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Summary
Background: Frail older inpatients are at risk of unintended adverse events while in hospital, par-
ticularly falls, functional decline, delirium and incontinence.
Objective: The aim of this pragmatic trial was to pilot and evaluate a multi-component knowledge
translation intervention that incorporated a nurse-initiated computerized clinical decision support
tool to reduce harms in the care of older medical inpatients.
Methods: A stepped wedge trial design was conducted on six medical units at two hospitals in
Calgary, Alberta, Canada. The primary quantitative outcome was the rate of order set use. Second-
ary outcomes included the number of falls, the average number of days in hospital, and the total
number of consults ordered for each of orthopedics, geriatrics, psychiatry and physiotherapy. Quali-
tative analysis included interviews with nurses to explore barriers and facilitators around the imple-
mentation of the electronic decision support tool.
Results: The estimated mean rate of order set use over a 2 week period was 3.1 (95% CI 1.9–5.3)
sets higher after the intervention than before. The estimated odds of a fall happening on a unit
over a 2-week period was 9.3 (p = 0.065) times higher before than after the intervention. There
was no significant effect of the intervention on length of hospital stay (p = 0.67) or consults to re-
lated clinical services (all p <0.2). Interviews with front-line nurses and nurse managers/educators
revealed that the order set is not being regularly ordered because its content is perceived as part of
good nursing care and due to the high workload on these busy medical units.
Conclusions: Although not statistically significant, a reduction in the number of falls as a result of
the intervention was noted. Frontline users’ engagement is crucial for the successful implemen-
tation of any decision support tool. New strategies of implementation will be evaluated before
broad dissemination of this knowledge translation intervention.
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1. Background
Current models of hospital care often put a frail older individual at risk of falling, declining in func-
tion, becoming delirious, and ultimately being discharged to a long-term care facility [1–3]. Several
hospital-related factors can increase these risks including the use of physical restraints, malnutrition
and dehydration, the use of urinary catheters, the addition of new medications, and iatrogenic events
[1, 4].

Falls occur in 1–2% of hospitalized older patients [1] and 1 in every 3 older adults is discharged
from hospital at a higher level of disability than when they were admitted [2]. There is evidence avail-
able to guide us on fracture prevention that includes conducting falls prevention risk assessments [5]
and initiating therapy with calcium, vitamin D, and drugs that treat osteoporosis [6]. There is less ro-
bust evidence to support multi-component falls prevention strategies [7–9]. However, interventions
that include delirium prevention strategies, regular toileting routines, adjusting bed height, address-
ing postural hypotension and consulting physiotherapy can be implemented in hospital among
those older in-patients determined to be at risk of falling.

Delirium occurs in 25–65% of hospitalized older patients [3, 10, 11] and has been associated with
death, longer length of hospital stay, increased hospital-acquired complications, persistent cognitive
deficits and increased discharge rates to long-term care [12–15]. Multiple factors usually contribute
to the development of delirium and randomized trials have shown multi-component preventative
strategies to be most effective [16]. The evidence supporting management strategies once delirium
has occurred is less robust [16]. However, delirium management strategies must include measures to
improve its detection [17].

The prevalence rate of urinary incontinence is up to 55% among older women and 35% among
older men [18]. There is high quality evidence to support the diagnosis and management of urinary
incontinence in hospitalized older patients (e.g. behavioral interventions such as prompted voiding
or timed toileting) [19, 20].

2. Objectives

Clinical decision support provided to physicians has been found to improve practitioner perform-
ance and possibly patient outcomes [21–23]. The impact on nursing practice is less clear. The objec-
tive of this study was to evaluate the impact of a nurse-initiated computerized clinical decision sup-
port system that incorporated evidence-informed point of care strategies for preventing falls, func-
tional decline and delirium among hospitalized older patients. This pragmatic trial focused on pilot-
ing and evaluating the implementation of a multi-component knowledge translation (KT) interven-
tion that incorporated a clinical decision support tool to reduce harms in the care of older medical
inpatients. The intervention targeted the care nurses provide to older medical patients in acute care
hospitals. We used two frameworks to inform this activity, the MRC framework for complex inter-
ventions and the Knowledge to Action Cycle [24, 25]. This multi-component KT intervention util-
ized computerized clinical decision support, along with several different continuing education strat-
egies [26]. The objective of this trial was to explore usage rates of the KT intervention, its impact on
nursing practice, and the barriers and facilitators to its use.

