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Abstract

Background Use of bystander video livestreaming from scene to Emergency Medical Services (EMS) is becoming
increasingly commmon to aid decision making about the resources required. Possible benefits include earlier, more
appropriate dispatch and clinical and financial gains, but evidence is sparse.

Methods A feasibility randomised controlled trial with an embedded process evaluation and exploratory economic
evaluation where working shifts during six trial weeks were randomised 1:1 to use video livestreaming during eligible
trauma incidents (using GoodSAM Instant-On-Scene) or standard care only. Pre-defined progression criteria were:
(1)>70% callers (bystanders) with smartphones agreeing and able to activate live stream; (2) > 50% requests to acti-
vate resulting in footage being viewed; (3) Helicopter Emergency Medical Services (HEMS) stand-down rate reducing
by >10% as a result of live footage; (4) no evidence of psychological harm in callers or staff/dispatchers. Observational
sub-studies included (i) an inner-city EMS who routinely use video livestreaming to explore acceptability in a diverse
population; and (ii) staff wellbeing in an EMS not using video livestreaming for comparison to the trial site.

Results Sixty-two shifts were randomised, including 240 incidents (132 control; 108 intervention). Livestreaming
was successful in 53 incidents in the intervention arm. Patient recruitment (to determine appropriateness of dis-
patch), and caller recruitment (to measure potential harm) were low (58/269, 22% of patients; 4/244, 2% of callers).
Two progression criteria were met: (1) 86% of callers with smartphones agreed and were able to activate livestream-
ing; (2) 85% of requests to activate livestreaming resulted in footage being obtained; and two were indeterminate
due to insufficient data: (3) 2/6 (33%) HEMS stand down due to livestreaming; (4) no evidence of psychological harm
from survey, observations or interviews, but insufficient survey data from callers or comparison EMS site to be con-
fident. Language barriers and older age were reported in interviews as potential challenges to video livestreaming
by dispatchers in the inner-city EMS.

Conclusions Progression to a definitive RCT is supported by these findings. Bystander video livestreaming
from scene is feasible to implement, acceptable to both 999 callers and dispatchers, and may aid dispatch decision-
making. Further assessment of unintended consequences, benefits and harm is required.

Trial registration. ISRCTN 11449333 (22 March 2022). https://www.isrctn.com/ISRCTN 11449333
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Introduction

Background and rationale

Accurate and timely response of emergency medical ser-
vices (EMS) after trauma incidents is critical to ensure
optimal patient outcomes and prevent serious injury or
death [1]. Currently, most ambulance services in the UK
rely on lay public callers to relay accurate information
verbally via the telephone about the state of the patient(s)
and what has happened at the scene. Due to limited med-
ical knowledge and/or training, the emotional impact of
witnessing an incident, language barriers, and subjectiv-
ity, lay public callers often do not provide accurate infor-
mation to the emergency operations centre (EOC) [2, 3].
Misinformation can lead to either under-resourcing or
over-resourcing of EMS [4-7], which can make it chal-
lenging to initiate timely and accurate dispatch of EMS
and can mean essential critical care resources may not be
available to those who need them most.

The use of video livestreaming from bystanders at
scenes of medical incidents is becoming increasingly
common in the UK and worldwide [8]. Using such tech-
nology means that those making decisions about the
resources and support required can see the scene and
patient(s) involved in incidents. There are potential clini-
cal and financial benefits of improving accuracy and
speed of EMS dispatch, but evidence is currently limited.
Studies have predominantly focused on out-of-hospital
cardiac arrest, with evidence of clinical benefit in this
setting [9, 10]. Most of these studies have been simula-
tion-based [11-13] with few studies in real-life settings.
Evidence suggests that use of video livestreaming from
the scene may impact on decision-making [8, 14] and
enable faster and more accurate decisions about EMS
resources to be tasked [3]. To our knowledge, two real-
life studies have focussed on the impact of video lives-
treaming from callers [8, 15]. In one study [8], 97% of
surveyed callers (108/111) felt that video livestreaming
should be implemented into practice. The introduction of
a new technology (such as GoodSAM Instant-On-Scene
[16]) into the EMS dispatch process is not necessarily
straightforward. In addition to the operational impact
of introducing a new technology into a busy, emergency
control room environment, it is likely to require addi-
tional training, and changes to pre-existing protocols
and/or dispatch criteria. In addition, the risk of poten-
tial harm to members of the public and EMS staff view-
ing trauma via video livestreaming has not been explored

in previous research studies, demonstrating further need
for this study.

Objectives

The aim of this feasibility randomised controlled trial
(RCT) was to assess the feasibility of implementing and
evaluating GoodSAM Instant-On-Scene [16] (video lives-
treaming) in a definitive RCT. The main objective was
to judge whether a definitive RCT was potentially viable
by determining answers to pre-determined progression
criteria (see below), and secondary related objectives
included::

(i) To obtain data required to inform the design of a
definitive RCT.

(i) To test trial processes including randomisation and
data collection methods.

(ili) To embed a process evaluation to test the accept-
ability and feasibility of using video livestreaming
from provider (EMS staff) and public (callers) per-
spectives.

