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Selecting intervention content to target barriers and enablers of recognition and

response to deteriorating patients: an online nominal group study.

Abstract

Background

Patients who deteriorate in hospital wards without appropriate recognition and/or response are
at risk of increased morbidity and mortality. Track-and-trigger tools have been implemented
internationally prompting healthcare practitioners (typically nursing staff) to recognise
physiological changes (e.g. changes in blood pressure, heart rate) consistent with patient
deterioration, and then to contact a practitioner with expertise in management of acute/critical
iliness. Despite some evidence these tools improve patient outcomes, their translation into
clinical practice is inconsistent internationally. To drive greater guideline adherence in the use
of the National Early Warning Score tool (a track-and-trigger tool used widely in the United
Kingdom and parts of Europe), a theoretically informed implementation intervention was
developed (targeting nursing staff) using the Theoretical Domains Framework (TDF) version

2 and a taxonomy of Behaviour Change Techniques (BCTSs).

Methods

A three-stage process was followed: 1. TDF domains representing important barriers and
enablers to target behaviours derived from earlier published empirical work were mapped to
appropriate BCTs; 2. BCTs were shortlisted using consensus approaches within the research
team; 3. shortlisted BCTs were presented to relevant stakeholders in two online group
discussions where nominal group techniques were applied. Nominal group participants were
healthcare leaders, senior clinicians, and ward-based nursing staff. Stakeholders individually
generated concrete strategies for operationalising shortlisted BCTs (‘applications’) and
privately ranked them according to acceptability and feasibility. Ranking data were used to

drive decision-making about intervention content.



Results

Fifty BCTs (mapped in stage 1) were shortlisted to 14 (stage 2) and presented to stakeholders
in nominal groups (stage 3) alongside example applications. Informed by ranking data from
nominal groups, the intervention was populated with 12 BCTSs that will be delivered face-to-

face, to individuals and groups of nursing staff, through 18 applications.

Conclusions

A description of a theory-based behaviour change intervention is reported, populated with
BCTs and applications generated and/or prioritised by stakeholders using replicable
consensus methods. The feasibility of the proposed intervention should be tested in a clinical
setting and the content of the intervention elaborated further to permit replication and

evaluation.
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Contributions to the literature

— To improve the recognition and/or response to deteriorating patients (by nursing staff),
a range of intervention components may be required, including training and different
Behaviour Change Techniques delivered using a range of concrete strategies.

— Behaviour Change Techniques, used to optimise the physical and social environment,

could be delivered in acute hospital wards at the point of care.



— It may be more suitable to deliver some appropriate BCTs in a workshop setting,
particularly when the end-users are healthcare staff and delivery of the techniques
involves prompting reflection on the consequences of enacting or not enacting specific
(clinical) behaviours, and/or making plans for future behaviour.

— Strategies for delivering BCTs within the ward setting were broadly favoured by
clinical stakeholders (i.e. considered more acceptable and/or feasible) over alternate
strategies for delivery in workshops. The acceptability of different approaches requires

further examination during feasibility testing.

1. Background

Clinical deterioration has been defined as a change in the condition of a patient from
one clinical state to a worse clinical state with an increased risk of morbidity or mortality (1).
Hospitalised patients who deteriorate in a ward setting, without recognition or an appropriate
response, are at risk of Serious Adverse Events (SAES) such as unplanned admission to the
Intensive Care Unit (ICU), cardiac arrest, and/or death (2,3). To facilitate recognition of, and
response to, patient deterioration, Rapid Response Systems (RRSs) have been implemented
within acute hospitals internationally (4). At the system level, RRSs typically include an
‘afferent limb’ (the recognition arm) and an ‘efferent limb’ (the response arm) (figure 1).
However, there is often variation between organisations in how RRSs are operationalised

(4,5).

<insert figure 1 here>

Figure 1 - conceptual model of the Rapid Response System (RRS)
Adapted from: DeVita et al (4)

Changes in vital signs (e.g. heart rate, respiratory rate, blood pressure) are present in

more than 50% of patients who suffer SAEs (6-8). To strengthen the afferent limb of the



RRS, track-and-trigger tools have been implemented internationally. These tools (which may
be paper-based or embedded within an electronic health record), permit healthcare
practitioners (frequently nursing staff) to record vital signs, providing a signal when the vital
signs breach pre-determined criteria (i.e. when the vital signs fall outside of acceptable
ranges). When criteria are breached, staff are prompted to escalate care; that is, to increase the
frequency of vital signs monitoring and to contact a more senior colleague or a practitioner
with expertise in the management of critical illness (e.g. a doctor or a nurse from critical care
outreach team or equivalent) (9,10). In the UK and parts of Europe, the National Early
Warning Score (NEWS) has been widely implemented and its predictive performance
validated (11-13). The NEWS comprises six routinely recorded vital signs (14). For each
vital sign, a score is applied (range 0-3) depending on the level of physiological derangement.
The scores are then combined, and for patients requiring supplemental oxygen a further two
points added, to produce the total NEWS (range 0-20). The higher the NEWS, the greater the
risk to the patient of SAE and the more senior the practitioner to whom care should be
escalated (14). The use of early warning scores (like NEWS) and accompanying escalation of

care protocols are associated with improved patient outcomes (15).

Despite implementation of track-and-trigger tools, there is evidence that deteriorating
patients continue to receive sub-optimal care (16,17). This has been partly attributed to ward-
based nursing staff failing to recognise the abnormalities in vital signs and/or not escalating
care when criteria are met (18). This phenomenon has been termed Afferent Limb Failure
(ALF) (2,19). ALF is increasingly reported to be associated with inconsistent behaviour of
nursing staff (20,21). Consequently, to optimise the afferent limb and to drive more consistent
responses to deteriorating patients, there is a need for interventions to support nursing staff to
change their behaviour (22—24). Theories of behaviour and behaviour change are arguably the

most useful guides for developing such interventions. However, there is currently paucity of



research applying behavioural theories or theoretical frameworks to explore determinants of
afferent limb behaviour, or to inform selection of content for interventions to improve nursing
staff’s afferent limb behaviour (25,26). Given evidence that systematic application of theory
may increase replicability of methods (27,28) and intervention efficacy (29,30), the use of
theory-based approaches to intervention development is justified. A multi-phase programme
of work was devised modelled on the theoretically informed implementation process reported
by French et al (31) and underpinned by the Theoretical Domains Framework (TDF) (v2). A
diagrammatic overview of the entire programme of work can be found in figure 2. In this

paper, the focus is on selecting content for a behaviour change intervention.

