’ views of their experiences of their involvement in the HITS-NS trial
l to explore patients’ experiences of taking part in a feasibility study to compare different treatment

pathways for patients with head injury.

TABLE 6 Feasibility outcomes for stream A: selection bias arising from non-compliance with study allocation
(factors of which paramedics were unaware)

Patient characteristic Complied Not complied Difference (95% CI)

ISS, median (IQR)

Control 90, 1 (1 to 16) 24, 8.5 (1.8 to 20) –4.6% (–9.3 to 0.07)

Intervention 81, 1 (1 to 16.5) 81, 1 (1 to 1) 5.2% (2.8 to 7.7)

TBI, % (95% CI)

Control 90, 26.7 (18.3 to 36.5) 24, 45.8 (27.0 to 65.7) –19.2 (–41.1 to 2.8)

Intervention 81, 33.3 (23.7 to 44.1) 81, 9.9 (4.7 to 17.9) 23.5 (11.3 to 35.6)

30-day mortality, % (95% CI)

Control 100, 12.0 (6.7 to 19.5) 24, 12.5 (3.3 to 30.4) 0.1 (–11.9 to 13.2)

Intervention 83, 9.6 (4.6 to 17.5) 86, 5.8 (2.2 to 12.4) –1.6 (–10.7 to 7.5)
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Patient satisfaction
A patient satisfaction questionnaire was developed for use in the HITS-NS feasibility study to record patient
satisfaction relating to the patients’ views of the time immediately after the initial incident and the arrival into
hospital only. The initial design was created after completing a literature review on patient satisfaction to find
out what components are important for determining patient satisfaction, as it has been shown that this can be
used to evaluate the quality of care. The final version was developed after input from the HITS-NS TMG to get
feedback and make improvements, and was then piloted with former brain-injured patients. The final version
of the questionnaire was administered over the telephone during patient follow-up interviews, alongside
administration of the EQ-5D and GOSE, in accordance with the 6-month follow-up SOP developed by the
research team. The questionnaire explores 10 dimensions of patient satisfaction represented by statements,
and patients were asked to indicate their extent of agreement with each statement by choosing a response
from a 5-point Likert scale. The questionnaire proved to be straightforward in its administration and
respondents seemed able to provide responses with ease.

Results
Patient follow-up was conducted between November 2012 and November 2013. Although the intention
had been to conduct all follow-up interviews at approximately 6 months, this was not always possible
because of a number of challenges in other areas of study activity (especially, for example, as a result of
the workload challenges faced by the local study co-ordinator for NEAS), and also because of delays in
receiving consent and the subsequent difficulties experienced in making contact with consented patients
to complete the interviews.

A total of 28 patients and/or their carers took part in follow-up interviews at between 6 months and 17 months
after recruitment into the study. Four additional patients who had consented to take part had died before their
interviews could take place. Of the 28 patients who were followed up, 22 were able to give responses to the
patient satisfaction questionnaire themselves, 3 were able to respond with assistance and additional comments
provided by a carer, and for 3 the responses were given by a carer on the patient’s behalf. However, for one

TABLE 7 Trauma Audit and Research Network patients with TBI at NEAS acute hospitals and reason for
non-inclusion in HITS-NS

Reason why not enrolled in HITS-NS n= 184

GCS score of > 13 (higher than inclusion criteria) 62, 23 transferred to neuroscience (details available for 16/23,
7/16 had neurosurgery and critical care, 3/16 critical care alone)

No pre-hospital record; therefore, probably not conveyed
by ambulance

23

ABC unstable at scene/suspected polytrauma 19

Transfer in from non-trial hospital (mainly Carlisle) 24

Helicopter first attending 18

No external signs of head injury documented at scene 17

YAS attending AS 5

Non-trial NEAS crew/vehicle 5

Absconded from ambulance 2

Not picked up on screening 5

Sent to hospital by GP 2

Arrested at scene 1

Head injury sustained in hospital 1

YAS, Yorkshire Ambulance Service.
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patient, who was in a nursing home, the carer was unable to provide answers to the satisfaction questionnaire,
as he or she was unaware of the patient’s experiences during the period immediately following admission into
hospital and a family member was unavailable to assist. The age range of respondents was between 20 and
92 years, and 19 of the respondents were female. Eleven (40%) of the patients had TBI.

Figure 9 shows the distribution of timings for the interviews.

Figure 10a–j shows the distributions of responses given to the 10 questions included in the questionnaire.
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FIGURE 10b Responses to ‘I was satisfied with the first hospital where I was treated’ (n= 27).
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FIGURE 10d Responses to ‘I felt well informed of my care throughout my stay in hospital’ (n= 26).
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FIGURE 10e Responses to ‘the doctors and nurses were polite and friendly’ (n= 27).
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FIGURE 10f Responses to ‘the doctors and nurses showed their concern for me’ (n= 27).
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FIGURE 10g Responses to ‘I felt my care was explained to me clearly’ (n= 27).
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FIGURE 10h Responses to ‘the doctors and nurses answered all my questions’ (n= 27).
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FIGURE 10i Responses to ‘the information sheets I received were useful and informative’ (n= 26).
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Nested qualitative cohort methods
This qualitative work was intended to explore the views of patients/carers and service providers: that is,
paramedics who had been HITS-NS trained.

The original intention was to select a convenience sample of patients from those who had participated in
HITS-NS and who had consented to remain in the trial for follow-up for inclusion in interviews. Criteria for
selection included willingness to take part, mental capacity and confirmed diagnosis of presence/absence
of TBI on recruitment to HITS-NS, GCS score at recruitment, trial arm, age and gender. Patients were to be
selected to ensure as diverse a range as possible of criteria, including allocation to the pathways, being
evaluated in the trial. Similarly, a convenience sample of carers willing to take part to represent patients
with the same diverse range of criteria was to be selected. We had anticipated, based on our recruitment
and consent figures, that it would be possible to select a minimum sample of 20 patients and carers to
take part in this study, which would represent approximately 50% of the patients who had consented to
take part in 6-month follow-up at the time of preparing the nested qualitative study proposal. However,
owing to a poor response rate, all of the patients and carers who had indicated their willingness to take
part in the qualitative study were included for interview.

The original intention was to select a convenience sample of paramedics from those responding to an
invitation to take part in individual interviews, extended across all of the paramedics and advanced
technicians (who number slightly over 850 staff) who had been involved in HITS-NS in NEAS and NWAS
and who had received HITS-NS training. The sample drawn was to be based on a range of criteria,
including geographical location, size of ambulance station where based, trial arm allocation of ambulance
station where based, rank, gender and age. Owing to an extremely low rate of response (two in NEAS and
zero in NWAS), a substantial amendment was submitted to the REC, who had originally given a favourable
opinion for the qualitative study to request that invitations could be reissued for participation in a focus
group, with payment offered for the time given to volunteering to take part. A favourable opinion was
given to this amendment and invitations were reissued to take part in a focus group. This time all of the
eight paramedics who responded in NEAS were included in one focus group. There were insufficient
responses from NWAS paramedics to allow a focus group to take place on NWAS.

All of the participants included in the qualitative study had received participant information sheets and had
consented to take part as part of the recruitment process. The interviews with patients/carers and the
focus group involving the paramedics were arranged to take place at a time and venue acceptable to
the participants.
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FIGURE 10j Responses to ‘overall, I was satisfied with the care I received from doctors, nurses and
paramedics’ (n= 27).
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Interviews and focus groups were chosen as the data-gathering methods of choice, as these methods
would allow participants to think about and answer freely about their own experiences and perspectives.
The interviews and the focus group were directed by a topic guide who covered the following dimensions:

1. patients’ and carers’ experiences of participating in HITS-NS
2. the reasons why patients consented to take part in a clinical trial of care pathways for brain-injured patients
3. patients’ experiences of their care pathway
4. service providers’ (i.e. paramedics) experiences of their involvement in the HITS-NS trial
5. service providers’ views of the acceptability and appropriateness of the two care pathways in the

HITS-NS trial.

Owing to the time constraints regarding the conduct of the qualitative research, caused by the slow
responses from participants to take part, interview and focus group data were recorded by taking field
notes and content analysis was used to determine the key themes.31

Results
The exploratory qualitative study was conducted between October 2013 and November 2013.

Nine patients (two intervention, seven control, five with TBI) took part in interviews. One additional
patient, who had also consented to take part, died before the interview could take place. Six of the
interviews were conducted face to face in the patients’ homes and three interviews were conducted over
the telephone. Of those who took part in face-to-face interviews, four patients had carers/family members
present during their interviews; however, all of these patients were able to respond fully for themselves
and the findings represent the views of the patients only. One of the participants was the carer (wife) of a
patient who was severely disabled as a result of head injury; however, the carer wished to take part and to
give her views on her husband’s behalf. Four of the participants were female and five were male.

The paramedic focus group comprised eight paramedics who had all received HITS-NS training, of whom
four had been involved with patient recruitment during the trial. The focus group took place at the NEAS
headquarters and was facilitated by the trial manager, who was assisted by the local trial co-ordinator in
the role of the main note-taker.

Results: patient interviews
Owing to the small sample size of participants, the main themes (identified as those representing the views
of at least one-third of participants) to emerge in response to the key interview questions are presented in
this report and are as follows (with illustrative quotes given).

Question: reasons for taking part

l For the future benefit of others.
l Research provides the answers to determine appropriate care: ‘Only way we learn is by doing research.’
l Altruism, and a sense that taking part in research is a valuable contribution: ‘Seemed like the right

thing to do.’
l Gratitude to the AS for its role in providing care and therefore wishing to be helpful in return:

‘Paramedics had been brilliant.’
l Did not seem there would be any harm in taking part.

Question: how important is research into care pathways in context of traumatic brain injury?

l All research is important if it can help others.
l Very important because of the severity of injury that other people may experience: ‘Some people may

be more seriously injured than I was so that makes me realise how important it is.’
l Different care pathways need to be tried and compared to understand what type of care is the most

effective: ‘Need to try out different ways to see what works best.’
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Question: consulting with others about taking part in the trial

l Three patients decided to take part on their own.
l Three carers decided on their own but mentioned this to family members after their decision had

been made.
l Two patients discussed taking part and consenting with others.

Question: what expectations did the patient/carer have about participation?

l None.
l Did not know what would happen.

Question: did the participant feel that they had an accurate understanding of the trial when they
gave consent?

l Partial understanding: ‘Information was a bit hazy.’
l The researcher taking consent gave a clear explanation, although this may have lost clarity later on:

‘The nurse explained things clearly;’ ‘The lady paramedic explained it all very thoroughly, and I thought
I understood it but afterwards I didn’t.’

l The majority did not really understand.

Question: knowledge of trial arm/acceptability of allocation

l None of the patients interviewed had knowledge of trial arms.
l None of the patients expressed any concern about allocation; three patients said that they had been

happy to be have been taken to a neurocentre, although one of these patients stated that she would
not like to think she was using a bed in a neurocentre if someone more badly injured may have
needed the bed more urgently.

Question: sufficient support from the research team?

l Patients were all aware that they had contact details if they needed to ask any questions.
l Majority said ‘yes’.

Question: why do patients opt out?

l The majority at first could not think of any reason: ‘No idea.’ However, on reflection, a number of
suggestions were made.

l Concerns about how much time participating might take.
l Did not want to relive a bad experience.
l May be asked to do more, and then more . . .

Question: any benefits in taking part?

l Knowing that others may gain from the research.
l Has found it helpful to talk.
l None.

Question: any disadvantages in taking part?

l None.
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Qualitative cohort summary
The majority of patients offered statements that demonstrated an altruistic attitude that influenced their
willingness to take part in HITS-NS. There was also a consensus of opinion about the importance of research
in generating information that could be useful to determine appropriate and ‘the best’ care for patients with
head injury, and generally in the provision of medical care. There was a lack of understanding about the
purpose of the trial and how it was being conducted but, once this was discussed, the participants remained
happy about their participation. Despite a lack of understanding about the trial, most of the participants felt
supported by the research team and had remained comfortable with their decision to be part of HITS-NS. The
majority of participants also expressed interest in receiving information about the main findings from the trial.

Paramedic focus group
Four of the eight participating paramedics indicated that they had identified HITS-NS patients and all of the
participants confirmed that they had received HITS-NS training in some form.

The questions explored and the key views given (with any direct quotations presented) are as follows.

Question: how important do people feel research into care pathways is
within the context of traumatic brain injury?

l Traumatic brain injury is really unrecognised, can be an occult condition that is difficult to detect, and
research into getting the patient to the right treatment is therefore of value. The pathway is seen as
important and paramedics need evidence to be able to say what is right or wrong.

l Getting the patient to the right/appropriate care and appropriate doctor is important, as going to the
wrong place can lead to delays in treatment and then further time loss due to secondary transfers
(although this point was clarified with reference to unstable ABCs and the need to get to the
nearest care).

l The new protocol allows paramedics to bypass, it ‘covers your back’, whereas previously they would
always have to go to the nearest casualty department.

l There are cost implications in taking a patient to the incorrect destination and, even though these are
not direct costs to NEAS, they need to be considered.

l This research is important as it advocates standardising treatment for this group of patients.
l Nurses have been using bundles of care for years and it feels like paramedics are significantly behind

nurses, despite paramedics in some ways being ahead in the care that they can/could deliver. This
consideration is important, as it shows that paramedics are aiming for the best possible care, which is a
sign of progress for paramedicine as a profession.

l Research that allows paramedics to make appropriate decisions would improve the professional
standing of paramedics.

Question: your experiences of taking part in the trial?

l Expectation of more in-depth training and a feeling of a lack of training; however, there was
understanding regarding how it was delivered in terms of NEAS cost-effectiveness.

l The involvement in innovative approaches is a positive experience but, unfortunately, owing to the lack
of patients, the initial enthusiasm waned over time and the trial could have done with more refreshers
and reminders.

l There was confusion in the early days of the trial: ‘In hindsight I took one patient in to the local A&E
under HITS-NS but maybe I shouldn’t have.’ The patient to whom the quotation refers had died, and
this incident was referred to repeatedly throughout the focus group.

l The timing with the MTB was unfortunate and caused confusion.
l HITS-NS and the MTB ‘sort of merged into one’, despite the two separate protocols.
l Some stations are involved in many trials so involvement in HITS-NS was nothing out of the ordinary.
l Involvement in research was seen as ‘part of the job’.
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l There was awareness that staff in the more outlying stations would be interested in being involved in
more research, and it was rewarding to be involved in a trial coming from a station that is not involved
in a lot of research.

Question: was there an accurate understanding of the trial, both initially
when training was received and, subsequently, as the trial progressed?

l Face-to-face training rather than paper-based would have been better for making sure people had a
grasp of what they should be doing and why, and the chance to ask questions would have been good.
Physical training during which people can interact would have aided people in remembering aspects of
their training.

l Small groups similar to that attending the focus group would have been a better method of training,
for example if delivered at a station level.

l In some stations where there was little perception of involvement, the information was read once and
then put away.

l There was some confusion about whether the training followed the paramedic when they worked
away from their base station, which was demonstrated by opposing views within the group.

l The initial confusion was worsened by the launch of the MTB.
l Despite the fairly clear protocol, there was felt to be room for individual interpretation of

some elements.

Question: how easy was it to understand the information given about the trial?

l The protocol was fairly straightforward.
l Some patients could fall into grey areas, in which case the paramedic would call the hospital or the

NC/MTC to confer.
l The JRCALC (Joint Royal College Ambulance Liaison Committee) insert was easy to follow and the

similar format to the MTB aided working with both.
l HITS-NS and the MTB seemed to merge into one pathway. ‘It could come down to describing why you

went/or wanted the crew backing you up to go to a specific hospital and justifying your decision
to transport.’

l There was awareness that some stations were experiencing some degree of difficulty regarding an
understanding of the protocol.

l Rapid response work across all areas so information about the trial could be confusing. A rapid
responder would need to impress upon the crew backing them up the reason for his/her decision so
that he/she can travel onward with the patient and proceed efficiently.

l The trial did add some difficulty in some decisions that may have been more straightforward without
knowledge of the trial. One of the participants said ‘the staff at my station didn’t feel included even
though we were a control station’.

l There was some frustration with the variety of local protocols.
l There was a conflict between clinical decisions and the pathways. The pathways can introduce the

element of doubt: ‘You are damned if you do and damned if you don’t.’
l Protocols are seen as confusing and part of the old way of doing things. Pathways allow leeway in

decision-making and clinical freedom. In order to utilise this there needs to be reasoning to support the
actions taken.

l ‘We are professionals now, we have moved away from protocols.’
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Question: views or concerns about their training?

l The written material came thorough to staff and stations, but this might not have been the most
effective method of training people.

l Other research trials have emphasised more face-to-face and hands-on training successfully in NEAS,
such as PILFAST (Paramedic Initiated Lisinopril For Acute Stroke Treatment), PARAMEDIC (Prehospital
Randomised assessment of a Mechanical compression Device in Cardiac arrest) and the lactate monitor
trial; therefore, face-to-face training should have been included.

l Cascading training through a local contact may have been better than self-administered
training material.

l Perhaps a DVD (digital versatile disc) or a podcast may have been more effective; however, other
options should have been used in addition to the paper-based training and the local contact.

l Suggestions were offered that such training could be included in the ‘stat and man’ (statutory and
mandatory) training and/or by e-learning.

l Clinical team leaders could, and should, have a role in training if they are to be ‘clinical’ team leaders.
l Although the training material was clear, there were some concerns about its application: ‘The

information is pretty clear until you are faced with a real patient, then you need to think on your feet
and make quick decisions, questions only occur once you are in the situation and it is impossible to
anticipate all of these.’

l All participants agreed that the points of contact were clear within the material.
l It was felt that staff accepted their allocation to the trial arms without question and they did not give it

any more thought.

Question: did paramedics feel that they received sufficient support from the
research team?

l Yes: ‘Support was available if needed at the end of the phone.’

Question: did paramedics access the HITS-NS website (which contained the
training material)?

l There was lack of awareness of the existence of a website among the majority of the group, and no
one reported that they had accessed it.

l One participant stated: ‘I knew about the website but have a biased view of the trial.’

Question: were there any challenges and/or benefits of being part of the trial?

l The bypass procedure was seen to influence, both positively and negatively, the areas in which
paramedic crews worked: ‘it means you can end up getting dragged out of your normal area which
then means other crews get dragged in’ and ‘being involved can keep you closer to your normal patch
if you are bypassing other hospitals to get closer to your local hospital’.

l Any training is good, as it all counts towards continuing professional development (CPD), so research is
a good thing.

l Anything that enhances your skills is beneficial, and anything that allows for better patient treatment
is beneficial.
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Question: were there any operational issues?

l The previously mentioned confusion between HITS-NS and the MTB was reiterated.
l The geographical focus could cause issues for some crews; for example, crews in the middle of the

patch could end up going to the Royal Victoria Infirmary in the north in the morning and down to the
JCUH in the south in the afternoon: ‘It makes for long travels and a tiring day’.

l The monetary justification for hospitals having bypass protocols and providing some or all facilities
was raised.

l It seemed to take some hospitals a little while to ‘get up to speed’: ‘You could take a HITS-NS patient
in then have to explain HITS-NS to the receiving staff.’ However, this issue was then qualified as only
happening early on in the trial.

Question: were there any ethics issues about the conduct of the trial?

l Some respondents felt that there were no issues as ‘we are still doing the same as were doing before’
and because ‘the idea behind the trial made sense’.

l There was some discussion on station as to how much the trial protocol took away the direction to go
to an appropriate receiving hospital.

l Questions were raised about which treatment is ‘right’, which have also been raised in other trials:
‘Why can’t we just give everyone what they need?’

l It was felt that in some cases paramedics did what they thought was right for the patient and ignored
the trial.

l There was a belief that paramedics would generally assume that all of the required ethics approvals
were in place.

l Other trials (e.g. PILFAST) have been seen to have an obvious commercial interest; however, HITS-NS
was viewed in a positive light, as there was no obvious benefit to anyone other than the patient.

l With regard to ‘waived consent’ in the HITS-NS trial, in accordance with the MCA (2005), the
respondents all agreed that they did not have any ethical issues with this, as they were used to
implied consent.

An extra question was asked about paramedic compliance in the trial and
what the reasons may have been for non-compliance

l Poor documentation by paramedics was felt to be a key explanation.
l There was a perception that in a stressful situation (i.e. when attending to a patient) it is easy to forget

to write things down.
l One participant stated that he believed he may have forgotten to document cases he thought of as

eligible for inclusion in HITS-NS, and that additionally staff may have skim-read the protocol and so
may not have picked up details such as writing ‘HITS-NS’ on the record pro forma, which was a
required process.

l There was agreement that the paramedics’ perceptions of the destination hospital may have affected
their decision on what cases to take where.

Question: did paramedics find that there were any benefits or disadvantages
from taking part?

l Being involved in the trial was seen as being thought-provoking in terms of making decisions regarding
patients’ care: ‘The trial made you think about where you were taking people. As a mentor it gave me
something I could discuss with students.’

l Potential improved patient outcomes, and therefore increased professional standing, was seen as a
benefit of taking part in the trial.

l The trial contributed to an enhanced knowledge base underpinning the paramedic profession:
‘Makes me feel more professional.’
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l It was thought that participating in research trials can help to change the sometimes negative
perceptions of the paramedic profession held by other health-care staff; however, this view was
challenged within the group: ‘It’s all about the improving the patient outcomes, I’m not bothered by
how we are perceived by other people.’

l Participation was overall viewed as a positive experience that enhanced the role of the paramedic:
‘It’s about delivering the right care, right place, right time message that is part of the NEAS
corporate image.’

Question: were the paramedics glad that they took part in the trial?

l The majority felt glad to have been part of HITS-NS for various reasons, but mainly because of potential
benefits to patients and professional benefits: ‘The trial was a good thing, we need to start getting
involved in things like this and getting patients to the right place’; ‘It’s nice to be looked at as part of
a profession that is progressing’; ‘If trials like this will improve patient outcomes then I’m happy to
be involved’.

l There was also a view that being part of a trial is an accepted part of the paramedic’s role: ‘You don’t
question it when a trial comes along, you just get on with it’; ‘There is a growing acceptance amongst
staff that this is part of our role.’

Question: were there any questions the paramedics thought should have
been asked, or any additional comments?

l There was no real response from any participants when talking about research in general.
l There were no specific answers in relation to the HITS-NS trial but there were a few views in relation to

research within the AS in general:

¢ ‘There is a geographical focus on research around HQ, it would be nice to split the locations and
research up a bit.’

¢ ‘More funding for research would be good. People value their time off so asking people to do
anything in their own time such as this is always going to be difficult.’

¢ ‘Pre-trial focus groups like this with groups of paramedics would be a good idea in order to identify
any issues.’

Summary paramedic focus groups
The themes that emerged from the focus group clearly demonstrated that paramedics considered there to
be substantial value in participating in a trial such as HITS-NS from the perspective of determining the most
appropriate care for patients, and also for professional development of individual paramedic staff and to
promote the AS as an important clinical environment for undertaking research. The HITS-NS trial was
well received in general, although one of the main areas of activity that precipitated suggestions for
improvement was training. There were no other major issues relating to other aspects of the trial (such as
ethics and consent) and its conduct.

Complaints and serious adverse events
There were no patient complaints about the conduct of the study from HITS-NS patients.

One non-study patient complained because he or she was written to in error by the NEAS study paramedic for
consent when his or her address was erroneously supplied to the paramedic by the receiving hospital. The
complaining patient had the same name as a HITS-NS patient. The chief investigator and the hospital trust in
question carried out an investigation and responded in writing to the patient, who appeared satisfied that his
or her personal information was safe and had not been disseminated to third parties without consent. To
minimise any future similar errors, the need was emphasised to double check that the patient in question
was the one admitted on the date in question with a head injury, when two patients with the same name
were on the hospital database. There were no further episodes of this nature or patient complaints.
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One of the trial acute hospitals – the Royal Lancaster Infirmary – withdrew its participation in the study at
the end of December 2012, as it no longer felt able to resuscitate and investigate head injury patients with
a reduced GCS score who were arriving by ambulance as a result of local trauma network reconfiguration.
Screening of patients injured nearest that hospital continued in NWAS, and the trial co-ordinator felt that
one possible patient attended by a control crew might have been eligible.

There were three SAEs during the conduct of the study. All of these occurred when NEAS intervention
cluster paramedic crews bypassed patients who were ineligible as their respiratory rate was higher
(> 30 breaths per minute) or lower (< 10 breaths per minute) than the range in the study eligibility criteria.
All were investigated by the local PI, and it was deemed that no patient harm had resulted from bypassing
these ineligible patients.

Long-term secondary stream A outcomes
As indicated in the CONSORT diagram, low numbers of enrolled patients responded to approaches to
consent for study follow-up. The values below (Table 8) relate to patients who consented and were
available for the 6-month follow-up interviews (13 control patients, 15 intervention patients) and those
known to have died (18 intervention patients and 11 control patients were known to be deceased). There
are no significant differences, but the low response rate – biased heavily towards those known to be
deceased (n= 29) or with severe injury (n= 11) – prevents further meaningful comment.

Stream A discussion

The ‘Head Injury Transportation Straight to Neurosurgery Trial – A feasibility study’ has established the
following in relation to the stream A study objectives.

Objective 1: determine the feasibility of conducting a study of early
neurosurgery using a cluster randomised trial of pre-hospital bypass
Stream A has shown that cluster randomised pre-hospital trials, with ambulance station as unit of cluster,
can be used for health technology/complex intervention evaluation – compliance issues can be addressed if
sufficient resources are dedicated to face-to-face training (see Feasibility outcomes for stream A: proportion
of study patients where paramedics complied with study allocation).

However, it is not plausible to evaluate the impact of early neurosurgery using this design because of the
unexpected case mix in the study cohort. The low rate (25%) of TBI and 7% rate of neurosurgery in
included patients were unexpected but critical findings in determining feasibility. The identification of this
case mix in those patients with head injury who are eligible for ‘bypass’ is an important new finding from
the study. The effect of early neurosurgery is diluted in this cohort and a trial using these (or any
prospective) inclusion criteria would be unfeasibly large (> 15,000 patients).

TABLE 8 Six-month outcomes in patients who consented and were available for follow-up or who were known to
be deceased

Study arm Intervention n= 33 Control n= 24

Median GOSE 1 (1–4) 3 (1–5)

Median EQ-5D 0 (0–80) 25 (0–60)
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Objective 2: establish the acceptability of both pathways to patients,
families and staff
Only a limited evaluation of this was possible because of the low rate of response to invitation to consent for
follow-up after enrolment and the fact that patients who did consent to follow-up were (non-representative as
they were) in the more severely injured group (who were in hospital for a sufficient time period to allow
face-to-face consent). The qualitative work on a cohort of nine patients can be considered to be exploratory.

Notwithstanding this, there was no clear signal of patient/family preference for either pathway, with high
levels of satisfaction expressed for either (see Patient satisfaction and nested qualitative cohort) and equal
numbers of control and intervention patients having being interviewed.

The selection bias analysis suggests that paramedic preferences are influenced by proximity of hospital and
perceptions about likely severity of injury (see Patient satisfaction and nested qualitative cohort).

Objective 3: estimate the magnitude of effect associated with
early neurosurgery
It was not possible to do this given that the study recruited only 20 patients who required neurosurgery
and most were in the control group.

Objective 4: determine accuracy of identification of isolated traumatic
brain injury
In reality this was the rate of TBI in patients who met the study criteria, as paramedics were not given a
‘free hand’ with which to recruit. This lack of free hand reflects the pragmatic implementation of trauma
triage tools within the new NHS England trauma systems. This rate of TBI varies between 23% and 55%,
dependent on the GCS inclusion criteria and AS. The study had to vary the GCS inclusion criteria by AS
in order to make the trial consistent with the varying MTB criteria that were introduced (during study
recruitment) within both ASs in early 2012. Within the original study inclusion criteria of GCS score of
< 13, the prevalence of TBI was 30%, with the observed values in the two ASs being 28% and 55%
(see Feasibility outcomes for stream A: proportion of study patients with traumatic brain injury on
computed tomography head scan).

Objective 7: identify major barriers to conducting a cluster randomised trial
of early neurosurgery
The overwhelming major barrier is the low prevalence of TBI and need for neurosurgery (as described
above) in those who are eligible for bypass according to current major trauma triage criteria that the
HITS-NS study inclusion criteria typify.

The analysis of TBI prevalence (see Feasibility outcomes for stream A: proportion of study patients with
traumatic brain injury on computed tomography head scan) indicates that, although the NEAS amended
study inclusion criteria to the upper GCS score of < 14 (vs. < 13 in the original study protocol) recruited an
additional 108 patients to the study, only an additional six (6%) had TBI, with one requiring neurosurgery
but four requiring ICU.

With the TARN data analysis of TBIs, there were 62 patients who presented to HITS-NS NSAHs – in the
NEAS area – during the study period, who had a scene GCS score recorded as 14 or 15 compared with 52
who met the study inclusion criteria of GCS score of < 14 (see Prespecified analysis of robustness of screening).
Over this period, many thousands of patients with head injury and GCS scores of 14–15 presented to NEAS
and did not subsequently have TBI (65,000 were screened by the HITS study co-ordinator), so although it
would appear that the majority of patients with TBI occur in this high GCS cohort, the prevalence in this cohort
of patients with a stable ABC is probably < 1%. It is not practical to bypass all of these patients to the ED of the
NCs – without overwhelming them – for no clear patient benefit in the majority of cases.
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A further barrier is that compliance was an issue in NEAS intervention clusters stations, but, in future,
studies could be overcome by more resources for face-to-face training to achieve NWAS levels of
compliance (where the lower numbers of clusters meant that face-to-face training was possible).
The preference for face-to-face training was also confirmed by the paramedic focus group.

The low rate of response to invitation to consent – typical of mild head injury population in other studies –
could be overcome by the ‘opt out of consent’ approach that we initially requested32 rather than ‘patients
opt in’ which the REC insisted on. With an ‘opt-out’ approach, enrolled discharged patients are written to
and informed that they will be telephoned to discuss the study unless they send back a slip or text back
to say ‘do not contact me as I do not wish to hear more about the study’. The REC insisted that the slip
read ‘yes please contact me’ instead, with no option to telephone non-respondents included. However,
the REC was flexible in allowing us to record anonymised 30-day outcomes in this group, as long as the
patients had been invited and had not refused to consent.

Objective 8: contribute to existing evidence about pre-hospital
randomised trials
This has been a successful feasibility evaluation suggesting that the cluster randomised approach at
ambulance station level works but that compliance needs face-to-face training.

Recruiting relevant patients with specific injuries has been identified in previous studies as a challenge. This
is particularly the case in major trauma studies for two reasons. First, major civilian trauma is an ‘occult’
disease. The major vector is blunt trauma from road traffic collisions and falls, as opposed to more obvious
wounding in civilian trauma. Second, as NHS ambulance patients’ records are often not computerised and
difficult to link to hospital records (NHS numbers and reliable patient identifiers are often not available
to crews during a brief interaction with an unconscious patient), it is hard to reliably predict the numbers
of patients with given injuries who will be eligible for given ‘pre-hospital scene based’ study inclusion
criteria. Hence there is a need for further pre-hospital major trauma studies to establish feasibility.

HITS-NS was viewed positively by paramedics and awakened enthusiasm for more pre-hospital research.

Limitations

The major limitation and barrier to a full trial is the low prevalence of patients with TBI/needing
neurosurgery within the study cohort. This could not be predicted by existing evidence or done with
database linkage, but is an important finding from the study. Prior to conducting the trial the investigators
established that 80% of patients with ‘on-scene GCS score of < 13’ on the TARN database have a TBI.
The investigators also established that the study inclusion criteria were consistent with the NICE high-risk
criteria for identifying patients with head injury in EDs who require neurosurgery and, therefore, urgent
CT scans. However, the TARN denominator is clearly very different from those with a GCS score of < 13 at
scene because of the TARN eligibility criteria,18 which are as follows.

