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ABSTRACT

Background Prehospital critical care is a rapidly
evolving field. There is a paucity of evidence relating to
its practice, with limited progress in answering those
research questions identified over a decade ago. It is vital
that evidence gaps are identified and addressed. This
study aimed to define the current research priorities in
UK prehospital critical care.

Methods This modified national Delphi study was
coordinated by the Pre-HOspital Trainee Operated
research Network and conducted in four rounds between
October 2021 and April 2022. Rounds 1 and 2 were
conducted online with clinicians involved in prehospital
critical care delivery and non-clinical prehospital
researchers. Rounds 3 and 4 were completed online by a
subject matter expert (SME) panel.

Results Inround 1, 78 participants submitted 394
research questions relating to prehospital critical care
delivery in the UK. These were refined and categorised
into 192 questions, which were scored for importance

in round 2. Fifty questions were discussed and scored

by the SME panel in round 3. Round 4 created a

ranked top 20 list. The top research priority was "Which
cardiac arrest patients should critical care teams be
dispatched to; how do we identify these patients during
the emergency call?’. Other priorities included dispatch
optimisation, out-of-hospital medical cardiac arrest
management, optimising resuscitation in haemorrhagic
shock, improving traumatic brain injury outcomes and
optimising management of traumatic cardiac arrest.
Conclusions This modified Delphi study identified 20
research priorities where efforts should be concentrated
to develop collaborative prehospital critical care research
within the UK over the next 5years.

BACKGROUND
Within the UK, prehospital critical care teams
provide enhanced care to critically ill and injured
patients, supplementing care delivered by ground
ambulance services. Critical care teams comprise
clinicians working at the level of an advanced
prehospital practitioner! capable of delivering level
2 and 3 critical care interventions,” including within
Helicopter Emergency Medical Services (HEMS),
ground-based services such as those within the
British Association for Immediate Care (BASICS)
and in advanced paramedic practitioner roles.
Services often use a doctor-paramedic model, but
variations include double and single critical care
paramedic models and solo physician responders.
Prehospital critical care practice lacks a robust
evidence base.” * Prehospital emergency medicine
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Prehospital critical care delivery in the UK
often lacks evidence due to factors such as the
time critical nature of patient encounters and
challenges around patient recruitment and
consent.

The last consensus report defining research
priorities in physician-delivered prehospital
critical care in Europe was published in 2011.
Current literature suggests that there is still a
paucity of evidence in several of the previously
prioritised areas. Additionally, as this is a
rapidly evolving field, it is likely that there are
emerging areas requiring attention.

WHAT THIS STUDY ADDS

This modified Delphi study identified current
research priorities in UK prehospital critical
care.

Key areas include management of cardiac arrest
and improving post return of spontaneous
circulation care, management of patients with
moderate-to-severe head injury and major
haemorrhage and improvement of dispatch and
triage decisions.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

Results can help direct efforts for research and
funding in prehospital critical care in the UK

over the coming years.

as a subspeciality is relatively new, with formal
subspecialist qualification available only within
the last decade.” Other factors hindering research
relate to challenges around patient recruitment and
consent in prehospital trials, in-hospital follow-up
data acquisition® and ascertaining a causal link
between prehospital interventions and longer-term
outcomes. However, notable large prehospital
studies have now been conducted successfully in
the UK.”*

Previous reports have described prehospital
research priorities, including a 2011 European
Consensus report which outlined five areas for
future development in prehospital physician-
provided critical care delivery,® appropriate staffing
and training and effect on outcomes, advanced
airway management, time windows for key prehos-
pital interventions, role of prehospital ultrasound
and defining dispatch criteria. The Netherlands
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national research agenda concerning wider prehospital emer-
gency medical services’ was updated in 2021'° and again high-
lighted several priority areas necessitating further research.
Despite these reports, there has been limited demonstrable
progress.''™"® More recently, the top five research priorities for
a single UK HEMS organisation were published,* but generalis-
ability to other organisations is unknown.