<insert figure 2 here>

Figure 2 — overview of the programme of work to develop a theory-based behaviour change

intervention targeting behaviours that are potential antecedents to afferent limb failure.

The observable, irreducible and active elements of a behaviour change intervention
that bring about the change in behaviour are termed Behaviour Change Techniques (BCTs);
93 BCTs have been identified and defined in a taxonomy (32). The behaviour change
literature distinguishes between BCTs and the strategies used to operationalise them (27). The
mechanisms through which BCTs are delivered to recipients have been labelled modes of
delivery (33). The mode of delivery may encompass the proximity of the intervention
deliverer to the recipient (e.g. face-to-face, remote), the number of individuals targeted by the
intervention on a single occasion (e.g. individual, dyad, group), and the medium through
which BCTs are sent to intended recipients (e.g. radio, poster, mobile phone application)
(32,33). Reporting the operational components of an intervention in sufficient detail to be
replicable requires descriptions of intervention content (what); provider (who); setting

(where); recipient (to whom); intensity (over how many contacts), and fidelity (the extent to



which it was delivered as intended) (33). In this work, the concrete strategies used to
operationalise BCTs were labelled as applications. For example, social support and
encouragement (the BCT) could be delivered face-to-face, to individual health practitioners
(mode of delivery), through the provision of peer support workers or ‘champions’ in the

workplace (the application).

When developing behaviour change interventions, the context in which the
intervention will be delivered is recognised as an important consideration (34,35). It
has been posited that context is both complex and multi-dimensional and extends
beyond a physical space (36). Context should be recognised as a process involving
persons, resources, perspectives, and activities (37). To design interventions feasible
to deliver in practice, assessing the contextual constraints and facilitators is crucial
(37). Despite this, there is evidence of context being under-reported within the wider
patient safety literature (38). To permit suitable adjustments for context and ‘local
factors’ (39) it has been recommended that interventions aiming to change health
practitioners’ behaviour be developed through interactive methods with the target
group, allowing local expertise and tacit contextual knowledge to be incorporated
(34,35). The aims of this research were to select and shortlist possible BCTs, and to
use structured consensus methods with healthcare staff to prioritise BCTs and

applications for inclusion in a behaviour change intervention (targeting nursing staff).

2. Methods

2.1. Design

A three-stage process was used to develop the content for a theoretically informed
behaviour change intervention. In stage 1, mapping tools were used to identify appropriate

BCTs for the previously identified determinants of target behaviours; stage 2, using additional



criteria (acceptability and feasibility) and a consensus approach, the identified BCTs were
shortlisted by the research team; stage 3, shortlisted BCTs and researcher-generated
applications were presented to stakeholders in online group discussions where Nominal
Group Technique (NGT) methods were applied (nominal groups). To further reduce the
number of applications, ranking data from nominal groups guided final consensus discussions
by research team members. Permission to conduct this research was granted by a National
Health Service Research Ethics Committee (REC) (reference:18/NS/0118), the Health
Research Authority (reference as for REC), and the hospital’s research and development

department (reference: 18/0569).

2.2. Mapping and shortlisting Behaviour Change Techniques

Using linkages between TDF domains and BCTs derived from expert consensus
processes (27,40), TDF domains of high importance were mapped to specific BCTs that could
be used to ameliorate barriers and/or enhance enablers associated with a given domain. A
minimum of two researchers (DS and MC or JD or LMA) independently reviewed all mapped
BCTs and their definitions for anticipated acceptability (to the intended recipient) and
anticipated feasibility (in the intended context). For each BCT, the criteria in table 1 were
used to determine whether to include it, exclude it or bring it for discussion with all
researchers (DS, MC, JD, JH, LMA). BCTs were then taken forward for discussion and

voting at stakeholder groups where NGT methods were applied.

Table 1 — criteria applied by members of the research team during BCT shortlisting

<insert table 1 here>



2.3. Recruitment and sampling

Senior clinicians and leaders from a variety of disciplines were recruited for a
leadership group and Registered Nurses (RNs) and Healthcare assistants (HCAS) from acute
wards were recruited for a clinical group. These personnel were separated to reduce potential
power imbalances (41). An email outlining the nature and broad objectives of the research
was sent to the chairperson/project lead of a Deteriorating Patient Steering Group (to recruit
for the leadership group) and nurse managers of acute inpatient wards (to recruit for the
clinical group), requesting permission to access potential participants. The project lead and
ward managers then sent the invitation to potential participants via the appropriate group
email. Recipients of the email were asked to contact DS if they were interested in
participating. In addition, using a snowballing technique (42) any recruited participants were
asked to identify colleagues from within the organisation interested in participating, and an
invitation was sent to these individuals too. These approaches were repeated until an adequate

sample of participants had been recruited.

2.4. Materials

It was likely participants of the nominal groups would have no prior knowledge of
behaviour change concepts and processes. Consequently, an information package (additional
file 1) was emailed to participants two weeks before the nominal group (43). The information
package consisted of a participant information sheet and a further document including a table
showing the BCTs shortlisted in stage 2, plain-English definitions of BCTs, and example
applications (minimum 1 example application per BCT). Example applications were sourced
from supplementary materials accompanying the publication reporting the taxonomy of 93
BCTs (32), from educational materials developed by implementation scientists (44), and from

patient safety innovations described in published literature (45,46). Prior to distribution,
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content of the information package was sense-checked by a patient advisor and by a group of

clinical-academic health practitioners not directly involved in the research.