Trauma Audit and Research Network eligibility criteria
A patient of any age arrives at hospital alive after injury and at least one of the following
subsequently occurs:

1. in-hospital death within 93 days during first admission
2. at least 3 days of inpatient care is required
3. level 2 or 3 care is required
4. hospital transfer for specialist care is required.
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Most of the recruited HITS-NS study cohort did not meet TARN eligibility criteria, as none of these four
criteria subsequently occurred. The predominant injury was mild head injury, with normal CT scan and
discharge from hospital within 24 hours of presentation; this was true even in the subgroup with GCS
score of < 13, in which > 65% had no brain injury (see Feasibility outcomes for stream A: proportion of
study patients with traumatic brain injury on computed tomography head scan).

The NICE high-risk criteria33 for adult patients with head injury are any of:

l GCS score of < 13 at any time
l signs of open, depressed or basal skull fracture
l focal neurological deficit
l post-traumatic seizure
l failure to reach GCS score of 15 within 2 hours of injury
l more than one episode of vomiting post head injury.

The top two of these criteria were in the study eligibility criteria (see Eligibility criteria). Seizure as ‘unstable ABC’
would have been an exclusion criterion for which the patient would not have bypassed. Paramedics are not
trained in formal neurological examination beyond the GCS, pupillary responses and FAST scores in stroke;
the last two criteria require a period of observation post injury which is not applicable at the scene, so it was
not possible to incorporate most of the NICE high-risk criteria into the inclusion criteria for HITS-NS.

The proportion of NICE high-risk patients with TBI/TBI requiring neurosurgery in the literature has not been
well studied in the NHS, where studies have quoted rates of TBI for any of the NICE CT indications, which
include medium-risk features such as age > 65 years with loss of consciousness or amnesia.34 Rates of
TBI for ‘NICE positive’ head injury patients vary between 10% and 30% but would be expected to be
considerably higher in the ‘high-risk group’. Hence the TARN figure was adopted by investigators and 80%
was the feasibility target.

The variation in rates of TBI by AS (even with GCS score of < 13 ; see Feasibility outcomes for stream A:
proportion of study patients with traumatic brain injury on computed tomography head scan) can be seen
as a limitation; however, head injury case mix presenting to EDs has been shown to vary quite significantly
in other studies.2,34 Both rates were too low to meet the feasibility target, particularly with regard to need
for neurosurgery. The differences are likely to be caused by variation in the proportion of other patients
who present with other causes of reduced GCS score in the context of a fall/assault with external signs of
head injury. The major other causes of TBI are mainly intoxication or elderly ‘collapse’.

Compliance in the intervention clusters from the NEAS was limited and was a result of the same training
resource (one study co-ordinator) being available to each AS for pragmatic reasons. In reality this made
impossible the face-to-face training that achieved the almost-90% compliance in NWAS in NEAS – given
the numbers of paramedics and large geographical area, the electronic media and cascade from team
leaders were relied on instead. In the end, if rates of TBI had been higher, the investigators did not see this
as a barrier to a full trial, as it could have been addressed by increasing resources for training therein.

The REC insistence on an active opt-in for being approached for telephone consent in patients with mild
head injury who were discharged early limited meaningful follow-up of the study cohort beyond 30 days
post injury. This has been highlighted in the literature as a persistent problem in this mild head injury
group.35 Again, the investigators feel that this could have been addressed in a full trial by persuading the
REC with the pilot evidence to allow an opt-out approach that has been used successfully elsewhere.32

With this approach the patient is written to and advised that a telephone call to discuss the study consent
will follow unless a slip declining this is sent back within a fortnight; there have been no patient
complaints using this approach.
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The cluster randomised approach delivered balanced cohorts in terms of patient baseline characteristics.
The median ISS was 2.5 higher in the control group; however, although statistically significant, on a
median ISS of 1 this is not a clinically significant difference.36 There was greater recruitment to the
intervention cohort; however, it is unlikely that this reflects post randomisation bias, as the final arbiter of
recruitment was the study co-ordinator rather than the scene paramedic. The analysis vis-à-vis the TARN
database (see Prespecified analysis of robustness of screening) suggests that 90% of all eligible patients
were approached for consent during the study period. It was difficult to predict exact recruitment rates to
the study clusters prior to commencement from existing AS data and this is always likely to be the case as
screening is very labour intensive (200 patients a day) and median numbers recruited per cluster over 12
months were in single figures (see Prespecified analysis of robustness of screening).

Relationship to other studies
The HITS-NS trial can be compared with other relevant literature in three respects: first, in terms of the
feasibility of conducting pre-hospital controlled trials in general (as no trials of bypass have previously been
conducted); second, with regard with to observational studies of trauma bypass; and, third, to the latest
literature on trauma triage with reference to the sensitivity for detecting brain injury/need for neurosurgery.

The systematic review of pre-hospital trauma trials conducted from a feasibility perspective (see Appendix 1)
highlights the same challenges that were encountered during the conduct of HITS-NS, supporting the
feasibility approach particularly with regard to recruiting sufficient numbers of patients with the injury
profile of interest over a given time. In blunt civilian trauma, the precise nature of a patient’s injuries are
never ‘known’ with certainty at the scene – particularly when consciousness is impaired – and, in general,
it is difficult for ambulance staff to collate sufficient patient identifiers at scene to permit anonymised
data linkage (to hospital records with definitive injury details) to form the basis for feasibility using the
pre-hospital population as a denominator.

Much of the literature around paramedic compliance was pessimistic, particularly from the NHS; however,
the good rates of compliance with face-to-face HITS-NS training (≈90%), positively enforced by the
paramedic focus group, suggest an approach that can work using a cluster randomised design. Training
has been identified as key in other trauma trials in which compliance was high.37

Follow-up rates and consent to follow-up, particularly when large numbers of patients with mild injuries
are included, have been flagged as a challenge – as was the case for HITS-NS, although opt-out
approaches to consent (which were not permitted by the HITS-NS REC) have worked elsewhere.32

Two systematic reviews of trauma bypass have been conducted, one with a focus on head injury. These
have been observational studies using hospitalised patients with TBI as a denominator rather than the
population that the paramedic deals with at the scene. Hence they are of questionable external validity;
furthermore, they tend to include patients whose nearest hospital was a NC and/or patients without any
evidence of bypass having taken place and, therefore, lack internal validity. Notwithstanding this, the
meta-analysis did not suggest benefit from ‘bypass’ in the TBI population.14

The HITS-NS inclusion criteria – using the analysis in Prespecified analysis of robustness of screening –

could be said to have detected up to 52 out of 114 (46%) patients with TBI presenting to non-specialist
hospitals in the NEAS during the study period; the main reason for this ‘undertriage’ is the numbers of
patients with a higher GCS score (14–15 in NEAS) at scene who are subsequently shown to have brain injury.
This is particularly true in the elderly, in whom it is thought that cerebral atrophy allows early intracranial
bleeding post head injury to not raise ICP and hence lower GCS. A recent study suggested that > 50% of all
patients aged ≥ 65 years with TBI have a scene GCS recorded as 15.38 Another group in which this is true is
patients with extradural haematomas, who are, in general, young. In this group, there is rarely a primary brain
injury but bleeding occurs in the vessels outside the brain within the skull, raising ICP and risking significant
secondary brain injury if not treated. Many of these patients are observed post detection on CT brain scan, but
in those who require operation the median GCS score on presentation to the ED is 14.39
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A further recent paper showed similar rates of undertriage or lack of sensitivity from the study inclusion
criteria for patients on the TARN database with TBI; raising the GCS threshold increases sensitivity but
reduces specificity, as the vast majority of head injury patients with GCS score of > 12 at scene do not have
a brain injury. However, as this study used a pre-selected trauma registry rather than scene population the
specificity is likely to have been markedly overestimated.40 The lack of current trauma triage criteria, which
are both sensitive and specific enough for optimum system functioning, has been highlighted elsewhere,
but mainly with regard to all major trauma rather than head injury per se; however, in the NHS, 75% of all
major trauma victims (defined as an ISS of > 15) have a brain injury.18

It is known that the NICE high-risk criteria are 95% sensitive for detecting need for neurosurgery33 but, as
indicated above, they are not applicable at the scene of injury, as they need observation for 2 hours post
injury to be fully applied as well as practitioners who are trained in full neurological examination. Their
specificity in this pre-hospital population is unknown.

Interpretation of findings

This is the first trial of pre-hospital bypass, highlighting the challenges of reliably diagnosing TBI and need
for neurosurgery at the scene of injury.

As the Venn diagram in Figure 11 suggests, the main interpretation from the findings of HITS-NS is
the difficulty in reliably identifying patients with TBI at the scene, as the majority will not be detected using
current (GCS-based) triage criteria and some may indeed have no clear signs of head injury. Raising the
GCS score criteria to > 13 is likely to result – given the findings of HITS-NS screening in the consort – in
unsustainable levels of overtriage to the EDs of SNCs.

Furthermore, there is no indication that many patients with TBI gain any benefit from being in SNCs.
Within the study, 38 out of 70 patients with TBI required either neurosurgery or critical care but only
20 out of 70 required craniotomy or ICP monitoring in ICU. The evidence that the remaining 18 will have
benefited from being in NCs is more open to question4,41 in terms of early-mortality reductions.
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FIGURE 11 Venn diagram of various head injury and TBI presentations to ASs at scene of injury.
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The current reconfiguration of trauma care in NHS England has switched resources from designated
Trauma Units (non-specialist acute hospital in HITS-NS) to the MTCs, which, by and large, have on-site
neuroscience or are linked closely to it. MTCs are equivalent to HITS-NS SNCs and the resource switch has
occurred in the form of best practice tariff payments for MTCs for quality metrics being met. This has
been done in anticipation that bypass would detect most serious injuries and that, therefore, the vast
majority of early trauma resuscitation, diagnoses and management would occur in MTCs with an
acceptable overtriage rate.

The results of HITS-NS call these assumptions into question, as it would appear that, for patients meeting
the study inclusion criteria, the overtriage rate is close to 87% in terms of patients who could conceivably
benefit from being in a NC, whereas the majority of patients with brain injury appear to have a GCS score
of 14–15 at scene and will not be picked up by conventional trauma triage criteria. A proportion of these
will require neurosurgery; indeed, this high GCS cohort may, even with bypass in place, represent the
majority of patients within any trauma system that require neurosurgery. Therefore, robust secondary
transfer procedures need to be in place in the new trauma systems.

As bypass is already implemented in NHS England, the results of HITS-NS may not be seen as relevant.
The strength of evidence provided by this study – as it does not apply to all patients ‘being bypassed’ in the
new trauma systems25 – is not enough to dismiss bypass, but the feasibility study and the health-economic
analyses strongly suggest that further research is needed. A further trial may be cost-effective or it may be
possible to conduct some observational analyses with comparative effectiveness modelling.

Implications for future clinical practice and research

l Current trauma reconfiguration for head injury – for which bypass is now standard practice for patients
meeting the HITS-NS inclusion criteria – has been implemented based on extremely limited research
evidence and implicit expert opinion.

l The low numbers of patients in the HITS cohort requiring neurosurgery plus transparent and explicit
parameterisation of the economic model with expert opinion and cost data suggests that this decision
may not be correct.

l However, given that bypass is now standard care and there were many assumptions and areas of
uncertainty in the parameterisation of the health-economic models, further challenging research is
required to evaluate bypass. As trauma system reconfiguration has already occurred, further trials may
be seen as disruptive and obtaining reliable follow-up is challenging, but comparative effectiveness
research using registry data4 is a further option.

l There is a definite need for a secondary transfer (NSAH to SNC) pathway to remain in place for
‘high-GCS score TBI’ presenters, which will not be picked up by triage criteria as eligible for bypass but
may represent the majority of patients who require neurosurgery.

l HITS-NS may have awakened an appetite for an evaluation of bypass in ASs.
l There is currently insufficient evidence to inform the key trauma system questions:

¢ Which patients with TBI definitely benefit from SNC care?
¢ Which – if any – patients with TBI need to bypass to SNCs for early neurosurgery?
¢ If ‘yes’ to the above, (how) can they be reliably identified in the pre-hospital environment?
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Chapter 4 HITS-NS stream B: economic evaluation
of management pathways for adult patients with
stable suspected significant head injury

Introduction

We performed an economic evaluation using decision analysis modelling to examine alternative
management pathways for adult patients with suspected significant TBI injured closest to a NSAH. The aim
was to inform NHS decision-making about how best to organise trauma systems for head-injured patients.
The evaluation addressed three related questions:

1. Given existing evidence, what is the most cost-effective management strategy?
2. What is the uncertainty surrounding this choice?
3. Is it cost-effective to perform further research to reduce this decision uncertainty?

This chapter presents the decision problem and reports the model structure and analytical methodology.
Chapter 5 reports the cost–utility results of the decision analysis model, identifying the most cost-effective
management pathway. Value of information analyses are additionally presented, evaluating whether or not
further evidence may be indicated to help support the health technology adoption decision. Finally, the
limitations of the analyses, the ramifications of findings in relation to future health policy and implications
for the future research agenda are discussed in Chapter 6. Detailed information on the evidence and
inputs used to parameterise the economic model are available from the authors.

Decision problem

Traumatic brain injury is a leading cause of death in young adults in the UK,42 and a significant cause of
morbidity and socioeconomic costs.43 Small absolute improvements in outcome accruing from optimisation
of TBI management pathways could, therefore, potentially have a powerful impact on public health.
Patients injured closest to a SNC will always be transported to that hospital for further management,
and will, therefore, be unaffected by trauma service reconfiguration. Conversely, several alternative
management pathways are possible for patients with suspected significant TBI who are injured closest to
a NSAH.

Until 2012, patients with suspected significant head injury would initially be transported to their local
non-specialist hospital for resuscitation and investigation, with subsequent ongoing management
occurring in the NSAH, or in the regional SNC after secondary transfer.4 More recently, services for
patients with TBI in England have been reorganised, with the development of regional trauma networks
and bypass of suspected significant head injuries to SNCs.44 This treatment pathway could increase the
numbers of patients treated in SNCs and will expedite definitive neuroscience care, but risks deterioration
and secondary brain insults during prolonged primary transportation. Despite the investment of resources
in reconfiguration, there is an absence of head-to-head clinical trials or economic evaluations to
determine the cost-effectiveness of bypass compared with competing secondary transfer strategies.17,45
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Rationale for economic modelling

The HITS-NS pilot study examined a restricted subset of two potential options (pre-hospital triage and
bypass vs. selective secondary transfer of patients with severe TBI), excluding potentially important
strategies relevant to the NHS. As a pilot study, HITS-NS had a small sample size, underpowered for
economic evaluation. Additionally, the study was unable to collect meaningful data on disability end
points, longer-term resource use or quality of life, precluding a trial-based cost–utility evaluation.

We performed a literature review of previous economic models in adult head injury and failed to identify
any previous economic evaluations appropriately investigating this decision problem. Two cost-effectiveness
studies evaluating bypass in head injury were retrieved,1,13 but these did not examine competing strategies
within a cost–utility framework or were not based on a systematic review of the literature, severely limiting
their use to decision-makers. No further relevant health-economic studies were found in other literature
searches during model parameterisation.

We therefore developed a mathematical decision analysis model, simulating the natural history of
significant head injury and the impact of potential management pathways. Health-economic models allow
abstraction of complex and uncertain real world phenomena into a manageable and transparent format to
inform a decision problem.46 This economic model, therefore, provided a framework to synthesise available
data pertaining to all relevant patient management pathways calculate costs and benefits of alternative
pathways identify the best management pathway given available evidence characterise the uncertainty
inherent in this finding discern important determinants of cost-effectiveness and evaluate the need for
further research in this area.

Model development

A critical source of an economic model’s validity and credibility is the model structure, comprising
specification of included parameters and their mathematical and theoretical relationships. We followed
expert technical guidance and developed conceptual models with relevant stakeholders at the beginning of
the modelling project.47,48 This approach aided understanding of the complexity of the decision problem,
facilitated agreement on a proposed mathematical representation prior to model programming, and
contributed to descriptive validity.

The HITS-NS model structuring process is summarised in Figure 12. Preliminary disease logic and
treatment pathway conceptual models were developed by the primary modeller, informed by the HITS-NS
study protocol, a detailed review of relevant head injury literature; a survey of head injury experts; and a
literature review of existing adult head injury evaluations. Important features highlighted during this
process included the potential differential quality of care between specialist and non-specialist hospitals,
deterioration during primary transportation, and time from injury to neuroscience care. These preliminary
problem-orientated conceptual models were then developed iteratively in a series of consensus meetings
with clinical and modelling experts from the HITS-NS TMG, with subsequent formulation of a
design-orientated conceptual model.
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Model scope

The modelled population was congruent with the original HITS-NS inclusion criteria, comprising adult
patients injured closest to a NSAH and attended by the AS, with suspected significant TBI, defined as
external signs of head injury, pre-hospital GCS score of < 13 and stable pre-hospital cardiorespiratory
physiology. The cohort was assigned a nominal age of 50 years, based on the mean age of the HITS-NS
cohort (49.8 years).

Relevant management pathways were identified during the model structuring process. We considered
any comparator that could be feasibly be implemented in the NHS. The following mutually exclusive
management pathways, designated according to the treatment pathway for head injury patients requiring
critical care, were included:

l Pre-hospital triage with bypass – patients with suspected significant head injury are identified according
to HITS-NS inclusion criteria. All patients should then be transported directly to the distant regional
SNC, bypassing the local NSAH. However, paramedics are non-compliant with bypass in a proportion
of patients informed by observed practice in the HITS-NS pilot study. Any patient with an acute
neurosurgical lesion erroneously transported to a NSAH will undergo early secondary transfer to the
regional SNC for urgent operative management. Patients with major extracranial injury or significant
head injury requiring critical care taken to NSAH will undergo further triage by the regional specialist
centre to determine early secondary transfer. This management pathway reflects the level of bypass
implementation observed during the HITS-NS trial and may represent the real-world application of the
HITS-NS intervention.

l Selective secondary transfer – all patients are initially taken to the local NSAH. Any patient with an
acute neurosurgical lesion undergoes early secondary transfer to the regional SNC. Patients with head
injuries requiring critical care or major extracranial injury are triaged by the regional neurosurgical
and trauma services, with selected patients also undergoing early secondary transfer. All other patients
are managed within the NSAH or undergo later transfer to the specialist centre in the event of clinical
complications. This strategy conforms to NHS practice prior to the introduction of regional trauma
systems in 2012.4

Survey of TBI
experts

Preliminary
conceptual models

Structured
literature review

Existing TBI economic
evaluations

Consultation with
individual experts

Clinical guidelines

Provisonal
conceptual models

Final conceptual 
models

Implemented
quantitative model

Advisory panel

FIGURE 12 Model structuring process.
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l Routine secondary transfer – all patients are initially taken to the local NSAH. All patients with an acute
neurosurgical lesion or head injury requiring critical care undergo routine early secondary transfer to
the regional SNC. Patients with major extracranial injury are triaged by the regional trauma centre, with
selected patients also undergoing secondary transfer. All other patients are managed within the NSAH,
or undergo later transfer to the specialist centre. This strategy is recommended in the 2007 and 2014
NICE head injury guidelines.1,33

l No secondary transfer – all patients are initially taken to the local NSAH. Patients with an acute
neurosurgical lesion undergo early secondary transfer to the regional SNC. Patients with major
extracranial injury are triaged by the regional trauma centre, with selected patients also undergoing
secondary transfer. All other patients (including moderate and severe head injury cases) are managed
within the NSAH, or undergo later transfer to the specialist centre. This management strategy was
historically implemented in the NHS and has been advocated by some head injury authorities.49

The key difference between the competing secondary transfer strategies is the initial referral pattern for
non-surgical patients with TBI requiring immediate critical care. This ranges from invariant transfer of all
such patients in the routine transfer strategy, through triage by the regional neurosurgical unit in selective
transfer, to management within the non-specialist hospital in the no-transfer strategy. Patients with mild
TBI, acute neurosurgical lesions, requiring ward admission or sustaining major extracranial injury are
managed identically between each alternative secondary transfer strategy.

Additionally, two further theoretical strategies were examined in sensitivity analyses to explore the maximal
potential effects of bypass and illustrate the benefit of specialist care in trauma:

l Pre-hospital triage with bypass (full compliance) – paramedics identify patients with suspected
significant head injury who meet the HITS-NS triage criteria. All patients are then transported directly to
the distant regional SNC, bypassing the local NSAH. This strategy represents full implementation of the
HITS-NS intervention and is consistent with recommendations on pre-hospital trauma management in
England since the introduction of major trauma systems in 2012.50

l No transfer (including patients with acute neurosurgical lesions and major extracranial injury) – all patients
are initially taken to the local NSAH and remain there for further management, regardless of diagnosis,
prognosis or complications. This ‘zero option’ could be compatible with the management of casualties in
rural areas of the developing world.51

Early secondary transfer is defined as the first inter-hospital transfer occurring within 12 hours of hospital
presentation. This will therefore include all urgent transfer decisions made after patient stabilisation and
investigation, including cases in which logistical constraints may delay immediate transportation.

It was assumed that these comparators were implemented in a geographical area and service configuration
similar to those evaluated in the NEAS and NWAS during the HITS-NS study: that is, a NSAH serving a
rural, semirural and small urban catchment area and a regional SNC, consisting of a neurosurgical
department, ICU and supporting trauma specialties, located in the nearest city. In common with HITS-NS
inclusion criteria, the model was restricted to patients within a 1-hour land ambulance journey of the SNC
and excluded air ambulance transfers.

The model took the perspective of the NHS, and thus included direct medical costs and costs arising from
personal and social services. As head injury may result in long-term disability, costs and consequences were
studied over a lifetime horizon. Only the direct health effects of the competing strategies were considered.
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Model structure

The theoretical basis for the model is that bypass may improve outcomes by expediting definitive care for
patients with suspected significant TBI, but these benefits may be offset by a risk of pre-hospital
deterioration and increased costs arising from more expensive specialist management. Explicit modelling of
the effects of time to resuscitation and time to neurosurgery, using prognostic models developed in TARN
data, was prespecified in the HITS-NS study protocol. However, during the model development process it
was apparent that this was not a credible approach. Literature reviews revealed no convincing evidence of
an association between time to treatment and outcome in head injury, with studies critically limited by an
extremely high risk of confounding by indication. Furthermore, relevant disability end points are not
available within the TARN registry,18 and attempts to impute outcomes from other data sets were not
possible. Finally, when we examined survival using TARN data, there was no association observed between
emergency services interval and 30-day mortality52 or time to NC care, although, in common with
previously published studies in this area, interpretation of these findings is challenging because of a high
risk of bias.

An analysis using existing data would therefore have had obvious results and scarce internal validity, and
was consequently redundant. As conceptual models clearly defined a strong theoretical basis for potential
differences in outcome between alternative management strategies, we therefore decided to over-ride this
evidence in favour of the expert opinion of the clinical community. We subsequently implemented a hybrid
cohort model focusing on differences in outcomes and costs for important patient subgroups. A decision
tree delineated short-term costs and consequences, with a subsequent time-dependent Markov model
extrapolating longer-term survival.

The decision tree modelled costs and consequences for the first year after injury. Each strategy was
represented by a subtree of identical structure, as shown in Figure 13. The first chance node delineated the
heterogeneous HITS-NS population into important subgroups with differing treatment pathways, costs and
prognoses. Subgroups were mutually exclusive and defined retrospectively, based on the treatment
patients received or needed to receive:

l Acute neurosurgery – patients with acute expanding subdural haematomas, extradural haematomas, or
other intracranial lesions requiring urgent neurosurgery.

l Head injury requiring critical care – patients with moderate or severe TBI requiring admittance to high
dependency or ICUs. These patients could also have sustained a concomitant major extracranial injury,
but critical care was necessary to manage the head injury.

l Head injury requiring admission – patients admitted to general hospital wards following a head injury.
l Mild head injury – head injury patients discharged immediately from the ED or after

overnight observation.
l Major extracranial injury – patients with a mild or trivial head injury who have sustained a significant

extracranial injury consistent with an Abbreviated Injury Scale score of ≥ 3.

Subsequent chance nodes modelled strategy-level outcomes, accounting for differences in costs and
outcomes arising from different treatment pathways within each strategy. For subgroups considered to
be homogeneous (mild head injury, head injury requiring ward admission and acute neurosurgery
subgroups), the model’s mathematical formulation for the bypass strategy included the proportion of
patients expected to be transported to either NSAHs or SNCs and their subsequent conditional outcomes.
In these patient groups, compliance with bypass protocols was assumed to be unrelated to subsequent
patient outcome. The remaining subgroups of head injury requiring critical care and major extracranial
injury will consist of patients with a wide range of injury severities. Compliance with bypass protocols and
secondary transfer decisions are therefore likely to be correlated with injury severity, and hence costs and
outcomes. However, there is no evidence from the HITS-NS study or the literature to define this association
accurately, and clinical experts could not confidently define the magnitude or direction of any relationship.
We therefore elected to model strategy-level outcomes only, pooled across patient treatment pathways.
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Head injury outcomes were defined by the basic Glasgow Outcome Scale (GOS), a validated 5-point
ordinal scale measuring survival and disability after head injury.53 In common with previous head injury
studies, we omitted ‘persistent vegetative state’ due to diagnostic difficulties in defining this state, very low
incidence and limited availability of evidence on this group of patients.54 Outcomes for major extracranial
injury were defined in terms of death or survival only, owing to the absence of a well-established validated
disability scale and paucity of evidence on disability end points. Appropriate utility values were assigned to
each short-term model end point.

Costs associated with patient transport, inpatient management and post-discharge care were assigned
to each decision tree branch. Inpatient costs were averaged over all outcome categories, whereas
post-discharge costs for the first year post injury were modelled for each specific GOS health state. Model
inputs are described in detail in Chapter 5.
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FIGURE 13 Short-term decision tree model. D, death; GR, good recovery; MD, moderate disability; S, survival;
SD, severe disability.
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Differences between management options were accounted for by designating each chance node with a
strategy-specific probability and by assigning differing costs and utility values to the terminal nodes of each
individual subtree branch. Expected costs and QALYs for each strategy were subsequently calculated by
summation of the terminal node values, weighted by the conditional branch probabilities. This model
structure therefore captured relevant features of the service pathway conceptual model for included
comparators. The effects of time to resuscitation, time to NC care and relative effectiveness between
specialist and non-specialist hospital care were implicitly modelled through differential outcomes between
management pathways.

The sum of GOS and mortality outcomes across patient subgroups gave the expected outcomes for each
strategy at 1 year, and provided the starting values for the state transition model extrapolating long-term
survival, quality of life and costs. A simple time-dependent Markov model was then implemented using
alive (comprising the four GOS categories and survival from extracranial injury) and dead, as possible health
states. Only one transition from alive to dead was possible, with patients assumed to remain at the same
level of disability throughout their survival. As major trauma is a discrete, one-off insult, and subsequent
inpatient management is time limited, there are no clinically plausible mechanisms for ongoing treatment
effects on long-term life expectancy. We therefore assumed that competing management pathways
provided no health benefits beyond the short-term model. A 1-year cycle length was modelled with
transition probabilities derived as a function of the number of cycles that had elapsed since the start of the
model, allowing the probability of death to increase as the cohort aged. Health-related quality of life
naturally declines with age and the utility values associated with each GOS health state were therefore
adjusted for age using a multiplicative model based on predicted UK EQ-5D tariff scores.55 A half cycle
correction was used to compensate for the timings of transitions, assuming that, on average, state
transitions occurred half-way through the cycle.56 The long-term Markov model is shown in Figure 14.

Alive: severe disability/
moderate disability/good

recovery

Death

FIGURE 14 Long-term Markov model.

DOI: 10.3310/hta20010 HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 1

© Queen’s Printer and Controller of HMSO 2016. This work was produced by Lecky et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.

57



Model analysis

Study design
We performed a cost–utility economic evaluation using a probabilistic decision analysis model to synthesise
available evidence and compare alternative management strategies for patients with suspected TBI injured
nearest to a NSAH. To maximise internal validity we followed expert recommendations, consensus
modelling guidelines and NICE technical guidance.57–60 Our base-case analysis followed NICE reference
case methodology, taking the perspective of the UK NHS DH (the primary decision-maker) and employing
a lifetime horizon.

Parameterisation

Details on the identification, appraisal and selection of evidence to determine model inputs can be
obtained through contact with the authors. Each short-term model input was ideally informed by literature
review or routine official data sources. When relevant and unbiased published evidence was unavailable,
existing indirectly relevant but valid evidence was statistically adjusted to allow inclusion, HITS-NS pilot data
were used or, finally, if no other valid data were available then expert opinion was formally elicited.

Each model input was assigned an average or most likely value, and a probability distribution representing
a credible range and the relative likelihood of possible values for the uncertainty in this estimate was
defined. Distributional choices were carefully chosen, based on theoretical considerations, logical constraint
and the parameter estimation process.56 When published estimates were used as model inputs, the
method of moments was used to calculate appropriate distribution parameters.61 As model inputs were
derived from alternative sources, with no data available on the covariance structure, we were unable to
account for any correlation between costs and outcomes. The mean values and distributions for each
parameter are shown in Table 9.