Methods

Trial design

A feasibility RCT with an embedded process evaluation,
exploratory economic evaluation and two observational
sub-studies. These comprised (i) an inner-city sub-study
in an ambulance service already routinely using video
livestreaming to explore the acceptability and feasibility
of using video livestreaming in a more diverse popula-
tion; and (ii) a staff wellbeing sub-study in an ambulance
service not using video livestreaming to provide compar-
ison to the trial staff. The full trial protocol was published
once no further protocol changes were required [17].
Previous versions of the trial protocol can be found on
the NIHR website, including a log of amendments [18].
Notable changes after trial commencement included: (i)
refinement of incident-level inclusion and exclusion cri-
teria after feasibility testing in the first trial week (refine-
ment of criteria in order to operationalise the protocol;
participant inclusion/exclusion remained the same as
below); (ii) addition of telephone consent for patients
to improve recruitment uptake; (iii) approval for the
Research Paramedics to record patient’s names to assist
the hospitals with locating and consenting patients; and
(iv) addition of a reminder text inviting 999 callers to par-
ticipate in the survey to improve recruitment uptake.
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Participants

Eligibility criteria

Participants included trauma patients, emergency tel-
ephone line (999) callers (hereafter “callers”) and EOC
staff. EOC staff included Helicopter Emergency Medical
Services (HEMS), critical care dispatch staff, together
with five Research Paramedics who observed and col-
lected data in all trial shifts (see Box 1 Glossary). The par-
ticipant inclusion and exclusion criteria can be found in
Tables 1 and 2 respectively.

Settings and locations where the data were collected
The main feasibility trial was conducted in South-
East Coast Ambulance Service NHS Foundation Trust
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(SECAmb) between its two Emergency Operations
Centres (EOCs). The EOCs are responsible for answer-
ing emergency calls and dispatching all EMS resources.
SECAmb covers 9324 square kilometres across a diverse
geographical area including urban, rural, and stretches
of motorway. Emergency response for SECAmb also
includes access to the Air Ambulance Charity Kent, Sur-
rey, Sussex (KSS, a Helicopter Emergency Medical Ser-
vice, HEMS). KSS covers the same geographical area,
with a population of up to 8 million people.

A full list of sites is provided in the trial protocol [17].
The observational inner-city sub-study was conducted
in London Ambulance Service NHS Trust (LAS, includ-
ing London’s Air Ambulance Charity, LAA), and the staff

Table 1 Participant inclusion criteria (published in protocol paper [17])

Participanttype Main feasibility trial Inner-city sub-study Staff
wellbeing
sub-study

Lay public callers 999 callers during the six trial weeks where the incident involved All 999 callers during observed shifts N/A

major trauma (defined as per below) that involved trauma and were screened
by HEMS dispatchers or Advanced Paramedic
Practitioners in Critical Cares (APP-CCs) who
attempted to use GoodSAM during the call

EOC staff All CCPs, HEMS dispatchers, and Research Paramedics All HEMS dispatchers and APP-CCs All CCPs
and HEMS
dispatch-
ers

Trauma patients  All trauma patients during the six trial observation weeks who were  All trauma patients during observed shifts N/A

the subject of 999 calls involving major trauma, judged by the HEMS
dispatcher and/or CCPs as likely to require enhanced dispatch

that involved trauma and were screened
by HEMS dispatchers or APP-CCs who attempted
to use GoodSAM during the call

Table 2 Participant exclusion criteria (published in protocol paper [17])

Participant type Main feasibility trial

Inner-city observational sub-study Staff wellbeing sub-study

Calls were excluded where: (i) 999 caller

was not at the scene; (ii) 999 call originated
from a landline; (iii) 999 call originated

from another emergency service e.g. police

or fire; (iv) 999 calls where resource (exclud-

ing community first responder) would arrive

on scene before video livestreaming could be
activated; (v) 999 call ended before transfer

for activation of video livestreaming; (vi) 999
calls where another incident took priority;

and (vii) calls where clinical acuity was found

to be lower than the threshold for the study (not
major trauma)

All callers identified by the dispatchers as a child
caller (under 16 years old) and those who
selected they are under 16 on the 999-caller
survey were excluded

Lay public 999 callers

EOC staff EOC staff not mentioned in the inclusion criteria

Trauma patients Any emergencies of a suspected medical origin

(e.g., heart attack or stroke)

All callers identified by the HEMS dispatchers/  N/A
APP-CCs as a child caller (under 16 years old)
and those who selected they are under 16

on the 999-caller survey were excluded

EOC staff not mentioned in the inclusion criteria  EOC staff not mentioned
in the inclusion criteria

Any emergencies of a suspected medical origin -~ N/A

(e.g., heart attack or stroke)
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wellbeing sub-study was in East of England NHS Trust
(EEAST). Figure 1 provides a flow diagram from emer-
gency call to show the operational process at the study

site.
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How participants were identified and consented

Patients and callers were identified through their involve-
ment in an eligible incident during a trial observation
shift. Staff were identified through their role as either a

999 call received in EOC

Specialist/Enhanced
Medical Care

SEE-IT Protocol

Caller asked questions by EMA using NHS
) e Pathways to determine appropriate Silent monitoring by
Silent monitoring by Ambulance response HEMS/CCD for
HEMS/CCD for any

enhanced dispatch

potential video
livestreaming

Ambulance disposition reached C1, C2, C3 or

ca

HEMS or CCP
dispatch based on

Once Ambulance
Disposition reached
EMA transfers 999
caller to specialist

tasking desk

call information Call passed to RD for Ambulance dispatch
(C1is auto allocated)

Ambulance allocated to scene

Enhanced resource
allocated to scene
to deal with the
situation

Video livestreaming

arranged between

caller and specialist
tasking desk

Ambulance arrives at scene and crew deal Livestream viewed
with the situation by CCP/HEMS

dispatcher

Key:

EOC — Emergency Operations Centre

EMA — Emergency Medical Advisor (call handler)
C1-C4 — The category of call (1-4) allocated to the
incident, based upon priority (by NHS Pathways)
Ambulance Disposition — the timescale that the
resource needs to arrive at scene