Therefore, the aim of this study was to ascertain the research
priorities for UK prehospital critical care using a modified
Delphi process.

METHODS

This study was designed and conducted between October 2021
and April 2022 by the Pre-HOspital Trainee Operated research
Network (PHOTON), in collaboration with the National HEMS
Research and Audit Forum (NHRAF) and Essex and Herts Air
Ambulance. Although conducted by a trainee-led organisation,
study participants involved the wider prehospital critical care
community.

The Delphi method is a structured and iterative approach to
achieving consensus to address a particular problem or issue,
typically comprising identification of an expert panel, repeated
rounds of data collection and structured feedback to participants
following each round.” This current study adopted a modi-
fied Delphi methodology, incorporating a subject matter expert
(SME) meeting.

This Delphi has been reported according to the Conducting
and Reporting Delphi Studies criteria’® which was originally
developed to allow appraisal of the Delphi method in creating
best practice guidelines in palliative care and consists of recom-
mendations to improve rigour and transparency in the conduct
and reporting of studies employing the Delphi method.

Participant recruitment

To be eligible to participate in rounds 1 and 2, participants were
required to be either a UK-based clinician working in a prehos-
pital critical care role with at least 6 months full-time experience
or have a non-clinical role within a prehospital critical care team
involving an active research component.

The term ‘clinician’ included anyone working in a clinical role
within a prehospital critical care team; in the UK, such clinicians
are typically doctors and paramedics but could be any other
relevant healthcare provider. Clinicians working within BASICS
were included were eligible. The study was advertised to all
UK HEMS organisations through established communication
channels, to NHRAF members and on social media channels by
PHOTON. To maintain participant anonymity during rounds 1
and 2, a mailing list was generated to facilitate blanket commu-
nication to all who expressed interest. Those who expressed
interest were encouraged to share details of the study with others
eligible to participate using a snowballing technique. As a result,
the denominator of those invited to participate is unknown.

All further correspondence and invitations to participate in
successive rounds were communicated through the mailing list,
with instructions regarding how to opt out if they no longer
wished to be included.

SME:s for rounds 3 and 4 were defined as having clinical expe-
rience of working within prehospital critical care (HEMS or
land-based) at a senior grade for at least 2 years, and/or research
and/or substantial leadership responsibilities within a prehospital
team capable of delivering critical care interventions or being
selected specialists who have previously documented areas of
interest in the development of prehospital research.

* Study protocol finalised, ethics obtained
* Study advertised widely through various channels by PHOTON
* Mailing list for future correspondence generated

Preparatory
phase

* Mailing list participants invited to submit up to 8 research
questions

* 3 week submission window

* Total 394 questions submitted by 78 respondents

Round 1

* Questions categorised and similar questions collapsed
« Removal of questions clearly out of scope (n=5)
 Total 15 categories containing 192 questions identified

Round 1
analysis

* 192 questions circulated to Delphi mailing list

« 75 responses received

* Questions scored using 5 point Likert scale (plus
feedback/suggestions)

Round 2

* Questions meeting inclusion (17) and exclusion consensus (0)
identified

* Remaining questions ranked according to mean score

* 50 highest scoring questions brought forward to round 3

Round 2
analysis

* SME panel identified as per outlined criteria
* Underrepresented services asked to nominate attendee

« Top 50 questions with received comments and suggestions from
round 2 circulated to SME panel prior to meeting

Round 3
preparation

Round 3  Excluded: wider systems/sufficient evidence (n=17). One split.
(SMEpanellonline * 34 questions scored by panel from 1-9. A priori consensus
15/3/22) thresholds not met. 22 with a mean score of >6.0 carried forward

* SMEs provided with feedback from round 3

* SME panel agreement to merging of four questions into 2 -
similarly themed

* 20 questions sent for ranking in round 4

Round 4
preparation

* Questions ranked according to mean scores
* Generation of a top 20 list of UK research priorities in pre-
hospital critical care

Round 4

(SME panel remotely)

Figure 1  Flowchart documenting modified Delphi process. SME,
subject matter expert.