TABLE 9 Deterministic values and probability distributions for model inputs

Model input
Deterministic
value

Parameter type and
distributional form

Distribution
parameters for PSAa Information source

Population subgroups

Mild TBI 0.57 Proportion, Dirichlet α1: 95 HITS-NS pilot data

Acute neurosurgery 0.06 α2: 10

TBI requiring critical care 0.11 α3: 19

TBI requiring ward
admission

0.20 α4: 33

Major extracranial injury 0.05 α5: 9

Compliance with bypassb

Mild TBI 0.35 Proportion, beta α: 22 β: 41 HITS-NS pilot data

Acute neurosurgery 0.83 Proportion, beta α: 2.5 β: 0.5

TBI requiring ward care 0.57 Proportion, beta α: 12 β: 9

Mild TBI outcomes

Dead 0.01 Proportion, Dirichlet α1: 9 OCTOPUS study62

Severe disability 0.05 α2: 89

Moderate disability 0.06 α3: 95

Good recovery 0.88 α4: 1430
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TABLE 9 Deterministic values and probability distributions for model inputs (continued )

Model input
Deterministic
value

Parameter type and
distributional form

Distribution
parameters for PSAa Information source

Acute neurosurgery baseline outcomes (secondary transfer)

Dead 0.41 Proportion, Dirichletc α1: 36 NHIR study63

Severe disability 0.13 α2: 12

Moderate disability 0.22 α3: 19

Good recovery 0.23 α4: 20

TBI requiring critical care baseline outcomes (selective transfer)

Dead 0.19 Proportion, Dirichletc α1: 149 RAIN study41

Severe disability 0.22 α2: 178

Moderate disability 0.31 α3: 249

Good recovery 0.28 α4: 219

TBI requiring ward care baseline outcomes (selective transfer)

Dead 0.03 Proportion, Dirichletc α1: 3.5 McCartan et al.
200764

Severe disability 0.02 α2: 2.5

Moderate disability 0.06 α3: 6

Good recovery 0.88 α4: 84

Survival 0.96 Proportion, beta α: 1690, β: 46991 TARN database18

Relative effectiveness (vs. selective secondary transfer, proportional odds ratio for unfavourable outcome)

Bypass: acute
neurosurgery

0.53 Log-odds ratio,
normal

µ: –0.68 SE: 0.34 Expert opinion

Bypass: TBI requiring
critical care

1.00 µ: 0.0 SE: 0.41

Bypass: TBI requiring
ward care

0.98 µ: –0.01 SE: 0.02

Bypass: major
extracranial injury

0.80 µ: –0.22 SE: 0.07 Mullins et al. 199865

Routine transfer: TBI
requiring critical care

0.86 µ: –0.15 SE: 0.12 Expert opinion

No transfer: TBI requiring
critical care

2.14 µ: 0.76 SE: 0.35

Inpatient costs, £ (vs. selective transfer, incremental mean cost)

Bypass: mild TBI 63 Mean difference,
normal

µ: 63.3 SE: 39.7 HITS-NS pilot data

Bypass: acute
neurosurgery

32,044 µ: 32,044 SE: 18,249

Bypass: TBI requiring
critical care

6971 µ: 6971 SE: 14,699

Bypass: TBI requiring
ward care

2353 µ: 2353 SE: 981

Bypass: major
extracranial injury

5922 µ: 5922 SE: 5283

continued
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TABLE 9 Deterministic values and probability distributions for model inputs (continued )

Model input
Deterministic
value

Parameter type and
distributional form

Distribution
parameters for PSAa Information source

Routine transfer: TBI
requiring critical care

7500 Mean difference,
scaled beta

α: 3.66 β: 4.00
Max: 10,000
Min: 5000

Expert opinion

No transfer: TBI requiring
critical care

–7500 α: 3.66 β: 4.00
Max: –10,000
Min: –5000

Short-term post-discharge costs, £ (mean cost first year post injury)

Dead 0 – – –

Severe disability 58,292 Mean costs, normal µ: 58,292 SE: 3311 Beecham et al.
200966

Moderate disability 29,507 µ: 29,507 SE: 1577

Good recovery 413 µ: 413 SE: 1.31

Survival from
extracranial injury

7884 µ: 7884 SE: 338 HALO study67

Long-term post-discharge costs, £ (mean annual costs subsequent years)

Dead 0 – – –

Severe disability 12,500 Mean cost, beta α: 4.93 β: 6.14 Expert opinion

Moderate disability 1600 Mean cost,
log-normal

µ: 7.59 SD: 0.36

Good recovery 24 Mean cost, beta α: 1.54 β: 5.81

Survival from
extracranial injury

413 Mean cost, normal µ: 7884 SE: 338 HALO study67

Health-state preference weightsd

Dead 0 – – –

Severe disability 0.15 Mean utility
decrement from
perfect health,
gamma

α: 164 β: 0.01 Smits et al. 201068

Moderate disability 0.51 α: 64 β: 0.01

Good recovery 0.88 α: 6.8 β: 0.02

Survival from
extracranial injury

0.67 Mean utility, beta α: 3022 β: 1475 HALO study67

HALO, Health Assessment of Long Term Outcomes; Max, maximum; Min, minimum; NHIR, Nottingham Head Injury
Register; PSA, probabilistic sensitivity analysis; RAIN, Risk Adjustment In Neurocritical care; SD, standard deviation.
a Continuity correction applied for beta and Dirichlet distributions with parameter values of < 5.
b Compliance with bypass was not directly modelled for patients with TBI requiring critical care or major extracranial injury

cases. The effect of compliance was incorporated within estimates of relative effectiveness for these subgroups.
c Posterior distribution after external bias adjustment.
d Utility values were subsequently adjusted for age in the Markov model using a multiplicative model based on

comparative mean EQ-5D values in the general population.
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Costs and consequences

The consequences of alternative management strategies were measured in QALYs to allow comparison
within and across different disease areas.69 QALYs were calculated by multiplying survival duration with the
appropriate utility value for the corresponding heath state.

Direct treatment and personal social services costs were included. The price base was assumed to be 2012,
valuations were in UK pounds sterling and unit costs were considered to be time divisible. When unit costs
were valued prior to 2012, the Bank of England’s Consumer Price Index data were used to inflate costs to
current value70 in line with UK HTA guidelines costs, and QALYs were discounted at a 3.5% rate, reflecting
NICE’s positive frame of time preference.60,71–73

Primary analyses

Management options were compared in terms of incremental costs per additional QALYs gained [incremental
cost-effectiveness ratio (ICER)] and net monetary benefit (NMB). We considered cost-effectiveness thresholds of
between £10,000 and £50,000, based on NICE’s stated willingness to pay,60 theoretical estimates of λ72 and
observed NICE adoption practices.71 We specifically focused on values of λ of £20,000 and £30,000 as detailed
in NICE HTA guidelines.60

An initial base-case deterministic analysis, with parameters fixed at their mean or mostly likely values,
estimated the mean expected costs and QALYs gained per patient for each management pathway.
Management pathways were then compared according to established principles of strong and extended
dominance.56 In order to account for the uncertainty in model inputs, a base-case probabilistic sensitivity
analysis (PSA) was conducted using Monte Carlo simulation to sample from input parameter distributions.
Multiple model runs were performed, each with a random draw from every parameter distributions, thus
evaluating the full range of cost-effectiveness results possible with current uncertainty. Mean ICERs,
calculated from the average expected costs and effects over all model runs, were recomputed and
compared with cost-effectiveness thresholds to inform adoption decisions. The number of PSA iterations to
produce a stable mean estimate of incremental cost–utility was determined by visual inspections of mean
cost per QALY plotted against the number of trial PSA simulations.

Mean NMB was also calculated for the defined values of λ, with the incremental difference subsequently
calculated for each strategy relative to a baseline comparator of selective transfer. 95% confidence limits
were computed using non-parametric bootstrapping, and the spectrum of potential cost-effectiveness
results was demonstrated by taking the 2.5th and 97.5th percentiles of incremental NMB from the range
of PSA simulations. A cost-effectiveness acceptability curve, plotting λ against the probability that each
intervention was the most cost-effective, was additionally derived to summarise the uncertainty of PSA
results.74 In order to maximise health gains, adoption decisions should be based on expected NMB;
however, in cases when the distribution of NMB is skewed, the intervention with the highest NMB may
not have the highest probability of being cost-effective. We therefore also constructed a cost-effectiveness
acceptability frontier identifying the probability that the technology with the highest expected NMB is
cost-effective for a given λ.75
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Model uncertainty and sensitivity analyses
Uncertainty can arise in decision models because of variability, heterogeneity, parameter uncertainty and
structural uncertainty.56 Each of these factors needs to be addressed to explore important determinants
of cost-effectiveness, afford decision-makers’ confidence in results, and to indicate the precision of
cost-effectiveness estimates.

As a cohort model was implemented with examination of mean values, an examination of variability
(or ‘first-order’ uncertainty) is extraneous. Furthermore, as head injury management pathways are
population-level interventions, they will be implemented for any patients presenting with suspected
significant head injury, making examination of heterogeneity superfluous. ‘Second-order’ parameter
uncertainty, that is uncertainty surrounding the true value of a model input within the specified probability
distribution, was fully explored in the PSA.

To examine ‘third-order’ parameter uncertainty (i.e. the correct statistical form has been specified for a
probability distribution) we performed a number of univariate, threshold and scenario sensitivity analyses
on parameter distributions that were thought to be important or uncertain. As influential relative
effectiveness inputs were based on uncertain probability distributions elicited from expert opinion, and
incremental costs were estimated from small HITS-NS samples, best- and worse-case analyses for
parameters related to the pre-hospital triage and bypass strategy were initially performed. Model inputs
were set to extreme favourable or unfavourable values and the model re-run to explore the most optimistic
and pessimistic estimates for this strategy. An additional threshold analysis was implemented in which
incremental costs, relative effectiveness and compliance were varied across their plausible range to
determine the parameter levels at which the HITS-NS intervention may become cost-effective. Further
univariate sensitivity analyses varied the individual probability distributions of certain model parameters,
including population subgroups, baseline outcome probabilities, relative effectiveness, utilities, inpatient
costs and post-discharge costs.

Structural uncertainty in methodological choices (varying the discount rates for costs and effects), choice
of comparators (including theoretical bypass and no-transfer strategies) and perspective on outcomes
(non-health effects of bypass) was also examined. Sensitivity analyses examining relative effectiveness and
incremental costs were specified a priori. Other sensitivity analyses were informed by model structuring,
evidence synthesis and emerging results. All sensitivity analyses treated unexamined model inputs
probabilistically. The sensitivity analyses are summarised in Table 10.
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TABLE 10 Summary of sensitivity analyses

Sensitivity analysis Description Key parameters varied
Alternative specification
of model inputa

Scenario analyses of parameter uncertainty

Bypass best-case
scenario

Cost-effectiveness of bypass when
parameters set to favourable, but
still plausible values

Relative effectiveness and
incremental costs:

l Acute neurosurgery
l TBI requiring critical care
l TBI requiring ward care
l Major extracranial injury

0.25 and 0.75 quantiles of
relevant parameter
distributions

Bypass worst-case
scenario

Cost-effectiveness of bypass when
parameters set to unfavourable,
but still plausible values

Threshold analysis

Bypass threshold
analysis

Incremental costs and relative
effectiveness parameters
sequentially increased to identify
parameter values at which bypass
becomes cost-effective at
λ= £20,000 and £30,000

Relative effectiveness and
incremental costs:

l Acute neurosurgery
l TBI requiring critical care
l TBI requiring ward care
l Major extracranial injury

Increasingly favourable 0.05
quantiles of relevant
parameter distributions

One-way sensitivity analyses of parameter uncertainty

Population subgroups Alternative estimates for
population subgroups

Dirichlet distribution for
population subgroups

Estimates used from each
trial region, Dirichlet
distributions:

l NEAS: α1: 87 α2: 5
α3: 16 α4: 22 α5: 9

l NWAS: α1: 8 α2: 5
α3: 3.5 α4: 11 α5: 0.5

Acute neurosurgery
baseline outcomes

Alternative estimates for
outcomes of patients requiring
acute neurosurgery undergoing
secondary transfer

Dirichlet distribution for
acute neurosurgery
(secondary transfer)

Dirichlet distribution derived
from a published estimate:76

α1: 18 α2: 9 α3: 27 α4: 22
(posterior distribution after
external bias adjustment)

Acute neurosurgery
costs

Alternative estimates for
incremental costs of patients
requiring acute neurosurgery
undergoing bypass

Normal distribution for
mean incremental costs

l No difference in costs
except fixed transfer
costs: –£200

l Probabilistic analysis
using NHIR estimate,
normal distribution:77

µ: 9880 SE: 3607

Incremental inpatient
costs for bypass

Alternative estimates for
incremental inpatient costs
associated with bypass

Normal distribution for
mean incremental costs

Normal distributions elicited
from clinical experts:

l Mild TBI: µ: 66 SE: 8.6
l TBI requiring ward care:

µ: 122 SE: 250
l TBI requiring critical

care: µ: 4000 SE: 1200
l TBI requiring acute

neurosurgery:
µ: 3000 SE: 1200

l Major extracranial
injury: µ: 3120 SE: 1260

continued
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TABLE 10 Summary of sensitivity analyses (continued )

Sensitivity analysis Description Key parameters varied
Alternative specification
of model inputa

Relative effectiveness
for major extracranial
injury patients

Alternative estimates for odds
ratio for survival following major
extracranial injury associated with
bypass strategy

Normal distribution for
log-odds ratio

Normal distribution elicited
from clinical experts:

µ: –0.18 SD: 0.05

GOS utilities Alternative estimates for utility
values for GOS health states

GOS utility values Alternative health states
measured using scenarios
and valued using the
standard gamble:77 utility
decrement from perfect
health, gamma distributions:

l Dead: 1
l Severe disability:

α: 33.1 β: 0.03
l Moderate disability:

α: 1.8 β: 0.2
l Good recovery:

α: 0.6 β: 0.2

Post-discharge
costs

Elicited long-term head injury
costs evaluated

Post-discharge costs for
GOS states

0.25 quantiles of
relevant distribution

One-way sensitivity analyses of structural uncertainty

Alternative
comparators

Bypass with full compliance and
no transfer (including no transfer
of patients requiring acute
neurosurgery) examined as
potential strategies

Relative effectiveness and
incremental costs for TBI
bypass and no-transfer
strategies modified

Normal distributions elicited
from clinical experts for log
proportional odds/odds
ratios:

l Bypass – TBI requiring
critical care: µ: –0.05
SE: 0.41

l Bypass – major
extracranial injury:
µ: –0.30 SE: 0.15

l No transfer – TBI
requiring neurosurgery:
µ: 1.0 SE: 0.4 (applied
to baseline outcomes for
delayed neurosurgery)

Discount rate Discount rates changed to explore
different frames of time preference

Discount rate Discount rate= 1.5% and
discount rate= 6.0%

Proportional odds
ratio

Assumption of proportional odds
effect on relative outcomes
removed

Relative effectiveness:

l Acute neurosurgery
l TBI requiring critical care
l TBI requiring ward care

Odds ratio for unfavourable
outcome applied, but the
proportions of patients in
each constituent GOS
category of the
dichotomised outcome
group is equivalent to that
observed in the baseline
outcome strategy

Long-term survival Increased mortality in survivors of
TBI and major extracranial injury
modelled

Time dependency in state
transition model

Relative risk applied from
literature applied to general
population life tables78

Consideration of
non-health effects

Utility decrement applied to
bypassed mild patients with TBI
to account for inconvenience of
unnecessary transport to a
distant hospital

Mild TBI outcomes in
bypass strategy

Utility decrement of 0.001

NHIR, Nottingham Head Injury Register.
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Model implementation
The decision analysis model was programmed in Microsoft Excel® 2013 (Microsoft Corporation, Redmond,
WA, USA) using Visual Basic macros. An Excel add-in was utilised to sample from Dirichlet distributions.79

Bootstrapping to derive incremental NMB 95% CI, using bias-corrected CI and evaluating 3000 replications,
was performed in Stata version 12.1 (StataCorp, College Station, TX, USA). Internal testing was performed
throughout model development to ensure that mathematical calculations accurately represented model
specifications and were correctly implemented in Visual Basic.59 Debugging techniques included null and
extreme input values, setting equal values across comparators, fixed distributions and code breaks with
line-by-line checking of macros. The model was also independently verified by a second modeller.

Expected value of information analyses

Background
To avoid potential opportunity costs, health-care systems should typically choose interventions with the
highest expected NMB, regardless of statistical uncertainty.80,81 This approach will maximise health gains
from available resources and result in correct decision-making based on current evidence. However, there
is often considerable uncertainty in model inputs and the optimal management strategy could differ if the
true parameter values were known with certainty. Any errors in the adoption decision will consequently
result in forfeited health benefits and wasted resources.

Economic models use probability distributions to reflect the uncertainty of a decision problem and can
simulate the entire spectrum of cost-effectiveness results that are possible given potential realisations of
parameter values. The probability of making the wrong adoption decision and the resulting effects on
costs and QALYs will therefore be available from implementing a PSA; the opportunity losses surrounding
a decision can consequently be calculated for each patient. This value is termed the individual expected
value of perfect information (EVPI); measuring the expected cost of current uncertainty for each patient by
accounting for both the probability that a decision based on existing evidence is wrong and for the
magnitude of the consequences of making the wrong decision.82 A rational decision-maker should be
willing to pay for additional perfect evidence up to this level of expected opportunity loss for the total
population of patients who may benefit from additional research evidence over the lifespan of the
technology, a value known as the population EVPI.82

Population EVPI places an upper bound on any investment in future research, but does not indicate what
type of evidence would be valuable. By focusing attention on eliminating the potential opportunity costs
arising from uncertainty in particular model inputs, expected value of partial perfect information (EVPPI)
can indicate research into which parameters would be most valuable.59,83 Identification of variables for
which precise estimates would be most valuable will indicate where research funds should be focused and
may suggest appropriate research designs. For example, a large EVPPI value for an estimate of relative
effectiveness would suggest that a future RCT is potentially useful, whereas a high EVPPI for the prevalence
of a disease subgroup could indicate an epidemiological cohort study. Individual EVPPI, defined analogously
to EVPI, is the expected NMB given perfect information about the parameter of interest minus the expected
NMB with current information. Population EVPPI is similarly derived by multiplying the individual EVPPI by
the population of patients that would potentially benefit from additional information. Extension of this
technique to groups of parameters is possible using the same principles.59

Comparing the costs of future research studies against population EVPI and EVPPI provides a necessary
condition for future research: study costs must not exceed these values to be cost-effective. However, they
do not provide a sufficient condition that any future research study will be helpful and cost-effective, and
make the implausible assumption that all uncertainty can be removed from a parameter value. EVSI
extends the value of information methodological framework to establish the expected value of conducting
studies with different designs and sample sizes.84,85 Individual EVSI is mathematically defined as the
expected difference between the value of the optimal decision, based on a sample of data, informative for
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certain model parameters, minus the value of information based on existing evidence.84 Population EVSI is
computed equivalently to population EVPI and EVPPI, but should account for the fact that patients
recruited into a study are ‘used up’ and cannot benefit from a study’s results, and that the length of a
study may reduce the time period for which an intervention is applicable.

The expected benefits of a given study sample (the population EVSI) can be compared with the expected
costs of collecting these data, with the difference denoting the expected net benefit of sampling (ENBS).
ENBS measures the societal reward for conducting additional research, with ENBS > £0 demonstrating that
the marginal benefits of gathering further evidence exceeds the marginal costs, and higher ENBS values
representing more efficient study designs. Optimal study designs can then be identified by choosing
the largest ENBS from different options with varying sample sizes, follow-up periods and study end points.59

Expected value of information methodology

Individual EVPI was directly calculated directly from the model PSA output using the standard formula.59

A state-of-the-art regression-based approach was used for calculation of EVSI and EVPPI.86–88

Briefly, the method developed by Strong and Oakley86–88 rearranges the statistical formulas for computation
of individual EVPPI and EVSI, reframing estimation into a regression problem. The expected NMB for each
PSA simulation can be considered a function of the examined uncertain parameters in EVPPI, or simulated
data in EVSI. The PSA output can therefore be treated as ‘noisy data’ through which this functional
form can be characterised, thus allowing calculation of the individual EVPPI or EVSI at a particular
willingness-to-pay threshold using fitted values from regression models. As NMB would not be expected
to have a linear relationship with inputs of interest, a non-parametric regression method provides the
flexibility to accurately model the correct shape of the association. The theoretical basis of this method is
described in detail in the literature86–88 and examples of its use in HTAs are also available.89,90 In common
with previous applications of this method, generalised additive models were used for non-parametric
regression,91 implemented in R (The R Foundation for Statistical Computing, Vienna, Austria) using the
‘mcgv package’ and a ‘n= 5000’ PSA sample.92–94

Individual EVPPI was initially calculated for each model input separately. Groups of parameters were then
chosen to match types of research studies that could be conducted in order to logically inform future
research prioritisation. Study designs considered included observational studies examining the prevalence
of different patient subgroups, utility values for GOS states post-discharge health-care costs, and an
experimental study investigating the relative effectiveness of bypass.

The individual EVSI analysis examined the value of conducting a definitive HITS-NS trial, of varying size,
examining relative effectiveness between bypass and selective transfer. Regression models in the EVSI
analysis require a summary statistic to represent the information gained from additional research. For each
patient subgroup the numbers of patients expected to have favourable (good recovery or moderate
disability) and unfavourable outcome (death or severe disability) were simulated from the prior distribution
in the PSA output, using a binominal distribution. This process accounted for the relative numbers of
patients expected in each subgroup by multiplying the overall trial size by the relevant subgroup
proportion. Log-odds ratios were subsequently calculated for each patient subgroup as the summary
statistic. For small trials, subgroups with low prevalence could have very few patients and a continuity
correction was applied, where necessary, to allow calculation of odds ratios. Log-odds ratios for each
patient subgroup were included in the final regression model as linear predictors without interaction terms.

Similarity between patients treated by the same ambulance station in a cluster randomised trial could lead
to correlated outcomes and between-cluster variability. Cluster sampling consequently provides less
information than individually randomised trials.95 Effective sample sizes used to calculate EVSI were
therefore multiplied by the design effect to determine the actual required number of patients to account
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for the increase in variance resulting from the HITS–NS cluster design.96 Standard formulas were used to
calculate the design effect, using estimates of intracluster correlation coefficient and average cluster size.97

As HITS-NS was pair-randomised it was not possible to deduce an intracluster coefficient directly from trial
data, and a plausible value was taken from a previous pre-hospital trial in the UK.98 Average cluster size
was based on the recruitment observed in HITS-NS. Sample size requirements for a cluster trial are also
influenced by variation in cluster size and method of randomisation. However, to simplify calculations we
considered only simple randomisation, assuming equal cluster size.

Calculation of population values for each expected value of information metric requires assumptions about
the incidence of suspected significant TBI with stable pre-hospital physiology, the predicted time for which
pre-hospital triage and bypass is likely to be a viable management option and discount rate. Applicable
incidence estimates were unavailable from the literature, and HITS-NS pilot data were used in conjunction
with routine statistics to calculate a credible range of values. The total number of eligible trial patients
recruited over 1 year in each region was divided by the total AS catchment area adult population,
and then averaged across the two regions. Annual incidence of suspected significant TBI was then derived
using estimates of the national adult population in England, using data from the 2011 Census.70 The
technology lifespan was arbitrarily defined as 10 years, based on previously published HTAs.99 A standard
discount rate of 3.5% was applied.60 As the variables influencing the size of population that may benefit
from future research are uncertain, we conducted two scenario sensitivity analyses to provide tenable
upper and lower bounds. Disease incidence, technology lifespan and discount rate were set sequentially to
plausible high and low values, informed by differential recruitment rates between the two HITS-NS trial
regions and the literature. Table 11 summarises the values for population expected value of information
calculations in base-case and sensitivity analyses.

TABLE 11 Assumptions for calculating population level expected value of information

Population EVPI parameter
Base-case
valuea

Sensitivity analysis

Information sourcesOptimistic Pessimistic

Annual incidence of relevant patients

Suspected significant patients
with TBI presenting in 1 year

197 164 33 HITS-NS pilot data

Adult population in AS
catchment area

3.1 million 1.8 million 1.3 million Office for National Statistics
2011 Census70

Incidence of suspected
significant TBI

6.4 per 100,000
per year

9.1 per 100,000
per year

2.5 per 100,000
per year

Calculated from preceding
data

Adult population of England 36 million – – Office for National Statistics
2011 Census70

Total annual incidence of
suspected significant TBI
in England

2290 3280 910 Calculated from preceding
data

Technology lifespan

Time bypass is applicable,
years

10 13 8 Previous HTAs

Positive time preference

Discount rate, % 3.5 1.5 6.0 NICE HTA guidelines

a Base-case values are based on the total results observed in HITS-NS pilot data. The optimistic and pessimistic sensitivity
analyses were based on NEAS and NWAS data, respectively.
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Calculation of population EVSI must also account for the fact that patients who are enrolled in a study
will not benefit from the information generated by the research. Furthermore, as sample sizes increase,
accordingly longer trials will reduce the length of time new information will be useful for. We therefore
assumed that any trial could feasibly be conducted in up to 8 out of the 11 English NHS ASs, with each AS
having 46 ambulance stations available for randomisation. Based on the expected incidence of suspected
significant patients with TBI in England and average cluster size, we hypothesised an upper limit on
patients who could be recruited in 1 year. Sample sizes exceeding this number would take additional years
to enrol the necessary patients. It was also assumed that a further 2 years were required for analysis,
reporting and dissemination of results and implementation of findings. Other scenarios were explored in
optimistic and pessimistic sensitivity analyses and an analysis based on assumptions regarding a definitive
trial detailed in the original HITS-NS protocol. Table 12 summarises the base-case population EVSI
assumptions and presents alternative values used in sensitivity analyses.

TABLE 12 Additional assumptions required for calculation of population ENBS

Assumptions in
ENBS analysis

Base-case
value

Sensitivity analysis
Envisaged
HITS-NS triala Information sourcesOptimistic Pessimistic

Design effect

ICC 0.02 0.01 0.04 0.02 Snooks et al. 2010,98

Mason et al. 2007100

Average cluster size 3.0 3.6 2.5 3.01 HITS-NS pilot data

Trial duration

Number of ASs available
for trial

8 10 5 4 DH

Available clusters per AS 46 60 28 30 HITS-NS pilot data, ambulance
service annual accounts

Maximum recruitable
patients in 1 year

1380 2160 350 360 Calculated from preceding
data

Time for trial results to
be analysed, reported,
disseminated and
implemented (years)

2 1 3 2 HITS-NS TMG opinion

Trial costs

Cost per recruited
patient per year, £

1000 500 2000 Fixed and
variable
trial costsb

University of Sheffield Clinical
Trials Research Unit, HITS-NS
grant application

Additional study design assumptions

Cluster randomised trial using simple randomisation

Equal cluster size

No loss to follow-up

GOS measured as the primary end point

Information pertaining to other model inputs, e.g. incremental costs not collected

Full compliance with management pathway in selective transfer arm

a Study design for a definitive trial envisaged in original HITS-NS grant application.
b See Table 13.
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Population ENBS was calculated by subtracting the costs of performing a future trial for a given sample
size from the population EVSI. The cost of running a proposed cluster RCT was assumed to be £1000 per
recruit in the base-case analysis (Clinical Trials Unit, ScHARR, University of Sheffield, 8 November 2013,
personal communication). Other eventualities, including an estimate examining fixed and variable costs
based on the HITS-NS pilot study grant, were examined in sensitivity analyses (Table 13).

TABLE 13 Estimated fixed and variable trial costs for a definitive HITS-NS trial based on the HITS-NS pilot study
funding grant

Trial resource Unit cost (£) Horizon

Fixed costs

University estate costs 43,000 –

Other university indirect charges 125,000 –

Office consumables 4000 –

Project manager IT equipment 1000 –

Public Relations company to advertise trial 7500 –

Conference attendance to promote trial and disseminate results 5000 –

Data management and security 15,000 –

Variable costs

PI 12,000 Per year

Trial manager 50,000 Per year

Research paramedic 42,000 Per AS per year

Statistician 4250 Per year

Ambulance service advisor 2500 Per year

Other TMG advisors 25,000 Per year

Lease car 14,000 Per research paramedic per year

IT equipment 850 Per research paramedic

Public Relations company to advertise trial 2500 Per AS

Ambulance service training 12,500 Per AS

Ambulance service administrative support 750 Per AS per year

Trial manager travel and subsistence 1000 Per AS per year

Trial management and other meetings 10,000 Per year

Additional journey times for ambulances 100 Per patient in intervention arm

Accessing patient notes 60 Per patient

Patient leaflets, questionnaires and mailing costs 20 Per patient
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Economic evaluation of management pathways for adult
patients with stable suspected significant head injury: results

Introduction
The results of the decision analysis model are presented in four ways. First, the mean lifetime costs and
QALYs of alternative head injury management strategies are compared deterministically for the base-case
model. Second, to account for parameter imprecision and the uncertainty of expert opinion informing
model inputs, results are recalculated in a Monte Carlo PSA. Third, the influences of parameter uncertainty
and methodological and structural assumptions inherent in the model’s design are explored in a series of
sensitivity analyses. Finally, following this evaluation of the cost-effectiveness of competing management
strategies, expected value of information techniques are used to examine the value of further research in
this area.

Cost-effectiveness results

Deterministic base-case results
Table 14 presents the mean expected costs and QALYs accrued by each strategy over a lifetime horizon.
Selective secondary transfer was less expensive than the competing management pathways but resulted in
fewer QALYs than routine transfer or bypass strategies. The no-transfer strategy provided the fewest
QALYs at the second highest cost.

Average cost-effectiveness ratios for each strategy, compared with a baseline of selective secondary
transfer, are shown on a cost-effectiveness plane in Figure 15. When choosing between different
interventions, it is necessary to determine the extra cost incurred for each additional QALY gained when
switching from one strategy to another. Average cost-effectiveness ratios ignore the alternative treatments
available and calculation of cost-effectiveness ratios with the next-best alternative in a fully incremental
analysis is required for a valid comparison. The no-transfer strategy, providing fewer QALYs at the second
highest cost, was strongly dominated by other management options and, therefore, excluded from further
consideration. Each option was then ranked in order of increasing effectiveness and an ICER calculated
with the next most effective strategy. The final ICERs between selective secondary transfer and routine
transfer and between routine transfer and bypass were £2217 and £27,100 respectively. Therefore,
ignoring parameter uncertainty and assuming the model is valid, routine secondary transfer is the optimal
strategy for management of patients with suspected significant head injury at the standard NHS
willingness-to-pay thresholds of £20,000 but bypass would be considered cost-effective if the threshold
was increased to £30,000.

TABLE 14 Base-case deterministic estimates of total costs and QALYs accrued from each management strategy, and
calculation of ICERs

Treatment option
Expected QALYs
gained

Expected
cost (£)

Cost per
QALY (£)

Average cost-effectiveness
ratioa (£) ICERb (£)

Selective transfer 12.93 26,917 2081 – –

Routine transfer 12.99 27,053 2082 2267 2217

No transfer 12.66 27,081 2140 –607 SD

Bypass 13.07 29,221 2236 16,457 27,100

SD, strong dominance.
a Selective transfer is baseline comparator for average cost-effectiveness ratio.
b ICER compared with next most effective strategy on the cost-effectiveness frontier. Standard deviation excluded from

ICER calculation by principle of strong dominance.
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Probabilistic base-case results

Exploratory analyses indicated that 3000 PSA runs were sufficient to sample fully from parameter probability
distributions and achieve stable estimates of NMB and incremental cost-effectiveness (Figure 16).

Incremental costs and QALYs from the PSA are shown in Figure 17 for each competing management
pathway compared with a baseline strategy of selective secondary transfer. Each PSA simulation,
representing a realisation of the joint distribution of possible model inputs, is depicted by a single point on
the cost-effectiveness plane. It is apparent that there is a large degree of uncertainty in incremental costs
and effects, reflected in the dispersal of PSA simulations and their location in different quadrants of the
cost-effectiveness plane. The routine secondary transfer strategy offered more QALYs than selective
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FIGURE 15 Cost-effectiveness plane presenting deterministic point estimates of average cost-effectiveness against a
baseline of selective secondary transfer.
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FIGURE 16 Relationship between number of PSA simulations and stability of cost-effectiveness estimates. Little
variation in NMB (λ= £20,000) is observed for the pre-hospital triage and bypass strategy at PSA with > 3000
simulations. A similar pattern was observed with other comparators.
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secondary transfer in the majority of simulations, often at a lower cost. However, there were a relatively
large number of realisations of parameter uncertainty where this option did not appear to be cost-effective
at NICE’s stated willingness-to-pay threshold of £20,000, and a limited number of simulations for which
selective transfer strongly dominated this comparator. The pre-hospital triage and bypass strategy
demonstrated a wide spread of replications in all four quadrants of the cost-effectiveness plane, including
the north-west (dominated) and south-east (dominating) quadrants. The no-transfer strategy was strongly
dominated in virtually all simulations.

In calculation of mean ICERs, averaging incremental costs and QALYs over all PSA simulations, the
no-transfer strategy was again strongly dominated. The ICERs between selective secondary transfer and
routine transfer and between routine transfer and bypass were £2260 and £27,157 respectively. The
cost-effectiveness plane and ICERs have limited utility in analysing PSA in the case of multiple comparators,
as correlation between different strategies within simulations cannot be easily represented. We therefore
present results using the NMB framework, which transforms cost-effectiveness results to a linear scale
[NMB= (QALYS × λ) – costs]. If the aim of decision-making is to maximise health benefits within a fixed
budget then the option with the highest expected NMB for a given λ is typically the most cost-effective
comparator and should be chosen, regardless of statistical significance.
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FIGURE 17 Cost-effectiveness planes showing incremental costs and QALYs for each comparator compared with
selective secondary transfer baseline (n= 2000 PSA simulations). Individual points depict a single PSA simulation.
Solid line represents willingness-to-pay threshold of £20,000. Solid grey squares correspond to mean costs and
QALYs. (a) Bypass vs. selective transfer; (b) routine transfer vs. selective transfer; and (c) no transfer vs.
selective transfer.
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Table 15 summarises the mean expected costs and QALYs accrued by each strategy, and the corresponding
mean expected NMB, for each management strategy. Routine secondary transfer demonstrated the
highest incremental NMB compared to selective transfer at NICE’s stated willingness-to-pay threshold of
λ= £20,000 (£1090, 95% CI £1034 to £1145), with pre-hospital triage and bypass (£588, 95% CI £403 to
£757) showing lower, but relatively comparable, values. The no-transfer strategy demonstrated substantially
lower incremental NMB (–£5065, 95% CI –£5475 to –£5280). At λ= £30,000, NICE’s upper limit for
potential cost-effectiveness, bypass had the highest mean incremental NMB (£1903, 95% CI £1662 to
£2135), marginally larger than routine transfer (£1694, 95% CI £1627 to £1778). The no-transfer strategy
again demonstrated notably lower incremental NMB (–£7718, 95% CI –£16,845 to –£742).