RD — Resource Dispatcher

CCP — Critical Care Paramedic

HEMS — Helicopter Emergency Medical Service
Specialist Tasking Desk — CCP & HEMS dispatcher

Potential changes to
resource allocation

arranged

Fig. 1 Flowchart of process
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HEMS dispatcher or a Critical Care Paramedic (CCP)
working on the Critical Care Desk (CCD). Following
approval from CAG, written consent was not required for
participation of patients or callers during incidents, and
for basic information to be retained (estimated sex, age
and type of incident/injuries, and resources sent to the
scene). Verbal consent was obtained from callers prior
to use of video livestreaming, and from patients where
possible. Patients (or their guardians/consultees) were
approached by research staff in the hospital for consent
to access their medical records for up to 3 months post-
incident. These data were required to assess the appro-
priateness of the resource sent to the scene. Callers were
sent a text message after the incident to ask for their per-
mission to be sent a survey in 6-8 weeks’ time to assess
their wellbeing. The invitation text was sent within 8 h
of their call. Staff were sent invitations to participate in
the survey via their managers and were asked to indicate
willingness to participate in interviews within the survey.

Interventions

The use of video livestreaming via GoodSAM Instant-on-
Scene [16] was tested. An SMS text message was sent to
eligible callers via the GoodSAM web platform. Callers
were asked to switch to loudspeaker mode, click on the
link within the SMS and confirm permission for use of
their phone’s camera and microphone. No live streamed
video footage was recorded (either on the caller’s phone
or in the EOC).

Procedure

The procedure for calls is illustrated in Fig. 1. Two dis-
patching systems are in current use in the UK: The
Medical Priority Dispatch System (MPDS) and the NHS
Pathways systems These are complex triage tools used
in the assessment and categorisation of 999 calls. In the
trial study site, NHS Pathways is used [19]. In both arms,
eligible emergency calls (999 calls in the UK) were ini-
tially taken by the Emergency Medical Advisor (EMA,
call handler) who followed the standard NHS Pathways
triage tool. Concurrently, HEMS dispatchers and the
CCD monitored the calls by reading (and/or listening
to) information entered by call handlers in to the Com-
puter-aided-dispatch (CAD) system. A study-specific
code was entered by the HEMS dispatcher/CCD into
the CAD when an incident was thought to meet eligibil-
ity criteria. In control arm shifts, when the call ended,
standard protocols for dispatch were followed. In inter-
vention arm shifts, the EMA asked callers to stay on the
phone allowing transfer to the specialist tasking desk
(either the HEMS dispatcher or CCD). Initial dispatch of
EMS resources took place during the NHS Pathways call
for both arms of the trial as per standard practice. If the
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caller was successfully transferred, the HEMS dispatcher/
CCD confirmed (using a pre-defined script) whether they
were using a smartphone and asked if they were will-
ing and able to safely live stream from the scene. Either
the HEMS dispatcher or CCD could instigate the video
livestreaming, but both could view the obtained footage.
Once the HEMS dispatcher/CCD felt they had gathered
enough information, video livestreaming was ended, and
the caller was thanked for their help.

Outcomes

The primary outcome of this feasibility RCT was the
decision regarding the feasibility of conducting a defini-
tive RCT. This was based on meeting a set of predefined
progression criteria (see Table 3), together with consid-
eration of qualitative data (e.g., interviews, observations,
and free text questions in surveys). Findings were also
reviewed and endorsed by an independent study Steering
Committee.

Secondary outcomes included: (i) Speed of appropriate
emergency services dispatch. Speed was measured from
initiation time of the 999 call to mobile time of appropri-
ate resource(s) (using time-stamped data from the CAD).
‘Appropriateness’ was based on a set of pre-defined cri-
teria developed through expert consensus from pre-
hospital Emergency Medicine experts and used medical
records data for up to 3 months post-incident (nature
of injuries and treatments received) for all patients that
provided consent for this. (ii) Stand-down rate (de-esca-
lation) of enhanced resources (CCP/HEMYS); (iii) missed
jobs (these were identified by reports run by SECAmb
Business Intelligence). This included calls where HEMS
or CCP(s) were required at the scene of trauma incidents
within trial observation shifts, but where the code to indi-
cate eligibility of the incident for the trial had not been
entered into the CAD by the HEMS dispatcher/CCD;
(iv) request for further ambulance resources from scene:
requests for enhanced dispatch resources (CCP and/or
HEMS) from the scene were recorded by the Research
Paramedics observing all trial shifts. The outcomes and
their data collection and analysis are described in the
trial protocol [17].

Sample size

Based on data from KSS HEMS of six calls per day, we
estimated the event rate to be 250 trauma incidents over
the six trial weeks (125 allocated to intervention and 125
to control) including approximately 300 patients. This
would allow sufficient data to assess the feasibility objec-
tives, providing an estimate of true event rate within a
precision +0.75 events per day and allowing for the esti-
mation of speed to appropriate dispatch with a standard
error of <5%.
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Randomisation

Six trial weeks took place for one week each month
between June and November 2022, comprising up to
14 x12-h working shifts each week. Each shift was ran-
domised 1:1 to either the intervention (use of GoodSAM)
or control condition (standard care) by a statistician at
Surrey Clinician Trials Unit. We chose to randomise by
shift as a pragmatic option to allow a clear, uniform and
decisive means of deciding whether to use GoodSAM or
not and to allow us to assess the strengths and limitations
of using this method.

