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framework to identify potential barriers

Abstract

Key findings

e Healthcare

Objective: To identify healthcare
professionals’ knowledge, self-reported
use, and documentation of clinical
decision aids (CDAs) in a large ED
in Australia, to identify behavioural
determinants influencing the use of
CDAs, and healthcare professionals
preferences for integrating CDAs

to the use of CDAs. Qualitative data
were analysed using content analysis.

Results: Seventy-four healthcare
professionals (34 medical officers,
31 nurses and nine physiothera-
pists) completed the survey.
Healthcare professionals’ knowl-
edge and self-reported use of 21 val-

professionals’
knowledge and self-reported
use of 21 commonly used CDA
was generally low but differed
considerably across CDAs.
Only four CDAs were reported
to be used “sometimes” or
“always” by the majority of

into the electronic medical record
(EMR) system.

Methods: Healthcare professionals
(doctors, nurses and physiotherapists)
working in the ED at the Gold Coast
Hospital, Queensland were invited to
complete an online survey. Quantita-
tive data were analysed using descrip-
tive statistics, and where appropriate,

idated CDAs was low but differed
considerably across CDAs. Only
4 out of 21 CDAs were reported to
be used ‘sometimes’ or ‘always’ by
the majority of respondents (Ottawa
Ankle Rule for ankle injury, Wells’
criteria for pulmonary embolism,
Wells criteria for deep vein throm-
bosis and PERC rule for pulmonary
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respondents: Ottawa Ankle
Rule for ankle injury, Wells’
criteria for pulmonary embo-
lism, Wells’ criteria for deep
vein thrombosis, PERC rule for
pulmonary embolism.

® Most respondents wanted to
increase their use of valid and
reliable CDAs and supported
integration of CDAs into the
electronic medical record system
to facilitate their use and sup-
port documentation. Healthcare
professionals’ needs, preferences
and the clinical workflow need
to be considered to optimise the
integration of CDAs into the
electronic medical record system.

e Of the nine behavioural domains
evaluated, knowledge, social and
professional role and identity,
and social influences were identi-
fied to impact on the widespread
uptake and use of CDAs evalu-
ated. Behavioural determinants
need to be considered and
addressed when developing an
implementation  approach to
integrate CDAs into the elec-
tronic medical record system.
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embolism). Most  respondents
wanted to increase their use of valid
and reliable CDAs and supported
the integration of CDAs into the
EMR to facilitate their use and sup-
port documentation. Potential bar-
riers impacting the use of CDAs
represented three theoretical domains
of knowledge, social/professional role
and identity, and social influences.
Conclusions: CDAs are used vari-
ably by healthcare professionals and
are inconsistently applied in the clinical
encounter. Preferences of healthcare
professionals need to be considered to
allow the successful integration of
CDAs into the EMR.

Key words: clinical decision support,
decision-making, evidence-based emer-
gency medicine, hospital emergency
service, patient and public involve-
ment, survey.

Introduction

Clinical decision aids (CDAs), also
referred to as clinical decision rules,
clinical decision support tools, clini-
cal prediction rules or risk scores,
are tools used by healthcare profes-
sionals to help them interpret clinical
information and manage clinical
uncertainty.! CDAs are research-
derived tools that synthesise three or
more variables from the patient his-
tory, physical examination or sim-
ple tests to inform diagnostic,
prognostic and therapeutic deci-
sions.” Hundreds of CDAs are
available for use by healthcare pro-
fessionals. A search of MDCalc, a
free online or app-based medical refer-
ence of CDAs, identified over
500 CDAs relevant to the subspecialty
of Emergency Medicine.?