The cost-effectiveness acceptability curves for each comparator are shown in Figure 18. Between
willingness-to-pay thresholds of £20,000 and £30,000 there is considerable uncertainty over which
comparator is most likely to be cost-effective. At λ= £20,000, routine secondary transfer had the highest
probability (45%) of cost-effectiveness – slightly higher than pre-hospital triage and bypass (43%).
Selective transfer (11%) also had a meaningful likelihood of being the most cost-effective at this level of
willingness to pay. At λ= £30,000 there was a slightly higher probability that pre-hospital triage and
bypass was the most cost-effective strategy compared with routine transfer (49% vs. 43%). At this
threshold there was again a much lower, but still appreciable, chance that the selective transfer
comparator (7%) was the most cost-effective. The no-transfer strategy had zero, or negligible, probability
of being cost-effective at all, but the lowest levels of λ (λ= £0, probability cost-effective= 51% to
λ= £20,000, probability cost-effective= 1%).

TABLE 15 Net monetary benefit of competing head injury management strategies at stated NICE
willingness-to-pay thresholds

Strategy
Mean
cost (£)

Mean
QALYs

Mean
NMB (£)

Mean incremental
NMBa (95% CI) (£)

2.5th and 97.5th
percentiles PSA
NMBs (£)

Probability
most
cost-effective Error

λ= £20,000

Bypass 29,086 13.06 232,189 588 (403 to 757) (–8406 to 10,619) 0.42 0.58

Selective transfer 27,044 12.93 231,601 0 – 0.10 0.90

Routine transfer 27,183 12.99 232,691 1090 (1662 to 2135) (–1879 to 4315) 0.46 0.54

No transfer 26,805 12.66 226,459 –5380 (–5475 to –5280) (–11,230 to –495) 0.01 0.99

λ= £30,000

Bypass 29,086 13.06 362,827 1903 (1662 to 2135) –10,172 to 15,248 0.48 0.52

Selective transfer 27,044 12.93 360,923 0 – 0.07 0.93

Routine transfer 27,183 12.99 362,627 1704 (1627 to 1778) –2221 to 6019 0.44 0.56

No transfer 26,805 12.66 352,853 –8070 (–8216 to –7924) –16,845 to –742 0.01 0.99

a Selective transfer is baseline comparator for mean incremental NMB.
Optimal strategy is denoted by shading.
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Cost-effectiveness acceptability curves evaluate decision uncertainty but should not be used to determine the
optimal decision. If net benefit has a skewed distribution it is possible that the management option with
the greatest expected NMB may not have the highest probability of being cost-effective. We therefore
present a cost-effectiveness acceptability frontier in Figure 19 which demonstrates the decision uncertainty
surrounding the optimal management strategy. At very low willingness-to-pay thresholds, no transfer (λ= £0,
52% probability cost-effective) and selective secondary transfer (λ= £1000 to £2000, 20–25% probability
cost-effective) are the optimal strategies. At more plausible levels of λ, routine secondary transfer provided
the greatest expected NMB (λ= £3000 to £27,000, probability of cost-effectiveness= 39–44%). Above
λ= £27,000 pre-hospital triage with bypass provided the greatest NMB with an increasing probability of
cost-effectiveness (from 48% at λ= £28,000 to 55% at λ= £50,000).
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FIGURE 18 Cost-effectiveness acceptability curves for each management strategy for a range of willingness-to-pay
thresholds (λ).
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FIGURE 19 Cost-effectiveness acceptability frontier showing the probability that the strategy with the highest
mean NMB is cost-effective.
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Sensitivity analysis results

Initial sensitivity analyses explored the influence of model inputs relating to inpatient costs and relative
effectiveness for pre-hospital triage and bypass in a scenario analysis. The results of fixing relevant
parameters to the 25th or 75th quantile of their probability distributions are presented in Table 16. In a
best-case scenario for pre-hospital triage and bypass the base-case adoption decision at λ= £20,000
would be reversed, with bypass providing an incremental NMB of £7530 with 100% probability of
cost-effectiveness (compared with routine transfer NMB= £1033, 0% probability of cost-effectiveness).

Conversely, in the contingency that bypass parameters were set to more unfavourable but still plausible
values, pre-hospital triage and bypass was not cost-effective, even at extremely high willingness-to-pay
thresholds. At both λ= £20,000 and λ= £30,000 routine secondary transfer was the optimal strategy.
The sensitivity of cost-effectiveness results to parameterisation of the pre-hospital triage and bypass
strategy highlights the large degree of parameter uncertainty in the decision analysis model.

Opposite cost-effectiveness results were observed when probability distributions for bypass costs and
effects were fixed at favourable or unfavourable values. A threshold sensitivity analysis was therefore
performed to establish the parameter values that would be necessary for bypass to be the optimal
management strategy at NICE’s willingness-to-pay threshold of £20,000. Relevant model inputs were
initially set at their median values and then fixed sequentially at more favourable vigintiles of their
probability density distributions. Thus, relative effectiveness of bypass strategies progressively improved,
while associated costs gradually decreased. All other model inputs were examined probabilistically under
base-case assumptions. This analysis allows decision-makers to weigh their beliefs on the likelihood of
model inputs required for bypass to become the optimal strategy. Tables 17 and 18 summarise the results
of the threshold analysis. Fixing relevant model inputs at only a small deviation of 0.05 quantiles from the
median value resulted in pre-hospital triage and bypass becoming the favoured option at λ= £20,000.

Uncertainty in model inputs was further explored in a number of one-way sensitivity analyses examining
parameters elicited from expert opinion, potentially susceptible to bias or considered to be influential in
determining cost-effectiveness. Alternative specifications of inputs were assessed by varying
parameterisation of distributions or fixing distributions at defined quantiles. All other parameters were
treated probabilistically. The robustness and key determinants of the cost-effectiveness results were
therefore thoroughly investigated. The findings of these sensitivity analyses are detailed in Appendix 7 and
summarised in Table 19 and Figure 20.

Adoption decisions at NICE willingness-to-pay thresholds were highly sensitive to modification of model
inputs in these analyses, emphasising marked second- and third-order parameter uncertainty. At
λ= £20,000 the base-case adoption decision was transformed, with bypass now identified as the optimal
strategy, when alternative estimates were used for incremental inpatient costs or decreased life expectancy
following trauma. The case mix of suspected significant patients with TBI was also highly influential in
determining cost-effectiveness. When NEAS estimates for population subgroups were used, demonstrating
a relatively lower proportion of significant patients with TBI, routine transfer was the most cost-effective
option at both λ= £20,000 and λ= £30,000. Implementing NWAS estimates, with higher prevalence of
more seriously injured patients, suggested that bypass was optimal at these thresholds. Conversely, using
alternative estimates for post-discharge costs, acute neurosurgery baseline outcomes, GOS health
state–utility values, or the relative effectiveness of bypass in patients with major extracranial injury did not
materially change cost-effectiveness results.
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TABLE 18 Parameter values required for pre-hospital triage and bypass to be strategy with highest expected NMB

Patient subgroup
Parameter (bypass
vs. selective transfer)

Distribution
(mean, SE/SD)

Deterministic value at
55th quantile (odds ratio
for unfavourable outcome)

Mild TBI Incremental cost Normal (63, 40) £58.30

TBI requiring critical care Relative effectiveness:
log-odds ratio

Normal (0.00, 0.56) –0.07 (0.93)

Incremental cost Normal (6970, 14,699) £5123

Acute neurosurgery Relative effectiveness:
log-odds ratio

Normal (–0.68, 0.34) –0.72 (0.48)

Incremental cost Normal (32,044, 18,249) £29,751

TBI requiring ward care Relative effectiveness:
log-odds ratio

Normal (–0.02, 0.02) –0.02 (0.98)

Incremental cost Normal (2353, 981) £2229

Major extracranial injury Relative effectiveness:
log-odds ratio

Normal (–0.22, 0.66) –0.23 (0.79)

Incremental cost Normal (2922, 5283) £2258

SD, standard deviation.

TABLE 19 Summary of sensitivity analyses indicating the optimal management strategy at NICE willingness-to-pay
thresholds and corresponding probability of strategy being the most cost-effective

Sensitivity analysis Description

Strategy with
highest NMB
at λ= £20,000

Probability
that most
cost-effective
strategy

Strategy with
highest NMB
at λ= £30,000

Probability
that most
cost-effective
strategy

Parameter uncertainty

Bypass: best-case
scenario

Bypass costs and effects
set to most favourable
plausible quartile

Bypass 1.00 Bypass 1.00

Bypass: worst-case
scenario

Bypass costs and effects
set to least favourable
plausible quartile

Routine transfer 0.77 Routine transfer 0.79

Bypass: threshold
analysis (55th
quantile of
distribution)

Bypass costs and effects
increased gradually from
median values to level at
which bypass has
highest NMB

Bypass 0.75 Bypass 0.85

Utilities: scenarios/
standard gamble

Alternative source of utility
estimates used, based on
case scenarios and valued
by standard gamble by
health professionals
(Aoki 1998101)

Routine transfer 0.43 Bypass 0.48

Acute neurosurgery
baseline outcomes:
improved outcomes

Alternative estimate used
for acute neurosurgery
baseline outcome
(Taussky 2008,102 external
bias adjusted)

Routine 0.44 Bypass 0.52

Neurosurgery costs:
equal inpatient
costs

Incremental inpatient costs
for acute neurosurgery
assumed to be equal

Bypass 0.62 Bypass 0.65
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TABLE 19 Summary of sensitivity analyses indicating the optimal management strategy at NICE willingness-to-pay
thresholds and corresponding probability of strategy being the most cost-effective (continued )

Sensitivity analysis Description

Strategy with
highest NMB
at λ= £20,000

Probability
that most
cost-effective
strategy

Strategy with
highest NMB
at λ= £30,000

Probability
that most
cost-effective
strategy

Neurosurgery costs:
based on NHIR

Incremental costs for
acute neurosurgery based
on costs regression from
NHIR data (Fuller 201445)

Bypass 0.58 Bypass 0.62

Incremental
inpatient costs:
expert opinion

Incremental inpatient
costs for bypass elicited
from expert opinion

Bypass 0.60 Bypass 0.61

Relative
effectiveness of
bypass in major
extracranial injury:
elicited

Odds ratio for survival
following major
extracranial injury
associated with bypass
elicited from
clinical experts

Routine transfer 0.46 Bypass 0.48

Patient subgroups:
NEAS

Distribution of patient
subgroups based on
estimates from NEAS
HITS-NS data

Routine transfer 0.45 Routine transfer 0.44

Patient subgroups:
NWAS

Distribution of patient
subgroups based on
estimates from NWAS
HITS-NS data

Bypass 0.61 Bypass 0.70

Post-discharge
costs: 2.5th
quantile

Post-discharge costs set to
their 2.5th quantile

Routine transfer 0.43 Bypass 0.48

Decreased life
expectancy

Life expectancy for TBI and
extracranial injury survivors
assumed to be reduced
(McMillan et al. 201178)

Bypass 0.51 Bypass 0.56

Structural uncertainty

Relative
effectiveness: no
proportional odds
assumption

Odds ratio applied to
favourable/unfavourable
GOS outcomes.
Proportions within each
dichotomised group equal
to that found in the
baseline population

Routine transfer 0.38 Bypass 0.55

Discount rate: 1.5% Discount rate reduced
to 1.5%

Bypass 0.55 Bypass 0.59

Discount rate: 6.0% Discount rate reduced
to 6.0%

Routine transfer 0.45 Bypass 0.48

Alternative
comparators:
bypass
(full compliance)

Pre-hospital and triage
management pathway
replaced by a theoretical
strategy with full
compliance

Bypass (full
compliance)

0.49 Bypass (full
compliance)

0.58

Considering
non-health effects
of bypass

Utility decrement applied
to bypassed patients with
mild TBI to reflect the
inconvenience of being
taken to a distant hospital

Routine transfer 0.46 Routine transfer 0.44

NHIR, Nottingham Head Injury Register.
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The importance of structural uncertainty was exposed in further sensitivity analyses. A discount rate of
1.5% resulted in bypass having the highest mean NMB at NICE thresholds, whereas considering non-health
effects of bypass (applying a small utility decrement for unnecessary bypass in mild TBI cases) resulted in
the opposing finding that routine transfer was cost-effective at both λ= £20,000 and λ= £30,000. A
theoretical variant of the bypass strategy suggested that if maximal compliance with pre-hospital triage was
possible this management could potentially be more cost-effective than routine transfer at λ= £20,000
(Table 20). A no-transfer ‘zero’ option, through which all patients were admitted to non-specialist hospitals
and remained there regardless of injury severity, unsurprisingly resulted in extremely unfavourable mean
incremental NMB (see Appendix 7, Table 38). Relaxing the proportional odds assumptions for calculation of
relative effectiveness or increasing the discount rate to 6.0% did not alter the base-case results.

–£15,000 –£10,000 –£5000

–£5182
–£4744

–£5222

–£5142

–£5557

–£5165

–£5221

–£5080

–£5257

–£5192

–£5139

–£5983

–£4598

–£4324

–£6044

–£7082

–£3683

–£10,816

–£5257

£0 £5000

£7530
Best case

Worst case

Threshold

Alternative TBI utility values

Acute neurosurgery alternative baseline outcomes

Acute neurosurgery transfer costs only

Acute neurosurgery NHIR costs

Elicited bypass incremental inpatient costs

Alternative extracranial injury 
relative effectiveness
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FIGURE 20 Mean incremental NMB for competing strategies in sensitivity analyses examining parameter and
structural uncertainty.
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Expected value of information results

Expected value of perfect information
Reflecting the uncertainty in costs and effects, together with the large potential opportunity losses from
making the incorrect adoption decision, individual EVPI was substantial at NICE willingness-to-pay
thresholds: £1807 at λ= £20,000 and £2594 at λ= £30,000. Given the relatively large annual population
with suspected significant head injury and the long time period over which pre-hospital triage and bypass
is likely to be applicable, population EVPI was also correspondingly large in the base-case analysis:
£35,589,500 at λ= £20,000, and £51,080,000 at λ= £30,000. These figures represent the maximum that
the NHS should be willing to invest in future research to eliminate uncertainty about which management
strategy to implement; assuming an infinitely sized study, evaluation of all model inputs and the economic
model is correctly specified. Figure 21 displays the base-case population EVPI at relevant willingness-to-pay
thresholds. Two inflections in the slope of the EVPI curve are visible, at λ= £2000 and λ= £28,000,
corresponding to threshold values at which the comparator with highest expected NMB transitions
between selective transfer/routine transfer and routine transfer/bypass. Above λ= £28,000 the EVPI
continues to rise as the consequences of decision errors are valued more highly and the probability of
erroneously adopting bypass remains high. Estimates for population EVPI remained substantial in
pessimistic and optimistic scenario sensitivity analyses, varying from £10.9M to £70.7M at λ= £20,000,
and £15.6M to £101.3M at λ= £30,000 (Table 21). Individual and population EVPI values for a wider
range of willingness-to-pay thresholds are presented in Appendix 7.
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FIGURE 21 Population EVPI for the base-case probabilistic model.
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Expected value of partial perfect information

The individual EVPPI and concomitant population EVPPI for each model parameter are detailed in
Appendix 7 for a relevant range of willingness-to-pay thresholds. The key model parameters for which
there is highest additional value in future research are relative outcomes and incremental inpatients costs,
between selective transfer and bypass strategies, particularly in patients requiring acute neurosurgery
and critical care. The upper limit for returns to research on these individual parameters ranged from £5.1M
to £26.0M under base-case assumptions and λ= £20,000.

Five categories of parameters (case mix of suspected significant patients with TBI, long-term costs, utility
values for GOS health states and incremental costs and effects between selective transfer and bypass
strategies) were considered in further base-case partial EVPPI analyses, reflecting potential future research
designs. At NICE cost-effectiveness thresholds all of these groups of parameters demonstrated substantial
population EVPPI values, indicating that further research could have a meaningful impact on reducing
the overall decision uncertainty. The relative effectiveness of bypass compared with selective transfer was
the most important determinant of decision uncertainty, and a future randomised trial providing perfect
information on this model input would be cost-effective if research costs were < £27.6M (λ= £20,000)
or £44.3M (λ= £30,000). A trial investigating the incremental cost difference between bypass and
selective transfer strategies also demonstrated high population EVPPI values of £11.2M and £15.7M,
respectively. The EVPPI estimates for TBI case mix, GOS utilities and long-term costs were notably lower
(£282,000–864,000 at λ= £20,000) but these parameters would still provide valuable information and
could be investigated in epidemiological studies with significantly less investment of cost and time.
Table 22 and Figure 22 report the EVPPI estimates for groups of model parameters under base-case
assumptions over a range of relevant estimates for λ. EVPPI results for these groups of parameters, under
optimistic and pessimistic scenarios for the numbers of patients who may gain from future research, are
shown in Appendix 7.

Expected value of sample information
Expected value of sample information and ENBS of a future definitive HITS-NS trial were considered in
base-case and scenario analyses, making optimistic and pessimistic assumptions about the size of the
future population who could benefit from the data collection. The characteristics of the theoretical trial are
summarised in Chapter 4. As sample size increases, simulated estimates of relative effectiveness will
become more precise until uncertainty is completely removed at infinite sample sizes. Individual EVSI will
therefore asymptotically approach the individual EVPPI value for bypass relative effectiveness parameters at
very high sample sizes (£1403 at λ= £20,000, £2249 at £30,000), as shown in Figure 23. An analogous
pattern is observed for population EVSI, assuming that the disease incidence and the ability to recruit
patients far exceed sample size.

As the number of study participants increases, the number of ambulance stations and ASs required to
recruit the necessary number of patients will expand, determined by the average cluster size and number
of ambulance stations available for randomisation in each AS. At higher levels the sample size will exceed
the maximum number of patients recruitable per year, extending the length of the trial, curtailing the time
that the study findings are useful and consequently reducing the size of the future population that may
benefit from the trial. Additionally, patients enrolled in a study will not be able to benefit from the
information generated, as they will have already received treatment. In actuality, population EVSI therefore
falls at larger trial sizes, as shown in Figure 24 (calculated under base-case assumptions). Inflection points
in the population EVSI curve denote sample sizes requiring trials with additional years of recruitment for
the necessary number of patients.
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FIGURE 22 Population EVPPI for groups of model parameters at different willingness-to-pay thresholds under
base-case assumptions.
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FIGURE 23 Individual EVSI for a definitive HITS-NS cluster randomised trial at NICE cost-effectiveness thresholds.
WTP, willingness to pay.
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Expected net benefit of sampling
The ENBS for a definitive HITS-NS trial with different samples sizes under base-case assumptions is shown
in Table 23 and in Figures 25 and 26 for λ= £20,000 and λ= £30,000, respectively. As relative
effectiveness between bypass and selective transfer is very uncertain, and a key determinant of
cost-effectiveness, even small trials providing relatively imprecise effect estimates would have a substantial
impact on reducing decision uncertainty and therefore have positive ENBS. In the base case, ENBS was
maximal with a trial of 1040 patients (520 randomised per arm) recruited across 347 ambulance stations in
eight ASs over 1 year (with a further 2 years for trial analysis, reporting and dissemination): ENBS £11.0M
at λ= £20,000; ENBS £19.6M at λ= £30,000.

The optimal trial design was sensitive to varying assumptions about trial characteristics, disease incidence,
technology lifespan and patient recruitment limits. Taking an optimistic view of these factors, the most
cost-effective trial design at NICE thresholds would be achieved with a trial of 2052 patients recruited from
10 ASs, in 480 ambulance stations and lasting a total of 2 years. Taking pessimistic assumptions resulted in
much lower ENBS, but a future trial was still shown to be cost-effective, with the most favourable trial
recruiting 636 patients (5 ASs, 140 clusters, 5 years in total) at both λ= £20,000 and λ= £30,000. The
study characteristics for a definitive trial envisaged in the original HITS-NS pilot study protocol resulted in a
very similar optimum design of 624 patients (4 ASs, 120 clusters, 4 years in total). Interestingly, careful
enumeration of fixed and variable trial expenditure, informed by HITS-NS pilot study funding, gave very
similar trial costs to the base-case estimate using a marginal per patient estimate. Table 24 summarises the
properties of the optimal trials in these different scenarios, with further detail provided on ENBS and trial
designs provided in Appendix 7.
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FIGURE 24 Population EVSI for a definitive HITS-NS cluster randomised trial at NICE cost-effectiveness thresholds
accounting for prolonged trial duration at large sample sizes (base-case assumptions). WTP, willingness to pay.
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FIGURE 25 Expected net benefit of sampling for a definitive HITS-NS cluster randomised trial at λ= £20,000
(base-case assumptions).

0 2000 4000 6000 8000 10,000 12,000

ENBS
Trial cost
Population EVSI

Trial size
– 7

– 2

– 12

8

3

23

18

13

EN
B

S 
(£

M
)

FIGURE 26 Expected net benefit of sampling for a definitive HITS-NS cluster randomised trial at λ= £30,000
(base-case assumptions).

TABLE 24 Summary of optimal trial designs under different assumptions for recruitment and trial characteristics

Assumption basis Total sample size Number of clusters Number of ASs Trial duration (years)

Base case 1040 347 8 3

Optimistic scenario 2052 480 10 2

Pessimistic scenario 636 140 5 5

Planned definitive HITS-NS trial 624 120 4 4
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Economic evaluation of management pathways for adult
patients with stable suspected significant head injury: discussion

Summary of results

(a) Objectives 5 and 6 of the HITS-NS study were addressed in the stream B economic evaluation:

– determine the cost per QALY of early neurosurgery and the degree of uncertainty surrounding
this estimate

– calculate the EVSI of a fully powered HITS-NS trial.

(b) The base-case probabilistic analysis suggests that routine transfer (transport to the local non-specialist
hospital and routine secondary transfer of all patients with acute expanding intracranial haematomas
or TBI requiring critical care to regional NCs) may provide the optimal management strategy at a
willingness-to-pay threshold of £20,000 (mean ICER £2260). At a higher threshold of £30,000, bypass
was the most cost-effective option (mean ICER £27,157). At both thresholds there was considerable
decision uncertainty, with a high probability of erroneously adopting a suboptimal strategy (54% and
52%, respectively).

(c) Sensitivity analyses demonstrate that this result is critically dependent on parameterisation of
incremental costs and relative treatment effects for routine transfer and bypass strategies. These model
inputs are predominantly based on unadjusted estimates from HITS-NS data or are informed by expert
opinion unsupported by empirical evidence and are therefore at risk of systematic error. Plausible
alternative assumptions on incremental costs and effects, life expectancy following injury and
discounting rates all resulted in reversal of the adoption decision at λ= £20,000, with bypass identified
as the optimal strategy. Base-case results should, therefore, be interpreted with extreme caution.

(d) The considerable decision uncertainty and important public health burden of TBI is reflected in the
large population EVPI. At λ= £20,000, further research up to a value of £35.6M may be indicated to
minimise opportunity costs from making the wrong adoption decision for patients with suspected
significant TBI.

(e) EVPPI analyses demonstrate that future research would have high value in comparing costs and relative
effectiveness between bypass and selective secondary transfer: that is, a definitive HITS-NS
trial-based economic evaluation.

(f) If feasible, EVSI results suggest that a definitive HITS-NS trial examining comparative effectiveness is
potentially cost-effective. Maximal ENBS (£11.M) would be achieved with a trial of 520 patients per arm,
randomised across 347 ambulance stations in eight ASs and taking 3 years. At higher sample sizes ENBS
falls as recruitment costs increase, and trial duration lengthens secondary to the relatively low incidence
of suspected significant TBI and the finite number of ambulance stations available for randomisation.

(g) EVI analyses are predicated on the parameterisation of the base-case model and assumptions regarding
incidence of suspected significant TBI, technology lifespan and cluster trial characteristics. As these
factors are highly uncertain, results should be viewed as exploratory.

Limitations
This economic evaluation followed consensus modelling guidelines and has a number of strengths.57–60

A formal model structuring process was implemented to derive a valid and clinically convincing model
structure. Comprehensive systematic evidence searches ensured that the model was populated with valid
evidence where possible. Elicitation of expert opinion, informed using the established SHELF framework103

ensured transparency in model inputs when empirical data was lacking. Decision uncertainty was explored
extensively in sensitivity analyses and the potential benefit of future research was evaluated in state-of-the-
art EVI analyses. However, there are limitations in the model design and parameterisation which could
challenge the internal validity and generalisability of results.
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First, the model had a limited scope and several potentially important aspects of managing patients with
suspected significant TBI were not examined. The HITS-NS cohort included an appreciable minority
(approximately 5%) of non-patients with TBI with a major medical diagnosis, for example non-traumatic
subarachnoid haemorrhage or sepsis. As a result of heterogeneity and lack of empirical evidence, we did
not evaluate this patient subgroup. If there are important differences in costs and effects arising from
bypassing such cases, exclusion of these patients could bias results.

Introduction of bypass or routine transfer strategies could incur expenditure relating to changes in patient
treatment pathways, such as staff training or administrative support. Given the lack of information
available on the extent of these costs and expert opinion that start-up costs are likely to be insignificant,
we did not model this factor. However, if reconfiguration costs are substantial, the reported
cost-effectiveness of bypass will be overestimated.

The economic model assumes that specialist neuroscience care is scalable with infinite capacity. Surveys of
SNC capacity suggest that many units are operating close to their maximum volume,104,105 and admitting
increasing numbers of patients for neurocritical care in routine transfer or bypass strategies may not be
possible. The potential impact of overcrowding in EDs or ICUs arising from treatment of additional
patients, possibly unlikely to benefit from specialist care, has also not been examined. Similarly, capacity
constraints arising from difficulties in repatriating bypassed patients to local hospitals after a period of
specialist care were not considered. The complexity of representing these real-world phenomena precluded
modelling but, reassuringly, expert opinion suggested that they are unlikely to be important.

Traumatic brain injury frequently results in chronic disability, leading to productivity losses and a long-term
informal care burden for family members.106 Our narrow perspective, including only direct medical and
personal social services costs, will therefore substantially underestimate the societal costs of competing
strategies. As the proportion of patients with long-term disability was comparable between bypass and
selective/routine transfer strategies, it could be argued that exclusion of these costs is unlikely to
qualitatively change the results of the base-case model. Similarly, only direct health effects were assessed,
but a sensitivity analysis, including a small utility decrement for patients with mild TBI undergoing
unnecessary transport to SNCs, illustrated the potential for a marked decrease in the cost-effectiveness of
bypass if such factors are important. However, qualitative interviews with HITS-NS participants and relatives
did not reveal any serious concerns regarding non-health-related consequences arising from the
bypass strategy.

Furthermore, examination of aero-medical transfers, urban environments and suspected patients with TBI
with unstable pre-hospital physiology were outside the remit of the economic evaluation. The model also
consciously focused on simulating management within the NHS. Any generalisation of results to other
populations beyond the HITS-NS setting and inclusion criteria should therefore be circumspect.

Second, model structuring was restricted by the limited availability of evidence on TBI epidemiology,
hospital costs, treatment effectiveness and pathophysiology. Theoretical disease logic and treatment
pathway conceptual models emphasised the importance of time to resuscitation and neurosurgery on
outcome, but we were unable to represent these factors directly. The final model, comprising strategy level
estimates of costs and consequences for relevant patient subgroups, provided a pragmatic structure
indirectly accounting for these factors and retaining clinical credibility. However, the ability to examine the
influence of different geographical settings, triage compliance and secondary transfer rates was curtailed.

No information was available on the covariance between inpatient costs and short-term outcomes, and our
treatment of these variables as independent in the PSA is a further limitation of the model structure. Expert
opinion was highly uncertain as to the magnitude and direction of any correlation. Given the large degree
of decision uncertainty at NICE willingness-to-pay thresholds, small differences in expected costs and
QALYs arising from incorrect specification of this relationship could potentially influence the choice of
optimal management strategy.
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Within each modelled patient subgroup there will be a considerable diversity of patients with differing
characteristics and prognoses. Applying a cohort methodology, with consequent use of mean values,
impeded an examination of uncertainty due to heterogeneity. However, competing management strategies
are service-level interventions and hence would be applied to the entire population presenting with
HITS-NS inclusion criteria. Exploration of heterogeneity, for example the cost-effectiveness in different age
groups, may therefore be less relevant.

Third, and most importantly, there was a very limited evidence base available to parameterise model
inputs. No level 1 RCT data were identified and systematic reviews highlighted the dearth of valid
observational evidence. The shortage of applicable information was compounded by the unique HITS-NS
inclusion criteria, which, to our knowledge, have not been previously studied, and the lack of 6-month
follow-up data available from the pilot study. To ensure a believable and accurate model, we therefore
prescribed a minimum quality standard for including evidence, eliciting expert opinion, when necessary,
in preference to ‘cherry-picking’ data or using inappropriate studies at high risk of bias. Moreover, in the
event of valid evidence that was not directly applicable because of differing study populations, we
transparently modified published estimates using formal ‘external bias adjustment’ techniques.107 The
base-case model consequently provides a framework to accurately represent current beliefs on competing
management strategies and synthesise relatively unbiased evidence.

Although inclusion of expert opinion allows full representation of the uncertainty associated with the
decision problem, it is possible that elicited probability distributions do not accurately reflect true
parameter values. Beliefs about pivotal relative effectiveness estimates were characterised from intensive
care consultants working in a NC. These clinicians may not have full insight into outcomes in patients
treated in non-specialist centres and could have imperfect knowledge on the effects of operative
management of expanding intracranial haematomas compared with neurosurgeons. Strategy-level
estimates of outcomes are also dependent on weighing several other competing factors including
pre-hospital deterioration, compliance with bypass and secondary transfer rates. It is debatable whether
or not clinicians can accurately integrate all of these considerations into credible effect estimates. Further
challenges to elicitation include well-recognised difficulties in understanding probability distributions and
odds ratios103,108 and cognitive biases inherent in the elicitation process.103 To maximise the validity of
expert opinion we followed an established elicitation framework, used natural frequencies to derive effect
estimates and conducted detailed briefing and training exercises.103 Other, less critical model inputs were
elicited and reviewed within the TMG, and this lack of independence could be considered a limitation with
the potential for introducing subjectivity into the analysis.

In the absence of any relevant external studies, HITS-NS pilot study data were used to inform incremental
cost differences between selective secondary transfer and bypass. The low sample size available resulted in
very imprecise results and prevented regression modelling to adjust for case mix differences in all but the
mild TBI subgroup. Although patient characteristics were broadly similar between study groups, findings
could potentially be biased secondary to confounding. Additionally, complete case analyses were
performed and, if cost data were missing at random, or missing not at random, selection bias may have
arisen.109 Missing data levels were low and hence unlikely to influence results, but ideally a principled
statistical method for imputing missing data, such as multiple imputation,110 would have been used.
Resource use was valued deterministically using NHS reference costs averaged over NHS hospitals, and
limited data was available on management intensity for patients admitted to critical care. It is therefore
possible that cost differences between specialist and non-specialist hospital care were not fully delineated.