A minimisation algorithm was used to ensure bal-
ance between day shifts (06:00—-18:00) versus night shifts
(18:00-06:00) and weekdays (Mon-Thurs) versus week-
end days (Fri-Sun). Shifts were only randomised if the
HEMS desk and CCD were co-located. In the final trial
week, three shifts were used to test the feasibility of ran-
domising by individual call, using a pre-prepared ran-
domisation list. Once the code was entered into the CAD
to identify the call as being eligible, the study Research
Paramedic opened a sealed envelope and announced to
the HEMS dispatcher/CCD if the incident was allocated
to the control or intervention condition.

Blinding

Whilst the use of GoodSAM could not be concealed, the
allocation of shifts was concealed until the start of each
trial week, at which time posters were displayed around
the EOC (visible to all dispatchers and EMAs) detailing
the randomisation for that week. Additionally, the Expert
Panel were blinded to the assignment of intervention
when applying the appropriateness of dispatch criteria.

Analytical methods
A statistical analysis plan was produced and approved
by the independent study Steering Committee prior to
undertaking analysis. Analysis focused on providing
estimates and confidence intervals to inform the design
of a subsequent RCT. The primary analysis was under-
taken on an intention-to-treat (ITT) basis, that is, every
incident is included in the group to which it was ran-
domised, regardless of the adherence to the randomised
intervention, although deviations are noted. The analysis
was planned in accordance with the relevant CONSORT
guideline extensions for cluster randomised trials, ran-
domised pilot trials and feasibility trials [20, 21]. Data
regarding personnel and services dispatched (descrip-
tives and time spent attending) were also used to inform
health economic analysis for a future trial.

For measurement of potential harm in staff, surveys
were sent pre-trial and post-trial (and at the same time
to similar staff in a comparison Ambulance service who
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were not using livestreaming). Mean scores for the Gen-
eral Health Questionnaire (GHQ-12) [22] and the Impact
of Events Scale — Revised (IES-R) [23] were compared
using t-tests.

An exploratory health economic analysis was con-
ducted, to inform the design of a potential future eco-
nomic evaluation and assess the feasibility of collecting
resource use, cost, and consequence data related to the
dispatch process. Resource use comprised personnel
and services dispatched, attending the scene and con-
veyance. A variety of sources were used to compute
unit costs (2021/22 prices) per minute (Additional file 2:
Table 1), which were applied to incident ambulance and
HEMS resources [24—27]. Intervention costs included
service fee for use, time of HEMS dispatchers and CCP
review. Exploratory analysis (ITT) was conducted using
a cost-consequence framework. Differences in mean
ambulance/HEMS costs per incident were estimated and
consequences were characterised as the proportion of
appropriate dispatch decisions.

Embedded process evaluation

A mixed methods process evaluation was designed to
assess the acceptability and feasibility of implementation
of the intervention (video livestreaming) and of the study
protocol and processes. Methods included non-partic-
ipant observation in the main trial site EOC (SECAmb,
control and intervention shifts), surveys and semi-struc-
tured interviews (with both callers and EOC staff). The
surveys were designed predominantly to assess risk of
psychological harm (see above for analysis of these) but
the caller survey was also designed to collect data on the
acceptability of video livestreaming.

The inner-city observational sub-study included non-
participant observation of the use of livestreaming by
HEMS dispatchers (paramedics) and APP-CCs, a survey
sent to callers who were observed using video livestream-
ing (and invitation to survey respondents to participate
in a follow-up semi-structured interview), and semi-
structured interviews with EOC staff who used (and/or
had access to use) livestreaming for major trauma inci-
dents. The survey and interview questions were designed
predominantly to investigate the acceptability of lives-
treaming and any influences on this (e.g., ethnicity, cul-
ture, language). EOC observations were conducted with
two prehospital critical care teams that routinely use
video livestreaming for trauma—the LAS APP-CCs and
LAA HEMS dispatchers.

Observational and interview data were analysed using
the Framework Method [28]. Data collection and analy-
sis were underpinned by a number of relevant theoretical
frameworks including decision making [29], situational
awareness [30], implementation of technology [31-33]
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and implementation science (Consolidated Framework
for Implementation Research, [30]).

Results

Recruitment

A total of 62 shifts were randomised: 31 shifts to the con-
trol arm and 31 to the intervention arm (see Additional
file 1: Fig. S1—consort flowchart). Eight of the night shifts
(4 control and 4 intervention) ended at 22:00 due to the
CCD not being co-located with the HEMS dispatchers in
the East EOC. The shifts included a total of 240 eligible
incidents (132 control and 108 intervention). A further
3 shifts were randomised by individual call (a method
reported as acceptable and feasible by HEMS dispatchers,
CCPs and Research Paramedics). These shifts included 4
eligible calls (2 allocated to intervention and 2 to control),
resulting in a total of 244 incidents involving 269 patients
(see Additional file 1: Figs. S1 and S2).

Table 4 Progression criteria findings
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The first participant was a staff member recruited on
17 June 2022 by completing the pre-trial staff survey
(completed between 17 June 2022 and 30 July 2022).
Staff completed the post-trial follow-up survey between
13 December 2022 and 23 January 2023. Patients were
recruited from 28 June 2022 until 28 February 2023, up to
3 months after the last trial day (28 November 2022). The
recruitment period for callers was from the first trial day
(28 June 2022) to the final trial day (28 November 2022).
The trial ended at the end of the six planned trial weeks.