Validated CDAs are recommended
for use in EDs worldwide due to
the potential benefits to patients,
healthcare professionals and healthcare
systems.” CDA use has been shown
to improve quality of care, patient
satisfaction and reduce length of
stay.’~® Despite these benefits, signif-
icant variation in healthcare profes-
sionals’ knowledge and use of CDAs
has been reported, with many rules
underutilised in clinical practice.”*'°
Self-reported use of CDAs was found

to vary significantly between coun-
tries and was generally considerably
lower than medical officer’s aware-
ness of the rules.!®!" Increasingly
digitally enabled and integrated
healthcare systems present a promis-
ing solution to improving the trans-
lation of knowledge into practice
and optimising evidence-based clini-
cal decision-making at the point of
care. Critical to the successful design
and meaningful integration of
CDAs into existing electronic medi-
cal support systems is a comprehen-
sive understanding of users’ needs,
and barriers and enablers to imple-
mentation in the local context.'?
Our hospital recently introduced
an electronic medical record (EMR)
system, which presented an opportu-
nity to integrate clinical tools such as
CDAs into the digital workflow. The
present study represents an initial
phase of a larger programme aimed
at guiding the implementation of val-
idated CDAs. To inform decisions
about which CDAs to implement, we
first needed to identify ED healthcare
professionals’ current knowledge
and use of CDAs, and their prefer-
ences around the optimal format and
delivery of clinical decision support
within the EMR. Therefore, the aim
of the present study, in a large ED in
Australia, was to (i) determine ED
healthcare professionals’ knowledge,
self-reported use, priorities and doc-
umentation of specific CDAs, and
(ii) to identify behavioural determi-
nants influencing the implementation

of CDAs.

Methods
Study design and setting

This survey was conducted between
March and April 2021 at the Gold
Coast Hospital and Health Service
(GCHHS), Queensland, Australia.
The GCHHS has two EDs: the Gold
Coast University Hospital (GCUH),
a tertiary facility, which had approxi-
mately 120 000 ED attendances in
2020, and Robina Hospital, a general
hospital with approximately 66 000
attendances in 2020. The GCHHS
Human Research Ethics Committee
approved the study (LNR/2020/
QGC/65661).

The survey contained three sec-
tions on: (i) demographic informa-
tion, (ii) knowledge and application
of CDAs and (iii) attitudes towards
integrating CDA into EMR. Demo-
graphic information was collected
using closed, single-response and
numeric entry questions about age,
gender, profession and training.
Knowledge and application of CDAs
were assessed using bespoke and
standard single-response Likert scales,
closed single-response, open-ended
and prioritisation questions about
awareness, frequency of use, prefer-
ence, method of access, communica-
tion with patients and attitudes
towards CDAs. Attitudes towards
integration of CDA in EMR were
assessed with standard single-
response Likert scales and open-
ended questions about attitudes
towards integration, helpful features
of integration and level of support.
See Appendix S1 for the full survey.

Selection of participants

Healthcare professionals (doctors,
nurse practitioners, nurses, physio-
therapy practitioners and physio-
therapists) who worked in the ED
at either site were eligible to partic-
ipate. An email invitation was dis-
tributed to ED clinical staff, which
outlined the aim of the survey,
specified that participation was vol-
untary and provided a link to the
survey. Clinical leads for each pro-
fession were asked to promote
the survey where possible (e.g. at
clinical handovers, team meetings
and education sessions, including
journal club).

Data collection

The survey was administered using
the web-based survey application
Qualtrics (Provost, UT, USA). From
March to April 2021, the survey was
distributed to ED staff on three occa-
sions, initial invitation and two
reminder invitations, with each email
sent 1 week apart to maximise partici-
pation. Participants were asked to com-
plete the survey once and responses
were anonymous.
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Outcome measure

The survey was developed in three
stages. First, a literature search was
conducted to identify published sur-
veys on healthcare professionals’ use
of CDAs. Items from identified sur-
veys that were relevant to the aims
of the present study were mapped to
the theoretical domains framework
(TDF), a collaboratively developed,
theory-driven framework that helps
identify and classify determinants of
behaviour.'” Questions were adapted
to meet 9 of the 14 domains relevant
to healthcare professionals’ use of
CDAs (e.g. knowledge and beliefs
about capabilities). Mapping existing
survey items enabled the identification
of behavioural determinants to assist
with understanding healthcare profes-
sionals’ use of CDA in routine prac-
tice."> Finally, two rounds of pilot

testing of the survey were completed
with healthcare professionals who
worked in the ED, two patients and
public consumers, experts in the field
and medical research colleagues to
ensure comprehension, and face and
content validity.'*"*

Survey overview

The survey contained four sections
on: (i) demographic information,
(i) knowledge of CDAs, (iii) how
CDAs are applied and (iv) attitudes
towards integrating CDA into EMRs
(Appendix S1).