Other notable weaknesses in model parameterisation include GOS utility values (risk of selection bias and
valuation in a non-UK population), relative effectiveness data for patients with major extracranial injury
(estimate from non-contemporaneous study with likelihood of subsequent improvements in trauma
outcomes) and post-discharge costs (empirical evidence source largely based on expert opinion). All of
these model inputs were assessed as borderline with respect to the minimum quality standards required for
model inclusion and were therefore subjected to sensitivity analyses to illustrate the potential impact on
results from alternative assumptions.
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In common with established modelling practice, we used an informal Bayesian approach to fitting parameter
distributions, based on the evidence available.56 In practice this will lead to very similar distributions to an
analysis using uninformative prior distributions. However, given the paucity of available evidence and low
sample sizes informing some model inputs, a formal Bayesian synthesis using subjective priors may have been
more appropriate to account for existing beliefs about suspected significant TBI management.

Fourth, an inability to fully evaluate the model is a further study weakness. Detailed model verification was
performed and descriptive validity has been expounded in the foregoing discussion. However, the inclusion
of theoretical interventions and reliance on expert opinion for parameterisation restricted the possibilities
for internal or external model validation, with little opportunity to check that model results match actual
management strategy outcomes. To our knowledge there are no other ongoing or planned studies
examining this population or decision problem, making prospective validation unlikely. However, the model
output appears to have face validity and is not inconsistent with costs and outcomes reported in other
broadly related studies.3,41,111

Finally, there are a number of potential limitations that could affect expected value of information results.
These analyses are premised on the implemented decision analysis model and are therefore subject to
identical biases arising from model inputs and structure described previously. Additionally, population-level
results are heavily dependent on assumptions regarding the lifespan of bypass as a relevant health
technology and the unknown true incidence of suspected significant TBI in the UK. Incidence rate
estimates differed widely between the two trial regions and, although different scenarios were explored in
sensitivity analyses, the actual value of future research is consequently uncertain.

When computing EVSI we calculated trial sample sizes based on an individually randomised trial, inflated
by a design effect determined by assumptions on intracluster correlation coefficient and average cluster
size. Generating simulated trial results using an explicit multilevel statistical model to directly account for
clustering may have offered a more theoretically sound approach, but is likely to be an academic
distinction with minimal influence on results. Owing to the paired cluster randomisation method used in
HITS-NS, we were unable to calculate an ICC directly from pilot study data, and we therefore had to use
plausible estimates from other non-TBI pre-hospital trials. Several real-world aspects of trials, such as
restricted randomisation, loss to follow-up, cluster dropout, unequal cluster sizes and non-compliance were
also not accounted for, but are unlikely to materially change the findings. Although not a prespecified
objective, ideally we would have also examined the EVSI of including incremental costs in a trial-based
economic evaluation or calculated ENBS for a trial comparing bypass with routine transfer. Unfortunately,
the computational challenges were significant and implementing these analyses was beyond the resource
and time constraints of the current study.

Interpretation of findings
The main determinants of cost-effectiveness in the decision analysis model were incremental costs and
effects for patients with TBI requiring acute neurosurgery or critical care. Model inputs for these variables
were very uncertain and small changes in their values resulted in conflicting adoption decisions. Previous
observational studies, consistent with cost data in HITS-NS, suggest large incremental differences in costs
between management in specialist and non-specialist centres.3,41 Disparities of this magnitude are less likely
to be explained by confounding, suggesting that our parameterisation may indeed reflect reality. However,
ultimately, evidence from a well-conducted randomised trial is necessary to provide a definitive estimate.

The incremental cost difference in patients with TBI requiring critical care may be intuitively explained by
more aggressive management, with longer ICU stays and higher rates of neurosurgical interventions in
specialist centres.41,112 However, the reasons for the higher costs observed in the HITS-NS study between
bypassed patients with acute neurosurgical lesions compared with those undergoing secondary transfer are
much less clear. The finding could be explained by the play of chance arising from the small pilot study
sample. Outliers with high treatment costs, possibly secondary to management of associated extracranial
injuries, will have much greater influence in such a small sample. Confounding arising from crude analyses
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may also be responsible. Alternatively, there may be a true difference in costs possibly explained by the
much worse prognosis expected in patients undergoing delayed neurosurgery, which increases early
mortality and reduces treatment costs. Interestingly, the HITS-NS results were replicated to some extent in
adjusted analyses studying similar patients from the Nottingham Head Injury Register (NHIR), lending
credence to these findings.

The result from the base-case economic model that bypass may not be cost-effective for suspected
patients with TBI at the standard NICE cost-effectiveness threshold may be unexpected, given the strong
support for introducing regional trauma networks from professional bodies and expert opinion
leaders.113,114 The conceptual models of pathophysiology and treatment pathways elucidate the potential
benefits and hazards of bypassing patients with TBI, and indicate the manifold factors that will interact to
determine strategy level cost-effectiveness. Considering this complexity, the plethora of low-quality and
poorly applicable evidence that has been cited in support of bypass and lack of familiarity with heath-care
costs, it may be unsurprising that subjective expert opinion will differ from an objective and careful
dissection of the decision problem. Contrarily, proponents of bypass could conjecture that nuanced clinical
opinion based on extensive experience will be superior to an economic model ignoring many subtleties of
trauma management.

Expert beliefs on the comparative effectiveness of bypass for patients with TBI requiring critical care were
very cautious, indicating a wide range of possible effect estimates consistent with either a beneficial or a
harmful effect. This may suggest that the support for regional trauma networks and bypass of general
major trauma patients may not extend to patients with TBI, with the potential for deterioration and
secondary brain injury.

Expected net benefit of sampling analyses suggest that a future definitive bypass trial would, if feasible,
be cost-effective to reduce decision uncertainty, even in conservative sensitivity analyses. Regardless of
model limitations, this finding is unsurprising as elicited expert opinion was very uncertain on the
effectiveness of alternative management strategies and empirical evidence was entirely lacking. The major
areas of uncertainty pertained to relative effectiveness in patients with TBI requiring acute neurosurgery or
critical care, and a relatively small trial would provide substantial information on their posterior distributions
and impact adoption decisions. As the EVPPI for these parameters is very high, but the prevalence of
relevant patient subgroups in the HITS-NS population is low, EVSI continued to increase at very large
sample sizes. However, because of a reduction in the number of patients who may benefit from the trial,
and time period for which study results would be useful, as study duration increased, ENBS falls at higher
sample sizes.

Relationship to previous studies
No previous economic evaluations have been conducted that specifically investigated pre-hospital triage
and bypass in patients with suspected significant TBI and stable pre-hospital physiology. However, a
number of previous studies have studied patients with TBI using simulation techniques, or have examined
bypass in major trauma patients. Dissimilar populations, lack of valid model parameterisation and
non-cost–utility approaches limit the inferences that can be drawn from comparisons with these studies.

Stevenson et al.13 preformed a simulation study examining bypass of patients with TBI in a UK setting. The
model, almost entirely based on informal expert opinion, estimated an additional six survivors per million
total population per year if a bypass strategy was introduced. This finding is consistent with the increased
number of surviving patients observed with bypass within the HITS-NS model. Unfortunately, further
insights are not possible, as costs, disability and triage of undifferentiated patients were not considered.

The 2007 NICE head injury guidelines included a cost–utility study examining bypass of patients with TBI
compared to a routine transfer strategy1 using a similar decision tree approach to the HITS-NS model. A
base-case ICER of –£26,340 in the south-east quadrant of the cost-effectiveness plane was reported, with
bypass strongly dominating the secondary transfer approach. This result was consistent in conservative
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sensitivity analyses and the conspicuous discrepancy with findings from the current model deserves close
scrutiny. A clear difference in the NICE model, generating the extremely favourable ICER for bypass, is an
assumption that ED and inpatient costs do not differ between each treatment pathway. In common with
the Stevenson study,13 the model also only included patients with severe head injury, rather than the wider
spectrum of TBI and non-patients with TBI to which bypass will apply. Moreover, the rationale for
parameterisation of the model is not transparent, with very heavy reliance on subjective, informal expert
opinion and inclusion of evidence rejected from the HITS-NS model because of extremely high risk of bias.

Nicholl et al.67 investigated the cost-effectiveness of introducing regional trauma networks in England for
major trauma patients using a very simple decision analysis model, reporting an ICER of £1262 and an
80% probability of cost-effectiveness if the cost of implementing a fully effective bypass system was
< £34M.67 The authors highlight the limited evidence available, necessitating a number of ‘heroic
assumptions’. These simplifications are not necessarily a problem, as the purpose of a model is to usefully
inform a decision question rather than replicate real life. However, the postulation that acute care costs are
the same before or after the introduction of trauma networks appears untenable. Furthermore, the
similarity between average major trauma patients and the specific HITS-NS population is uncertain, making
external validity questionable.

Other patient-level health-economic studies have examined the cost-effectiveness of trauma centre care
using observational data.115–117 These studies compared patients treated in trauma centres (bypassed,
directly admitted and transferred in) to untransferred patients cared for in non-specialist hospitals. As they
do not examine counterfactual outcomes for patients treated with or without bypass, they have little
relevance to the HITS-NS decision problem. Overall, in common with other many other areas of TBI
research, there is little cost-effectiveness literature available to inform the HITS-NS economic model.

Implications for clinical practice
Since the inception of the HITS-NS study, trauma care in the NHS has been reconfigured, with the
introduction of regional trauma networks.44,118 Pre-hospital triage with bypass of patients meeting HITS-NS
inclusion criteria has now surpassed selective transfer as conventional practice. The relevance of these
results to fully implemented trauma systems therefore requires careful consideration.

Above the conventional willingness-to-pay threshold of £20,000, NICE judgements about the acceptability
of a health technology will depend on the relative degree of cost-effectiveness, the nature of the
intervention and disease and any wider societal costs and benefits. Bypass demonstrated an ICER within
NICE’s stated range of borderline cost-effectiveness and results were highly uncertain, even without
considering the model limitations or absence of robust evidence. The introduction of trauma networks
could be considered an innovative health technology addressing a previously disadvantaged population of
trauma patients8 and improved outcomes after head injury could have a major societal impact through
increased productivity and a reduced burden on families. It could therefore be contended that in this
context the rational course of action would be to avoid any risks and costs from further reorganisation,
and persist with the bypass-adoption decision. Decision-makers may also find alternative sensitivity
analyses, for which bypass had a favourable ICER of < £20,000, to be more believable than the
assumptions inherent in the base-case analysis.

Furthermore, routine transfer could be viewed as a theoretical intervention, unlikely to ever be
implemented in the NHS. From this perspective bypass would be the optimal strategy, providing noticeably
higher expected net benefit than selective secondary transfer (mean PSA ICER £15,526). However, recent
studies have highlighted that a very high proportion of non-surgical patients with severe TBI are now
transferred for specialist care [83% in HITS-NS, 73% in RAIN (Risk Adjustment In Neurocritical care)],
suggesting that there may be little difference between selective and routine transfer strategies in practice.41

Likewise, as routine transfer is the standard of care currently recommended in NICE head injury guidelines,
excluding it from deliberation seems unreasonable.
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Conversely, if the assumptions of the base-case model are considered convincing to decision-makers, it
could be asserted that bypass protocols should be modified to exclude patients with suspected significant
TBI and stable pre-hospital physiology, although, based on a transparent and thorough exposition of the
available evidence, there are several rebuttals to this position. The accuracy and reliability of pre-hospital
triage is poorly understood and HITS-NS data suggest that a meaningful number of non-TBI major trauma
patients would consequently not be bypassed to trauma centres. Administering multiple triage rules
simultaneously or further complicating existing major trauma triage instruments may not be practicable in
the pressured pre-hospital environment. Given the financial and administrative investment in trauma
system reconfiguration, there is also likely to be sizable clinical and public opposition to further
re-organisations of care based on cost-effectiveness results with a high risk of error.

Notwithstanding its potential lack of cost-effectiveness, the adoption of bypass may also be fundamentally
irreversible. Ongoing regionalisation of hospital services may result in closure of non-specialist hospitals or
degradation in the skills required to manage patients with moderate and severe TBI.119,120 This may prevent
reintroduction of secondary transfer strategies and could have important implications for the substantial
numbers of patients with significant TBI who present with GCS levels higher than triage rule inclusion
cut points. Recent analysis of TARN registry data and the analysis in stream A, suggests that appreciable
numbers of patients with TBI ultimately requiring critical care or neurosurgery will continue to be
transported to NSAHs.40

Implications for future research
The extensive literature reviews conducted for the HITS-NS model demonstrate that the evidence base
supporting bypass in TBI is extremely tenuous. As noted by Nicholl et al.67 in a related economic evaluation
‘it is remarkable how poor the design of relevant studies has been’. Although there are possible theoretical
benefits from achieving earlier definitive care through bypass,113 there are potential hazards from
prolonged primary transport of patients with TBI, and it could be posited that proof of concept for bypass
has not yet been unequivocally proven. This viewpoint would support further research to reduce the
probability that an incorrect adoption decision has been implemented, with the concomitant opportunity
costs for suspected significant patients with TBI.

However, despite a theoretical demonstration that both necessary (EVPPI exceeds the costs of research)
and sufficient (ENBS shows that marginal benefits of sampling exceed the marginal costs) conditions
for future research are met, a definitive bypass trial is unlikely to be feasible. Principally, the key HITS-NS
feasibility objectives of treatment compliance and incidence of significant TBI were not met. Moreover,
prevailing ‘opt-in’ consent requirements would prevent any meaningful follow-up data. Trauma systems
may also be a fait accompli, with clinical opinion resisting further experimental research in this area. It
is also possible that the relevance of a comparison between bypass and selective transfer will continue to
recede over the duration of any trial, secondary to continued regionalisation of emergency and
trauma services.121

Alternative non-randomised research designs to investigate the effectiveness of bypass are likely to be
at very high risk of bias. Future cohort or case–control studies of neuroscience care compared with
non-neuroscience care are critically limited by confounding, cannot provide valid evidence of comparative
effectiveness and would add nothing to the existing weak evidence base. An interrupted time series study,
examining outcomes before and after implementation of trauma systems, is a more promising design.
However, this would require access to disability outcome information on the entire spectrum of patients to
which bypass technology would apply, including patients with mild TBI, and data not available from
current routine data collection sources such as Hospital Episode Statistics (HES) or TARN.18,122 Case
submissions to TARN are now linked to best-practice tariff payments to SNCs, incentivising data collection
and potentially resulting in differential enrolment of patients between specialist and non-specialist centres.
Additionally, the significant numbers of unmatched submissions resulting from interhospital transfers and
discrepancy between TARN and HES data suggest the further potential for irresolvable selection bias.

HITS-NS STREAM B
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In the contingency that bypass is thought to be cost-effective, its introduction is considered irreversible or
collecting further valid evidence on its effectiveness is impossible; however, there are other areas in which
future research may be beneficial. Current major trauma triage rules are primarily based on expert opinion,
and results from HITS-NS and other recent studies suggest that they may have suboptimal accuracy for
identifying patients with TBI requiring specialist care.40 A cohort study designed to measure the sensitivity
and specificity of major trauma triage rules would further examine this hypothesis. If corroborated, future
research in this area could include derivation, validation and impact studies to improve over and
undertriage rates.

Population EVPPI analyses identified several other groups of variables with a high upper bound on the
returns to future research. Cohort studies investigating the incidence of relevant patient subgroups, utility
values for GOS health states and post-discharge costs are likely to be cost-effective in reducing uncertainty
within the decision analysis model. In contrast with a trial examining comparative effectiveness, such
studies would be of shorter duration and require fewer resources. Lack of information on these parameters
has been a weakness in previous TBI health-economic models and additional evidence may have
considerable value in future HTAs (external to the bypass decision problem).
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Appendix 1 Systematic review of pre-hospital
controlled trials in trauma patients

Chapman N (Lecky FE supervisor), as part of dissertation for B Med Sci, University of Sheffield, 2013.

Introduction

Controlled trials are used to investigate the efficacy of health-care interventions. They involve procedures,
such as randomisation, to ensure that the groups of patients involved are, on average, identical apart from
the interventions received. Thus, when the groups are followed up after a pre-specified time period, and
assessed in terms of pre-specified outcomes, any differences observed should be attributable to the
intervention(s) under investigation and not any other factors.123 Therefore, it is accepted that controlled
trials provide the most robust level of evidence for assessing health-care interventions.124

Most research concerning health-care interventions is undertaken in a hospital setting.125 In 1988, while
many hundreds of in-hospital controlled trials had been conducted regarding interventions for emergency
medical conditions, a MEDLINE search identified only 54 randomised controlled trials conducted in the
out-of-hospital environment.124 While the numbers of trials has increased since this analysis, an evidence
gap still persists,126 and the research used to support even the most standard practices employed by the
emergency medical system (EMS), is limited.125

The reason for this dearth of pre-hospital research is that it is a complex area that presents immense
challenges to researchers.127 The most common issues of difficulty arise in regards to recruitment,
paramedic participation and compliance and data collection.128

Studies have been conducted regarding paramedic perceptions of controlled pre-hospital trials in order to
elucidate some of the barriers and facilitators to their successful conduct.129 The main issues that have
arisen include that research is not their responsibility,129 that it limits their autonomy,130 that they do not
have time to recruit participants129 and that, because of the often incapacitated nature of the patients
involved, it is unethical.125

Pre-hospital research involving EMS and paramedics, has been identified in the UK as a priority for
strengthening the practice of care in this area.127,130 Therefore, in order to have suitable comparisons by
which to judge the successes and failures of the HITS-NS trial, a systemic review was undertaken of
recently conducted pre-hospital controlled trials regarding interventions for patients with traumatic injuries.

Methods

Reference was made to the PRISMA (Preferred Reporting Items Systematic Reviews and Meta-Analyses)
statement in guiding the conduct and reporting of this review.131 Complete methods are given in Appendix E
and are briefly summarised here. Three databases (MEDLINE, Cumulative Index to Nursing and Allied Health
Literature and The Cochrane Library) were searched using terms related to ‘pre-hospital’, ‘trauma’ and
‘controlled trials’. Reference searching, along with contact with an experienced pre-hospital researcher to
identify grey literature (see Appendix E for Table 26 and Contact with Dr Janette Turner), was also employed.
A date limit of 15 years was set. This was chosen pragmatically, to try to maintain ecological validity with
current ambulance service practice, while including all relevant trials.
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Eligibility criteria, including that trials had been conducted in the pre-hospital environment, with over 50%
of patients having encountered pre-hospital care as a result of traumatic injuries, were chosen to try to
identify a homogenous group of trials, focused on the pre-hospital care of those with traumatic injuries by
land-based ambulances services. The trials finally selected for inclusion in the report were reviewed in
terms of five criteria: recruitment, proportion of relevant participant, compliance with trial protocols,
selection bias created by non-compliance and acceptability of trials and treatments to patients, their
families, and staff. These have been highlighted in previous reports as being key to the successful conduct
of controlled trials132 and of pre-hospital trials in particular.128

Results

A PRISMA diagram demonstrating the number of articles rejected at each stage of the review process, with
reasons, is shown in Figure 27. For the purposes of analysis, and to maintain relevance with the HITS-NS
trial, the 15 trials identified were divided based on location (NHS, UK/outside NHS, UK), type of trauma
(head-injury/general trauma) and type of intervention under investigation. Four pre-hospital controlled-trials
investigating general trauma were conducted in the UK NHS.100,133–135 No pre-hospital trials concerning
head-injury, conducted in the UK, could be identified. The remaining 11 studies were conducted in the
USA,136–139 Canada,128,140 Australia30,141,142 and Austria.143,144 A table (Table 25) summarising the appraisal of
the four trials conducted in the UK NHS, upon which the discussion will focus, is presented below
(the complete appraisal tables can be found in Appendix E (see Critical Appraisal tables).

APPENDIX 1

NIHR Journals Library www.journalslibrary.nihr.ac.uk

112



Identification

Screening

Eligibility

Included

Literature search
Medline, n = 52
CINAHL, n = 20
The Cochrane Library, n = 34
Limits, 15 years (1998 – 2013)

Records excluded (n = 47) 
• Not controlled, n = 12
• Not pre hospital, n = 11
• Not trauma, n = 3
• Helicopter only, n = 2
• Protocol only, n = 5
• Comment, n = 3
• Review, n = 11

Number of full-text articles
excluded (n = 2) 
• Article republished, n = 2

Conducted in UK NHS
Head injury, n = 0
General trauma, n = 4

Conducted outside UK NHS
Head injury, n = 4
General trauma, n = 7

Included (n = 15)

Included (n = 17)

Records after duplicates removed (n = 62)

Articles screened on basis of title and abstract

Full-text articles assessed for eligibility

Systematic reviews
(identified in literature
search), n = 18
Contact with experts, n = 0

FIGURE 27 A PRISMA flow diagram for a systematic review to investigate the barriers to successful completion of
pre-hospital controlled trials regarding interventions for patients with traumatic injuries. CINAHL, Cumulative Index
to Nursing and Allied Health Literature.
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TABLE 25 Pre-hospital controlled trials investigating interventions for patients with traumatic injuries conducted in
the UK NHS, from 1989–2013

Appraisal

Trials

Fluids Analgesia Patient pathway

Turner et al.133 Woollard et al.134 Snooks et al.135 Mason et al.100

Study purpose To assess the effects of
two pre-hospital fluid
protocols: fluids
administered to all
qualifying trauma
patients vs. fluids
withheld until arrival
at hospital

To assess which of two
pre-hospital analgesia
dosing regimens with
nalbuphine produced
the greatest analgesic
effect

To assess the impact
of transportation of
selected patients to a
MIU compared with
standard practice of
transporting all
patients to the ED

To evaluate the
possible benefits of
paramedic practitioners
assessing and treating
older people with
minor injuries or
illnesses in the
community

Study design Cluster controlled trial;
paramedics (n= 401)
randomised to one of
the two treatment
protocols and then
crossed over half-way
through trial

Randomised controlled
trial; patients
randomised, by the
opening of an opaque
envelope, into either a
rapid or slow dosing
regimen

Cluster controlled trial;
ambulance crews
(n= 55) transported
patients to
participating MIUs
during randomly
selected weeks,
totalling 6 months;
all other weeks
transferred to the ED

Cluster controlled trial;
weeks (n= 56) were
randomised so patients
either received the
paramedic practitioner
service (n= 30 weeks)
or standard care
(n= 26 weeks)

Recruitment 1583 patients required;
1309 recruited over
17 months (53.4% IG,
46.6% CG); 64%
useable response rate
to questionnaires

152 patients required;
175 patients were
randomised (49.1% IG;
50.9% CG); 37.7%
of patients missing
in-hospital data

Patients required not
stated; 834 patients
recruited over 1 year
(49.0% IG, 51.0%
CG); 59.8% useable
response rate
to questionnaires

2200 patients required;
3018 recruited over
1 year (51.3% IG,
48.7% CG); 64.6%
useable response rate
to questionnaires

Relevant
participants

Not applicable Not reported Seven patients (0.9%)
taken to MIU were
subsequently
transferred to ED as
injuries more severe
than initially identified

Not reported

Compliance Poor; 69.1% of
Protocol A patients and
20.2% of Protocol B
patients received the
incorrect treatments;
very small difference
between the two
groups in terms of
those who received
fluids (30.9%
vs. 20.2%)

Poor; paramedics failed
to give the maximum
dose of nalbuphine
available to patients
who continued to
report significant pain
following their
first dose

Poor; 90.0% of
intervention group and
23.1% of control
group taken to
incorrect destination;
very small difference
in proportion of
patients taken to MIU
during the intervention
and control weeks
(10.0% vs. 8.7%)

Excellent; 191%
compliance reported

Selection bias Not analysed Reasons for
non-compliance could
not be accounted
for by on-scene or
transportation time or
initial pain score

The main influence on
patient destination was
distance to facility,
along with distance to
nearest other facility
and presence of
head injury

None
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Discussion

Pre-hospital controlled trials conducted in the UK NHS

Study purpose and design
Three of the four trials used a cluster randomised design. In such trials, rather than randomising each
individual patient, another unit (such as practitioner or week) is randomised.145 This is favoured in
many non-pharmacological trials, in which switching back and forth between one or more treatments
would be impractical. The dangers of this approach include clustering of effects and contamination
between groups.146

In the two trials investigating alternative patient pathways, by Snooks et al.135 and Mason et al.,100 week
was used as the unit of cluster so that on some weeks the experimental intervention was given, and on
others the control. In Turner et al.’s133 study of two fluid protocols, the unit of cluster was the paramedic.
A cross-over design was used: half-way through the trial those administering protocol A (fluid for all
trauma patients) switched to B (no fluids), and vice versa.133

Recruitment
All but one of the trials (Turner et al.133), recruited an adequate number of patients. However, issues arose
regarding patient response to follow-up questionnaires, which was less than 65% in all cases.100,133,135

This is despite the fact that in one study some patients were sent consent forms with their questionnaires,
rather than before, as with the other studies.133 Reasons for the low response rate were not elucidated,
but it meant that a potentially unrepresentative sample of responses may have been collected
(e.g. patients in better health who were able to respond).123

Relevance of participants recruited
This factor is related to the capacity of pre-hospital triage criteria to correctly identify injuries which cannot
be fully diagnosed in the pre-hospital environment (e.g. TBI). Therefore, it is only relevant to those studies
which aimed to recruit patients whose injuries could not be fully diagnosed in the pre-hospital environment.

TABLE 25 Pre-hospital controlled trials investigating interventions for patients with traumatic injuries conducted in
the UK NHS, from 1989–2013 (continued )

Appraisal

Trials

Fluids Analgesia Patient pathway

Turner et al.133 Woollard et al.134 Snooks et al.135 Mason et al.100

Acceptability Not reported Not investigated;
however, reasons for
non-compliance could
not be accounted
for by on scene or
transportation time or
initial pain score and
the authors concluded
that it implied refusal
to administer full dose
to those in continued
pain

Acceptability of the
trial protocols was very
poor; perceived barriers
to MIU use by crews
included: distance to
MIU compared to ED,
opening times of MIU
and underlying
medical condition

Patients treated during
the paramedic
practitioner
intervention weeks
were more likely to be
very satisfied with their
care (relative risk 1.16,
95% CI 1.09 to 1.23;
p<0.001)

CG, control group; IG, intervention group; MIU, minor injuries unit.
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In the study by Snooks et al.135 seven patients (0.9%) diagnosed by paramedics as having a minor injury
and taken to the Minor Injuries Unit were subsequently transferred to the ED, as their injuries were in fact
more severe.135 This demonstrates that pre-hospital triage criteria may not always correctly identify the
injuries, nor the severity of those injuries, that a patient has sustained.

Compliance
Excepting the study by Mason et al.,100 compliance with study protocols was poor. In the studies by
Turner et al.133 and Snooks et al.135 the difference between those who did and did not receive the
experimental intervention in the control and intervention groups was only 10.7% and 1.3%, respectively
(i.e. nearly as many patients in the intervention group received the control intervention, as in the control
group). In fact, in these studies, the study protocol had no significant effect on the intervention given.133,135

The 191% compliance found in the study by Mason et al.100 can be explained by the fact that, according
to the weeks of randomisation, paramedic practitioners were either available or not available during the
study period. This eliminated the chance of non-compliance.100

Selection bias due to non-compliance
In the study by Snooks et al.135 it was identified that paramedics were primarily choosing the patient
destination (Minor Injuries Unit vs. ED) based on distance from the incident to those facilities. Therefore, if
patients were injured nearest to a MIU, they were more likely to be taken there, regardless of the week
of randomisation.135 However, selection bias was not investigated in this or any of the other studies.135

Acceptability to patients, families and staff
None of the studies appraised the views of the paramedics involved in the study, except that by Snooks
et al.135 Semistructured interviews were conducted with 15 of the 55 ambulance crews. Perceived barriers
to Minor Injuries Unit use by crews included distance to the units compared with the ED, opening times
and uncertainty regarding willingness to accept patients.135 In preparing for the trial, pre-trial training was
given to all 55 participating crews, including the necessity for intervention and control groups. The
investigators conclude that, for pre-hospital research, ‘the lower the reliance on participants to decide
when to apply protocols, the more robust the study will be’.135

Additionally, reasons for lack of paramedic compliance with controlled trials in general have been explored
by two recent qualitative studies in the UK. Both of these identified additional reasons for potential
non-compliance.129,130 The first employed a questionnaire study in the Yorkshire Ambulance Service.129

A response rate of only 32% (n= 187) was achieved, itself suggesting a limited engagement with
research. The barriers to trial participation included the perception that use of evidence in the pre-hospital
setting is limited, that research is not the responsibility of paramedics, that it is impractical and that there is
not enough time for the recruitment process. It appeared that a cluster randomisation approach was
preferred, but even this raised issues regarding treatment delays and the ethics of pre-consent
randomisation of patients.129

The second study, involving paramedics who had taken part in a pre-hospital investigation regarding
treatments for stroke, had similar findings.130 Concerns were raised that patients would not receive the
best care, that the process of randomisation would limit their clinical decision-making and that research
protocols would increase the time necessary to assess and treat patients before transportation.130

Therefore, it is clear that, in the UK at least, there are issues regarding the conduct of research by
paramedics which go beyond any single trial. The issues of compliance encountered by the studies under
appraisal may relate to some of the more general barriers identified in these two qualitative studies.
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Pre-hospital controlled trials conducted outside the UK NHS

Study purpose and design
The remaining 11 studies (Appendix E) were all randomised controlled trials (i.e. patients randomised
directly). Five investigated interventions in head-injury, four of which fluid concerned
administration128,136,140,141 and one pre-hospital intubation.37 The final six investigated interventions in
general trauma: three fluid administration,137–139 one oxygen144 and two analgesia.142,143

Recruitment
In three of the trials concerning head injury,30,136,141 recruitment took place for over 3 years. In the study
by Cooper et al.,141 set in Melbourne, Australia (a region with more than 4 million inhabitants) it took
3 years and 4 months to recruit the 262 adult patients with a GCS score of ≤ 8 and hypotension. In the
study by Bernard et al.,37 set in Victoria, Australia (again, a region with more than 4 million inhabitants),
it took 4 years to recruit 312 adult patients with a GCS score of ≤ 9.

Trials recruiting patients with all traumatic injuries (e.g. head, long bone, abdominal) were able to recruit
the same number of patients as these, but over a shorter duration. For example, Bulger et al. recruited 209
adult blunt trauma patients with hypotension, but in half the time of the other two studies (2 years) and in
a region with one-eighth of the inhabitants (Seattle, USA, population 621,000).137 Therefore, it could be
that, as the eligibility criteria for entry into a trial become more specific, the recruitment rate will fall.

As in the studies conducted in the UK, loss to follow-up was an issue. In one head-injury study, loss
to follow-up at 6 months was 42.9%.128 In the head-injury studies, reasons identified for high losses to
follow-up included being unable to consent patients because of minimal injury with rapid discharge from
hospital136 and changes in patient location.128

Relevance of participants recruited
In the trial investigating pre-hospital intubation for head-injury, of the 312 patients randomised, six (1.9%)
had diagnoses other than TBI (e.g. spontaneous intracranial haemorrhage) and 22 (7.1%) only had a minor
head injury and it was assumed that intoxication was the reason for the initial degree of coma (GCS score
of ≤ 9).37 As mentioned above, this demonstrates that pre-hospital triage criteria may not always correctly
identify the injuries a patient has sustained, leading to patients not relevant to the study being recruited.