3. Methods

A stepped wedge trial design [27] was conducted on six medical units at two hospitals in Calgary, Al-
berta, Canada. The intervention was sequentially rolled out (i.e. in-serviced) on a new unit every two
weeks for a total of 12 weeks of study. All six units received the intervention, although the order in
which units received the intervention was staggered. Until the intervention was rolled out on a unit,
it acted as a control unit for purposes of analysis. Due to practical and scheduling issues within these
active clinical units we were unable to randomize the units in terms of rollout order. However, all the
units involved were medical units with similar staffing structures and all had previously shown a de-
sire to work with the geriatric team. The intervention involved three components:
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1. An electronic nurse-initiated order set (e.g. delirium and fall risk screening; regular reorientation,
ambulation and toileting protocols; feeding assistance; bowel routines; falls prevention strategies;
non-pharmacological sleep routines; pain monitoring; encouragement of independence in activ-
ities of daily living) orderable by nurses from within a menu of common order sets for medical pa-
tients ( Fig. 1),

2. educational in-servicing (e.g. education about relevant age related changes and evidence-in-
formed strategies to provide optimal care to the older in-patient), and

3. a binder of geriatric resource materials (e.g. cognitive and depression screening; behavioural
mapping; non-pharmacologic delirium prevention strategies; falls screening and prevention;
normal age related changes).

The electronic nurse-initiated geriatric order set was developed by a multi-disciplinary team using
evidence obtained from published clinical trials, systematic reviews and practice guidelines [3, 6–9,
16, 20, 28–30]. The order set incorporates the current best evidence aimed at addressing delirium,
falls, continence promotion, and optimal nutrition and hydration. Issues of workflow impact and
sustainability were considered during development. The order set was made available within the
hospitals’ electronic medical record, after it was vetted by frontline nurses, nurse educators and man-
agers, local professional practice leaders, nursing council and clinical informaticians. The research
team and local geriatric clinical nurse specialists developed standardized educational materials con-
taining information that supported the electronic order set and the overall care of the older medical
inpatient. The brief in-servicing (i.e. 15 minutes) was conducted on a new unit at the start of every
2-week study period. It was offered multiple times on each unit in order to help ensure the majority
of unit nurses had the opportunity to attend, and it was kept brief in order to allow nurses to attend
during a work shift. At the start of the 12-week rollout, the order set was available to all users of the
electronic medical record but the unit nurses were not informed about its presence until the edu-
cational in-servicing.

We used a mixed methods approach to analysis. Data was collected from the electronic medical
record of all patients 65 years of age or older who were residing on the study units on the days of data
collection (ranging from 17–44 patients per unit per data collection period), which were at baseline
and then once at the end of every 2-week study period over the 12-weeks of study. The primary
quantitative outcome was the rate of use of the order set, as determined by the number of patients 65
years or older with the order set on their electronic medical record compared to the total number of
patients 65 years or older on the units at the time of data collection. This process outcome was chosen
in order to help determine how effectively the evidence-based strategies were incorporated into rou-
tine clinical care.

Secondary outcomes included the number of falls as documented on incidence reports, the aver-
age number of days in hospital, and the total number of consults ordered for each of orthopedics,
geriatrics, psychiatry and physiotherapy. Given that incidence reports do not identify the patient,
and therefore several fall reports could be generated by one person who falls frequently within an as-
sessment period, the outcome of falls was considered as either no incidence reports versus one or
more incidence reports within a given assessment period. Data was extracted from the electronic
medical record using data queries based on unit and age. The unit of analysis was the medical unit.
Given data was collected at the unit level and included no individual identifying data, and the fact
that the intervention was considered usual best evidence clinical care the Ethics Board waived the
need to obtain individual patient consent. The data were first explored with descriptive statistics in-
cluding means and medians for continuous variables and frequencies for categorical data.