Selection of CDAs

The 21 CDAs were identified
through several avenues, attempting
to get a list of CDAs that represented

TABLE 1. Demographic characteristic of survey participants
Total, n = 74 Percentage
Completed entire survey 48 65
Male/female/prefer not to say 25/48/1 34/65/1
Profession/level of training
Medical officer 34 46
Consultant 16 22
Registrar (principal house officer) 8 11
House officer (junior/senior) 9 12
Intern 1 1
Nursing 31 42
Registered nurse 30 41
Nurse educator 1 1
Physiotherapist 9 12
Extended scope physiotherapist 4 5
(physiotherapist practitioner)
Physiotherapist 5 7
Years since graduating, mean (SD); 13.4 (8.4); 2-40
range
Years in ED, mean (SD); range 8.3 (7.6); 1-36
Survey
Accessed survey
Weblink 72 97
QR code 2 3
Duration (mins), mean (SD); range 20 (50); 1-401

SD, standard deviation.

a range of health conditions, but
were used often in ED settings. We
(i) posted tweets using the #med-
twitter hashtag, such as ‘Do you
work in an Australian ED? What are
the clinical decision rules you com-
monly use? #medtwitter’, (i) looked
at CDAs recommended by RANZCR,
the peak Australian body for radiolo-
gists (this is relevant as many decision
aids are related to whether to request
imaging) and (iii) discussion with
members of the authorship team who
work in ED. A list of 58 ED-relevant
CDAs was compiled narrowing the
selection to the 21 that the authorship
team considered the most likely to
be used.

Patient and public involvement
and engagement

Two consumers from the GCHHS
actively participated in reviewing
the project proposal, develo-
ping the survey and review of the
manuscript.

Data analysis

Closed response items were analysed
descriptively. To identify the most
known and frequently used CDAs,
responses to items ‘I know of this
CDA and mostly/always use it in
practice’ and ‘I know of and some-
times use it in practice’ were summed.
To determine the five CDAs which
respondents’ thought were of highest
priority to integrate into EMR, each
CDA prioritised by respondents
was scored (1 = highest priority,
2 = second highest priority, etc) and
the number of respondents who
selected that CDA were summed.
The total score was then divided by
the number of respondents, and the
CDAs with the five lowest scores
(i.e. highest priority) were identified.
Open responses were analysed inde-
pendently by two team members
(ZAM and RT) using content anal-
ysis.'® Survey items that identified
healthcare professionals’ behav-
iours and attitudes towards the use
of CDAs were coded by two
team members (ZAM and SM)
using a TDF coding guideline'” and
knowledge-to-action  framework
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Don't know Know, not using Know, rarely use Use sometimes  m Use always that healthcare professionals knew
but did not use, the main reasons
Well's PE 6 18 5 9 . 33 . ’ . .
R - - R —— included the; CDAs being outside .of
Canadian CT Head rule - - - - Y the professional scope of practice
Canadian C-spine rule - - - - memsmmm %6 (38%), alternative CDAs or assess-
Well's VT | 6 16 8 13 pomzmmmemn 18 ments available (33%) and the CDA
Centor for Strep throat 38 & 2 7 mmemm 16 not being relevant to the local ED set-
SMART-COP pneumonia 2 9 5 13 s 4 ting (71 = 10/42, 24%) (Table Sl)
Ottawa Ankle rule 1 10 5 14 I 4
Ottawa knee rule 17 12 n un [ | .
N——— - - . o s Healthcare professionals’ use of
HAS-BLED anticoagulation 33 8 9 s mmmm s CDAs at the point of care
Shdestior st 12 " u 2 B8 4 Healthcare professionals reported
AaEIech e * . ¢ e SR VY they most frequently used a
Ottawa subarachnoid 35 12 7 7 B 3
: phone app to recall or access CDAs
CURB65 for pneumonia 28 7 8 14 el s !
—— = - - somm 2 the ED. The MDCalc app was
NiewOileonsChhead - - s 20 , most frequently used. Other means
penver for CT trauma B s & 20 1 of recall included website, memory,
MELD for cirrhosis 2 o) ¢ 30 ; and consultation with a colleague
CHADS VASC for AF 2 TG 7 ez ¢ (Table S2). The majority of respon-
ABCD/ABCD2 for TIA 18 10 5 10 s o dents agreed or strongly agreed that