A facilitator guide was developed to structure the nominal group activities (additional
file 2). An online ranking document was also created using the Qualtrics® platform. This
document included all shortlisted BCTs, and example applications presented in the
information package as well as space for new suggested applications to be added during the
groups. The Qualtrics® platform was selected as it permits content (i.e. new suggestions from
participants) to be added in real time and to be ranked. To test the materials and the process,
pilot nominal groups were held with members of an acute and critical care research group and
then a health psychology research group at City, University of London. Facilitator guide
revisions were made iteratively based on feedback from pilot group participants, and from

debrief amongst research team members following piloting.

2.5. Data collection

In the original published protocol (47), it was proposed that the groups would be
conducted face-to-face. Due to the severe acute respiratory syndrome Coronavirus 2 (SARS-
CoV-2) pandemic, and the consequent need to maintain social distancing and to minimise
unnecessary travel (48), the groups were delivered online using Microsoft® Teams software

and were facilitated by four members of the research team (DS, MC, JD, LMA).

Participants of both nominal groups were presented with an identical list of BCTs
(mapped from TDF domains of high importance). After the leadership group, applications
suggested by participants were incorporated as examples into the information package which
was sent to participants of the subsequent (clinical) nominal group. It was anticipated that

running the groups sequentially and revising the information package between groups, would
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enable ward nursing staff to discuss, debate and vote upon ideas proposed by senior

leaders from their own organisation (alongside their own suggestions).

NGT methods involve the use of structured activities within groups comprising

relevant stakeholders, with the broad aims of achieving a level of consensus and

prioritising information (49). Key activities, central to the NGT process, as described

by the originators of the method are: independent generation of ideas, ‘round-robin’

sharing of ideas; discussion and clarification of ideas, and voting (ranking of ideas)

(50). We incorporated these key activities using a three-step process:

Step 1: The following question was posed (by DS) to the group: ‘Are there any other ways
(or better ways) that the BCTs listed in the table could be applied in this organisation,
that were not included in the information package?’ Participants silently considered the
question and privately generated responses before feeding back a single idea at a time to
the group. These ideas were posted onto the virtual display-board. All participants were
given the chance to offer at least one idea with the exercise being repeated as many times
as possible within the allotted time.

Step 2: Participants were given the opportunity to ask questions about suggestions made
by other participants and to merge suggestions considered sufficiently similar. Participants
then took a short break whilst the research team met to identify any obvious discrepancies
in the linkages between the BCTs and the applications suggested by participants (i.e.
where the application did not reflect the BCT). Where such discrepancies were identified,
a decision was made to either adjust the application to improve the alignment, propose a
re-alignment of the application to a more suitable BCT from the shortlist, or exclude the
application. The decision to exclude was made when the suggested application did not
align with any of the BCTs and/or did not target the previously identified

barriers/enablers. These decisions were driven by health psychologists (MC, JD) within
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the research team. Following any adjustments, new applications (i.e. those suggested by
the group) from the virtual display-board were added onto the online ranking documents.
— Step 3: The health psychologists summarised to the participants any adjustments that had
been made during the break time and offered them the opportunity to comment. A
hyperlink was then posted into the discussion thread so that participants could access the
ranking document in Qualtrics®. From the longer list provided, participants were asked to
rank the five BCTs/applications that they considered would be most acceptable (51) to
ward staff from 1 (most acceptable) to 5 (least acceptable). Participants were then
requested to repeat this activity according to how feasible it would be to deliver the

BCTs/applications.

2.6. Data analysis

Scores were assigned to each of the BCTs/applications based on the ranking
information from participants (52). Where a BCT/application was ranked first by a participant
it was scored 5; second it was scored 4; third it was scored 3 etc. Participants’ scores were
summed to identify ranked priorities from within and across the two nominal groups (52). For
example, if 12 participants voted for any single BCT/application then the maximum score was
60 (i.e. 12 x 5, requiring all participants to rank the item first). In contrast, if a
BCT/application was not ranked by any participants it would score 0. Summed scores and
percentages were calculated. The frequency that each BCT/application was prioritised by a
participant (i.e. ranked 1-5) was also counted for both ranking activities i.e. acceptability and

feasibility.

All combinations of BCTs/applications were reviewed during subsequent consensus
discussions involving nurse academics (DS, LMA), health psychology academics (MC, JD),

and a lead nurse (JH). Where a single BCT had several potential applications, nominal group
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ranking data were used to prioritise which specific application/s to include in the
intervention (higher scoring and more frequently prioritised applications were
included). Where a BCT/application combination received a low score from nominal
groups, and/or was not frequently prioritised (i.e. not frequently ranked 1-5), the
decision to include or exclude from the intervention was made through discussion and

debate, guided by the following considerations:

— The potential consequences of eliminating the BCT and its application/s on the
theoretical integrity of the intervention (i.e. where exclusion would result in specified
TDF domain/s and/or target behaviours not being addressed by intervention content).

— Further scrutiny of the BCT and its application/s in relation to the APEASE criteria
(where APEASE stands for acceptability, practicability, effectiveness, affordability,
side effects, equity) (33). We found that applying the APEASE criteria at this stage in
the consensus process (i.e. when BCTs were being scrutinised alongside potential
applications) allowed us to apply all criteria to some extent. We contend this may not
have been possible had we applied APEASE before BCTs had been linked to specific
applications. To exemplify, we were able to judge the potential ‘affordability’ of the
BCT Prompts/cues more accurately once we had clarity that the BCT would be
delivered using a simple laminated sign (a relatively inexpensive mechanism in this

context).

3. Results

We recruited 31 participants in total for the nominal groups. Six individuals withdrew
on the day of the group and 6 did not attend. Twelve participants attended the leadership
group (NGT1), and 7 participants attended the clinical group (NGT2) (the professional roles

of participants are displayed in additional file 3).
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The mapping exercise (stage 1) resulted in a provisional list of 50 unique BCTs (listed
in additional file 4). From the application of shortlisting criteria (table 1) and consensus
discussions within the research team (stage 2), 38 BCTs were excluded resulting in a shortlist

of 14 unique BCTs for discussion and prioritisation at the nominal groups (stage 3).