Repeated measures models were used to assess a time by intervention effect on outcomes using
transformations as needed to meet model assumptions. Upon finding no evidence of a time effect,
straightforward linear regression and logistic models were used to test for the effect of the interven-
tion, while adjusting for number of patients and testing covariate effects of average age, average
length of stay, percentage of female patients and unit [31].

The qualitative analysis included interviews that were conducted approximately six months after
the completion of the 12 week roll out. Nursing staff from four of the six medical units agreed to par-
ticipate in interviews. Interviews were conducted on each unit during a time approved by the unit
nurse manager (i.e. when the manager and/or educator were available on the unit to be interviewed).
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Unit nurses were recruited with the assistance of the unit nurse managers and using snowball sam-
pling, although the numbers were limited by nurse availability on these busy medical units. Frontline
nurses, unit nurse managers and educators were interviewed in order to explore issues around the
implementation of the KT intervention. Interviews were delayed until six months after roll out in
order to help identify potential issues with sustainability of the intervention. Participation was con-
sidered as implied consent. An experienced interviewer, after providing participants with informa-
tion sheets outlining the purpose of the study, conducted semi-structured interviews using a stan-
dardized list of questions. Domains of inquiry included impact on workload, perceived impact on
patient care and barriers and facilitators to use. Responses were transcribed from audio recordings
and merged with the notes taken in situ. No personal identifying data was collected. Two investi-
gators independently analyzed the data using a content analysis approach. Common themes were
identified, agreed upon and categorized. This study received ethical approval from the University of
Calgary Conjoint Health Research Ethics Board.

4. Results

During the 12 weeks of study, the electronic order set was ordered a total of 68 times between the 6
units ( Fig. 2). The estimated mean rate of order set use over a 2 week period was 3.1 (95% CI
1.9–5.3) sets higher after the intervention was implemented than before, after adjusting for patient
number and unit. Post hoc usage measurement revealed that the order set has been ordered 246 times
during the 11 months since it was first made available on the electronic medical record of the three
hospitals in Calgary.

The estimated odds of a fall happening on a unit over a 2-week period was 9.3 times higher before
than after the intervention was implemented (95% CI 0.9–100; p = 0.065), after adjusting for patient
number. There was no significant effect of the intervention on the average length of hospital stay on
the units (Median before = 42days vs. after = 45days; p = 0.67) or consults to related clinical services
(total consults before = 278; total consults after 262; all p <0.2).

Seven unit nurses and six nurse managers/educators were interviewed. Most felt the order set was
good basic nursing care and therefore many unit nurses were not ordering it but thought it could be
a useful resource for new nurses. The perceived main barrier to the use of the order set was the high
workload on these busy medical units and that there was a need for more staff or volunteer support
to help in the care of older inpatients. Many of those interviewed reported that the order set was too
wordy and contained long paragraphs. Both unit nurses and nurse managers/educators were unfam-
iliar with the geriatric resource binder and reported that is was not being used. Several nurse man-
agers/educators felt Internet resources would more likely be used. The three interviewed unit nurses
who attended the brief educational in-servicing felt the information provided was good basic nurs-
ing care. Among the four interviewed nurse managers/educators whom attended the in-servicing,
two felt the information could be included in the future unit nurse teaching.

5. Discussion

We conducted a pragmatic trial evaluating a multi-component intervention that incorporated a
clinical decision support tool (electronic order set) targeted for use by the nurses providing care to
older medical inpatients within acute care hospitals. Not surprisingly the rate of use of the order set
was higher after the intervention was rolled out (i.e. in-serviced) on a unit. Order set usage continu-
ed within the three Calgary-area hospitals over the eight months following the roll out on the six in-
tervention units, suggesting modestly successful dissemination and implementation.