0% 10% 20% 30% 40% 50% 60% 70% 80% 920% 100%

Figure 1. Knowledge and use of 21 CDAs commonly used in the ED (n = 63)
ranked in order of healthcare professionals’ priority to integrate into EMR. ABCD/
ABCD?2 for TIA, clinical prediction rule to determine the risk for stroke in the days
following a transient ischemic attack; C-spine, cervical spine; CDA, clinical decision
aid; CJADS VASC for AF, clinical prediction rules for estimating the risk of stroke in
people with non-rheumatic fibrillation; CURBG6S = estimates mortality of community-
acquired pnewmonia to help determine inpatient versus outpatient treatment; DVT,
deep vein thrombosis; HAS-BLED, scoring system developed to assess risk of major
bleeding in people taking anticoagulants for AF; MELD, Model for End-Stage Liver
disease; PERC for PE, Pulmonary Embolism Rule-out Criteria for Pulmonary Embo-
lism; SMART-COP, tool for assessing severity of community acquired pnewmonia in
adults.

principles.'® Data were analysed in  were reported to be used ‘some-
Stata/MP16.1."7 times’ or ‘always’ by 50% or more
of respondents: the Ottawa Ankle
Results Rule for ankle injury (n = 37/63,
59%), Wells’ criteria for pulmonary
Seventy-seven out of 635 ED embolism (34/63, 54%), Wells’
healthcare professionals responded criteria for deep vein thrombosis
to the invitation to participate (12%  (n = 33/63, 52%) and the PERC
response rate). However, of the rule for pulmonary embolism
77 responses, three people did not (= 33/63, 52%).
respond to any of the survey items, CDAs not known, or known and
leaving 74 participants for analysis. not used, by a large proportion of
This included 34 doctors (46%), respondents included, the Modified
31 nurses (42%) and nine physio- Denver Criteria for blunt cerebro-
therapists (12%) (Table 1). vascular injury (n = 55/63, 87%),
MELD score for cirrhosis (nz = 54,
86%), New Orleans criteria for head
CDAs knowledge and use CT (n = 52/63, 83%), Ottawa sub-
Healthcare professionals’ knowledge arachnoid haemorrhage rule for
and self-reported use of 21 com- headaches (n = 47/63, 75%) and the
monly used CDAs was generally Centor criteria for ‘strep’ pharyngitis
low (Fig. 1). Only 4 of the 21 CDAs (n = 46/63, 73%). For the CDAs

using CDAs was within their scope
of practice (n=36/48, 75%) and
that they use it to justify their clinical
decisions (7 = 40/48, 83%). How-
ever, only 22% (n = 17/49) respon-
dents reported communicating the
use of a CDA and findings to
patients (e.g. providing information
about their risk or justification for
treatment  decisions/investigations).
One-third (33%, n = 25/49) reported
‘sometimes’ communicating this infor-
mation and 9% (n = 7/49) reported
not communicating this information to
the patient. When asked about strate-
gies or resources that would make
communicating CDA findings easier,
most responses related to the need for
simplified information sheets to be
made available that communicate and
quantify key messages about risks,
benefits and harms associated with
investigations. Ideally, these hand-
outs could be easily accessed and
downloaded by patients (e.g. via
QR code or app) and include dia-
grams or figures to aid healthcare
professionals to communicate the
often-complex information.

Theoretical domains framework

See Table 2 for results as they align
to the TDF. Potential barriers
impacting on the widespread use of
CDAs represented three theoretical
domains of knowledge, social/profes-
sional role and identity, and social
influences. Reported in Table S3 are
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TABLE 3.

Healthcare professionals reasons for prioritising the CDA selected

for integration into EMR (n = 42 responses, responses could be coded to more

than one theme)

Number of responses

Response coded to each theme %
Common ED presentation 19 35
Context: frequently used CDA in 16 30
department, hospital and health
service pressure
Patient benefit treatment/management 16 30
(reduce practice variation, risk of
AE, reduce imaging/length of stay,
frequently missed)
Familiarity/knowledge/confidence 11 20
Evidence informed decision-making 10 19
CDA characteristics: difficulty to 9 17
remember and calculate, good
sensitivity/specificity
Efficiency/time 3 6

AE, adverse event; CDA, clinical decision aid; EMR, electronic medical record.

barriers and facilitators that can be
used to inform the design of future
clinical decision support systems
(CDSS) that integrate CDAs into
the EMR.