The duration of both nominal groups was 2 hours. Across the groups, 24 new
applications were proposed for applying the BCTs. Eleven of the applications proposed by
participants were considered appropriate for one or more of the 14 shortlisted BCTs. The
number of applications added and excluded at different stages of the NGT process is
summarised in figure 3. In NGT 1, 11 online Qualtrics® ranking forms were completed for the
first ranking task (acceptability of different BCT and application combinations) whilst 13
forms were completed for the second ranking task (feasibility of different BCT and
application combinations). This discrepancy implies that one participant did not complete the
acceptability ranking document but instead completed the feasibility document twice. As both
ranking documents included the same content (only the heading and explanatory text varied),
the summative scores were unlikely to be affected. In NGT 2, 6 ranking forms were
completed for ranking task 1; with 7 completed for ranking task 2 implying that 1 participant
did not rank for acceptability. This explains the variation in the denominator for the
summative scores. A detailed breakdown of ranking data for both nominal groups can be

found in table 2.

<insert figure 3 here>

Figure 3 - a summary of BCT shortlisting process, and the numbers of applications added and

excluded across the consensus process

15



Table 2 — total scores from both ranking tasks (A - acceptability and F - feasibility) across the
two nominal groups, and the decision to include or exclude the BCT/application from the

intervention with brief rationale.

<insert table 2 here>

The intervention (summarised in figure 4) was populated with 12 BCTs that will all be
delivered face-to-face at group and individual levels (the modes of delivery), through 18
different applications. Four BCTs (Re-structuring the physical environment, Re-structuring
the social environment, Salience of consequences, Information about others’ approval) will
be delivered using multiple applications. A brief rationale for decisions made during
consensus discussions regarding which BCTs/applications were included and excluded from

the intervention is provided is table 2.

<insert figure 4 here>

Figure 4 - an overview of a theoretically informed behaviour change intervention to drive

more consistent behaviours of the afferent limb of the rapid response system by nursing staff

4. Discussion

Fifty BCTs (mapped from nine domains of the Theoretical Domains Framework) that
could be used to change behaviour of RNs and HCAs were shortlisted to 14 and, alongside
example applications, presented to key stakeholders in two virtual nominal groups.
Participants proposed 11 new applications for the BCTs and ranked BCTs/applications
(including examples provided by the research team and those suggested by nominal group
participants) for acceptability to nursing staff and feasibility for delivery in an acute hospital
ward. Ordinal data from ranking tasks were used to inform content of the intervention which
has been populated with 12 BCTs, that will be delivered through 18 different applications in

either a workshop or ward setting.
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Whilst the TDF has been widely used to report barriers and enablers to health behaviour
change with patients, its application in the design of interventions targeting healthcare
practitioners is more limited. A systematic review was conducted to synthesise international
literature reporting application of the TDF in designing interventions to support healthcare
practitioner behaviour change (53). The authors reported that only around 20% of articles (i.e.
60/297) reporting use of the TDF to explore implementation problems, extended its use to
intervention design (53). In recently updated guidelines from the Medical Research Council
(36), methodological innovation and the adoption of new methods are highlighted as
important for the future development of intervention research. We contend the use of NGT
methods provides a structured, replicable, and expedient approach for ideas sharing and

consensus building when designing a behaviour change intervention.

The interaction of an intervention with context is a crucial consideration for
researchers spanning the phases of intervention design, evaluation, and implementation (34—
36). The impact of an intervention may be increased when its components are adjusted to best
suit the context within which it is being delivered (i.e. when the intervention is tailored to a
specific group or a particular setting) (36,54-56). To ensure the theoretical basis of the
intervention is not compromised, it is advocated researchers reach agreement about the degree
of variation that is permissible and prohibited, i.e. which components of an intervention can
be adjusted and which must be maintained (36,57). To ensure the theoretical integrity of the
intervention was upheld during NGT activities, we presented participants of both groups with
an identical list of BCTs and applications and explained that the BCTs were ‘fixed’, but the
applications could be revised or elaborated. We suggest our reported methods could be
replicated in different settings, and with different stakeholders, to determine how specified

BCTs could be operationalised in different contexts and tailored for different groups.
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There was overlap in the TDF domains that represented important barriers and
enablers to the target behaviours for both RNs and HCAs (58). Similar overlap in the
determinants of behaviour change, between different healthcare practitioners, has been
reported in other work (59). This overlap explains why the majority of BCTs included in our
intervention will be directed at both RNs and HCAs. From our list of target behaviours (see
the key in figure 2), three are enacted by RNs, two are enacted by HCAs, and two are enacted
by RNs and HCAs. This implies that some target behaviours are enacted by individuals
occupying a specific role (i.e. RN or HCA), whilst for others responsibility for enactment is
shared. The individual responsible for enacting a specific behaviour has been termed ‘the
actor’ (60). Clearly specifying each target behaviour, including the actor/s, enabled us to
evaluate the suitability of each application for the intended recipient/s and, where necessary,
to tailor the application accordingly. For example, the laminated signage (used to apply the

Prompts/cues BCT) will incorporate a tailored message directed specifically towards HCAs.

Our intervention includes some BCTs and applications where the mode of delivery
will be a face-to-face workshop, and some for delivery in the clinical setting (ward-based
applications). The ranking information from the nominal groups suggests stakeholders
broadly perceived ward-based applications to be more acceptable and feasible than workshop-
based applications. To attend workshops, staff must be released from their usual clinical
duties. In several studies, different healthcare practitioners have reported a lack of time and/or
short staffing as barriers to participation in various activities (61,62). This may explain why
workshop-based applications were viewed less favourably by participants. Where the
application of a BCT involved modifying an existing patient safety mechanism ranking scores
were favourable. An example of this is the application of the BCT Re-structuring the Social
Environment through the re-organisation of ‘safety huddles’ (brief discussions that take place

during a shift, between groups of clinical staff, with a focus on patient safety (45)). Itis
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plausible that adjusting existing practices was perceived by participants to be less arduous
than introducing new approaches. Notwithstanding the potential challenges of delivering
BCTs through workshops, we retained this mode of delivery for several applications, adopting
a similar combined approach as reported in other published work (63). When working in the
clinical setting, healthcare practitioners often experience high cognitive load associated with
interruptions and distractions (64,65). On this basis, we contend that some BCTs would be
best applied outside the clinical environment, particularly where the specific applications
involve participants imagining different clinical scenarios and/or reflecting on clinical
practice. However, the acceptability and feasibility of delivering this combined intervention in

the ‘real world’ setting will need to be explored further through piloting (36).