Potential SMEs were identified using several means. We aimed
to have representation from all UK HEMS services, other rele-
vant land-based resources such as BASICS and an approximately
equal split of critical care paramedics and doctors. At the point
of enrolment onto the mailing list, participants were asked to
self-identify if they fulfilled the criteria above and if so, to indi-
cate their willingness to participate in round 3. Services without
representation were approached and service leads were asked
to nominate someone from their team to attend. Additionally,
several UK-based specialists with a known reputation in prehos-
pital critical care research, based on publication of at least three
papers in the field, were approached. A meeting date was set and
all those identified as potential SMEs were invited.

Patient and public involvement

The original study design sought patient involvement to ensure
the output was representative of patients’ perspectives. Despite
exhaustion of several channels of potential recruitment, no
patient volunteers were identified which is recognised as a signif-
icant limitation.

Modified Delphi process

This modified Delphi was conducted in four rounds (figure 1).
The fourth round was not planned within the original study
protocol and was added to address a lack of consensus and the
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requirement for further refinement to the wording of research
questions following round 3. All protocol amendments were
approved by the ethics committee.

Round 1: qualitative assessment

The first round was delivered online using Online Surveys
(Jisc), a survey tool that is General Data Protection Regulation
(GDPR) compliant and certified to ISO 27001 standard, and
with anonymity. Participants were invited to identify up to eight
research questions or areas of equipoise they felt most important
to the development of prehospital critical care delivery. A limit
of eight questions was set to encourage participants to prior-
itise questions they perceived as most important and was less
conservative than limits set in previous studies using consensus
approaches to establish research priorities.® * 7 Round 1
remained open for 3 weeks, with regular reminders sent to those
on the mailing list. Subsequent additions to the mailing list were
permitted to maximise participation. Round 1 participants were
asked to self-generate an anonymous study identifier in order to
link responses between rounds 1 and 2.

After closure of round 1, submitted questions were catego-
rised into broad themes, and similar questions amalgamated.
The initial process was undertaken separately by two subgroups
within the study team (LR and KW, and SM), before jointly
confirming question categories and the questions to be distrib-
uted in round 2. Extreme care was taken not to inadvertently
lose content of submitted questions during the process. Five
questions clearly outside the scope of prehospital critical care
were removed (online supplemental file 1).

Round 2: importance ratings
Round 2 was conducted online over 3weeks. Participants
individually rated the questions developed in round 1 on a
5-point Likert scale anchored by 1: ‘not important’ and 5: ‘very
important’. Each question received one score, with participants
asked to consider scientific merit, significance to prehospital
critical care delivery, innovation, relevance and feasibility of
further study when assigning the score, as well as whether suffi-
cient evidence existed within existing literature. Participants
could add comments or suggest amendments for each question.
There was no requirement for participation in the previous
round; recent research demonstrated that allowing participation
in subsequent rounds regardless of prior participation results in
better representation of the invited panel and does not affect the
outcome of the Delphi process.'® All received responses were
anonymous. A priori consensus thresholds for round 2 were
defined as follows: If a research question scored 4 or greater
from 75% or more respondents, it was automatically included
in round 3. If a research question scored 2 or less from 75% or
more respondents, it was automatically excluded from round 3.
Questions not meeting the automatic inclusion or exclusion
criteria were ranked by overall score by the study team and those
ranking highest were taken forward, along with those meeting
the automatic inclusion criterion to give a total of 50 questions
for discussion at the round 3 panel meeting. A cut-off of 50 ques-
tions was felt to be a manageable number to be discussed by the
panel within the time constraints of the meeting.

Round 3: SME meeting

The meeting was held online on the 17 March 2022 using Zoom.
Prior to the meeting, SMEs received a copy of the results from
round 2, including mean scores and comments or suggestions
pertaining to individual questions received from participants.

Within the meeting, the 50 questions were discussed, including
review of any comments received in round 2, revision of wording
and exclusion of any questions not felt by the SME panel to fall
directly within the remit of prehospital critical care research.