Healthcare professionals’
support and preferences for
integrating CDAs into the EMR

Of the CDAs that respondents knew
about and used, five were identified
by healthcare professionals as a pri-
ority to incorporate into the EMR:
Wells’ criteria for pulmonary embo-
lism, PERC rule for pulmonary
embolism, Canadian c-spine rule,
Canadian CT head rule and Wells’
criteria for deep vein thrombosis.
The reasons these CDAs were
prioritised by healthcare profes-
sionals for potential integration into
EMR are reported in Table 3 and
included the condition being a com-
mon ED presentation (35%), bene-
fits to patients (e.g. reduce imaging,
and practice variation, 30%) and the
context (e.g. CDA being frequently
used in the ED, 30%).

Overall, 83% (n = 40/48) of respon-
dents supported the integration of

CDAs into EMR (Table S4). A major-
ity (77%) of healthcare professionals
agreed/strongly agreed that integrat-
ing CDAs into the EMR would make
them stop and consider the reason
for ordering an investigation and
88% reported that this would help
to remind them what CDAs were
available and potentially appropri-
ate for their patient. Respondents
disagreed that integration of CDAs
into EMR would be too time
consuming (strongly disagree/dis-
agree, n =24/48 [50%]; neutral,
n=20/24 [42%]) or make them feel
disempowered (strongly disagree/dis-
agree, n = 37/48 [77%]). Healthcare
professionals reported that CDAs
would be most helpful if they were
integrated into the EMR and pro-
vided clinical decision support dur-
ing patient assessment (65%), at the
point of referral (65%) or at triage
(24%) (Table S5). Design features
that healthcare professionals would
find helpful are reported in Table 4.
Key themes from open-ended res-
ponses included that any clinical
decision support should not be a
mandatory feature that requires
additional ‘clicks’; centralised and
embedded resources such as weblinks

or MDCalc would improve efficiency
(e.g. no need to search for individual
CDAs), and the ability to access and
use evidence-based tools at the point
of care.

Discussion

The present study provides a theory-
informed investigation of CDA used
in two large, Australian EDs and
identifies several factors that can
inform the future development, and
facilitate the integration of, CDAs
into the local EMR. Healthcare pro-
fessionals’ knowledge and self-
reported use of 21 validated CDAs
were found to vary significantly.
Only 4 of the 21 CDAs were
reported to be used ‘sometimes’ or
‘always’ by 50% or more of respon-
dents: the Ottawa Ankle Rule for
ankle injury, Wells’ criteria for pul-
monary embolism, Wells’ criteria for
deep vein thrombosis and the PERC
rule for pulmonary embolism. Of the
nine TDF domains evaluated, knowl-
edge, social and professional role
and identity, and social influences
were identified to impact on the
widespread uptake and use of CDAs
evaluated. Several avenues of future
research and EMR integration were
identified.

The GCUH and affiliated institu-
tions have a strong research focus.
This may explain why, contrary to
previous studies, a majority of
healthcare professionals reported
considering the evidence prior to
using a CDA. Despite the small sam-
ple, the findings of the present study
and perspectives of healthcare pro-
fessionals closely reflect previous
work, which has highlighted the
design features, behavioural and
organisational factors known to
influence use of CDA and CDSS.
‘The 10 commandments for CDA’
and later articles highlight that sys-
tem features (e.g. CDSS integration
with  existing EMR  systems),
clinician-system interaction features
(e.g. usability and workflow consid-
erations), communication and con-
tent features (e.g. how knowledge is
assembled and organised for cognitive
support) and auxiliary features
(e.g. end-user engagement in the devel-
opment, feedback, implementation
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TABLE 4. Potential design features of EMR integration and their perceived helpfulness (n = 48)

Not at all helpful/slightly

Moderately
helpful, 7 (%)

Very helpful/extremely
helpful, 7 (%)