Outcomes and estimation

Numbers analysed, and outcomes in relation to the pro-
gression criteria are provided in Table 4. Two of the four
progression criteria were confirmed as ‘Green’ (proceed
to definitive study) and two were indeterminate. Once
calls were transferred successfully (79/110, 72%) and
the caller could thereby be asked if they were using a

Progression criteria RAG rating
1: Proportion of callers with smartphones agreeing n/N (%) 62/72 (86) Green
to and able to activate video livestreaming
95% Cl (76 t0 93)
2. Number (proportion) of requests to activate that result n/N (%) 53/62 (85) Green
in GoodSAM footage being viewed by HEMS and/or CCP
NB: The number of requests to activate is taken as the number ~ (95% Cl) (74 to 93)
of GoodSAM texts received (n=62)
3. Air Ambulance standdown rate/change in dispatch deci-  n/N (%) 2/20 (10) ITT* Indeterminate due

sion as result of livestreaming

4a. Rates of psychological harm not significantly greater
in 999 callers using livestreaming vs. not

to insufficient data
2/6 (33) PP

Only 4/244 (1.6%) callers completed surveys

No evidence of harm from interviews or observations

4b. No significant difference in change over time in psy-
chological harm in staff within the trial site compared
to the comparison site

Trial site: Pre-intervention IES-R (n=41)
Post-intervention IES-R (n=25)

Change (mean, SD), difference between time points (95%
@)}

Pre-intervention GHQ-12 (n=40)
Post-intervention GHQ-12 (n=25)
Comparison site: Pre-intervention IES-R (n=9)
Post-intervention IES-R (n=4)

Change: Mean (SD)**

Pre-intervention GHQ-12 (n=9)
Post-intervention GHQ-12 (n=4)

Change, difference between sites (95% Cl)
IES-R

GHQ-12

36(6.2)
2.8 (44)
—1(85), =1.0(-45,25)

9.6 (34)
9.0(2.8)
5(58)
13.1 (20.6)
6.3 (15.8)
9.9 (34)
14.5 (4.4)

~73(=318,17.3), p=043
—7.5(=144,-07), p=004

*ITT intention to treat (denominator is all HEMS dispatches in intervention arm) PP per protocol (denominator is HEMS dispatches where livestreaming was used).

**Difference between time points not calculated as numbers too small
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smartphone (72/79, 91%), most with smartphones were
able and willing to activate video livestreaming (Criteria
1: 86%). Of these, most requests to activate video lives-
treaming resulted in footage (Criteria 2: 85%).

The stand down rate for HEMS in the intervention
arm was lower than expected with only six dispatches
out of 20 in the intervention arm occurring in incidents
where GoodSAM was used, and only two stand downs
due to video livestreaming. Hence, the criteria were met
but with very small numbers (Criteria 3). Assessment of
psychological harm (Progression Criteria 4) was indeter-
minate due to very low recruitment of callers and staff
within the comparator site. Change over time in IES-R
and GHQ-12 scores (from pre- to post- trial, and the
difference in change between trial and comparator site)
provided no evidence of increased harm after video lives-
treaming was introduced in staff within the trial site.

Analysis of study processes

Study dataflow for each arm of the study are shown in
Figs. 2 (intervention arm) and 3 (control arm). In both
arms, in most incidents eligible calls were identified
and the code was entered to request transfer to attempt
livestreaming (93.6% intervention arm, and 91% control
arm). Calls were transferred in 77% of cases (with human
or technical errors accounting for those that were not
transferred). Only a minority of callers did not have a
smartphone (4% of those that could be asked), and con-
sent and successful use of livestreaming was high as per
progression criteria 1 and 2 above. Failures were mostly
accounted for by technical issues.

Ancillary analyses (secondary outcomes)

(i) Speed of appropriate dispatch was not significantly
different between the control and intervention
groups for either HEMS or CCPs (Table 5).

(ii) Stand-down rate (de-escalation). The stand down
rate of HEMS was similar in the control and inter-
vention arms (Table 5). In the control arm, 20/53
HEMS dispatches resulted in a stand down (38%).
From an ITT perspective, 2/20 HEMS dispatches
resulted in stand down in the intervention arm
(10%), but only 2/6 dispatches where GoodSAM
was used resulted in stand down (33%). Accurate
data of stand downs for other SECAmb resources
(e.g., Double Crewed Ambulance, DCA) was not
feasible to collect in this study due to the constant
re-allocation of resources, depending on geography
and prioritisation due to urgency.

(iii) Missed calls: only eight calls were identified as
‘missed’ by the HEMS dispatchers/CCD (4 during
control shifts and 4 during intervention shifts).
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(iv) Request for enhanced resources (HEMS and/
or CCPs) from the scene were recorded by the
Research Paramedics. Of the 134 incidents in the
control arm, there were eight requests (6%) for a
HEMS/CCP resource (7 HEMS and 1 CCP) to be
sent to the scene, requested by a SECAmb resource
already on scene. Of the 110 incidents in the inter-
vention arm, there were three requests (3%) for a
HEMS/CCP resource (2 HEMS and 1 CCP) to be
sent to the scene. For requests in the intervention
arm, one HEMS request and one CCP request had
used GoodSAM video livestreaming.

Health economic analysis

It was possible to estimate costs of the intervention (£5/
incident) and resources dispatched to incidents (mean
(SD) total costs £1403 (2131) control vs £836 (1642)
intervention, Additional file 2: Table 2). The proportions
of incidents for which deployment of final resources was
rated as appropriate were similar between groups (69%
control, 71% intervention), although these data were only
available for a subsample of incidents due to challenges
with patient recruitment. Ambulance resources dis-
patched per arm and results of cost-consequence analysis
are detailed in Additional file 2: Tables 3 and 4.