Remaining questions were voted on in terms of their priority
for future research using the anonymous live voting software,
Slido. Voting used a scoring system drawn from Schneider et
al,"” with a score of 1 being assigned if the individual felt the
question should not be studied, and 9 if they felt it was of the
highest priority.

Predefined consensus threshold for retention of questions
was that 100% of SMEs scored the research question as a 7,
8 or 9. Questions meeting this threshold would automatically
be brought forward for a final ranking exercise. If less than 10
questions met this criterion, then it was planned a priori that
questions with the highest mean scores would be taken forward
for final ranking.

None of the questions met the predefined consensus threshold,
therefore an unplanned fourth round was added where the SME
panel ranked the highest scoring questions from round 3 and
made final amendments to the wording. Questions scoring a
mean of 6.0 (indicating ‘slightly high priority’) or more in round
3 were included in the ranking exercise.

Round 4: final ranking

The fourth round was open only to the SMEs who had partic-
ipated in round 3. Participants were asked to rank the highest
scoring questions from round 3 in order of importance. The
mean ranking was generated with its corresponding SD for each
question. A final opportunity was given for minor amendments
to wording prior to publication of results.

RESULTS

A total of 135 people signed up to the mailing list to receive
information about the study and links to the online surveys (62%
doctors; 31% paramedics; 5% ‘other’ background; 2% missing
data).

Seventy-eight (57.8%) of those on the mailing list participated
in round 1, submitting a total of 394 research questions. Of the
78 participants, 74.4% were doctors, 23.1% were Critical Care
Paramedics and 2.6% were ‘other’. Further participant demo-
graphics for rounds 1 and 2 are presented in table 1. Suggested
research questions were categorised under the following head-
ings: medical cardiac arrest; prehospital emergency anaesthesia/
analgesia/sedation; neurological emergencies; major haemor-
rhage and blood products; paediatrics; major trauma (including
traumatic cardiac arrest); operational; impact or benefit of
prehospital critical care teams; dispatch; triage; patient experi-
ence; staff well-being; training and education; kit; miscellaneous.
After amalgamation of similar questions and exclusion of those
not felt to be directly related to prehospital critical care delivery,
192 questions were circulated for round 2 (online supplemental
file 2).

Round 2 was completed by 75 respondents; 78.7% had
completed round 1. Sixty per cent of respondents were doctors,
12% were CCPs and 4% were ‘other’. It was not possible to
match 18 (24%) of these participants across rounds 1 and 2,
due to discrepancies in their self-generated anonymisation code
resulting in missing demographic data for a substantial propor-
tion of round 2 participants.

On review of the results from round 2, 17 questions met the
predefined threshold for inclusion in round 3. None met the
threshold for automatic exclusion. The remaining questions
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Table 1 Participant demographics for rounds 1 and 2
Demographics Round 1 n (%) Round 2 n (%)
Role
Prehospital care doctor 11 (14.1%) 6 (8%)
Hospital doctor 1(1.3%) 1(1.3%)
Prehospital care doctor and hospital 46 (59%) 38 (50.7%)
doctor
Critical care paramedic 18 (23.1%) 9 (12%)
Other 2 (2.6%) 3 (4%)
Missing 0 (0%) 18 (24%)
Hospital doctor specialty
Anaesthetics 13 (27.7%) 10 (25.6%)
Emergency Medicine 29 (61.7%) 25 (64.1%)
Intensive Care Medicine 1(2.1%) 1 (2.6%)
Dual Specialty 4 (8.5%) 2 (5.1%)
Missing 0 (0%) 1(2.6%)
Years of experience in the prehospital
setting
>6 months, <6 years 26 (33.3%) 21 (28%)
>6 years, <12 years 21 (26.9%) 15 (20%)
>12 years 30 (38.5%) 20 (26.7%)
Missing 1(1.3%) 19 (25.3%)
Country or countries in which participant
is based*
England 70 (89.7%) 51 (68%)
Scotland 6 (7.7%) 4 (5.3%)
Wales 8(10.3%) 3 (4%)
Ireland 3 (3.8%) 2 (2.7%)
Missing 0 (0%) 18 (24%)
Prehospital research experience®
None 17 (21.8%) 15 (20%)
Previous involvement with research 0 (0%) 6 (8%)
Currently involved with some 39 (50%) 26 (34.7%)
prehospital research projects
Publication of 1-4 peer-reviewed 18 (23.1%) 12 (16%)
prehospital research papers (any
authorship)
Publication of=5 peer-reviewed 10 (12.8%) 4 (5.3%)
prehospital research papers (any
authorship)
Other (eg, principal investigator on 6 (7.7%) 2 (2.7%)
funded project)
Missing 0 (0%) 19 (25.3%)