Compliance
In the two trials investigating interventions performed by a specialist (intensive care paramedic intubation
of TBI patients37 and pre-hospital doctor administration of pain relief143), the compliance was 191%. These
were both ‘open-label’ studies, in which the specialists were fully aware of the treatments they were
administering. It is possible that their high compliance levels can be explained by intensive pre-trial training
(the intensive care paramedics required a 16-hour training programme before acceptance onto the trial)
and better comprehension of the necessity for a robust, well-conducted study.37,143

Those trials involving fluid administration, including four of the head-injury trials, to which paramedics
were blinded (using identical, randomised fluid bags) and therefore had no control over which
interventions they were giving, had compliance levels of over 90%.139,141 In these cases the paramedics
were unaware of which treatments they were administering and were therefore unable to decide to break
treatment protocol.137

DOI: 10.3310/hta20010 HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 1

© Queen’s Printer and Controller of HMSO 2016. This work was produced by Lecky et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.

117



However, an open-label study involving fluid administration, which investigated the effect of pre-hospital
administration of a haemoglobin-based oxygen carrier (PolyHeme) compared to standard fluids, had a
compliance level of 80.5% in the control group.138 The investigators identified that the control group
patients who received PolyHeme had higher injury severity scores, lower pre-randomisation blood pressure
and lower GCS scores. This suggests that paramedics were breaking the protocol for control patients who
they felt were in a more severe condition.138 Therefore, it appears that Snooks et al.135 could be correct in
their assertion that where paramedics are aware of which interventions are being given, compliance levels
will be low, and therefore that only double-blind pre-hospital controlled trials or those involving highly
trained specialists will achieve above 90% levels of compliance.

Selection bias owing to non-compliance
Selection bias was poorly investigated and reported across all studies. The one exception to this was the
PolyHeme trial, which identified that paramedics were selecting patients with more severe injuries from
the control group to receive the experimental intervention.138

Acceptability to patients, families and staff
None of the studies conducted outside the UK NHS assessed the acceptability of the interventions under
investigation to patients, families and staff. However, one survey study, conducted in the USA,
has served to evaluate paramedics’ attitudes and experiences in enrolling critically injured trauma patients
under federal rules for exemption from informed consent.125 This study found that while over 90% of
responders (n= 787) agreed that ‘research in EMS care is important’, nearly 40% felt that they should
retain a personal right to refuse to enrol patients and over 50% felt that the autonomy of research
subjects is above the interests of the community. In light of these findings, some researchers have
suggested that paramedics should be allowed to ‘opt out’ of research to help increase compliance.125,147

As in the previous studies, this involves issues of paramedic autonomy and research ethics.

Barriers identified

The four pre-hospital trials conducted in the UK NHS demonstrated that all five of the issues addressed by
this review may present as barriers to the successful completion of studies. While recruitment numbers
were generally good, responses to 6-month follow-up questionnaires were poor. Pre-hospital triage criteria
may not always correctly identify the injuries a patient has sustained, which can lead to irrelevant patients
being recruited into a study. Compliance was poor in trials in which paramedics were aware of which
group their patients were randomised to. Whether non-compliance resulted in selection bias was poorly
investigated. Acceptability to staff was also poorly investigated.

Pre-hospital trials conducted outside of the UK also have much to teach investigators operating within the
NHS. Response to 6-month follow-up questionnaires was a particular issue in some head-injuries studies.
Reasons identified for this included rapid discharge from hospital. Another issue of specific consequence to
the head-injury studies was recruitment of relevant patients. In some cases, patients with a head-injury and
a GCS suggesting severe TBI were actually intoxicated or had a non-traumatic intracerebral haemorrhage.
High levels of compliance were only achieved where specialist paramedics, who had undertaken
extra training to be eligible to take part in the trial, were involved or paramedics had no knowledge of
which treatment they were administering. Barriers to paramedic involvement in controlled trials, specifically
where incapacitated patients were being recruited, were identified as paramedic and patient autonomy,
the perception that research was unnecessary and the issue of lack of time.
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APPENDIX E: systematic review of pre-hospital controlled trials
investigating interventions for patients with traumatic injuries

Methods
Search terms (Table 26) were developed with reference to the US National Library of Medicine’s ‘Medical
Subject Headings’ database and through contact with a researcher with extensive experience of both
conducting and appraising pre-hospital controlled trials (see Contact with Dr Janette Turner, University of
Sheffield, below). Search terms of more than one word were enclosed in quotation marks, and where
more than one word ending was possible (e.g. injury, injuries, injured) a truncation symbol (*) was used.

Three databases were used to conduct the search: MEDLINE (via the OVID Technologies interface:
http://gateway.ovid.com), CINAHL (via the EBSCOhost interface: http://ebscohost.com/academic) and the
Cochrane Library (www.thecochranelibrary.com). These were chosen based on the scope of each database
covering all the journals it was thought that pre-hospital controlled trials would be published in, as advised
by the two above-named researchers. As well as these databases, reference searching of articles identified
was also employed, along with communication with above-named authors for any trials that had been
missed or any ‘grey literature’ (studies conducted and completed but unpublished).

The MEDLINE database search was conducted on the 24 March 2013 and that of the CINAHL and
Cochrane Databases was conducted on 25 March 2013. An ‘autoalert’ search was set up on the MEDLINE
database so that any trials which were published following the initial search, up to and including
30 June 2013, could be identified and included. Only the MEDLINE search will be described here.

Each search term was searched for individually in both the ‘title’ and ‘abstract’ fields, using the OVID
‘search fields’ function. Following this, search terms from the same key concept were combined with ‘or’
and the search terms from different key concepts were combined with ‘and’. This gave the following
search strategy:

(pre-hospital or ‘out of hospital’ or ambulance or paramedic or ‘EMS’ or EMS) and

‘controlled trial’ and

(trauma or wound or injur*)

A date limit of 15 years was set. This was chosen pragmatically, based on advice from Professor Lecky
(see also Contact with Dr Janette Turner, below), to try to maintain ecological validity with current
ambulance practice. A date limit of less than 15 years would have missed important pre-hospital trials
conducted in the UK. A date limit of greater than 15 years would mean that practices and availability of
resources may have been very different from those today, making associations between older and
contemporary trials meaningless.

TABLE 26 Search terms used in a systematic review to investigate the barriers to successful completion of
pre-hospital controlled trials regarding interventions for patients with traumatic injuries

Key concept Pre-hospital Controlled Trial Trauma

Search terms Pre-hospital Controlled trial Trauma

Out of hospital Wound

Ambulance Injur*

Paramedic

EMS

EMS
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Following the conduct of the above searches, eligibility criteria (Box 1) were applied to the papers
identified. These were chosen so that the scope of the trials included in the review would be focused on
the pre-hospital care of those with traumatic injuries by land-based ambulance services. It was predicted
that this would give a homogenous group of studies from which meaningful comparisons and conclusions
could be drawn. The eligibility criteria were first applied to the titles of the papers, then the abstracts and
finally the full reports.

The trials finally selected for inclusion in the report were reviewed in terms of five criteria (Table 27)
highlighted in previous reports as being key to the success of the conduct of controlled trials,132 and
of pre-hospital trials in particular.128 As this review was concerned with the success of the conduct of the
trials, rather than with the efficacy of the health-care interventions they investigated, no assessment, in
terms of the success of the interventions under investigation, was made. All trials were reviewed by the
author using the criteria specified in Table 4 and the preliminary results were reviewed by Professor Lecky
in terms of adequacy and consistency.

BOX 1 Eligibility criteria applied to select research papers for a systematic review to investigate the barriers to
successful completion of pre-hospital controlled trials regarding interventions for patients with traumatic injuries

Conducted, at least partly, in the pre-hospital environment.

Controlled trial (randomised or cluster).

Over 50% of participants had traumatic injuries.

Involved, at least partly, land-based ambulance services (i.e. no helicopter-only studies).

Actual report of trial conduct, not just protocol (although protocols identified were used to find the actual

report of the trial if already published).

TABLE 27 Criteria used to assess the success of the conduct of trials identified in a systematic review to investigate
the barriers to successful completion of pre-hospital controlled trials regarding interventions for patients with
traumatic injuries

Criteria Explanation

Recruitment The actual recruitment achieved during the trial compared to the recruitment numbers
specified by any power calculations undertaken, both overall and in different arms of
the trial

Proportion of relevant
participants

If participants were recruited based on assessment undertaken in the pre-hospital
environment (e.g. GCS) designed to identify injuries which cannot be diagnosed before
admission to hospital (e.g. TBI), what was the proportion of relevant participants entered
into the study (e.g. TBI) vs. non-relevant (e.g. intoxicated)

Compliance with trial
protocols

What was the proportion of compliance by paramedics and other pre-hospital health-care
personnel with the study protocols

Selection bias created by
non-compliance

Where non-compliance existed, was it identified whether this led to patients with similar
characteristics (e.g. male, elderly) not being recruited into the study

Acceptability What was the level of acceptability of control and experimental interventions to patients,
families and staff
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Contact with Dr Janette Turner, University of Sheffield
from: Nathan Chapman

to: Janette Kay Turner

date: Fri, Mar 29, 2013 at 2:00 PM

subject: Re: Student of Fiona Lecky – request for advice regarding lit review of pre-hospital RCTs

Hi Janette, I hope you’re well. I have now completed the literature search for my systematic review of
pre-hospital controlled trials. I refined my research question following a preliminary review of the literature,
and decided to focus on pre-hospital controlled trials regarding trauma published in the last 15-years.
The 15-year limit was chosen pragmatically to include important pre-hospital trials conducted in the UK in
the late 90s early 00s, but not to go so far back as to lose relevance with up-to-date pre-hospital practice.
I searched for the following terms in titles or abstracts:

l (pre-hospital or pre-hospital or ‘out of hospital’ or ambulance or paramedic or ‘EMSs’ or EMS) and
(trauma* or wound* or injury or injuries) and ‘controlled trial’

The eligibility criteria were as follows:

l Conducted, at least in part) in the pre-hospital environment
l Controlled trial (randomised or cluster)
l At least 50% of participants suffering trauma
l Involved, at least in part, land based ambulance services (i.e. not helicopter EMS only studies)
l Actual report of trial conduct and results (not just trial protocol)

I also kept any systematic reviews and protocols I identified during the search to identify furthers controlled
trials. I identified 15 articles in medline, an additional 2 in Cochrane and no additional articles in EMBASE.
Then, using the systematic review and protocols I had found, as well as the document you sent me,
I identified 2 further articles, giving me a total of 19. I was wondering if when you have time you could
have a quick look over this list and let me know if you think I have missed anything important? Please only
do this if you have time though, I know you must be busy. Best wishes, Nathan.

from: Janette Kay Turner

to: Nathan Chapman

date: Fri, Apr 5, 2013 at 4:28 PM

subject: Re: Student of Fiona Lecky – request for advice regarding lit review of pre-hospital RCTs

Hi Nathan I’ve had a scan and i can’t think of anything to be added now you have narrowed it down to
trauma. There were a few I thought of but when I checked they were old studies outside your 15-year
period. Your search strategy is good and by looking and checking the systematic reviews you should have
captured everything. Bit of a sad scenario isn’t it! Let me know if you need any more help. Janette
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Critical appraisal tables

Pre-hospital controlled trials conducted in the UK NHS from 1998 to 2013

TABLE 28 Pre-hospital controlled trials conducted in the UK NHS from 1998 to 2013: other trauma – pre-hospital
fluid administration

Author/publication
year/study title

Study description
and feasibility
assessment Feasibility findings

Turner (2000)133 A
randomised controlled
trial of prehospital
intravenous fluid
replacement therapy
in serious trauma

Study design and
outcomes

l Randomised controlled trial, conducted over 17 months
(May 1996–September 1997) in two UK ambulance services
(ALS EMS), to assess the effects of two different pre-hospital
fluid protocols for adult trauma patients: protocol A fluids
administered to all qualifying patients, protocol B fluids withheld
until arrival at hospital (unless > 1-hour journey time or no
radial pulse)

l 401 paramedics were randomised to one of the two treatment
protocols, stratified by ambulance base station, and then crossed
over half-way through the trial

l A total of 1309 adult (≥ 16 years) trauma patients whose length
of hospital stay was > 3 nights, who died before arrival at
hospital, in hospital or within 6 months of their injury, were
recruited by the study paramedics, 699 during protocol A period
and 610 during protocol B period

l Patients were followed up at 6 months for post-incident death,
complications and general health status

l Pre-hospital informed consent was waived, EMS personnel
enrolled eligible patients and delayed written consent for
continuation in the study was obtained from next-of-kin or from
patients themselves if they recovered capacity, either before or
with the study questionnaires

l No difference between groups at 6 months in terms of mortality,
complications or health status; because of poor compliance with
study protocols no conclusions were drawn from this study

Actual vs. required
recruitment

l Based on a previous trial it was calculated that 420 paramedics
would be required, based on each paramedic recruiting
3.77 patients into the trial (1583 patients required in total)

l Adult trauma patients who had been attended by a paramedic
and who met the study inclusion criteria were identified by
the study team, both by screening AS computers and
cross-referencing with patient report forms and by following up
all relevant cases bought into hospitals involved in the study

l 1309 patients were involved in the study: 699 (53.4%) protocol
A and 610 (46.6%) protocol B

l At 6 months,133 (10.2%) had died and 298 (22.8%) had been
identified too late; therefore, 878 health status questionnaires
were sent to patients, of which 559 (64%) useable replies
were returned

Proportion of
relevant participants

l Not reported

Compliance with
trial protocols

l Compliance with protocols was poor: only 30.9% of protocol A
patients (fluids) and 79.8% of protocol B patients (no fluids)
received the correct treatments

l Therefore, there was a very small difference between the two
groups in terms of those who received fluids (30.9% vs. 20.2%)

l For protocol B (no fluids) some non-compliance can be explained
by exceptions the protocol allowed (9.5% were either > 1 hour
from hospital or had no radial pulse) or by doctors on scene
overriding it (6%)

l Compliance was particularly poor in AS 2, where there was no
significant difference in rates of fluid given between the two
group (21.1% vs. 17.5%, p= 0.33) suggesting paramedics in
this area were reluctant to give fluids even when their protocol
indicated they should do so
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TABLE 28 Pre-hospital controlled trials conducted in the UK NHS from 1998 to 2013: other trauma – pre-hospital
fluid administration (continued )

Author/publication
year/study title

Study description
and feasibility
assessment Feasibility findings

Selection bias due to
non-compliance

l No analysis was undertaken to determine differences between
patients who were treated within study protocols and those who
were not

Acceptability l It appears from the results that protocol A (giving fluids to all
trauma patients) was not acceptable to many paramedics;
however, no assessment of their views was undertaken

Barriers identified l It was thought that randomising paramedics, rather than
patients, would improve compliance since each paramedic
would be working with only one protocol at a time rather than
having to switch between protocols according to the
randomisation process

l However, compliance with the study protocols was poor and
there was only a 10.7% difference in the patients who received
fluids between the two groups

l It was found that paramedics, especially in AS 2, appeared to
dislike giving trauma patients fluid, despite working with a
protocol which indicated that they do so and despite the fact
that in the UK most on-scene fluid therapy for trauma patients is
given by paramedics (i.e. this is their standard practice)

l Return of useable health status questionnaires at 6 months was
> 60%
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TABLE 29 Pre-hospital controlled trials conducted in the UK NHS from 1998 to 2013: other trauma – analgesia

Author/publication
year/study title

Study description
and feasibility
assessment Feasibility findings

Woollard (2004)134 Less IS
less: a randomised
controlled trial comparing
cautious and rapid
nalbuphine dosing
regimens

Study design
and outcomes

l Randomised controlled trial conducted in the UK (dates not
provided) to assess which of two pre-hospital analgesia dosing
regimens, with nalbuphine, produced the greatest analgesic
effect with minimum adverse events

l 175 adult (≥ 18 years) patients suffering from ischaemic heart
disease (chest pain) or trauma (long bone injury or burn) with a
pain score of > 3 (0–10) were randomised, by the opening of an
opaque envelope containing the dosing regimen to be used
(distributed in blocks of 10 to each study ambulance), into either
a rapid dosing regimen (n= 86) or a slow dosing regimen
(n= 90); data were collected on pain scores, vital signs and
side effects

l The rapid dosing regimen group had significantly greater
reductions in pain score with no decrease in patient safety

Actual vs. required
recruitment

l A sample of 152 subjects was required
l 187 patients were assessed for eligibility and 175 were

randomised: 86 rapid regimen, 90 slow regimen
l Of the rapid regimen group 3 (3.5%) were lost to follow-up;

83 were analysed, of whom 29 (34.9%) had missing
in-hospital data

l Of the slow dosing regimen group 1 (1.1%) was lost to
follow-up; 89 were analysed, of whom 2 (2.3%) were missing
pre-hospital data and 37 (41.6%) were missing in-hospital data

Proportion of relevant
participants

l Not reported

Compliance with
trial protocols

l Paramedics failed to give the maximum dose of nalbuphine
available, in both protocols, to patients who continued to report
significant pain following their first dose; therefore, in both
groups the dose of analgesia administered was the same,
whether or not patients achieved adequate analgesia

l The reasons for this could not be accounted for by on scene or
transportation time or initial pain score, and the authors
concluded that it implied poor compliance with both
dosing regimens

Selection bias due to
non-compliance

l Non-compliance with full dosing regimen occurred in both study
groups; it did not appear that any selection bias was introduced

Acceptability l Not investigated

Barriers identified l Poor paramedic compliance with both dosing regimens with
refusal to administer full dose to those in continued pain

l No details given on paramedic training with dosing regimens or
what details were supplied in the opaque envelops
randomising patients

l Loss of over one-third of patients’ in-hospital data in
both groups
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TABLE 30 Pre-hospital controlled trials conducted in the UK NHS from 1998 to 2013: other trauma – pre-hospital
patient pathway

Author/publication
year/study title

Study description
and feasibility
assessment Feasibility findings

Snooks (2004)135 Results
of an evaluation of the
effectiveness of triage
and direct transportation
to minor injuries units by
ambulance crews

Study design
and outcomes

l Cluster randomised controlled trial, conducted over 1 year in the
London and Surrey Ambulances Services, to assess the impact of
paramedic triage and transportation of selected patients to a
MIU compared with their standard practice of transporting all
patients to ED, in regards to ambulance performance, clinical
safety, patient satisfaction and paramedic-perceived barriers

l Over a 1-year period ambulance crews (n= 55) at five
ambulance stations, were asked to transport researcher
specified 999 patients (n= 834) to three participating MIUs
(n= 409) during randomly selected weeks, totalling 6 months.
On all other weeks standard practice was to be used
(i.e. transportation to ED; n= 425)

l During the experimental intervention weeks, ambulance crews
could transport patients with minor injuries outside of exclusion
criteria (e.g. head, chest or spinal injury, > 5% burns, long bone
fracture) to the MIUs between 09:00 and 16:00; a blinded
research paramedic retrospectively reviewed the patient report
forms of the selected patients to confirm their suitability

l Patients were followed up through AS and MIU/ED records and
by postal questionnaire to assess satisfaction with care; patients
taken to MIU and then transferred on to the ED were reviewed;
semistructured interviews were conducted with 15 of the crews

l When MIUs were used there was benefit in terms of total job
time, patient waiting time and patient satisfaction

Actual vs. required
recruitment

l No required number of patients specified in the paper
l A total of 834 patients were recruited: 409 during intervention

weeks and 425 during control weeks
l Of these, 43 (5.6%) had insufficient details recorded for

follow-up; 791 questionnaires were therefore sent out of which
559 (70.7%) were returned and 473 (59.8%) were completed

Proportion of relevant
participants

l Seven patients (0.9%) taken to an MIU were subsequently
transferred to the ED

l In three of these cases the patients did not meet the eligibility
criteria for transport to the MIU, but in no cases did it have a
negative effect on the health outcomes

Compliance with
trial protocols

l Of the 409 intervention patients, 10% were conveyed to the
MIU (correct intervention) and 74.1% were taken to ED

l Of the 425 control patients, 8.7% were conveyed to the MIU
and 76.9% were taken to the ED (correct intervention)

l Therefore, compliance with the study protocols was poor across
both ambulance services: in the intervention group the
proportion of patients who met the criteria for transport to MIU
who were actually transported there was low and the proportion
of patients taken to MIU during the control and intervention
weeks was very similar (8.7% vs. 10.0%)

l Study protocol had no significant effect on patient destination
(p= 0.62)

l The main influence on patient destination was distance to
facility, along with distance to nearest other facility, time of day,
presence of head injury and patient sex

Selection bias due to
non-compliance

l As a result of this low compliance, results were analysed in
terms of where patients were actually transported to rather than
which study group they were in; selection bias was analysed by
interviews with paramedics (see below)

continued
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TABLE 30 Pre-hospital controlled trials conducted in the UK NHS from 1998 to 2013: other trauma – pre-hospital
patient pathway (continued )

Author/publication
year/study title

Study description
and feasibility
assessment Feasibility findings

Acceptability l Perceived barriers to MIU use by crews included distance to MIU
compared to ED, opening times of MIU, uncertainty regarding
where the MIU would accept the patient, patient age,
underlying medical condition and patient choice

l However, patients taken to the MIU were 7.2 times (95% CI
1.99 to 25.8) more likely to rate their care overall as excellent

Barriers identified l Compliance with study protocols was poor and only a minority
of patients were actually transported to a MIU. The main
influence on this was distance to the MIU (i.e. only taken if MIU
closer than ED)

l The randomisation schedule was not taken into account:
patients were equally likely to be taken to a MIU during the
intervention and control weeks

l This meant that study analysis had to be changed (i.e. analysed
in terms of actual destination, not intended destination)

l In preparing for the trial, pre-trial training was given to all
55 participating crews, including the necessity for intervention
and control groups to make the study worthwhile, and
consultation was undertaken with the crews and their managers –
crews and managers seemed happy with the trial at this stage;
therefore, it may not be possible to identify before the start of a
study when compliance will be poor

l Throughout the trial, the study team attempted to maintain
contact with the study paramedics and their managers though
steering group meetings, site visits and newsletters

l However, it was clear that the ambulance crews simply did not
take the randomisation schedule into account when deciding on
the destination of each patient

l The investigators conclude that for pre-hospital research ‘the lower
the reliance on participants to decide when to apply protocols, the
more robust the study will be’

l Patient response rates were poor and it is possible that those
who did not respond held different views to those who did,
which would impact on the study results in regard to
patient satisfaction

Mason (2007)100

Effectiveness of
paramedic practitioners in
attending 999 calls from
elderly people in the
community: cluster
randomised
controlled trial

Study design
and outcomes

l Cluster randomised controlled trial conducted over 1 year
(September 2003–September 2004) in Sheffield, UK
(ALS EMS), to evaluate the possible benefits of paramedic
practitioners (paramedics trained to assess, treat and discharge
older patients with minor acute conditions) assessing and treating
older people with minor injuries or illnesses in the community

l During the study period, weeks (n= 56) were randomised so
that older patients (> 60 years) who called 999 with a minor
acute condition (e.g. fall, laceration, minor burn), between
8 a.m. and 8 p.m. (n= 3018), received either the paramedic
practitioner service (n= 30 weeks, n= 1549 patients) or standard
care with transport to the ED (n= 26 weeks, n= 1469 patients)

l ED attendance or hospital admission over the following 28 days
(patient records), along with time to discharge and patient
satisfaction (postal questionnaire), was assessed

l Throughout the study period, eligible patients were identified by
a paramedic practitioner in the ambulance control room who
then informed a paramedic practitioner in the community who
could go and treat the patient (in the intervention weeks) or, in
the ED, who could go and recruit the patient as a control
participant (in the control weeks)

l The research team checked for eligible patients missed by the
paramedic practitioners on the ambulance service database and
assessed them for selection bias
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TABLE 30 Pre-hospital controlled trials conducted in the UK NHS from 1998 to 2013: other trauma – pre-hospital
patient pathway (continued )

Author/publication
year/study title

Study description
and feasibility
assessment Feasibility findings

l Older patients receiving the paramedic practitioner service were less
likely to attend the ED or require hospital admission, experienced
shorter episode time and were more satisfied with their care

Actual vs. required
recruitment

l A total of 2200 patients were required
l 4175 patients > 60 years called 999 with a minor acute

condition during the study period, of which the control room
paramedic practitioners identified 3996 (96%): there were no
differences in terms of sex and presenting complaint between
those identified and those missed; however, those identified
were older (p< 0.001)

l Of the 3996 patients identified, 978 (24.5%) patients did not
consent to participate, leaving 3018 participants recruited into
the trial: 1549 (51.3%) intervention patients and 1469 (48.7%)
control patients

l During the control weeks all patients received the
standard service

l During the intervention weeks 1090 (70.4%) received the
paramedic practitioner service and 459 (29.6%) received
standard ambulance care – no analysis of any difference
between these groups was undertaken and they were all
analysed as ‘intervention group’ on an intention-to-treat basis

l Of the 3996 patients randomised into the trial, 2293 (74.9%)
agreed to receive a questionnaire (mostly because a high
proportion of patients with cognitive impairments were
excluded) and of these 1482 (64.6%; 37.1% of entire
participants) actually responded – far fewer than the 2200
actually required by the power calculation

Proportion of relevant
participants

l Not reported

Compliance with
trial protocols

l 100% compliance

Selection bias related
to non-compliance

l Not applicable

Acceptability l Patients treated during the paramedic practitioner intervention
weeks were more likely to be very satisfied with their care
(relative risk 1.16, 95% CI 1.09 to 1.23; p< 0.001)

Barriers identified l Paramedic practitioners were either available or not available
during the study period according to the weeks of
randomisation; this eliminated the chance of non-compliance
and cross-contamination (practice on ‘control paramedics’
influenced by knowledge that paramedic practitioners were
available in the community) and enabled service-level evaluation
of the study

l Over one-quarter (29.6%, n= 459) of the intervention group
patients received standard ambulance service care rather than
paramedic practitioner care; they were still included in the
intervention group on an intention-to-treat basis; while this will
have weakened the impact of the intervention on patient
outcomes (diluting the effect of the paramedic practitioner
interventions in this group of patients), it did reflect what
outcomes could be expected were the paramedic practitioner
service to be introduced on a permanent basis (i.e. they will not
make it to every eligible patient because of limitations on their
numbers and time)

l The response rate to questionnaires was < 40%
l There may have been clustering at practitioner level, which could

not be accounted for in the statistical analysis

MIU, minor injuries unit.
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Pre-hospital controlled trials conducted outside the UK NHS from 1998
to 2013

TABLE 31 Pre-hospital controlled trials conducted outside the UK NHS from 1998 to 2013:
head injury – fluids

Trial

Feasibility outcomes appraisal

Outcome Appraisal

Cooper (2004)141 Prehospital
hypertonic saline
resuscitation of patients with
hypotension and severe TBI:
a randomized controlled trial

Study design
and outcomes

l Double-blind, randomised controlled trial, conducted over
3 years, 4 months (December 1998–April 2002) in Melbourne,
Australia (ALS EMS), to assess whether pre-hospital resuscitation
with intravenous Hypertonic Saline (HTS) improves long-term
neurological outcome in patients with severe TBI compared with
resuscitation with conventional fluids

l A total of 229 adult (≥ 18-years) patients with blunt head
trauma, GCS score of ≤ 8 and hypotension (systolic blood
pressure < 100mmHg) were randomly assigned in blocks of
four, stratified by ambulance and hospital, to receive a rapid
intravenous infusion of either 250ml HTS (n= 114) or 250ml
Ringer’s lactate solution (n= 115), contained in identical bags

l Patients were followed up at 6 months for assessment of
neurological status based on the Extended Glasgow Outcome
Score (GOSE)

l Patients, paramedics, treating physicians, and study
co-ordinators were all blinded to treatment allocation

l No difference in neurological function 6 months after injury
between the two treatment groups

Actual vs. required
recruitment

l A total of 220 patients required
l A total of 262 patients were enrolled in the study; 27

(10.3%) were subsequently excluded, leaving 229 patients
correctly enrolled into the study (114 intervention,
115 controls)

l At 6 months only two patients (1%) were lost to follow-up,
and one patient withdrew consent (no reason reported)

Proportion of relevant
participants

l Not reported

Compliance with
trial protocols

l Twenty-seven patients of the original 262 recruited (10.3%)
were excluded – this included 18 (6.9%) because of
non-compliance with the study protocol: one, systolic blood
pressure > 100mmHg; eight, cardiac arrests; six, penetrating
trauma; three, no trauma

l Numbers of patients excluded in each study arm not reported

Selection bias due to
non-compliance

l Not reported

Acceptability l Not reported; however, 6.9% non-compliance could suggest
issues of acceptability to some paramedics regarding the
inclusion and exclusion criteria

Barriers identified l No control of treatments after reaching hospital (i.e. the
control group may have actually received more HTS-D once in
hospital than the intervention group, but the investigators
would not know this)

l Majority of study population (90%) consisted of patients with
multisystem trauma whose other injuries (non-TBI) may have
affected study outcomes

l Nearly 7% of eligible participants had to be excluded because
of issues of non-compliance with study protocol;
characteristics of this population not reported
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TABLE 31 Pre-hospital controlled trials conducted outside the UK NHS from 1998 to 2013:
head injury – fluids (continued )

Trial

Feasibility outcomes appraisal

Outcome Appraisal

Baker (2009)140 Resuscitation
with hypertonic saline-
dextran reduces serum
biomarker levels and
correlates with outcome in
severe TBI patients

Study design
and outcomes

l Double-blind, randomised controlled trial conducted over
16 months (September 2004–January 2006) in Toronto,
Canada (ALS EMS), to assess if pre-hospital fluid resuscitation
with HTS-D decreased the levels of three commonly assessed
TBI biomarkers in patients with severe TBI, compared with
fluid resuscitation with NS

l A total of 64 adult (> 16 years) patients with isolated blunt
head trauma and GCS score of ≤ 8 or loss of consciousness at
any time, were randomly assigned, in blocks (number not
given), to receive either a single 250 ml intravenous infusion
of 7.5% hypertonic saline in 6% dextran 70 (n=31), or 250ml
of 0.9% isotonic NS (n=33), contained in identical bags

l Patients had blood samples taken on admission and at 12,
24 and 48 hours post resuscitation, and were assessed for
neurological outcomes at hospital discharge (or 30 days;
whichever came sooner) using the GOSE, as well as some
other tools

l Patients, paramedics, treating physicians, study co-ordinators
and researchers were all blinded to treatment allocation

l No significant difference in neurological outcomes between
the two groups; patients initially resuscitated with HTS-D had
significantly lower levels of the three biomarkers, which
correlated with better neurological outcomes at
30 days/discharge

Actual vs. required
recruitment

l No power calculation was undertaken
l A total of 64 patients were enrolled in the study; no

exclusions or losses to follow-up reported

Proportion of relevant
participants

l Not reported

Compliance with
trial protocols

l Not reported

Selection bias related
to non-compliance

l Not reported

Acceptability l Not reported

Barriers identified l No control of treatments once initial fluids bolus given
l No assessment of pre-hospital phase of the trial, in regard to

identifying all eligible patients or compliance with trial

Bulger (2010)136

Out-of-hospital hypertonic
resuscitation following
severe TBI: a randomized
controlled trial

Study design
and outcomes

l Double-blind, randomised controlled trial, conducted over
3 years (May 2006–May 2009) in 114 North American EMS
agencies (ALS EMS) to assess if out-of-hospital administration
HTS improves neurological outcome following a severe TBI
without hypovolaemic shock, compared with HTS-D or NS

l A total of 1331 adult (≥ 15 years) patients with blunt trauma,
GCS score of ≤ 8 but no haemorrhagic shock (systolic blood
pressure ≤ 70mmHg or 71–90mmHg with heart rate ≥ 108
per minute) were individually randomised by administration of
a blinded bag of study fluid into one of three groups: 250ml
bolus of hypertonic saline (n= 355) vs. HTS-D (n= 373) vs.
NS (n= 603)

l The primary outcome measure was 6-month neurological
status based on the GOSE; secondary outcome measures
included 28-day mortality

l All out-of-hospital personnel, clinicians, investigators and
patients remained blinded to the treatment
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TABLE 31 Pre-hospital controlled trials conducted outside the UK NHS from 1998 to 2013:
head injury – fluids (continued )