Embedded process evaluation

A full list of the research questions for this embedded
process evaluation are available elsewhere [18], and com-
prehensive findings will be published separately. Key
findings and exemplar quotes are provided in Additional
file 3. For the main trial site, a total of 86 h of observa-
tional fieldwork was conducted in the SECAmb EOC, 11
staff interviews (HEMS dispatchers, CCPs and Research
Paramedics) and two caller interviews (one who used
video livestreaming and one who did not).

In summary, evidence supported that use of Good-
SAM video livestreaming was acceptable and easy to
use for both callers and EOC staff (with minimal train-
ing required). HEMS dispatchers/CCPs found it useful
in informing dispatch of EMS resources and qualita-
tive evidence suggested use of video livestreaming in
trauma is unlikely to cause any psychological distress to
callers in additional to what they may already experi-
ence because of witnessing a trauma incident. Similarly,
none of the EOC staff were observed to have any vis-
ible stressful or emotional reactions to live streamed
footage but they did discuss in interviews the poten-
tial harm that viewing traumatic scenes could cause if
not properly managed. We were able to collect accu-
rate decision-making and dispatch data real time and
retrospectively. Application of the criteria to measure



Reasons 999 caller
survey text not sent
(n=13, 11.8%)

o Trial protocol
confusion (n=6,
5.5%)

o Dispatcher unable
to confirm caller’s
number (n=4,
3.6%)

e Caller was a minor
(n=1, 0.9%)

o Dispatcher did not
feel it was
appropriate due to
nature of incident
(n=1, 0.9%)

® Reason missing
(n=1, 0.9%)
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Eligible incidents
(n=110)
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A

A4

SEEYES entered:
(n=103/110, 93.6%)

A4

Reasons SEEYES* not entered (n=7, 6.4%):

o N =2 (1.8%) Judgement during SM that
transfer not appropriate e.g. caller very
distressed

o N =4 (3.6%) HEMS/CCD forget/human error

e N =1 (0.9%) Other — CPR in progress

v

Call transferred to
dispatcher
successfully:
(n=79/103, 76.7%)

Fig. 2 Data flow intervention

A 4

Reasons call not transferred successfully:

(n=24, 23.3%). More than one reason could be

selected.

e Not actioned by EMA (n=11, 10.7%)

o EMA unable to transfer call as remained on
line with caller until crew arrived (n=2, 1.9%)

e Dispatcher busy at the time of transfer (n=1,
1.0%)

e Phone line lost (n=6, 4.9%)

o Crew arrived at scene before caller was read
the script (n=2, 1.9%)

e Reason missing (n=3, 2.9%)

A\ 4

Dispatcher started
the script with
caller:
(n=75/79, 94.9%)

A\ 4

Reasons dispatcher did not start script (n=4,

5.1%)

o Crew arrived on scene before script could be
read (n=2, 2.5%)

o Caller did not respond to the dispatcher over
the phone (n= 2, 2.5%)

v

Smartphone user
(n=72/75, 96.0%)

A 4

Mobile phone not a smartphone (n=3, 4.0%)

v

Consent for
GoodSAM use
(n=69/72, 95.8%)

A\ 4

Caller did not consent because they were not
comfortable live streaming (n=3, 4.2%)

v

GoodSAM used
(footage obtained):
(n=53/72, 70.7%)

Reasons GoodSAM not used (n=22, 29.3%):

o Caller did not receive GoodSAM text with link
to activate live streaming (n=7, 9.3%)

e Connectivity/signal issues (n=4, 5.3%)

® Restrictions on caller’s phone would not
allow (n=2, 2.7%)

o Crew arrived on scene before GoodSAM
could be activated (n=1, 1.3%)

o Caller could not use their smartphone/follow
instructions (n=1, 1.3%)

e Camera on callers’ phone did not work (n=1,
1.3%)
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Eligible incidents:

(n=134)
Reasons 999 caller Reasons SEENO* not entered (n=12,
survey text not sent 9.0%):
(n=33, 24.6%) e Judgement during SM that transfer
o Trial protocol > not appropriate e.g. caller very
confusion (n=17, distressed (n=2, 1.5%)
12.6%) < e HEMS/CCD forget/human error
e Dispatcher did not (n=7, 5.2%)
feel it was e HEMS/CCD would not have asked for
appropriate due to call transfer if it was a GoodSAM
nature of incident shift due to concern about impact
(n=3, 2.2%) on wellbeing of seeing the scene
e HEMS/CCD did not (n=3, 2.2%)
have access to text v
function (n=3, 2.2%) SEENO entered:
® Reason missing (n=122/134, 91.0%)
(n=10, 7.5%)

Fig. 3 Data Flow Control

Table 5 Speed of (appropriate*) dispatch

Outcome Control GoodSAM Difference p-Value
Speed of dispatch: time from initiation of 999 call to:
Dispatch of HEMS N 52 20
Time in minutes (95% Cl) 19.1 (15.5,22.7) 174 (9.8, 25.0) 1.7 (—6.5, —10.0) 0.67
Dispatch of CCP N 73 43
Time in minutes (95% Cl) 9.5(7.8,11.1) 89(7.1,10.3) 0.78 (—1.5,3.1) 0.5
Speed of appropriate* dispatch: time from initiation of 999 call to:
Dispatch of HEMS* N 13 6
Time in minutes (95% Cl) 19.6 (11.0,28.3) 14.7 (7.1,22.3) 49(—55,154) 033
Dispatch of CCP* N 14 8
Time in minutes (95% Cl) 8.9(6.5,113) 9.9 (4.6,15.1) -10(-65,4.5) 0.69

*For inclusion of the ‘appropriateness’ assessment of dispatch this could only include the sub-sample of patient participants who provided consent for access to

medical records. Data are also presented for the whole sample for comparison to this

appropriateness of dispatch resulted in 97% agreement
between Research Paramedics.