In a previous publication from this programme of work (58), the TDF domain
Knowledge was identified as representing important barriers and enablers to the target
behaviours. Despite this, none of the specific BCTs mapped from this domain were
considered suitable for inclusion in this intervention. Whilst educational approaches alone are
unlikely to be sufficient to drive behaviour change (66,67), possession of knowledge is often a
pre-requisite to the decisions individuals make and the behaviours they enact (67).
Consequently, despite the lack of appropriate BCTs, we opted to include a training
component to our intervention that will address specific knowledge-related barriers identified
from earlier empirical work (58,68). The importance of this is underscored by the wider
literature where knowledge deficits have been reported as antecedents to afferent limb failure

(21,69,70).

Throughout the process, we iteratively reviewed the broader dataset to ensure
alignment between target behaviours, TDF domains, BCT/s, and their suggested application/s

(this occurred during BCT shortlisting, rapidly during nominal groups, and more
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deliberatively during final consensus discussions). The importance of having continual
oversight of the broader corpus of data to inform decision-making is highlighted by our
handling of the BCT Commitment. This was the only shortlisted BCT linked to the TDF
domain Intentions (a domain of high importance). Results of TDF-driven interviews (carried
out earlier in this programme of work), confirmed that participant beliefs within this domain
reflected strong intention to enact target behaviour/s (i.e. beliefs were enabling) with no
modifiable barriers identified (58). Consequently, inclusion of the BCT Commitment, which
has the purpose of strengthening intention to change behaviour (32), was deemed redundant.
Using findings of empirical work to inform pragmatic decision-making in this way enabled us
to keep the number of BCTs to a minimum, which should increase the likelihood the

intervention can be delivered to RNs and HCAs with high fidelity (59,71).

4.1 Limitations

At present, there is no clear evidence base demonstrating that certain BCTs are more
effective than others in relation to specific TDF domains. Consequently, we were reliant on
expert consensus literature to identify BCTs that could be used to populate the intervention.
The work by Cane et al (40) (our primary source for BCT mapping) did not yield BCTs for
two of our domains of high importance (Memory, Attention and Decision Processes and
Social, Professional Role and Identity). Consequently, we relied on the original mapping
matrix by Michie et al (27) to identify additional techniques suitable for these domains.
Whilst there is precedent for using these two reference sources in combination (59,72), there

is currently no single best approach for mapping TDF domains to BCTs.

Approximately 40% of individuals who volunteered to participate withdrew and/or did
not attend their allocated nominal group. This resulted in a smaller than anticipated number of

participants despite our decision to over-recruit. It is plausible that increased pressure on
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healthcare staff from the Coronavirus pandemic contributed to participant withdrawal,
particularly as our clinical group participants were nursing staff involved in delivering direct
patient care. Despite a smaller than anticipated number of participants, the clinical group
included representatives from all grades of nursing staff who will potentially receive the

intervention.

Only one HCA attended the clinical group. As HCAs are intended recipients of the
intervention, the lack of representation is a noteworthy limitation. Given the potential
importance of intervention acceptability in determining uptake of an intervention in practice
(73), it has been advocated that intervention acceptability be assessed during feasibility
testing (36). We plan to use the Theoretical Framework of Acceptability (73) during
feasibility testing to further examine the acceptability of our proposed intervention to HCAs

(and other key stakeholders).

The information package provided to participants ahead of the nominal groups
included a list of BCTs, their definitions, and example applications for each BCT. Providing
example applications may have induced cognitive bias and specifically ‘anchoring’ (74). That
is, participants may have given a disproportionate level of thought to the example applications
provided rather than considering alternate means of operationalising BCTs (74). We
attempted to mitigate this by emphasising the applications were only examples and through
repeated encouragement of participants to think creatively and to share their own ideas.
Notwithstanding this limitation, given our participants were healthcare staff who were largely
naive to behaviour change methods, it is unlikely we would have completed all stages of the

process, in the time available, if materials had not been provided beforehand (75,76).
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5. Conclusions

In this paper we present a behaviour change intervention populated with 12
theoretically informed BCTs that could be translated into practice through 18 different
applications. Decision making regarding the content of the intervention was driven by
information from group discussions where nominal group technique methods were applied.
To the best of our knowledge, this is the first report of NGT methods being used to shape the
content of a theory-based behaviour change intervention aimed at strengthening the afferent
limb of the rapid response system. Further work will involve feasibility testing and expanding
the detail of reporting (to the level of an intervention manual) to permit potential replication

and evaluation.

6. List of abbreviations

ALF Afferent Limb Failure

APEASE Acceptability, Practicability, Effectiveness,
Affordability, Side effects, Equity

BCT Behaviour Change Technique
ICU Intensive Care Unit

NEWS National Early Warning Score
NGT Nominal Group Technique

RRS Rapid Response System

SAE Serious Adverse Event

TDF Theoretical Domains Framework

22



UK United Kingdom

7. Declarations

Ethics approval and consent to participate

Participants received an information sheet before participating in a nominal group. Informed
consent was obtained from all study participants prior to the nominal groups commencing. All
methods were performed in accordance with the relevant guidelines and regulations, and
broadly adhered to the principles set out in the Declaration of Helsinki. Permission to conduct
this research was granted by the National Health Service North of Scotland Research Ethics
Committee (REC) (reference:18/NS/0118), the Health Research Authority (reference as for

REC), and the hospital’s research and development department (reference: 18/0569).