Trial

Feasibility outcomes appraisal

Outcome Appraisal

l The study was terminated by the Data and Safety Monitoring
Board after randomisation of 1331 patients, having met
pre-specified futility criteria (patients in both intervention
groups had worse outcomes compared to those in the
control group)

l No difference in neurological function 6 months after injury
between either intervention and NS

Actual vs. required
recruitment

l A total of 2122 patients was required
l A total of 1331 patients were randomised, 49 (3.7%) of

these never received the study fluid, leaving 1282 (96.3%)
who were actually treated

l 195 (15.2%) of those actually treated were lost to follow-up
at 6 months, leaving 1087 (84.8%) for whom complete
outcome data were available

l Reasons for loss to follow-up (n= 195) included refusal of
patients to consent to contact after discharge (30.8%, n= 60)
or being unable to gain consent because of minimal injury
with rapid discharge (35.9%, n= 70)

Proportion of
relevant participants

l Not reported

Compliance with
trial protocols

l Protocol violations did take place, however, numbers and
descriptions were not reported

Selection bias due to
non-compliance

l Not reported

Acceptability l Not reported

Barriers identified l Meeting of futility criteria caused stoppage of trial
l No control of treatments once reaching hospital
l Difficulty obtaining complete 6-month follow-up data in

trauma population (15.2% rate of missing data for primary
outcome), especially for less severely injured patients who
were discharged rapidly from hospital or who refused
to consent

Morrison (2011)128 The
Toronto prehospital
hypertonic resuscitation-
head injury and multiorgan
dysfunction trial: feasibility
study of a randomized
controlled trial

Study design
and outcomes

l A double-blind, randomised controlled trial conducted within
the catchment areas of two adult trauma centres in Toronto,
Canada (ALS EMS system), to assess the feasibility of a
pre-hospital trial comparing HTS-D with NS in blunt head
injury patients

l A total of 113 adult (≥ 16 years) patients with blunt,
traumatic head injury and a GCS score of ≤ 8 were
randomised, in blocks of 6, to receive either a 250 ml HTS-D
or NS in addition to treatments outlined in standard
paramedic protocol

l Participants were followed up at 30 days for mortality and at
4 months for neurofunctional outcomes

l The specific objectives of this trial included assessment of
protocol-related logistical issues, randomisation, and
follow-up rates

l It is feasible to conduct a pre-hospital randomised controlled
trial with HTS-D for treatment of blunt trauma patients with
head injuries
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TABLE 31 Pre-hospital controlled trials conducted outside the UK NHS from 1998 to 2013:
head injury – fluids (continued )

Trial

Feasibility outcomes appraisal

Outcome Appraisal

Actual vs. required
recruitment

l No power calculation undertaken
l A total of 132 eligible patients were identified, of whom 113

(85.6%) were randomised
l Follow-up for 30-day mortality was 100%; however, of the

77 surviving patients only 49.3% (n= 37) consented to
follow-up at 4 months, and only 42.9% (n= 33) actually
completed the assessment

Proportion of
relevant participants

l Not reported

Compliance with
trial protocols

l Of 132 eligible participants, 19 (14.4%) were missed by
paramedics; reasons include lack of time (22%), paramedic
discretion (7%), the paramedic forgot (15%) and paramedic
refused (2%)

l Compliance of 85.6% believed to have been achieved by
clear instructions on fluid outer packaging including a
reminder of the inclusion and exclusion criteria

l Additionally, refresher training was given every 6 months and
e-mails and newsletters were implemented to address
compliance issues

Selection bias due to
non-compliance

l There was no difference in terms of demographics or
covariables between the 113 enrolled patients and the
19 missed patients

Acceptability l Not reported

Barriers identified l Main barrier identified was loss of 50.7% of living patients to
4-month follow-up post discharge

l It was reported that this was caused by changes in patient
location (e.g. patient in care facility or living with friends
or family)

l It was also identified that owing to the emotional and
financial stress placed on families, their efforts are focused
solely on experiences that will benefit their loved one or
themselves directly, therefore returning calls to a research
program will be a low priority

l The authors suggest that to overcome these barriers
researchers link their follow-up assessments with the patients
clinical appointments and that during the interlude between
hospital discharge and follow-up date, researchers build a
professional relationship with the patients and/or their
families, possibly by meeting with them at their clinical
appointments and assisting them if they ask for help
(e.g. with insurance claims, social services, home care or
occupational health), although this could raise ethical issues

ALS, advanced life support; EMS, emergency medical system; HTS-D, hypertonic saline and dextran; NS, normal saline.
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TABLE 32 Pre-hospital controlled trials conducted outside the UK NHS from 1998 to 2013:
head injury – intubation

Author/publication
year/study title

Study description
and feasibility
assessment Feasibility findings

Bernard (2010)37

Prehospital rapid sequence
intubation improves
functional outcome for
patients with severe TBI:
a randomized
controlled trial

Study design
and outcomes

l Randomised controlled trial, conducted over 4 years
(April 2004–January 2008) in four cities in Victoria, Australia
(ALS EMS system), to assess if ‘intensive care paramedic’
performance of RSI in adult patients with severe TBI improves
neurological outcome at 6 months compared to hospital RSI
by doctors

l A total of 312 adult (≥ 15 years) patients with head trauma,
GCS score of ≤ 9 and intact airways reflexes were randomised,
in blocks of 10, in each paramedic ambulance unit to receive
paramedic RSI (n= 160) or hospital RSI (n= 152)

l Patients were followed up at 6 months for neurological function
assessment, by telephone interview with surviving patient or
their relative

l Pre-hospital RSI by paramedics increased rate of favourable
neurological outcome at 6 months

Actual vs. required
recruitment

l A total of 312 patients required
l Over 4 years, 1045 patients with suspected severe TBI evaluated

by paramedics; 717 had exclusion criteria, 328 fulfilled
inclusion criteria

l Of the 328, 16 (4.9%) were not enrolled owing to paramedic
error, 312 patients were randomised

l Thirteen patients (4.2%) were lost to follow-up at 6 months
(3 in paramedic group, 10 in hospital group)

Proportion of relevant
participants

l Of the 312 patients, 6 (1.9%) had a diagnosis other than TBI
(5 spontaneous intracranial haemorrhage resulting in a fall,
1 drug overdose after a minor head injury)

l Upon ED examination 22 patients (7.1%) were identified as
having only a minor head injury and it was assumed that
intoxication was the reason for the initial degree of coma

Compliance with
trial protocols

l Sixteen patients (4.9%) were not enrolled owing to paramedic
error (errors and reasons not discussed)

Selection bias due to
non-compliance

l Not reported

Acceptability l Not reported

Barriers identified l Impossible to blind health-care professionals (paramedics and
doctors) to treatment allocation, incurring the possibility that
patients in the different groups might have been treated
differently; however, the authors suggest that the effect
of this would have been limited by strict pre-hospital and
in-hospital treatment protocols

l Only 4.2% were lost to follow-up
l 4.9% of eligible patients were not enrolled due to paramedic

error (not reported thoroughly)
l Just under 2% had a diagnosis other than TBI and just over 7%

of patients had sustained only a minor head injury, and were
therefore incorrectly enrolled into the study because of other
causes of reduced GCS, which in all cases was found to
be intoxication

RSI, Rapid Sequence Intubation.
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TABLE 33 Pre-hospital controlled trials conducted outside the UK NHS from 1998 to 2013:
other trauma – fluids

Author/publication
year/study title

Study description
and feasibility
assessment Feasibility findings

Bulger (2008)137

Hypertonic resuscitation
of hypovolemic shock
after blunt trauma:
a randomized
controlled trial

Study design
and outcomes

l Double-blind, randomised controlled trial, conducted over
2 years (October 2003–August 2005) in Washington, USA, to
assess the effect of HTS administration on organ injury after
blunt trauma, compared to normal fluid treatments

l A total of 209 adult blunt trauma patients (> 17 years) with
pre-hospital hypotension (systolic blood pressure ≤ 90mmHg)
were randomised, in blocks of 6, to receive 250ml of HTS148

or lactated Ringer solution99 as their initial pre-hospital
resuscitation fluid

l Patients were followed up at 28-days for the presence of
respiratory distress syndrome

l Based on futility the study was stopped following an
interim analysis

l Overall, no significant difference in respiratory distress was
demonstrated between the two groups

Actual vs. required
recruitment

l It was calculated that 400 patients would be required
l During study period 261 eligible patients were identified; of

these 209 (80.1%) patients were randomised and 52 (19.9%)
were not

l Of the 209 patients, three were lost to follow-up at 28 days
(one had no home telephone and two were homeless)

Proportion of relevant
participants

l Not applicable

Compliance with
trial protocols

l Of the potential 261 eligible participants, 52 (19.9%) were not
randomised: in 30 cases the EMS provider forgot about the
study and in 13 there was confusion regarding the study
inclusion criteria

l Of the 209 patients enrolled, 21 (10.0%) met certain exclusion
criteria and had been enrolled incorrectly: seven required CPR,
six were hospital transfers, one was a child

Selection bias due to
non-compliance

l Not reported

Acceptability l Not reported

Barriers identified l No control of treatments once reaching hospital
l 19.9% of eligible patients were not randomised due to

paramedic error, the most common errors included paramedics
forgetting about the trial, or being confused regarding the
inclusion criteria and so not recruiting the patients

l Additionally, 10% of participants recruited actually met one of
the exclusion criteria, but were still included in the study
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TABLE 33 Pre-hospital controlled trials conducted outside the UK NHS from 1998 to 2013:
other trauma – fluids (continued )

Author/publication
year/study title

Study description
and feasibility
assessment Feasibility findings

Moore et al. (2009)138

Human polymerized
hemoglobin for the
treatment of hemorrhagic
shock when blood is
unavailable: the USA
multicentre trial

Study design
and outcomes

l Open-label, randomised controlled trial, conducted over
2.5 years (January 2004–July 2006) in 29 trauma centres across
the USA, to assess the effect of pre-hospital administration of a
haemoglobin-based oxygen carrier (PolyHeme) on survival of
trauma patients compared with standard care (crystalloid solution)

l A total of 714 adult (≥ 18 years) trauma patients with
pre-hospital hypotension (systolic blood pressure ≤ 90mmHg)
were randomised to receive pre-hospital resuscitation with
PolyHeme (n= 350) or crystalloid (n= 364) and followed up at
30 days to record mortality

l There were 124 (17%) protocol violations in which the incorrect
treatment was given; therefore, 349 patients actually received
PolyHeme and 365 patients received crystalloid

l No significant difference in 30-day mortality between those
patients who received experimental treatment and those who
received control treatment

Actual vs. required
recruitment

l It was calculated that 720 patients would be required
l A total of 720 patients were recruited into the study; 6 (0.8%)

received no study treatment and were not included in analysis;
714 (99.2%) patients were analysed

Proportion of
relevant participants

l Not reported

Compliance with
trial protocols

l Of the 714 patients analysed, there were 124 (17%) major
protocol violations: 71/364 (19.5%) patients in control group
and 53/350 (15.1%) patients in experimental group received the
incorrect treatment

Selection bias related
to non-compliance

l Full analysis was undertaken of ‘as randomised groups’,
‘as treated groups’ and of the ‘protocol violations group’

l Analysis of the ‘protocol violation group’ identified that the
control group patients who incorrectly received PolyHeme had
higher injury severity scores, lower pre-randomisation blood
pressure and lower GCS scores, suggesting that paramedics
were breaking the protocol for control patients who they felt
were in a more severe condition and therefore required the
experimental intervention, which they perhaps perceived to be
of greater efficacy

Acceptability l Not directly assessed, although the high percentage (17%) of
protocol violations suggest that paramedics did not accept the
study protocols and gave the experimental treatment to those
who were perceived to have more severe injuries

Barriers identified l Protocol violations possibly related to paramedics’ views
on the requirements for the experimental intervention

l It appears that patients in the ‘as randomised’ control group
were more likely to receive the experimental intervention if their
injuries were more severe
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TABLE 33 Pre-hospital controlled trials conducted outside the UK NHS from 1998 to 2013:
other trauma – fluids (continued )

Author/publication
year/study title

Study description
and feasibility
assessment Feasibility findings

Bulger (2011)139

Out-of-hospital hypertonic
resuscitation after
traumatic hypovolemic
shock: a randomized,
placebo controlled trial

Study design
and outcomes

l Double-blind, randomised controlled three-arm trial conducted
over 2 years and 3 months (May 2006–August 2008) in
114 EMS agencies in the USA to assess if pre-hospital HTS
administration improves survival after severe injury with
haemorrhagic shock

l A total of 853 adult (≥ 15 years) trauma patients with
hypovolaemic shock (systolic blood pressure ≤ 70mmHg or
systolic blood pressure 71–90mmHg with heart rate ≥ 108 bpm)
were randomised, by administration of a blinded bag of study
fluid, into one of three groups: 250-ml bolus of HTS (n= 231)
vs. HTS-D (n= 269) vs. NS (n= 395) and followed up at 28 days
for mortality

l The study was stopped at 25% of the proposed sample size
owing to issues of futility and safety

l No difference in 28-day mortality between either experimental
group and normal saline

Actual vs. required
recruitment

l A total sample size of 3726 patients were required
l A total of 895 patients were randomised before the trial was

stopped early; 42 (4.7%) patients never had the fluid
administered, including 13 who did not meet the inclusion
criteria, 10 who met the exclusion criteria and 2 cases in which
paramedics were unsure of the study criteria; it was not possible
for the investigators to assess if these 42 patients differed
significantly from the study population

Proportion of relevant
participants

l Not applicable

Compliance with
trial protocols

l No differences in protocol violations between the three trial
groups: 4.5% of patients enrolled did not meet inclusion criteria
and 3% met one or more exclusion criteria

Selection bias related
to non-compliance

l Not applicable

Acceptability l Not applicable

Barriers identified l No control of treatments once reaching hospital
l High compliance with trial, but difficult to draw conclusions

regarding feasibility outcomes as trial stopped early

CPR, cardiopulmonary resuscitation; HTS, hypertonic saline; HTS-D, hypertonic saline and dextran; NS, normal saline.
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TABLE 34 Pre-hospital controlled trials conducted outside the UK NHS from 1998 to 2013:
other trauma – oxygen

Author/publication
year/study title

Study description
and feasibility
assessment Feasibility findings

Kober (2002)144 A
randomised controlled trial
of oxygen for reducing
nausea and vomiting
during emergency
transport of patients older
than 60 years with
minor trauma

Study design
and outcomes

l Double-blind, randomised control trial conducted over
4 months (January–April 2000) in Vienna, Austria (ALS EMS),
to assess if oxygen administration reduces nausea and
vomiting, during ambulance transport of patients with minor
trauma significant enough to require transportation to
hospital, compared with breathing air

l A total of 100 patients, aged > 60 years with minor trauma
(e.g. contusion, simple fracture of distal limb), were randomly
assigned to breathe 100% oxygen at 10 l/minute (n= 50)
or air (n= 50), through a plastic facemask during
ambulance transportation

l They were assessed for number of vomiting episodes during
transport, as well as being asked to report their own levels of
pain, nausea, vomiting, anxiety and overall satisfaction with
care using standardised scales

l The paramedic who assessed the patient for all outcomes was
blinded to their treatment (paramedic who administered the
gasses was not, but did not assess the patient); researchers
and statisticians were also blinded

l While pain scores were unaffected, supplemental oxygen
reduced nausea scores by 50% and episodes of vomiting
fourfold, as well as having a significant effect on heart rate
and overall satisfaction with care

Actual vs. required
recruitment

l A total of 100 patients required
l A total of 100 patients enrolled in the study

Proportion of relevant
participants

l Not reported

Compliance with
trial protocols

l Not reported

Selection bias related
to non-compliance

l Not reported

Acceptability l Not reported

Barriers identified l Some patients had had nausea even before their injury owing
to alcohol intoxication; however, these patients were not
excluded and alcohol use or blood content was not measured
in this study and therefore its effects could not be taken into
account

l No assessment of paramedic compliance with trial
randomisation
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TABLE 35 Pre-hospital controlled trials conducted outside the UK NHS from 1998 to 2013:
other trauma – analgesia

Author/publication
year/study title

Study description
and feasibility
assessment Feasibility findings

Schiferer (2007)143 A
randomized controlled trial
of femoral nerve blockade
administered preclinically
for pain relief in femoral
trauma

Study design
and outcomes

l Randomised controlled trial conducted in Vienna, Austria
(Doc-ALS system), over 8 months (April–November 2005) to
assess the effectiveness of the pre-hospital administration of a
femoral nerve block for reducing pain and anxiety in patients
with femoral trauma, compared with IV analgesia
(with metamizol)

l Patients with ‘clinically relevant pain’ (> 70mm on 100mm
visual analogue scale) as a result of femoral trauma
(e.g. fracture or severe contusion) were randomised, by the
opening of an opaque envelope containing the intervention
to be used [femoral nerve block (n= 31, 50%) vs. IV analgesia
(n= 31, 50%)], by a pre-hospital emergency doctor

l Patients’ pain scores and anxiety were assessed at baseline,
during transport and upon hospital arrival

l Pain, anxiety and heart rate were significantly reduced in the
formal nerve block group compared to the IV analgesia group

Actual vs. required
recruitment

l A sample of 40 patients was required
l 113 patients were assessed for eligibility and 62 were

randomised, all of whom received the correct intervention:
31 femoral nerve blockade, 31 IV analgesia

Proportion of relevant
participants

l Not applicable

Compliance with
trial protocols

l Compliance was 100%; however, the study was carried
out by only one small team consisting of a doctor and
two paramedics

Selection bias related
to non-compliance

l None

Acceptability l Patients gave their consent before entering into the trial

Barriers identified l A 100% level of compliance was achieved by the use of one
pre-hospital team throughout the trial; however, this may
have affected ecological validity

Jennings (2012)142

Morphine and ketamine is
superior to morphine alone
for out-of-hospital trauma
analgesia: a randomized
controlled trial

Study design
and outcomes

l Open-label, randomised controlled trial, conducted over
2 years 8 months (December 2007–July 2010) in Melbourne,
Australia (ALS EMS), to assess the effectiveness of intravenous
ketamine for reducing pain in trauma patients compared with
IV morphine alone

l A total of 135 conscious (GCS score of 15), adult (≥ 18 years)
trauma patients with a pain score of > 5 (0–10), after
administration of 5mg IV morphine, were randomised by the
opening of an opaque envelope containing the intervention
to be used (distributed in blocks of 10 to each ambulance
station), to receive ketamine (n= 70, 52%) vs. morphine
(n= 65, 48%) thereafter

l Pain scores were measured at baseline and then at 10-minute
intervals and upon arrival at hospital, along with the
incidence of adverse events

l Patients in the ketamine group received a significantly greater
analgesic effect than those in the morphine group, although
with an increase in the rate of minor adverse events
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TABLE 35 Pre-hospital controlled trials conducted outside the UK NHS from 1998 to 2013:
other trauma – analgesia (continued )

Author/publication
year/study title

Study description
and feasibility
assessment Feasibility findings

Actual vs. required
recruitment

l A total of 250 patients was required
l Enrolment was far slower than expected (anticipated

25 patients per month with study completed in 10 months)
and as low as two patients per month, taking nearly 3 years
and recruiting only half the patients required in this time

l Study was stopped after 30 months, following an interim
analysis of the 136 patients enrolled which showed that
efficacy of the study intervention had already been
demonstrated

l Of the 136 patients enrolled in the trial, only one withdrew
their consent, leaving 135 patients eligible for analysis:
70 (52%) ketamine group, 65 (48%) morphine group

Proportion of
relevant participants

l Not applicable

Compliance with
trial protocols

l There appeared to have been 100% compliance with the trial
l This may have been related to fact that initially all patients

received 5mg morphine for the relief of their pain, which was
standard practice at the time and therefore what paramedics
would have been used to

l In addition, paramedics had the option of administering an
inhalational analgesic agent along with either study
intervention

l These factors may have increased the acceptability to the
paramedics of introducing ketamine earlier into patient
treatment than they would do normally (ketamine was usually
reserved for administration to patients refractory to morphine)

Selection bias due to
non-compliance

l None

Acceptability l Not assessed, but appeared high

Barriers identified l It was deemed possible that the higher rates of minor adverse
events recorded in the ketamine group may have been
because paramedics were less experienced at using this drug
compared to morphine and therefore were more alert to any
detrimental effects they perceived it having

l Compliance was 100%, which may have been owing to the
protocol being reasonably similar to paramedic standard
practice (including starting with morphine and being able to
use inhalational analgesics concurrently)

IV, intravenous.
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Appendix 2 HITS-NS recruitment standard
operating procedure (v2)

Project Reference: Lecky 08/116/85
Appendix 2.

HITS-NS Recruitment SOP (v2.): 
I Pre-hospital stages

1. The paramedic attends at the scene of the injury and assesses the patient.

2. NEAS: If the patient has a GCS<14; OR NWAS: If the patient has a GCS<13:
• the paramedic applies the HITS-NS trial inclusion criteria (referring if necessary to the 

HITS-NS laminated card in the paramedic pocket book: ‘UK Ambulance Service Clinical 
Practice Guidelines’);

• go to step 3.

NEAS: If the patient has a GCS>13; OR NWAS: If the patient has a GCS>12:

• the patient is not included in the HITS-NS trial
• the paramedic delivers ‘usual care’
• no further recruitment process for this patient.

3. If the remaining inclusion criteria are met:
• the paramedic records the patient as ‘HITS-NS’ on the PRF
• the paramedic pre-alerts the receiving hospital
• the paramedic texts “HITS” and the job no. to the research paramedic’s mobile phone
• the patient is kept in either the intervention or the control group in accordance with the trial 

allocation of the ambulance station at which the attending paramedic was stationed at the 
start of the trial

• the patient is taken to either the nearest neuro centre (if in the intervention group) or to the 
nearest hospital A&E department (if in the control group)

• go to step 4.

If the remaining inclusion criteria are not met:
• the patient is not included in the HITS-NS trial
• the paramedic delivers ‘usual care’
• no further recruitment process for this patient.

4. The research paramedic searches for HITS-NS patient recorded on the PRF
o Refer to HITS-NS data collection & management SOP

5. The research paramedic completes a HITS-NS screening log for the patient 
o Refer to HITS-NS data collection & management SOP

6. Once the patient is found the research paramedic checks if HITS-NS inclusion criteria have been 
met

7. If the inclusion criteria are met the research paramedic determines where the patient has been 
taken
• go to step 8.

If the inclusion criteria have not been met:
• the patient is withdrawn from the HITS-NS trial
• proceed to HITS-NS SAE SOP

II Hospital stages
8. If the patient is in the intervention group: 
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• go to step 9.

If the patient is in the control group:
• The research paramedic searches for transfer PRF:

o If transfer PRF found:
go to step 9.

o If transfer PRF not found:
go to step 10.

9. The research paramedic goes to the neuro centre to complete the recruitment process:

• If the patient dies within 7 days of admission:
o Research paramedic collects anonymised data
o Proceed to HITS-NS data collection & management SOP

• If the patient does not die within 7 days:
o Research paramedic checks & completes the screening log

Refer to HITS-NS data collection & management SOP
o If HITS-NS criteria are met:

Proceed to HITS-NS consent SOP
o If HITS-NS criteria are not met:

The patient is withdrawn from the HITS-NS trial
Proceed to HITS-NS SAE SOP

10. The research paramedic contacts the PIC A&E department to continue with the recruitment 
process:

• If the patient has already been transferred to the neuro centre
o go to step 9. 

• If the patient dies within 7 days of admission:
o Research paramedic collects anonymised data
o Proceed to HITS-NS data collection & management SOP

• If the patient does not need to be transferred to the neuro centre and/or has been discharged 
home

o Research paramedic acts quickly and goes to the PIC if the patient is still in the 
hospital

o Research paramedic checks & completes the screening log
Refer to HITS-NS data collection & management SOP

o If HITS-NS criteria are met, the research paramedic will seek consent from the 
patient and/or relatives if the patient is still in hospital or if not will send a letter 
informing the patient of the trial by post:

Proceed to HITS-NS consent SOP
o If HITS-NS criteria are not met:

The patient is withdrawn from the HITS-NS trial
Proceed to HITS-NS SAE SOP

• If the patient is too unwell for transfer to the neuro centre
o The research paramedic continually reviews the patient’s progress 

Go to step 10
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HITS-NS Recruitment / consent process (version 5.0) : Section I

Paramedic attends at scene of injury

HITS-NS criteria met? N Usual care

Y

Paramedic flags the patient as  HIT-NS, pre-
alerts receiving hospital, and texts job no. to 

RP; PRF is annotated with “HITS-NS”

Patient 
enrolled into 
intervention 

group & 
bypasses to 
neuro centre

According to 
whether base  

station has been 
randomised to 
intervention or 

control arm

Patient 
enrolled into  
control group 

& taken to 
nearest 

hospital A&E

RP identifies HITS-NS patients through 
frequent PRF search & completes screening log

Please see
Data 

management 
SOP: I. PRF 

screening 

RP checks if 
criteria met? N Protocol violation recorded / 

SAE reported
Patient 

withdrawn

Y

Is patient in 
intervention 

group?
N

RP searches 
for transfer 

PRF

Y
Found?

N RP 
contacts 

PIC

RP contacts 
neuro centre to 
begin consent 

process

Y
Patient 

transferred

Patient has 
died within 

7 days?

Patient 
does not 

need to go 
to neuro 
centre

Patient too 
unwell for 
transfer

Patient dies 
within 7 days

prior to 
obtaining 
consent? N

RP collects 
anon. data

RP acts 
quickly -

goes to PIC RP reviews

Y
RP checks / 
completes 

screening log

RP collects 
anon. data Criteria met? KEY:

Y N
Paramedic 
activities

Consent 
sought in 
hospital or 
by post if 
patient 

discharged

Protocol 
violation 

recorded / 
SAE reported

RP activities 
(no shading)

Consent SOP
SAE SOP

Given Not given Data  SOP

Data collection 
process and 

follow up

Patient 
withdrawn

RP= 
Research 
Paramedic
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Appendix 3 HITS-NS consent process
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Appendix 3.

HITS-NS Consent process (draft version 6.0)

RP 
checks / 
complete

s
screenin

g log

See 
Data 
SOP

Criteria 
met?

!
"

Protoco
l

violatio
n

recorde
d / SAE 
reporte

d

Patient 
withdrawn

Y

RP goes 
promptly 
to non 

SNC A&E 
dept.

N
Is transfer 
planned? N

RP 
traces 
patient 

location: 
is patient 
at SNC?

RP 
contacts 

acute 
care 

staff (at 
SNC or 

non SNC 
A&E)

If no reply 
is 

received 
within 2 

weeks RP 
sends a 
text to 

patients’ 
mobile 
phone

If patient 
has been 
discharge

d from 
SNC / 

hospital 
RP sends 
letter to 

patient by 
post

Y
“Is 

Patient 
alive?”

N
Record 
death

Obtain / 
add

anonymise
d data to 
HITS-NS 
database

Y
If consent 
obtained, 
continue 
with data 
collection 
& follow-
up else 
obtain / 

add
anonimise
d data up

to 1 
month to 
HITS-NS 
database

Y Has 
patient 

recovere
d

capacity
?

N

RP 
request
s care 
staff to 
ask if 

patient 
will 

speak 
with 
RP

Patient 
asked 

if
would 

like 
relativ

e/ 
friend 

presen
t

RP 
requests 
care staff 
to ask if 
patient’s 

relatives / 
friends will 
speak with 

RP

If patient 
does not 

have
relatives / 

friends 
who can 

be
approache

d
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Patient 
declines 
to see 

RP

Patient 
agrees to 
see RP

Relatives / 
friends 

agree to 
see RP

Relatives 
/ friends 

decline to 
see RP

Ambulanc
e service 
consultee 

is 
approache

d for 
assent

Patient 
withdrawn

RP 
approach
es patient 

(& 
relatives / 
friends) at 
convenien

t time

RP 
approach

es  / 
friends 

relatives 
at 

convenien
t time

Patient 
withdrawn

RP provides 
info sheet 

and explains 
study; RP 

leaves 
contact 
details;

RP asks if 
they should 
revisit; RP 

gives 
instructions 
for giving /  
returning 
consent / 

assent

RP 
collects 
anon. 
patient 

data up to 
this point

RP 
revisits 
patient 

&/or 
relatives if 

agreed 
and

acceptabl
e to offer 
further 

info

RP 
collects 
anon. 
patient 

data up to 
this point

RP 
provides 

info sheet 
and

explains 
study; RP 

leaves 
contact 
details;

RP gives 
instruction

s for 
giving 
assent

RP waits to 
receive 

consent / 
assent

Consent / 
assent not 
given prior 
to patient 
discharge

Consent / 
assent given 

prior to 
patient 

discharge

Consent / 
assent not 
given prior 
to patient 

death

Declined 
consent 
recorded

Patient 
recorded as 

HITS-NS

Record 
death

Is patient 
a survivor 

at 1 
month?

Data 
collection 

process and 
follow up

Did 
patient die 

within 1 
month?

N Y Y N

Obtain / 
add

anonimise
d data to 
HITS-NS 
database

Obtain /
add

anonimise
d data up
to point of 
discharge 
/ 1 month
to HITS-

NS 

Obtain / 
add

anonimise
d data to 
HITS-NS 
database

Obtain / 
add

anonimise
d data up

to 1 
month to 
HITS-NS 
database
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database

KEY:

SAE SOP

Data  
SOP

RP= 
Research 
Paramedi

c
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HITS-NS Consent SOP v.4

Continuing from Step 9 or Step 10 of the HITS-NS Recruitment SOP:

I  Scenario A:
A patient in the intervention group has been taken straight to the neuro centre from the scene of injury 
or a patient in the control arm has already been transferred from a PIC to the neuro centre.

11. The research paramedic (RP) liaises with acute care staff at the neuro centre within a couple of 
days after the patient’s injury to begin the consent taking process.

12. If the patient is alive:
• If the patient has been discharged from hospital the RP sends a letter inviting the patient to 

return a slip if they wish to be contacted and informed about the study; if no reply is received 
to this letter the RP sends a mobile text (if known) to the patient to remind the patient of the 
letter and to invite them to reply if they wish to be receive more information.

o If the patient does not respond:
RP collects anonymised data up to this point
Proceed to HITS-NS data collection & management SOP

o If the patient requests further information the RP contacts the patient and provides 
information about the study.

If the patient gives consent, the RP records the patient as HITS-NS
Proceed to HITS-NS data collection & management SOP; refer to Follow-
up SOP

o If the patient declines consent:
The patient is withdrawn from the study the RP 
RP collects anonymised data up to this point
Proceed to HITS-NS data collection & management SOP

• The RP (or research nurse) determines if the patient has recovered capacity
• If the patient has recovered capacity*:

o The RP (or research nurse) requests care staff to ask if the patient will speak with 
him/her

o Care staff are also instructed to ask if the patient would like to have a relative or 
friend present during the meeting with the RP (or research nurse)

o If the patient declines to speak with the RP (or research nurse):
The patient is withdrawn from the study
RP collects anonymised data up to this point
Proceed to HITS-NS data collection & management SOP

o If the patient agrees to speak with the RP (or research nurse):
RP (or research nurse) liaises with care staff to determine a convenient time 
to approach the patient (with relative / friend present if requested)
RP (or research nurse) visits the patient and: introduces him/herself, explains 
the study, provides the trial information sheet and consent form, and leaves 
his/her contact details
RP (or research nurse) also asks the patient if the patient would like for the 
RP (or research nurse) to re-visit at a later time in order to answer any 
questions should they arise
If the patient requests that the RP (or research nurse) re-visits at a later point 
in time, the RP (or research nurse) informs the care staff that he/she will re-
visit and liaises with care staff to arrange this
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The RP (or research nurse) gives instructions for giving / returning consent
If a re-visit has been agreed the RP (or research nurse) visits the patient on a 
further convenient occasion and responds to any questions the patient may 
have
The RP (or research nurse) waits to receive consent from the patient 
go to step 5.