*Some participants reported being based in more than one country of the UK,
and some participants selected more than one response for prehospital research
experience, therefore total numbers exceed 78 and 75 for rounds 1 and 2,
respectively.

were assigned a mean score and the next 33 highest scoring
questions brought forward to give a total of 50 questions for
review by the SME panel.

A total of 35 subject matter experts (SMEs) confirmed their
willingness to participate in the round 3 meeting and 25 SMEs
were available to participate. Of those who participated, seven
(28%) had been approached separately and invited to participate
due to their significant contributions to prehospital critical care
research and development. Six (24%) of the participating SMEs
were critical care paramedics and 19 (76%) were doctors; 64%
of the SMEs had conducted prehospital care research and all had
significant clinical experience. Participating SMEs were from 14
of the 22 (63.64%) UK HEMS, including services in England,
Scotland and Wales, and several BASICS services.

During the online meeting, 17 questions were excluded from
the voting process. Reasons for exclusion included a wider
system of healthcare of public health focus, a substantial existing
evidence base, being the focus of a current or imminent large-
scale study, or some degree of overlap with other questions.
One retained question was split into two questions, as it was
felt to represent two distinct areas. Therefore, 34 questions were
brought forward for voting.

Following the scoring process, none of the questions met the
predefined consensus threshold for the final ranking exercise
and therefore all 34 questions were ranked according to mean
score (online supplemental file 3). A total of 22 questions had a
mean score of 6.0 (‘slightly high priority’) or greater; these were
taken forward to round 4. However, following further discus-
sion after the scoring process, it was agreed by the SME panel
that four of these retained questions should be collapsed into
two questions, resulting in 20 questions for final ranking by the
SME panel in round 4.

Twenty-three responses were received in round 4, constituting
a response rate of 92% from the SME panel. table 2 contains
the top 20 questions with their associated mean ranking and SD.

DISCUSSION

This study has identified the current national research priorities
for prehospital critical care through use of an evidence-based
modified Delphi process. The top research priority was “Which
cardiac arrest patients should critical care teams be dispatched
to, and how do we identify these patients during the emergency
call?’.

The SMEs agreed that identified priority areas should be
presented as broad research questions, permitting several
research studies to be conceptualised from within each topic,
in keeping with similar previously published outputs such as the
James Lind Alliance Emergency Medicine Priority Setting Part-
nership statement. "’

Three questions in this current top 20 relate to critical care
team dispatch, previously identified over ten years ago in the
2011 European Delphi.® Similarly, questions on the role of
prehospital emergency anaesthesia and advanced airway manage-
ment, and ultrasound use in prehospital critical care persist.
There is considerable overlap in identified priorities between
this study and the European one, particularly around the impact
of prehospital critical care interventions on patient outcomes in
head injury and postresuscitation care following out of-hospital
cardiac arrest.'

Regarding strengths of the study, initial question generation
and scoring in rounds 1 and 2 were undertaken by a considerable
number of clinicians directly involved in prehospital critical care
delivery in the UK as well as non-clinical researchers with rele-
vant expertise. The SME panel involved in the third and fourth
rounds comprised experienced prehospital critical care practi-
tioners, representing almost two-thirds of air ambulance services
nationally in addition to BASICS schemes.