Consent for publication

Not applicable

Availability of data and materials
All data generated or analysed during this study are included in this published article [and its

supplementary information files]

Competing interests

The authors declare that they have no competing interests

Funding

DS is funded by a National Institute for Health Research (NIHR) Clinical Doctoral Research
Fellowship for this research project. This paper presents independent research. The views
expressed are those of the author(s) and not necessarily those of the NHS, the NIHR or the

Department of Health and Social Care.

Authors’ contributions

23



DS conceived and designed the study under the supervision of LMA. DS, LMA, MC and JD
acquired the data, and DS, LMA, MC, JD and JH interpreted the data. DS drafted this paper
with substantive revisions from LMA, JD, MC, and JH. All authors read and approved the

final manuscript.

Acknowledgements
The authors would like to acknowledge Professor Jill J Francis, who played an integral role in

designing the study within which this research is situated.

8. References

1. Jones D, Mitchell I, Hillman K, Story D. Defining clinical deterioration. Resuscitation.
2013;84(8):1029-34.

2. Trinkle RM, Flabouris A. Documenting Rapid Response System afferent limb failure
and associated patient outcomes. Resuscitation. 2011;82(7):810-4.

3. Tirkkonen J, Yla-Mattila J, Olkkola KT, Huhtala H, Tenhunen J, Hoppu S. Factors
associated with delayed activation of medical emergency team and excess mortality:
An Utstein-style analysis. Resuscitation. 2013;84(2):173-8.

4. DeVita MA, Bellomo R, Hillman K, Kellum J, Rotondi A, Teres D, et al. Findings of
the First Consensus Conference on Medical Emergency Teams*. Crit Care Med. 2006
Sep;34(9):2463-78.

5. Lyons PG, Edelson DP, Churpek MM. Rapid response systems. Resuscitation. 2018
Jul;128:191-7.

6. Kause J, Smith G, Prytherch D, Parr M, Flabouris A, Hillman K. A comparison of
Antecedents to Cardiac Arrests, Deaths and Emergency Intensive care Admissions in
Australia and New Zealand, and the United Kingdom - The ACADEMIA study.
Resuscitation. 2004 Sep 1;62(3):275-82.

7. Andersen LW, Kim WY, Chase M, Berg K--> M, Mortensen SJ, Moskowitz A, et al.
The prevalence and significance of abnormal vital signs prior to in-hospital cardiac
arrest. Resuscitation. 2016;98:112—7.

8. Hillman KM, Bristow PJ, Chey T, Daffurn K, Jacques T, Norman SL, et al.
Antecedents to hospital deaths. Intern Med J. 2001 Aug 30;31(6):343-8.

9. Grant S. Limitations of track and trigger systems and the National Early Warning

Score. Part 1: areas of contention. Vol. 27, British Journal of Nursing. London; 2018.

24



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

p. 624-31.

Williams G, Pirret A, Credland N, Odell M, Raftery C, Smith D, et al. A practical
approach to establishing a critical care outreach service: An expert panel research
design. Aust Crit Care. 2022 Mar;

Green M, Lander H, Snyder A, Hudson P, Churpek M, Edelson D. Comparison of the
Between the Flags calling criteria to the MEWS, NEWS and the electronic Cardiac
Arrest Risk Triage (eCART) score for the identification of deteriorating ward patients.
Resuscitation. 2018;123:86-91.

Klepstad PK, Nordseth T, Sikora N, Klepstad P. Use of National Early Warning Score
for observation for increased risk for clinical deterioration during post-1CU care at a
surgical ward. Ther Clin Risk Manag. 2019;15:315-22.

Spangfors M, Bunkenborg G, Molt M, Samuelson K. The National Early Warning
Score predicts mortality in hospital ward patients with deviating vital signs: A
retrospective medical record review study. J Clin Nurs. 2019 Apr 1;28(7-8):1216-22.
Royal College of Physicians. National Early Warning Score (NEWS 2) - Standardising
the assessment of acute-illness severity in the NHS. London: Royal College of
Physicians; 2017. 1-77 p.

Credland N, Dyson J, Johnson MJ. Do early warning track and trigger tools improve
patient outcomes? A systematic synthesis without meta-analysis. J Adv Nurs.
2020;77(2):622-34.

Sprogis SK, Currey J, Considine J, Baldwin I, Jones D. Physiological antecedents and
ward clinician responses before medical emergency team activation. Crit Care Resusc.
2017;19(1):50-6.

Healthcare Quality Improvement Partnership. National Confidential Enquiry into
Patient Outcomes and Death (NCEPOD): Themes and Recommendations Common to
all Hospital Specialties. London: NCEPOD; 2018.

Credland N, Dyson J, Johnson MJ. What are the patterns of compliance with Early
Warning Track and Trigger Tools: A narrative review. Appl Nurs Res. 2018;44:39-47.
Johnston M, Arora S, King D, Stroman L, Darzi A. Escalation of care and failure to
rescue: A multicenter, multiprofessional qualitative study. Surgery. 2014 Jun
1;155(6):989-94.

Padilla RM, Urden LD, Stacy KM. Nurses’ Perceptions of Barriers to Rapid Response
System Activation: A Systematic Review. Dimens Crit Care Nurs. 2018;37(5):259—-71.
Treacy M, Stayt LC. To identify the factors that influence the recognizing and

responding to adult patient deterioration in acute hospitals. J Adv Nurs. 2019 Jun

25



22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

26;75(12):3272-85.

Al-Moteri M, Plummer V, Cooper S, Symmons M. Clinical deterioration of ward
patients in the presence of antecedents: A systematic review and narrative synthesis.
Aust Crit Care. 2019;32(5):411-20.

Foley C, Dowling M. How do nurses use the early warning score in their practice? A
case study from an acute medical unit. J Clin Nurs. 2019;28(7-8):1183-92.

Oglesby KJ, Sterne JAC, Gibbison B. Improving early warning scores — more data,
better validation, the same response. Anaesthesia. 2020 Feb 1;75(2):149-51.
Bucknall TK, Harvey G, Considine J, Mitchell I, Rycroft-Malone J, Graham ID, et al.
Prioritising Responses Of Nurses To deteriorating patient Observations (PRONTO)
protocol: Testing the effectiveness of a facilitation intervention in a pragmatic, cluster-
randomised trial with an embedded process evaluation and cost analysis. Implement
Sci. 2017;12(1):1-9.