• If the patient has not recovered capacity*:
o The RP (or research nurse) requests care staff to ask if the patient’s relatives / friends 

will speak with him/her

o If the patient’s relatives / friends decline to speak with the RP (or research nurse):
The patient is withdrawn from the study
RP collects anonymised data up to this point
Proceed to HITS-NS data collection & management SOP

o If the patient’s relatives / friends agree to speak with the RP (or research nurse):
RP (or research nurse) liaises with care staff to determine a convenient time 
to approach the patient’s relatives / friends 
RP (or research nurse) visits the patient’s relatives / friends and: introduces 
him/herself, explains the study, provides the trial information sheet and 
consent form, and leaves his/her contact details
RP (or research nurse) also asks the patient’s relatives / friends if they would 
like for the RP (or research nurse) to re-visit at a later time in order to answer 
any questions should they arise
If the patient’s relatives /friends request that the RP (or research nurse) re-
visits at a later point in time, the RP (or research nurse) informs the care staff 
that he/she will re-visit and liaises with care staff to arrange this
The RP (or research nurse) gives instructions for giving / returning consent
If a re-visit has been agreed the RP (or research nurse) meets with the 
patient’s relatives / friends on a further convenient occasion and responds to 
any questions that they may have
The RP (or research nurse) waits to receive consent from the patient’s 
relatives / friends
go to step 5.

If the patient has died:
• RP records the patient’s death
• RP collects anonymised data
• Proceed to HITS-NS data collection & management SOP

II  Scenario B:
A patient in the control group has not been transferred from a PIC to the neuro centre either because 
they are too unwell for transfer or they do not need to be transferred.

13. The RP contacts acute care staff at the PIC as soon as possible to determine the reason why the 
patient has not been transferred.

14. If the patient is too ill for transfer:
• The RP reviews the situation on a regular basis 
• If the patient dies before transfer:

DOI: 10.3310/hta20010 HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 1

© Queen’s Printer and Controller of HMSO 2016. This work was produced by Lecky et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.

147



Project Reference: Lecky 08/116/85
o RP records the patient’s death
o RP collects anonymised data
o Proceed to HITS-NS data collection & management SOP

• If the patient is transferred later:
o go to step 1.

• If the patient does not require transfer:
o RP acts quickly and contacts care staff at the PIC to begin the consent taking process
o The RP (or research nurse) requests care staff to ask if the patient will speak with 

him/her
o Care staff are also instructed to ask if the patient would like to have a relative or 

friend present during the meeting with the RP (or research nurse)
o If the patient declines to speak with the RP (or research nurse):

The patient is withdrawn from the study
RP collects anonymised data up to this point
Proceed to HITS-NS data collection & management SOP

o If the patient agrees to speak with the RP (or research nurse):
RP (or research nurse) liaises with care staff to determine a convenient time 
to approach the patient (with relative / friend present if requested)
RP (or research nurse) visits the patient and: introduces him/herself, explains 
the study, provides the trial information sheet and consent form, and leaves 
his/her contact details
RP (or research nurse) also asks the patient if the patient would like for the 
RP (or research nurse) to re-visit at a later time in order to answer any 
questions should they arise
If the patient requests that the RP (or research nurse) re-visits at a later point 
in time, the RP (or research nurse) informs the care staff that he/she will re-
visit and liaises with care staff to arrange this
The RP (or research nurse) gives instructions for giving / returning consent
If a re-visit has been agreed the RP (or research nurse) visits the patient on a 
further convenient occasion and responds to any questions the patient may 
have
The RP (or research nurse) waits to receive consent from the patient 
go to step 5.

15. If consent is given:
• The RP records the patient as HITS-NS
• Proceed to HITS-NS data collection & management SOP; refer to Follow-up SOP

If consent is not given prior to patient discharge:
• The RP records consent declined
• If the patient is a survivor at 1 month:

o RP collects anonymised data up to point of discharge / 1 month
o Proceed to HITS-NS data collection & management SOP

• If the patient dies within 1 month:
o RP collects anonymised data 
o Proceed to HITS-NS data collection & management SOP

If consent is not given prior to patient death:
• RP records patient’s death
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• The RP records consent declined
• If the patient had died after 1 month:

o RP collects anonymised data up to 1 month
o Proceed to HITS-NS data collection & management SOP

• If the patient had died within 1 month:
o RP collects anonymised data 
o Proceed to HITS-NS data collection & management SOP

If consent is specifically declined at any time:
• The RP records consent declined
• The patient is withdrawn from the study
• If the patient declines within 1 month

o RP collects anonymised data up to point of declined consent
o Proceed to HITS-NS data collection & management SOP

• If patient declines after 1 month
o No further data is collected 
o Proceed to HITS-NS data collection & management SOP

Patient capacity guidelines:

When the RP attends to provide study information with a view to obtaining consent they should further 
check that the patient has full capacity to give consent by checking the following:

The patient understands the information about the study provided verbally and in the PIS.
The patient is able to retain that information (can tell the RP their understanding of what participating in 
the study entails).
The patient is able to make a decision/ give consent about participation based on said information.

If any of these three aspects are not met then the patient should be assumed not to have capacity and 
appropriate advice from a personal or ambulance service consultee, about the appropriateness of the 
patient participating in the study - should be sought.
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“Head Injury Transportation Straight to Neurosurgery”

A feasibility study
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Appendix 5 Further trials standard operating
procedures

Project Reference: Lecky 08/116/85
Appendix 5 Further Trial SOPS:

HITS-NS 6 month Follow-Up Pathway (Draft v.1)
RP checks 
if pt alive n

No FU.

y
y

RP checks 
if pt 
withdrawn 
from study

n y

Was
consent
declined?

n

Did pt give 
consent?

n

Did AS 
consultee 
give 
assent

n
Did relative 
/ friend give
advice

y y y

*
RP phones 
pt at 
appropriate 
time (using 
consent 
form / letter 
details)

* * *
RP phones 
carer at 
appropriate 
time (using 
details 
available)

Someone 
other than 
patient 
answers

* *
Patient 
answers

No contact 
made with 
anyone 
after 3 
attempts

* * * * 
Carer 
answers

Someone 
other than 
carer answers

Contd.:
Someone 
other than 
patient 
answers

* *
Patient 
answers

No contact 
made with 
anyone 
after 3
attempts

* * * * 
Carer 
answers

Someone 
other than 
carer 
answers
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RP introduces him/herself 
and asks when would be 
convenient to contact the 
patient.

If advised to call back 
patient, or no clear 
information is given, go to *

If information given to 
suggest patient unwell / 
unable to speak then RP 
asks to speak with carer 
and if this is possible, go to 
* * * or * * * * as appropriate

If suggested that RP should 
not call back then go to * * * 
* *

RP 
introduces 
him/herself
, reminds 
pt about 
the trial 
and
determines 
if possible 
(checks 
capacity) 
to continue 
with 
interview; if 
referred by 
carer 
seeks 
consent

* * * * *

Record Pt 
lost to FU

RP 
introduces 
him/hersel
f and 
reminds 
carer 
about the 
trial 

RP 
introduces 
him/hersel
f and asks 
when 
would be 
convenien
t to 
contact 
the carer.

If advised 
to call 
back 
carer, or 
no clear 
informatio
n is given, 
go to * * *

If
suggested 
that RP 
should not 
call back 
then go to    
* * * * *

If patient 
answers 
go to * *

Patient 
declines

Patient 
able & 
willing to 
be
interviewe
d but 
requests 
call back

Patient 
able & 
willing to 
cont. with 
interview 
at this time

Patient 
unable to 
be
interviewed
; if RP not 
already 
referred by 
carer then 
requests if 
possible to 
speak with 
carer?

RP 
checks if 
possible 
to hold 
interview 
with pt 
(consent 
would 
need to be 
gained)?

y y

RP 
thanks Pt 
and
conclude
s the 
phone
call

n

Go to 
* * *
abov
e

Go to 
*
abov
e

n

Contd.:
RP 
thanks 
Pt and 
conclude
s the 
phone
call

n

Go to 
* * *
abov
e

Go to *
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n
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Contac
t fails 
on 2 
further 
attempt
s

RP calls 
back and 
FU 
interview 
conducte
d with 
patient

FU 
interview 
conducte
d with pt

RP 
thanks 
Pt and 
conclude
s the 
phone
call

RP asks if 
carer is 
able & 
willing to 
take part 
in 
interview 
on behalf 
of Pt

Record 
Pt lost to 
FU

RP 
thanks 
Pt and 
conclude
s the 
phone
call

Carer 
declines

Carer 
able & 
willing to 
be
interviewe
d but 
requests 
call back

Carer 
able & 
willing to 
cont. 
with 
interview 
at this 
time

RP 
thanks 
carer 
and
conclude
s the 
phone
call

Contac
t fails 
on 2 
further 
attempt
s

RP calls 
back and 
FU 
interview 
conducte
d with 
carer

FU 
interview 
conducte
d with 
carer

Record 
Pt lost to 
FU

RP 
thanks 
carer and 
concludes 
the phone 
call
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HITS-NS Data Management SOP (Draft v1.)

I PRF (patient report form) screening

16. Electronic PRF’s:

• the research paramedic (RP) checks the daily HITS-NS pre-alerts spreadsheet sent by the 
ambulance service informatics department – the spreadsheet is a list of all pre-alerts into any 
hospital in the study area including all head injury cases. The spreadsheet information includes: 

o incident id
o date
o patient demographics (e.g. age, gender) (this information varies)
o notes including reason for call (e.g. cardiac arrest, head injury etc.)
o outcome (level of response / referral)

• once relevant (e.g. those with appropriate clinical notes, response level and referral etc.) head 
injury cases have been screened out the RP then uses the incident id number in a PRF search 
screen which provides more complete incident and clinical information recorded by paramedics 
at the scene

• paramedics from intervention stations are expected to indicate “HITS-NS bypass” on the 
electronic PRF for patients meeting the HITS-NS eligibility criteria therefore intervention 
patients recruited into the trial should be identifiable at this stage

• the RP determines which eligible patients should be included in the HITS-NS trial – these 
should include (a) patients already identified as “HITS-NS bypass” by intervention paramedics, 
and (b) patients who appear to be eligible who have been attended by intervention paramedics 
but who do not have “HITS-NS bypass” recorded on the PRF, and (c) any patients who meet 
eligibility criteria attended to by paramedics from control stations 

• the RP updates the HITS-NS screening spreadsheet adding a new row of information per each 
date that PRF screening is done as follows: 

i. date of screening
ii. number of pre-alerts screened

iii. number of possible patients (i.e. electronic PRF’s reviewed)
iv. number of eligible HITS-NS patients (these should be the sum of (a) + (b) + (c) from 

above paragraph
v. number of patients flagged as HITS-NS bypass intervention patients on the electronic 

PRF
vi. no. of records not found

• the RP begins a new record entry in the HITS-NS eligibility spreadsheet for each eligible 
patient identified

• for each patient recorded in the HITS-NS eligibility spreadsheet the RP verifies that HITS-NS
trial criteria have been successfully met as quickly as possible (e.g. by contacting the critical 
care staff at, or by going to the receiving neuro centre or PIC) and if the patient is confirmed as 
eligible, the RP begins a new record entry in the HITS-NS recruitment and follow-up 
spreadsheet for each eligible patient identified who should be approached for consent. Each 
such eligible patient will be given a unique HITS-NS trial number (see section n below). The 
HITS-NS recruitment and follow-up spreadsheet will be a regularly updated master 
spreadsheet maintained, completed and monitored for key patient event information as follows: 
i. date patient confirmed as eligible for trial inclusion
ii. HITS-NS trial number
iii. Confirmation that eligibility criteria have been reviewed by RP (Y/N)
iv. Confirmation that eligibility criteria have been correctly applied (Y/N): 

o if the answer to this question is ‘N’ a protocol violation must be recorded:
The patient is withdrawn from the HITS-NS trial
Proceed to HITS-NS SAE SOP
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o if the answer to this question is ‘Y’:
Proceed to HITS-NS consent SOP

v. Whether the patient is withdrawn (Y/N) 
vi. Confirmation that patient / family or friend has been approached for consent is recorded
vii. Consent is obtained? (Y/N) 
viii. If ‘Y’ to vii, Patient / relative or friend / consultee is recorded as the person giving 

consent
ix. If ‘Y’ to vii, Date of consent is recorded
x. If ‘Y’ to vii, Identification of the researcher who has taken consent is recorded
xi. Completion of non-TARN data fields in the HITS-NS non-TARN data spreadsheet is noted 

in this spreadsheet when done
xii. Completion of TARN data fields in the TARN database is noted in this spreadsheet when 

done
xiii. Date by which patient is due for 6-month follow-up is recorded for reference

o When patient is due for follow-up:
Proceed to HITS-NS follow-up SOP

xiv. Confirm follow-up completed (Y/N)
xv. If follow-up not done, record reason according to follow-up SOP (e.g. patient has died, RP 

could not make contact, patient declined to participate in follow-up)

II Patient CRF

This will be formed by merging HITS-NS TARN data fields (as listed in the HITS-NS: Critical Data 
points document) in a spreadsheet which will be downloaded on a weekly (?) basis by TARN data 
analysts, with non-TARN data fields in the HITS-NS non-TARN data spreadsheet.

• RP will email (using NHS.net if possible) all Trusts involved every week with a list of HITS 
NS patients (estimated to be no more than 1 or 2 per day across the region).

• TARN Coordinators will check for TARN eligibility and if included:
o Prioritise the creation of these cases onto the TARN database and when discharged –

dispatch to TARN as normal. 
o Make a note in the Diary section of each submission saying “HITS NS Patient” .
o Feedback the Submission IDs of these patients to the RP.

o If not TARN eligible: TARN Coordinators will notify the RP, who will then enter 
these cases onto the TARN database.

III Monitoring

• The latest version of the HITS-NS screening spreadsheet is emailed to the Trial Manager at 
the close of each weekday.

• The HITS-NS recruitment and follow-up spreadsheet is forwarded to the Trial manager at 
the close of each working week.

• A ‘trial project’ log book should be maintained by the RP which notes any issues arising 
during the screening / recruitment / consent processes. The date, nature of issue, and how 
resolved should be documented.
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HITS-NS: SOP for temporary suspension of the trial
 
This SOP clarifies the mechanisms by which the above can occur.
 
Temporary suspension of HITS-NS is approved by the REC and the funder where clinicians in the 
neuroscience centre (Newcastle / James Cook / Royal Preston) feel  
 

a) That HITS-NS is resulting in more than double the usual intake of severe  head injuries to 
neurosciences. 

b) That this increase in numbers is placing an unsustainable demand on their trust’s resources. 
 
If (a) and (b) are true then the Consultant Neurosurgeon or Intensivist can suspend the trial with 
immediate effect by the following pathway:
 

       

       

       

 
HITS-NS will then be suspended into that hospital for 48hours maximum, if at that time the workload 
has not subsided the neuroscience centre should make a further request for an additional 48hours with 
the same criteria. 
  
N.B. Any major incident to the ambulance service will cause suspension of the trial. 
 
 
 
 
FL 30th November 2011
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HITS-NS: SOP for the reporting of SAE’s!

This SOP clarifies potential SAE’s and the process for reporting such SAE’s.

Serious Adverse Events (SAE’s) might include the following:

a) There is a protocol breach whereby the paramedic(s) attending to a patient at the scene of injury 
identify the patient wrongly as a potential HITS-NS patient, i.e. the paramedics fail to apply the 
inclusion / exclusion criteria correctly.

b) A patient allocated to the intervention arm of the trial dies in the ambulance during the journey 
to the neuro centre.

c) Relatives / friends of an intervention arm patient, or clinical staff attending to an intervention 
arm patient, who dies in hospital believe that the patient's death was in some way linked to the 
patients' participation in the trial.

d) The journey time for an intervention arm patient being taken to the neuro centre exceeds the 
anticipated one hour maximum duration by an extra 50% of the maximum time i.e. the journey 
time is 90 minutes or longer.

In each of the events outlined above, the HITS-NS research paramedic will notify the HITS-NS trial 
manager, who will in turn notify the HITS-NS Chief Investigator (CI). 

In the event of (b) above the HITS-NS CI or the HITS-NS Trial Manager will notify the Sponsor 
(Manchester University Research Office) immediately (at longest within 24 hours) of receiving 
notification of the SAE (i.e. patient death) and the Sponsor will in turn notify the REC, within 7 
days of the SAE occurring.

The HITS-NS CI will assess each SAE and complete the HITS-NS SAE reporting form. In the event 
of (b) the reporting form will be submitted to the Sponsor and in turn to the REC. Completed SAE 
reporting forms for all other types of SAE’s will be filed in the Trial File. Each SAE will require an 
assessment of (i) seriousness, (ii) causality, (iii) expectedness (in accordance with Directive 
2001/20/EC).

A quarterly report will be prepared to summarise reported SAE’s and forwarded to the Sponsor.

In general, any complaints from any source regarding any aspect of the trial brought to the attention 
of any of the Trial Research Team should be submitted to the Trial Manager who will log and 
document the details of the complaint and arrange that the complaint is investigated appropriately, 
e.g. with the involvement of the CI.

December 2011
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HITS-NS: Serious Adverse Event Reporting Form

Current protocol version number:

Patient information:
Patient ID: Patient initials:
Patient DOB: Patient gender:
Report type: Initial report                              Follow up report (#)

Evaluation of the event:
Describe the type of event (e.g. patient death, protocol violation, etc.)

Date and time of event:

Date event first reported:

Event reported by:

Event reported to:

Assessment of event:

Have any patient safety measures been implemented due to the occurrence of the 
event? If yes, please give details:

Contact & Signatures:
Further information may be obtained from:

Name:
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Phone number:

Email address:

Signature (of person completing this report):

Print name:                                                   Date:

Chief Investigator Signature (if not completing this report):

Print name:                                                            Date:
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Appendix 6

HITS-NS STUDY NEAS/NWAS PROTOCOLS v5/v61

AIM:  To improve care for patients with traumatic brain injury

Research Objectives –
HITS-NS will:
1. Determine the feasibility of conducting a cluster randomised trial of early neurosurgery in patients 

with traumatic brain injury.  
2. Determine the acceptability of the intervention (early neurosurgery) and control (usual care) 

pathways to patients, families and staff.
3. Estimate the "magnitude of effect" of early neurosurgery and other parameters required for sample 

size estimation, thus enabling costing of a full study (given successful recruitment). 
4. Determine the accuracy with which, in NWAS paramedics, and in NEAS both paramedics and Level 

2 Emergency Medical Technicians, identify isolated traumatic brain injury at the incident scene 
(given successful recruitment).

5. Estimate the cost per quality-adjusted life year (QALY) of early neurosurgery, compared with usual 
care, based on currently available data (including data from this pilot) and the degree of uncertainty 
surrounding this estimate.

6. Determine the Expected Value of Sample Information (EVSI) from a fully powered cluster 
randomised trial of early neurosurgery in patients with traumatic brain injury. 

7. Identify the major barriers to conducting a cluster randomised trial of early neurosurgery in patients 
with traumatic brain injury and the strategies to overcome them. 

8. Contribute to the existing evidence about conducting randomised trials in pre-hospital care through 
identifying barriers and facilitators of successful strategies that are generic to pre-hospital trials.  

Inclusion Criteria: Patients injured nearest an acute general hospital Emergency Department 
(NSAH) but not more than one hour land ambulance journey from a neuroscience centre (SNC) 
thought to be aged > 15yrs, when assessed at scene by ambulance personnel with both

In NWAS:
i) Signs of significant TBI such as a reduced conscious level (GCS < 13) and external signs of head 

injury AND
ii) No overt signs of airway, breathing and circulation compromise. 

In NEAS:
i) Signs of significant TBI such as a reduced conscious level (GCS < 14) and external signs of head 

injury AND
ii) No overt signs of airway, breathing and circulation compromise. 

Exclusion criteria: Patients who fulfil ANY of the following criteria will be excluded:
i) thought to be aged <16 years
ii) who have been found by the treating paramedic in NWAS, or by the treating paramedic /  Level 2 

Emergency Medical Technician in NEAS, to not have signs of traumatic brain injury at the scene 
(i.e. full or only mildly impaired consciousness GCS > 12 in NWAS; or full or only mildly impaired 
consciousness GCS > 13 in NEAS)

iii) Who have obvious life threatening injuries affecting the airway, breathing or circulation: 
A - Partial or complete airway obstruction / contamination present after simple manoeuvres, or any 
patient who has been intubated or had a supraglottic device inserted at the scene of injury

1 This merged protocol shows the differences between the two REC approved working protocols for NWAS (v6) and NEAS 
(v5) respectively. These differences apply solely to the inclusion and exclusion criteria. The differences have arisen due to
the variations in the Major Trauma Bypass Protocols which became operational in NWAS and in NEAS during the conduct 
of HITS-NS. 
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B - Respiratory rate < 10 or > 30 in NWAS, or Respiratory rate < 12 or > 30 in NEAS, OR sucking 
chest wound OR signs of tension pneumothorax such as absent air entry into a hemithorax with 
contralateral tracheal deviation
C - Significant external haemorrhage not easily controlled by pressure, OR amputation above the wrist 
or ankle OR absence of radial pulse on palpation
(Paramedics recognise these signs as part of their current scope of practice)

iv) Who are injured more than an hour’s travelling time from a neuroscience centre.

Retrospective exclusion criteria 
Any surviving patient where consent has not been given by either the Ambulance Service Mental 
Capacity Act Consultee, patient or relative for follow up

.

Recruitment: The unit of cluster for the trial is the ambulance station (AS) of which there are 30 within 
each of the ambulance services (60 in total). 30 AS will be intervention stations and will take patients 
meeting the inclusion criteria (past the nearest Emergency Department) straight to the nearest 
neuroscience centre for the duration of the trial. The 30 control AS will practice usual care by taking 
patients to the nearest Emergency Department. Patient identification will be confirmed by the research 
paramedics the following day. Patients will be formally recruited and consented during their hospital 
stay as described below. 

The HITS-NS participants will lack capacity as a result of traumatic brain injury (TBI); the study 
seeks to improve care for TBI patients.

HITS-NS falls within the remit of the Mental Capacity Act 2005 (Section 30-32) as it seeks to 
randomise adults who lack capacity as a result of traumatic brain injury.

(HITS-NS is not a trial of a new interventional or medicinal product (CTIMP); early neurosurgery 
already occurs in patients injured nearest to a neuroscience centre therefore it does not fall under the 
jurisdiction of the MHRA).

We have considered carefully the requirements of the MCA. There will be no time at the scene 
to ask a personal consultee (if available), independent medical practitioner or ambulance service 
consultee for advice about including the patient. We therefore seek permission to obtain consent for 
inclusion of data in hospital after the patient has been allocated to the control or intervention pathway. 
We appreciate that at this stage consent is for inclusion of data and for follow up and hope the 
REC will see this as acceptable as at present there is equipoise between the control and the 
intervention pathways.

Prior to commencement of the study in the trial areas HITS-NS trial monies will pay for a PR 
firm to publicise the trial in the local media to allow local communities to be aware of the trial and 
debate and discuss its merits with the investigators.

Interventions:
Time
HITS-NS is not studying a new patient intervention, the new technology under scrutiny is the timing of 
neurosurgery in patients who are injured nearest an acute hospital emergency department, versus the 
time to any interventions that may be required to stabilise the injured patient’s airway breathing and 
circulation. Time zero will be the time that paramedic leaves the scene of the incident with the injured 
patient.

Neurosurgery
Neurosurgery includes any of craniotomy for evacuation of intracranial haematoma, debridement of 
open fractures, and insertion of ICP monitor. Time to neurosurgery will be from time zero to the time 
that the patient arrives in theatre for whichever of these procedures comes first. It is envisaged that this 
will occur early (within 4 hours of time zero) in the intervention group. The trial management group will 
ensure that Neurosurgical centres will be able to suspend the intervention arm of the trial in their 

APPENDIX 6

NIHR Journals Library www.journalslibrary.nihr.ac.uk

172



Project Reference: Lecky 08/116/85
respective areas at short notice should HITS –NS appear to be placing unsustainable demands on 
their resources.

ABC stabilisation
The interventions that stabilise the injured patients’ airway, breathing and circulation that fall outside 
the scope of paramedic practice include endotracheal intubation facilitated by drugs (ETI), 
decompression of tension pneumothorax (if present) and surgery/ interventional radiology to control 
internal haemorrhage as dictated by the patient’s injuries and physiological status. Most HITS-NS 
patients will require ETI; The other interventions will be less frequent. The time to each of these 
interventions will be recorded, the time to ABC stabilisation will be from time zero to whichever ABC 
intervention procedure is first commenced. It is likely, but not necessarily a given that this will occur up 
to 30 minutes earlier in the control (usual care) group.

Consent: The research paramedic will identify the trial patients through the daily PRF search and 
contact staff caring for the patient in the respective hospital. The research paramedic will request that 
they (the staff) approach the HITS-NS participant (if they have recovered capacity) or suitable personal 
consultee - at an appropriate time - to ask if they are happy to speak to a researcher, and for a suitable 
time. Only patients or relatives who are happy to speak to a researcher will then be seen on the ward 
by the research paramedic who will provide them with the HITS-NS patients/consultees information 
sheet prior to requesting consent or advice.  

We request REC permission not to approach families of participants who die within a week of 
reaching hospital but to include anonimised data within the study database.

Patients or designated personal consultees who agree to be approached by a researcher will be 
approached by the HITS-NS research paramedic for the ambulance service. These will be current 
senior paramedics seconded into this role using trial monies (to be released after REC approval hence 
we cannot give specific identities as yet). The research paramedic will provide patients or the 
consultee with an explanation of the purpose of the study and what it entails. They will be given the 
study information sheet and allowed as much time to consider it as needed with the limit of a decision 
before discharge from the acute hospital. If the patient or consultee is agreeable they will sign 
accordingly and their data (age, injuries, timing of interventions) will be accessed from their care 
records and uploaded (anonymised) onto the study database.

Occasionally patients who appear to have significant TBI at scene may for example be intoxicated with 
no significant injuries, and be discharged from hospital the next morning before they can be 
approached by the research paramedic. In this situation, in order to allow a full intention to treat trial 
evaluation, we request permission to obtain the patient’s address and telephone number from hospital 
records and post a patient information sheet and a letter requesting that the patient agrees to be 
telephoned to discuss whether they wish to participate in HITS-NS. There will be a tear off slip to post 
back saying that they are willing to be approached. If the slip is not received back within two weeks of 
sending then the research paramedic will send patients with a recorded mobile phone number (on the 
patient record) a text message requesting permission to telephone the patient and discuss the study. If 
a slip or text message  prior to when  follow-up would be scheduled to take place is received, the 
patient will be telephoned by the research paramedic, further information will be supplied and consent 
for inclusion of data and follow up will be taken over the telephone when the patient has had time to 
consider the request. If the slip or txt message is not returned no further contact will be made with the 
patient, however we will record anonymised patient injury details and 30 day outcome on the trial 
database.

There will be no further contact with the participant or consultee until 6 months after injury when the 
telephone (GOSE) and questionnaire follow up will take place. 

Results The main aim of this feasibility study is to determine whether or not there is sufficient 
recruitment and paramedic compliance with the cluster allocation to enable a full study.

The patient outcomes (30 day mortality, 6 month GOSE) will be monitored by an independent 
data monitoring committee however this pilot study with 12 months recruitment is unlikely to recruit 
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more than 750 patients and is extremely unlikely to show a patient outcome difference between either 
pathway.

We will bid for HTA for sufficient funding for a full trial across 4 ambulance services
Recruiting 4,100 patients if all the four following conditions are met

a. Equipoise is maintained
b. There are no serious adverse incidents or major trial objections
c. The recruitment rate is 50% of that required in both ambulance services and rising
d. There is 90% compliance with allocation by paramedics within both arms of the trial.

Dissemination
The final report to HTA will present detailed results of the feasibility study, and make recommendations 
whether / how full HITS-NS should proceed. From this basis it will be possible to identify the barriers to  
conducting HITS-NS (e.g. recruitment, compliance, a lack of uncertainty), and successful strategies to 
address these where applicable. From this there will be generic lessons to allow recommendations on 
the conduct of future pre-hospital trials to be made. The ongoing progress of the pilot will be 
disseminated to paramedics through newsletters and regional meetings, to the trauma community 
through relevant professional newsletters, national and international conferences, and to patients via 
Headway, TARN and ScHARR websites. HITS-NS papers will be submitted to relevant professional 
and high impact peer-reviewed scientific journals. The findings of HITS-NS will also be reported to the 
newly appointed National Clinical Director for Trauma Care and SHA’s to help guide the development 
of regional trauma networks in the wake of the Darzi review. 

20 July 2012

Version 6
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750 meeting inclusion criteria
in one year (1)

Not randomised (4)

50 during pilot year 1

700 randomised
patients through 60
ambulance station

clusters

350 patients in 30
clusters randomised to

early neurosurgery

350 patients in 30
clusters randomised

to usual care (2)

25 loss to
follow up (3)

325 meeting inclusion criteria
followed up at 6 months

25 loss to
follow up (3)

325 meeting inclusion criteria
followed up at 6 months

(1) Ambulance Service data suggests that annually at least 1500 patients with GCS < 13 who would not get early neurosurgery
are injured nearest to AHEDs in the trial areas (see table)

(2) Usual care is resuscitation and CT brain at general hospital followed by transfer to neurosurgical hospital within 24 hours

(3) This may seem a high loss to follow up rate – we will strive to minimise this recurrent issue in TBI trials

(4) Pragmatic acceptance of realities of making this trial work in the acute situation: the trial may not be acknowledged and
enrolment not occur in these cases – these patients will be studied for injury, demographic and outcome characteristics
through health records to ensure no selection bias

Head Injury Transportation Straight to Neurosurgery
(HITS – NS) - a feasibility study

Enrolment
Requirement for informed consent prior
to randomisation waived under section
32 (9) of the Mental Capacity Act 2005
(subject to REC approval) due to the
urgent nature of the intervention and

lack of capacity

Allocation

Follow up

1) Consent for use of data and follow up to be
obtained from patient / next of kin during initial
hospital stay
2) 30 day mortality analysis
3) 6 month assessment of quality of life, disability
and costs

Analysis
168 with no selection bias as

minimum requirement for
feasibility

168 with no selection bias as
minimum requirement for

feasibility
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FIGURE 28 Expected net benefit of sampling for a definitive HITS-NS cluster randomised trial at λ= £20,000
(optimistic assumptions).

0 2000 4000 6000 8000 10,000 12,000

ENBS
Trial cost
Population EVSI

Trial size

– 2

8

– 12

18

38

28

58

48

68

EN
B

S 
(£

M
)

FIGURE 29 Expected net benefit of sampling for a definitive HITS-NS cluster randomised trial at λ= £30,000
(optimistic assumptions).
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FIGURE 30 Expected net benefit of sampling for a definitive HITS-NS cluster randomised trial at λ= £20,000
(pessimistic assumptions).
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FIGURE 31 Expected net benefit of sampling for a definitive HITS-NS cluster randomised trial at λ= £30,000
(pessimistic assumptions). Expected net benefit of sampling under assumptions consistent with initially envisaged
definitive HITS-NS trial.
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FIGURE 32 Expected net benefit of sampling for a definitive HITS-NS cluster randomised trial at λ= £20,000
(originally planned definitive HITS-NS trial assumptions).
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FIGURE 33 Expected net benefit of sampling for a definitive HITS-NS cluster randomised trial at λ= £30,000
(originally planned definitive HITS-NS trial assumptions).
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