Statement helpful, 7 (%)

MDCalc integrated into iEMR 8 (17)

Support documentation (e.g. template that could 9 (19)
be imported into clinical notes)

CDA-specific questions at the point of referral 17 (39)
for investigations

Link to websites or app where details of CDAs 12 (295)
can be found

Automatic provision of decision support, for 16 (33)
example, pop-up alert notifying you that
CDA(s) are available for relevant patient
presentations

CDAs incorporated into Powerplan or Careplan 23 (48)

Pop-up alert if referral/investigation order is in 24 (50)
violation of a CDA

Request justification when ordering 24 (50)

investigations, for example, blood tests or

imaging

10 (21) 30 (63)
14 (29) 25 (52)
10 (21) 21 (44)
18 (38) 18 (38)
26 (54) 17 (35)
13 (27) 12 (25)
14 (29) 10 (21)
18 (38) 6 (13)

Careplan and Powerplan, Queensland specific templates for electronic decision rules; CDA, clinical decision aid; iEMR,

integrated electronic medical record; MDCalc, Medical Calculators (www.mdcalc.com).

framework including evaluation) are
all important factors that need to be
considered when designing and
implementing CDSS.*%%3

Strengths of the present study
include the broad, evidence and
theory-informed investigation of CDAs.
Developing the survey within a theo-
retical framework provides the
opportunity to align future solutions
and implementation approaches with
behaviour change theory and strate-
gies.** Last, this survey also captured
the perspectives of medical officers,
nurses and physiotherapists, all for
whom the use of specific CDAs is
within scope of practice. This inclu-
sive approach to determining the
knowledge and use of CDAs has been
seldom used, with previous studies
often evaluating CDA by individual
disciplines.”""  Capturing multiple
perspectives has both strengths and
limitations. It is inherently a strength,
as it creates opportunities to embed
CDSS that is relevant to common
patient presentations and has the
potential to encourage staff to work
within their full scope of practice.

The primary limitation of the pre-
sent study was the small response
rate (12%) and sample size, which
may impact the generalisability of
results. Although this response rate
is significantly lower compared to
previous surveys on CDAs, it does
align with more contemporary sur-
veys that have been conducted dur-
ing the COVID-19 pandemic.”” This
response rate may reflect the clinical
workload, increased stress and
uncertainty healthcare staff were
experiencing during the survey
period. All healthcare staff (i.e. full-
time and part-time) who worked in
the EDs were invited to respond. It is
possible that a proportion felt that
CDAs were relevant only to key clin-
ical decision-makers (e.g. medical
staff, nurse practitioners and
extended practice allied health prac-
titioners) and did not think the sur-
vey applied to them. We believe that
the responding sample is likely to be
representative of those healthcare
professionals who think this level of
decision-making falls within their
scope of professional practice and

are engaged in evidence-based
decision-making. Although subgroup
analysis would have provided
insights into which CDAs were used
or not used by doctors, nurses and
physiotherapists, the numbers were
too small for meaningful data. We
acknowledge that physiotherapists
may not need to use all 20 CDAs in
their usual practices which would
have impacted on the results.
Overall, respondents supported
integrating CDAs into the EMR and
improving their use of valid and reli-
able clinical decision tools. Respon-
dents also recognised the need for
high quality, evidence-based patient
resources, to support ED care and to
improve decision-making communi-
cation when patients are transferred
to the ward or home where primary
care takes over. However, this sur-
vey only studied healthcare profes-
sionals’ self-reported knowledge and
use of CDAs, so must be sup-
plemented with assessments of actual
CDA usage. To successfully integrate
CDAs into the EMR, engaging end-
users is critical to the development of
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Appendix S1. Supporting Appendix.
Table S1. Reasons healthcare pro-
fessionals provided for not rou-
tinely using CDA that they were
aware of (m=42 responses,
responses could be coded to more
than one theme).

Table S2. How CDAs are recalled or
accessed by healthcare professionals
within the clinical setting (7 = 50).
Table S3. Barriers and facilitators
that can inform the design of future
CDSS that integrate CDA into
the EMR.

Table S4. Healthcare professional’s
level of support for integrating
CDAs into EMR.

Table S5. Point at which integration
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helpful (respondents could select
more than one response).
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