In the inner-city sub-study, the Research Fellow
completed 200 h of observational fieldwork across 25
shifts (day and night). During these shifts, GoodSAM
was used 39 times. Although 34/39 (87%) of the call-
ers who used video livestreaming consented to be sent
a survey about their experiences, only seven completed
the survey (21% response rate). Of these five agreed to
participate in an interview but despite many attempts
to arrange interviews, none were completed. As only
one caller who completed the survey reported to not
speak English fluently and no interviews were possible,
the information about diversity of callers using video

livestreaming relied predominantly on interviews with
staff. Fourteen interviews were conducted with staff
(HEMS dispatchers and APP-CCs). Although ethnic-
ity, culture and religious beliefs were not reported to
influence decisions to use video livestreaming (and no
instances were observed where culture or language pre-
sented as a barrier to video livestreaming), some staff
reported in interviews that when callers required the
use of translation services (e.g., Language Line) this
may influence their decision to initiate video lives-
treaming, especially if the injuries appeared time criti-
cal. Furthermore, some HEMS dispatchers/APP-CCs
also reported that older age might similarly influence
this decision (to request livestreaming) due to their
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perception that older adults may not have access to
and/or find it difficult to use the technology.

Discussion

The findings from this feasibility RCT can be used to
inform the design and conduct of trials in the use of video
livestreaming in the pre-hospital setting, and specifically
for trauma incidents. We found that video livestreaming
was feasible to implement, acceptable and easy to use for
both callers and dispatchers, and that it may aid dispatch
decision-making. The event rate was as estimated (4.3 eli-
gible incidents per shift, standardised to a 12-h shift) and
data regarding decision-making and resource allocation
both real-time and retrospectively was feasible to col-
lect. Recruitment of patients involved in incidents and lay
public callers remain as major challenges to overcome in
future studies.

Given the question remaining over the potential harm
that may be caused by use of video livestreaming (to
either callers and/or to dispatchers), and in the context of
the rapid uptake of such technologies in ambulance ser-
vices regardless of the sparse evidence regarding this, it
is important to prioritise future research that can answer
this question. Indeed, one incident reported in the media
in another ambulance service suggested that using video
livestreaming may have exacerbated the trauma experi-
enced by the caller [35]. In our study whilst we found no
direct evidence of harm, interviews suggested that harm
may result (or be exacerbated if used for certain types of
incidents e.g., suicide attempts. Findings from the inner-
city sub-study, which will be reported in full elsewhere,
supported the need for governance around if/when/how
video livestreaming should be used. Similar conclusions
have been reported in the wider literature [14, 35].

Design issues that would need to be addressed for a
future study include determining the best timing for ran-
domisation to reduce bias in either arm. For pragmatic
reasons, we randomised by working shift for this study,
though in the final week found that we could randomise
by individual call. We also faced barriers due to govern-
ance restrictions and policies within the emergency ser-
vice that impacted on our ability to recruit callers. Other
studies have had similar problems with recruitment of
emergency callers [8, 15]. Further work with the lay pub-
lic and emergency services to agree protocols prior to a
future study may help to improve recruitment. Barriers
to the use of livestreaming that we report in this study
include human error (e.g. failing to transfer calls), but
also technology related to the platform and/or callers
mobile phones. Such instances were relatively rare but
would be important considerations in future studies and
for roll-out in practice.
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A recurring theme which emerged from the staff inter-
views was how useful the HEMS dispatchers/CCD found
video livestreaming to aid decision making about dis-
patch. Being able to see the patient and the scene enabled
the dispatchers to improve their situational awareness
[30], as they were able to gather more information and
gain a better understanding of what was happening/
had happened at the scene, and could therefore be more
confident in their decision-making about the resources
required at the scene. Similar findings have been reported
elsewhere [3, 8, 14, 36]. The time from initiation of emer-
gency call to dispatch is not a true reflection of time taken
for enhanced dispatch to reach the scene, as livestream-
ing could not commence until the final telephone triage
code had been obtained on the NHS Pathways system.
This was mandated by the EOC clinical governance pro-
cesses. Also, an exclusion criterion included emergency
resources already being on scene before livestreaming
could commence. The average time therefore excludes
incidents that were reached quickly.

Research into the impact of technology on dispatch
decisions require a method of determining that any
impact on decisions was the ‘right’ decision [37]. We
have developed and validated a method for determin-
ing ‘appropriateness’ of EMS resources sent to incidents
within this study, which will be published, in full else-
where to provide a resource for further studies in this
setting.

Limitations

The low recruitment of patients, callers and EOC staff
(from the comparison site) meant that two of the pro-
gression criteria were rated as indeterminate. The assess-
ment of appropriateness of resources sent required
access to medical records post-incident, and only 44%
of patients were approached to request consent for this.
There was a very low decline rate (n=9), with most other
patients not being approached due to challenges in iden-
tifying or contacting them once they had been discharged
from hospital.