Walker RM, Boorman R, Vaux A, Cooke M, Marshall AP, Aitken LM. Development
and evaluation of a multi-faceted behaviour-change intervention to improve timely
response to patient clinical deterioration. J Clin Nurs. 2021;

Michie S, Johnston M, Francis J, Hardeman W, Eccles M. From Theory to
Intervention: Mapping Theoretically Derived Behavioural Determinants to Behaviour
Change Techniques. Appl Psychol. 2008 Oct 1;57(4):660-80.

Little EA, Presseau J, Eccles MP. Understanding effects in reviews of implementation
interventions using the Theoretical Domains Framework. Implement Sci. 2015 Dec
17;10(1):90.

Webb TL, Joseph J, Yardley L, Michie S. Using the Internet to promote health
behavior change: A systematic review and meta-analysis of the impact of theoretical
basis, use of behavior change techniques, and mode of delivery on efficacy. J Med
Internet Res. 2010;12(1).

Taylor N, Conner M, Lawton R. The impact of theory on the effectiveness of worksite
physical activity interventions: A meta-analysis and meta-regression. Health Psychol
Rev. 2012;6(1):33-73.

French S, Green S, O’Connor DA, McKenzie JE, Francis JJ, Michie S, et al.
Developing theory-informed behaviour change interventions to implement evidence
into practice: a systematic approach using the Theoretical Domains. Implement Sci.
2012;7(38):1-8.

Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The

behavior change technique taxonomy (v1) of 93 hierarchically clustered techniques:

26



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Building an international consensus for the reporting of behavior change interventions.
Ann Behav Med. 2013;46(1):81-95.

Michie S, Atkins L, West R. The Behaviour Change Wheel Book - A Guide To
Designing Interventions. London: Silverback Publishing; 2014. 1-329 p.

Pronovost P, Berenholtz S, Needham D. Translating evidence into practice: A model
for large scale knowledge translation. BMJ. 2008 Oct 25;337(7676):963-5.

Taylor N, Lawton R, Slater B, Foy R. The demonstration of a theory-based approach to
the design of localized patient safety interventions. Implement Sci. 2013 Dec
16;8(1):123.

Skivington K, Matthews L, Simpson SA, Craig P, Baird J, Blazeby JM, et al. A new
framework for developing and evaluating complex interventions: update of Medical
Research Council guidance. BMJ. 2021 Sep 30;374:n2061.

Cotterill S, Knowles S, Martindale AM, Elvey R, Howard S, Coupe N, et al. Getting
messier with TIDieR: Embracing context and complexity in intervention reporting.
Vol. 18, BMC Medical Research Methodology. 2018.

@vretveit JC, Shekelle PG, Dy SM, McDonald KM, Hempel S, Pronovost P, et al. How
does context affect interventions to improve patient safety? An assessment of evidence
from studies of five patient safety practices and proposals for research. BMJ Qual Saf.
2011;20(7):604-10.

Baker R, Camosso-Stefinovic J, Gillies C, Shaw EJ, Cheater F, Flottorp S, et al.
Tailored interventions to address determinants of practice. Cochrane Database Syst
Rev. 2015;(4):CD005470.

Cane J, Richardson M, Johnston M, Ladha R, Michie S. From lists of behaviour change
techniques (BCTSs) to structured hierarchies: Comparison of two methods of developing
a hierarchy of BCTs. Br J Health Psychol. 2015 Feb;20(1):130-50.

Williams PL, White N, Klem R, Wilson SE, Bartholomew P. Clinical education and
training: Using the nominal group technique in research with radiographers to identify
factors affecting quality and capacity. Radiography. 2006;12(3):215-24.

Kulczycki A, Shewchuk RM. Using Internet-based nominal group technique meetings
to identify provider strategies for increasing diaphragm use. Vol. 34, Journal of Family
Planning and Reproductive Health Care. England: Faculty of Sexual and Reproductive
Healthcare; 2008. p. 227-31.

Tsourtos G, Foley K, Ward P, Miller E, Wilson C, Barton C, et al. Using a nominal
group technique to approach consensus on a resilience intervention for smoking

cessation in a lower socioeconomic population. BMC Public Health. 2019;19(1).

27



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Manchester Implementation Science Collaboration. Cards for Change [Internet]. 2019
[cited 2022 Jan 11]. Available from: https://www.mcrimpsci.org/change-
exchange/cards-for-change/

Pimentel CB, Snow AL, Carnes SL, Shah NR, Loup JR, Vallejo-Luces TM, et al.
Huddles and their effectiveness at the frontlines of clinical care: a scoping review. J
Gen Intern Med. 2021;36(9):2772-83.

Luton A, Gordon M, Stewart M, Steward-Scott E, Mullen MSN J, Jones A, et al.
Evidence-Based Skin Champion Program Reduces Pressure Injuries in a Pediatric
Hospital. J Nurs Interprofessional Leadersh Qual Saf. 2018;2(1):2.

Smith D, Francis JJ, Aitken LM. DEveloping a Complex Intervention for DEteriorating
Patients using Theoretical Modelling (DECIDE study): study protocol. J Adv Nurs.
2019 May 22;75(9):2024-35.

GOV.UK. Coronavirus (COVID-19) [Internet]. 2020 [cited 2020 Nov 20]. Available
from: https://www.gov.uk/coronavirus

Michel DE, Igbal A, Fachrmann L, Tadi¢ I, Paulino E, Chen TF, et al. Using an online
nominal group technique to determine key implementation factors for COVID-19
vaccination programmes in community pharmacies. Int J Clin Pharm.
2021;43(6):1705-17.

Delbecq AL, Van de Ven AH, Gustafson DH. Group Techniques for Program
Planning: A Guide to Nominal Group and Delphi Processes. J Appl Behav Sci.
1976;12(4):581-581.

Rankin NM, McGregor D, Butow PN, White K, Phillips JL, Young JM, et al. Adapting
the nominal group technique for priority setting of evidence-practice gaps in
implementation science. BMC Med Res Methodol. 2016;16(1).