There are several limitations. Despite considerable efforts,
we were unable to identify any patient participants. We plan
to address this in a future study focusing on patient and family
member experience. Additionally, we cannot be sure that partic-
ipants were representative of the whole UK prehospital critical
care community. Although rounds 1 and 2 included participants
from services in England, Scotland, Wales and Ireland, it is
unknown if all services were represented as participants were
not asked to provide work details to ensure anonymity. Further,
approximately one-third of HEMS were not represented within
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Table 2 Round 4 results: top 20 ranked questions

Mean ranking

No. Question (SD)*

1 Which cardiac arrest patients should critical care teams be dispatched to, and how do we identify these patients during the emergency call? 4.56 (4.75)
2 How can dispatch of critical care teams to patients be improved? Can the use of digital health technology assist? 5.96 (5.24)
3 In patients with medical OHCA attended by prehospital critical care teams, which interventions beyond current ALS guidelines improve outcomes? 6.0 (4.97)
4 What strategy of volume resuscitation improves outcomes in injured patients with haemorrhagic shock? 7.13 (5.47)
5 In patients with ROSC following OHCA, does PHEA improve patient outcomes? 8.04 (5.41)
6 What clinical features and interventions are associated with survival to hospital discharge in patients in traumatic cardiac arrest? 8.52 (5.40)
7 In patients with severe traumatic brain injury, does prehospital administration of osmotic agents result in improved neurological outcome and 9.39(5.72)

survival, and if so, what is the optimal dose?
8 What strategy for volume resuscitation improves outcomes in patients with traumatic brain injury? 9.48 (4.88)
9 What is the benefit offered to patients with moderate to severe head injury by prehospital critical care teams? 9.61 (5.73)
10 Does prehospital reversal of anticoagulation improve outcomes in patients with traumatic brain injury? 9.96 (4.69)
1" Does transfer to a neurological centre for consideration of time critical thrombectomy improve outcome in patients with suspected stroke in the 10.61 (5.39)
prehospital setting?

12 Which adult trauma patients with frailty benefit from triage to a Major Trauma Centre? 10.87 (4.62)
13 In trauma patients undergoing PHEA, does the time interval between the 999 call and PHEA delivery impact on patient focused outcomes? 11.09 (5.30)
14 Does prehospital administration of calcium in major traumatic haemorrhage improve patient outcomes, and if so, what is the optimal dose? 11.91 (4.66)
15 Is prehospital critical care clinician dispatch superior to standard ambulance service dispatch? 12.17 (6.31)
16 Is there any benefit to patients by using prehospital point of care testing? 12.22 (4.24)
17 How can we identify risks to well-being and protect the mental health of prehospital critical care providers? 12.74 (4.95)
18 In cases of prehospital death, what strategies can be used by prehospital practitioners to improve the experience for friends, family and bystanders? 12.83 (5.31)
19 Does the use of POCUS in prehospital critical care improve patient outcomes? 13.09 (4.88)
20 Which prehospital simulation strategies are optimal to improve patient, clinician and procedural outcomes? 16.83 (4.05)

*Values are expressed as the mean (SD) final ranking assigned during round 4 of the process, with a lower value indicating a higher priority.
OHCA, out-of-hospital cardiac arrest; PHEA, prehospital emergency anaesthetic; POCUS, point-of-care ultrasound; ROSC, return of spontaneous circulation.

the SME panel. There was also an imbalance in the clinical roles
of participants across the four rounds, with considerably more
prehospital critical care doctors participating than paramedics.
Consensus was not reached in round 3, necessitating addition
of a fourth round. This may have been partly due to similarly
themed questions being put forward for scoring by the SME
panel. Additionally, priorities may differ at a personal and service
level based on local project involvement.

Nevertheless, our defined top research priorities should be
regarded as important for the conception and design of future
research studies, having undergone a selection process with
involvement of many recognised experts in prehospital critical
care in the UK. The results of this Delphi should inform develop-
ment of future funding applications and encourage collaborative
working with a view to addressing remaining evidence gaps.
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