Generalisability

The ambulance trust where the trial took place (SECAmb)
is similar in geographical and population size to several
other English ambulance trusts and has a similar profile
in relation to range of major trauma incidents as other
trusts. Future studies of implementation and impact of
video livestreaming in ambulance services will need to be
designed to consider different dispatch systems and other
key differences in operations, including the clinical or
non-clinical background of HEMS dispatchers.
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Interpretation and conclusion

The study findings support progression to a future trial,
which must be designed to overcome the limitations
identified in this feasibility study. Video livestreaming
from scene is feasible to implement, acceptable to both
callers and dispatchers, and may aid dispatch decision-
making, but further assessment of unintended conse-
quences, benefits and harm is required. Given the rapid
adoption of such technologies it may be that an alterna-
tive research design will be required such as a stepped
wedge or realist evaluation, either way embedding a
mixed methods process evaluation to robustly under-
stand if/how/why livestreaming works and for whom and
in which circumstances.

Abbreviations

APP-CC Advanced Paramedic Practitioners in Critical Care

CAD Computer-aided dispatch system

CAG NHS Confidentiality Advisory Group

[@@b)] Critical Care Desk

ccp Critical Care Paramedic

DCA Double Crewed Ambulance

EEAST East of England Ambulance Service NHS Trust

EMA Emergency Medical Advisor (also known as call
handler)

EMS Emergency Medical Services

EOC Emergency Operations Centre

GHQ-12 General Health Questionnaire

HEMS Helicopter Emergency Medical Services

HRA Health Research Authority

IES-R Impact of Events Scale Revised

TT Intention-to-treat

KSS Air Ambulance Charity Kent, Surrey, Sussex

LAA London’s Air Ambulance Charity

LAS London Ambulance Service NHS Trust

MPDS Medical Priority Dispatch System

NHS National Health Service

NIHR National Institute for Health and Care Research

RAG rating Red, Amber, Green Rating

RCT Randomised Controlled Trial

SECAmb South East Coast Ambulance Service NHS Foundation
Trust

Glossary

APP-CC Advanced Paramedic Practitioners in Criti-

cal Care: A specialist paramedic working
with the London Ambulance Service NHS
Trust (LAS) with additional post-graduate
education, training and experience in
prehospital critical care. The role includes
working both clinically treating patients
and on the Advanced Paramedic Practi-
tioner (APP-CC) desk, dispatching other
APP-CCs and providing remote advice to
EMS crews

CAD Computer-Aided-Dispatch  system: The
software used by Ambulance Trusts to
triage calls and dispatch ambulance
resources

ccb Critical Care Desk: the area within the
Emergency Operations Centre where the
CCPs are dispatched from and from where
critical care expertise and support can be
sought from the scene of incidents by
ambulance crews

ccp

CPR

DCA

Dispatcher

EMA

EMS

EOC

GoodSAM Instant-On-Scene

HEMS

KSS

Major Trauma Centre

Major Trauma Network
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Critical Care Paramedic: A specialist para-
medic working with the South East Coast
Ambulance Service NHS Foundation Trust
(SECAmb) with additional post-graduate
education, training and experience in
prehospital critical care. The role includes
working both clinically treating patients
and on the Critical Care Desk (see CCD)
dispatching other CCPs and providing
remote advice to EMS crews
Cardiopulmonary  resuscitation:  Chest
compressions given to a person in cardiac
arrest

Double Crewed Ambulance: An emer-
gency ambulance crewed by at least two
ambulance service staff who are trained
to deliver clinical care at the scene of a
medical incident and capable of trans-
porting patients to hospital or another
location

a member of staff within the ambulance
service who dispatches appropriate emer-
gency medical resources to the scene of
an incident

Emergency Medical Advisor: a member
of staff within the ambulance service
who finds out the location of the patient/
incident, completes an assessment of the
patient, provides live saving instructions
(e.g. CPR) and provides reassurance before
emergency medical resources reach the
patient/scene. Also known as a ‘call taker’
or‘call handler’

Emergency Medical Services: Services
which provide urgent or emergency med-
ical help

Emergency Operations Centre: receives
and triages 999 calls from members of
the public and other emergency services
eg. police, fire and coastguard, and coor-
dinates dispatch of resources to the scene
of incidents

A technology which enables a caller to
video livestream from the scene of an
emergency to the emergency control
centre

Helicopter Emergency Medical Services:
provide prehospital emergency and criti-
cal care to patients via helicopter and/or
road, with teams including emergency
medical doctors as well as paramedics
Kent, Surrey, Sussex, used in this study as
an abbreviation for Air Ambulance Charity
Kent, Surrey, Sussex

A major trauma centre (MTC) is part of a
major trauma network. This type of hos-
pital is dedicated to treating patients with
severe injuries resulting from significant
trauma. It offers 24/7 emergency services
with immediate access to consultants
from a broad spectrum of specialised
medical services

Coordinated teams and resources dedi-
cated to a specific population, to mini-
mise fatalities and impairments result-
ing from injuries. These networks are
designed to manage the three key stages
of a patient’s treatment process—pre-
hospital, in-hospital, and rehabilitation
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MPDS Medical Priority Dispatch System: A dis-
patch system which allows the catego-
risation and prioritisation of emergency
medical services, is an alternative to NHS
Pathways used in this study

A clinical decision support system sup-
porting the remote assessment of callers
to urgent and emergency services, includ-
ing 999.

When the HEMS dispatchers/CCPs in the
EOC silently listen to the conversation
between the 999 caller and the EMA to
gain more information about the incident
A hospital within the major trauma net-
work that caters to all but the most criti-
cally injured trauma patients. In situations
where reaching a major trauma centre
within 45 minutes is not feasible, or if
rapid stabilisation is required, patients are
initially taken to the closest hospital with a
local trauma unit

NHS Pathways triage tool

Silent Monitoring

Trauma Unit
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