Dening KH, Jones L, Sampson EL. Preferences for end-of-life care: A nominal group
study of people with dementia and their family carers. Palliat Med. 2012 May
5:27(5):409-17.

Dyson J, Cowdell F. How is the Theoretical Domains Framework applied in designing
interventions to support healthcare practitioner behaviour change? A systematic
review. Int J Qual Heal Care. 2021 Oct 11;33(3):1-15.

Craig P, Dieppe P, Macintyre S, Mitchie S, Nazareth I, Petticrew M. Developing and
evaluating complex interventions: The new Medical Research Council guidance. BMJ.
2008;337(7676):979-83.

Prestwich A, Sniehotta FF, Whittington C, Dombrowski SU, Rogers L, Michie S. Does

theory influence the effectiveness of health behavior interventions? Meta-analysis.

28



56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

Heal Psychol. 2014 May 1;33(5):465-74.

Stephens TJ, Peden CJ, Pearse RM, Shaw SE, Abbott TEF, Jones E, et al. Improving
care at scale: Process evaluation of a multi-component quality improvement
intervention to reduce mortality after emergency abdominal surgery (EPOCH trial).
Implement Sci. 2018;13(1).

Toomey E, Hardeman W, Hankonen N, Byrne M, McSharry J, Matvienko-Sikar K, et
al. Focusing on fidelity: narrative review and recommendations for improving
intervention fidelity within trials of health behaviour change interventions. Vol. 8,
Health Psychology and Behavioral Medicine. 2020. p. 132-51.

Smith D, Cartwright M, Dyson J, Hartin J, Aitken LM. Barriers and enablers of
recognition and response to deteriorating patients in the acute hospital setting: a theory-
driven interview study using the Theoretical Domains Framework. J Adv Nurs.
2021;77(6):2831-44.

Cadogan CA, Ryan C, Francis JJ, Gormley GJ, Passmore P, Kerse N, et al. Improving
appropriate polypharmacy for older people in primary care: Selecting components of
an evidence-based intervention to target prescribing and dispensing. Implement Sci.
2015 Nov 16;10(1):161.

Presseau J, McCleary N, Lorencatto F, Patey A, Grimshaw J, Francis J. Action, Actor,
Context, Target, Time (AACTT): A framework for specifying behaviour. Implement
Sci. 2019 Dec 5;14(102).

Rihari-Thomas J, DiGiacomo M, Phillips J, Newton P, Davidson PM. Clinician
Perspectives of Barriers to Effective Implementation of a Rapid Response System in an
Academic Health Centre: A Focus Group Study. Int J Heal Policy Manag.
2017;6(8):447-56.

Anekwe DE, Milner SC, Bussiéres A, de Marchie M, Spahija J. Intensive care unit
clinicians identify many barriers to, and facilitators of, early mobilisation: a qualitative
study using the Theoretical Domains Framework. J Physiother. 2020 Apr 1;66(2):120—
7.

Backman R, Foy R, Michael BD, Defres S, Kneen R, Solomon T. The development of
an intervention to promote adherence to national guidelines for suspected viral
encephalitis. Implement Sci. 2015;10(1).

Jones A, Johnstone MJ. Inattentional blindness and failures to rescue the deteriorating
patient in critical care, emergency and perioperative settings: Four case scenarios. Aust
Crit Care. 2017;30(4):219-23.

Thomas L, Donohue-Porter P, Stein Fishbein J. Impact of Interruptions, Distractions,

29



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

and Cognitive Load on Procedure Failures and Medication Administration Errors. J
Nurs Care Qual. 2017;32(4):309-17.

Grimshaw JM, Thomas RE, MacLennan G, Fraser C, Ramsay CR, Vale L, et al.
Effectiveness and efficiency of guideline dissemination and implementation strategies.
Health Technol Assess (Rockv). 2004 Feb 17;8(6).

Ajzen |, Joyce N, Sheikh S, Cote NG. Knowledge and the prediction of behavior: The
role of information accuracy in the theory of planned behavior. Basic Appl Soc Psych.
2011;33(2):101-17.

Smith D, Cartwright M, Dyson J, Hartin J, Aitken LM. Patterns of behaviour in nursing
staff actioning the afferent limb of the rapid response system (RRS): a focused
ethnography. J Adv Nurs. 2020 Sep 30;76(12):3548-62.

Massey D, Chaboyer W, Anderson V. What factors influence ward nurses’ recognition
of and response to patient deterioration? An integrative review of the literature. Nurs
Open. 2017;4(1):6-23.

Kallioinen N, Hill A, Christofidis MJ, Horswill MS, Watson MO. Quantitative
systematic review: Sources of inaccuracy in manually measured adult respiratory rate
data. J Adv Nurs. 2020;77(1):98-124.

Patton DE, Cadogan CA, Ryan C, Francis JJ, Gormley GJ, Passmore P, et al.
Improving adherence to multiple medications in older people in primary care: Selecting
intervention components to address patient-reported barriers and facilitators. Heal
Expect. 2018;21(1):138-48.

Haskell L, Tavender EJ, Wilson CL, O’Brien S, Babl FE, Borland ML, et al.
Development of targeted, theory-informed interventions to improve bronchiolitis
management. BMC Health Serv Res. 2021;21(1).

Sekhon M, Cartwright M, Francis JJ. Acceptability of healthcare interventions: An
overview of reviews and development of a theoretical framework. BMC Health Serv
Res. 2017;17(1).

Furnham A, Boo HC. A literature review of the anchoring effect. J Socio Econ. 2011
Feb 1;40(1):35-42.

Cantrill JA, Sibbald B, Buetow S. Indicators of the appropriateness of long term
prescribing in general practice in the United Kingdom: Consensus development, face
and content validity, feasibility, and reliability. Qual Saf Heal Care. 1998;7(3):130-5.
Tully MP, Cantrill JA. Exploring the domains of appropriateness of drug therapy, using
the Nominal Group Technique. Pharm World Sci. 2002;24(4):128-31.

30