Issues around engagement of front line nurses included high workloads on busy medical units
and a perception that the order set was already part of good basic nursing care. Although not
measured, organizational issues and generational differences among the nursing staff may have had
some influence as well [32, 33].

Although not statistically significant, we saw a reduction in the number of falls as a result of the
intervention. This encourages us to continue to adapt this KT intervention to help overcome the
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identified barriers to its use. We could not demonstrate any reduction in the length of hospital stay,
although we know that multiple extraneous factors could be impacting this indicator (e.g. acute
medical issues; time to complete investigations; availability of sub-acute and long term care beds).
There was no impact on the use of physiotherapy and geriatric services. We expected that consults to
these services might have increased due to the increased attention to mobility and other geriatric re-
lated issues. We were unable to measure changes in delirium rates as this information is not con-
tained within the electronic medical record.

Successful knowledge translation strategies utilize an iterative approach, viewing the process as a
cycle[24]. This may involve modification of the intervention post-implementation, based on assess-
ment of barriers and facilitators. It also requires ongoing engagement of the end users. Currently the
geriatric in-patient consultation services within the local acute care hospitals have taken to using the
order set as part of their suggested care plan for many of the patients they consult on, increasing the
exposure of other units to the order set and helping to facilitate its spread. Other local initiatives that
may impact future KT strategies include plans to expand the current medical record, which is cur-
rently a mixed electronic and paper record, to include electronic clinical nursing documentation.
This may provide the opportunity to refocus the intervention away from an order set into a more
broadly applied care pathway.

One of the limitations to this study was the fact that we were unable to randomize the units in
terms of the timing of the rollout. Therefore we are unable to entirely exclude the possibility that
units who received information about the order set early on were also more likely to take up the in-
tervention. However, we suspect this was not the case based on the rates of order set use on the vari-
ous units over time. Another limitation was the relatively small number of units studied and the
study duration, which could have impacted the number of outcome events recorded.

Potential limitations with the qualitative interviews included the fact that the nurse managers on
two of the six units declined interviews.Additionally, the research associate conducted the interviews
on the units at times that were selected by the nurse managers/educators. However, analysis of the in-
terviews revealed common recurring themes and the responses from the front line nurse differed
from those of the unit managers/educators, suggesting that selection bias was unlikely a factor. Ad-
ditionally, for pragmatic reasons we were limited in the number of nurses available for interviews.
However, we feel that despite this limitation we reached saturation of potential themes.

Clinical decision support may be yet another strategy to incorporate into multi-component pre-
vention and management approaches aimed at addressing common geriatric issues (e.g. falls; de-
lirium; incontinence), given the documented improvement clinical decision support has had on ad-
herence to care processes [21–23, 34, 35]. However, such strategies require further study given that
earlier trials have not always demonstrated a clear benefit to clinical decision support in the care of
older adults, have focused primarily on physician responses, and have not consistently demonstrated
improved patient outcomes [21–23, 36].

6. Conclusions

Translation of evidence based strategies into the every day care of older hospitalized patients through
the use clinical decision support showed mixed results, with a promising although not significant
statistically decline in the rate of falls. Frontline user engagement is crucial for the successful imple-
mentation and sustainability of such clinical decision support tools.

7. Clinical Relevance

This Knowledge Translation intervention targeted front line nurses and their care of older medical
inpatients to prevent common and sometimes catastrophic adverse events such as falls, delirium, and
declining function while in hospital. We learned a few lessons around the barriers to implementing
this tool, therefore in the next cycle we will focus on the rewording of the order set, on better target-
ing end-users, and on appropriate placement of the tool within the electronic medical record.We will
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also explore automatic promoting of the user to use the decision support tool in an effort to improve
performance [21].
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Figure 1 Electronic nurse-initiated order set

Time
Period

Unit
A B C D E F

Baseline 1
Week 2 1 7
Week 4 1 1
Week 6 7 2
Week 8 17 1
Week 10 12 0
Week 12 18
Lined box indicates intervention received
Grey box indicates fall occurrence

Figure 2 Number of order sets ordered and fall occurrence by time period and intervention phase in stepped wedge
design
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