Moore et al. BMC Geriatrics (2019) 19:99

https://doi.org/10.1186/512877-019-1124-0 B M C Geriatri CS

Can the effects of the mobilization of ®

Check for

vulnerable elders in Ontario (MOVE ON)
implementation be replicated in new
settings: an interrupted time series design

Julia E. Moore', Barbara Liu*?, Sobia Khan', Charmalee Harris', Joycelyne E. Ewusie®, Jemila S. Hamid*®,
Sharon E. Straus'?" and on behalf of the MOVE ON Collaboration

Abstract

Background: Bed rest for older hospitalized patients places them at risk for hospital-acquired morbidity. We previously

evaluated an early mobilization intervention and found it to be effective at improving mobilization rates and decreasing

length of stay on internal medicine units. The aim of this study was to conduct a replication study evaluating the impact
of the evidence-informed mobilization intervention on surgery, psychiatry, medicine, and cardiology inpatient units.

Methods: A multi-component early mobilization intervention was tailored to the local context at seven hospitals in
Ontario, Canada. The primary outcome was patient mobilization measured by conducting visual audits twice a week,
three times a day. Secondary outcomes were hospital length of stay and discharge destination, which were obtained
from hospital decision support data. The study population was patients aged 65 years and older who were admitted to
surgery, psychiatry, medicine, and cardiology inpatient units between March and August 2014. Using an interrupted time
series design, the intervention was evaluated over three time periods—pre-intervention, during, and post-intervention.

Results: A total of 3098 patients [mean age 78.46 years (SD 8.38)] were included in the overall analysis. There was a
significant increase in mobility immediately after the intervention period compared to pre-intervention with a slope
change of 1.91 (95% confidence interval [Cl] 0.74-3.08, P-value = 0.0014). A decreasing trend in median length of stay
was observed in the majority of the participating sites. Overall, a median length of stay of 26.24 days (95% C| 23.67-28.
80) was observed pre-intervention compared to 23.81 days (95% Cl 20.13-27.49) during the intervention and 24.69 days
(95% Cl 22.43-26.95) post-intervention. The overall decrease in median length of stay was associated with the increase
in mobility across the sites.

Conclusions: MOVE increased mobilization and these results were replicated across surgery, psychiatry, medicine, and
cardiology inpatient units.
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Background
A rising number of older adults are admitted to acute
care hospitals due to the increasing proportion of people
aged 65 years and older in the general population [1]. In-
creased hospital admission has been accompanied by an
increase in hospital-acquired disabilities in older adults
related to a lack of mobilization [2-7]. Despite evidence
that bed rest contributes to functional decline, older
hospitalized patients spend a median of 4% of their day
out of bed [8, 9]. Bed rest can result in deconditioning
with loss of muscle strength, delirium, decubitus ulcers,
venous thrombosis, pneumonia, increased length of stay
(LOS), and admission to a nursing home [4—-6, 10-13].
Early mobilization interventions may improve patients’
functional status, LOS, likelihood of returning home, and
satisfaction [14—18]. Early mobilization interventions have
largely been studied among patients with specific condi-
tions, but effects are less clear when applied to any older
patient in the hospital. Moreover, these studies do not pro-
vide sufficient information on how to operationalize and
tailor the intervention at individual, unit, and organizational
levels [19-23], making it difficult to replicate and scale up
the intervention. In 2012, we developed, implemented, and
evaluated an evidence-informed program to promote early
mobilization in patients 65 years of age and older admitted
to internal medicine units [24, 25]. We evaluated the inter-
vention using an interrupted time series (ITS) design across
14 hospitals in Ontario, Canada. Results showed a signifi-
cant increase in median weekly observed mobilization
[10.56% (95% confidence interval [CI] 4.94—16.18, P-value
<0.001)] and a decreased LOS (3.45 days) over the study
period [25]. It was unclear whether the intervention would
be effective if tailored to other inpatient units. Results of a
replication study would provide strong evidence that the
intervention can be spread or scaled up to other inpatient
units. Available literature highlights the lack of replication
studies in health care, with resultant concerns about the
limited research findings until replication of findings is
achieved [26-28]. Similarly, there has been a lack of studies
focused on scaling up interventions [29, 30]. As such, this
study was developed to address these challenges. Specific-
ally, the aim of the current study was to tailor, implement,
and evaluate the effect of the early mobilization program
on surgery, psychiatry, medicine, and cardiology inpatient
units to determine if the study could be replicated across
different settings.

Methods

Replicating the original study design, we used a quasi-ex-
perimental ITS design to evaluate the intervention effect.
Rate of mobilization, the primary outcome, was collected
for 10 weeks pre-intervention, eight weeks during the
intervention, and 20 weeks post-intervention over three
time periods. We completed the Standards for Quality
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Improvement Reporting Excellence (SQUIRE) guidelines
[31] and the Template for Intervention Description and
Replication (TIDieR) checklist [32] [see Additional file 1].
The study methods are described in detail in a protocol
paper based on the original study [24]; the methods used to
replicate and scale up the study are described here. The
Quality Implementation Framework was used to guide
intervention implementation [33].

Setting

The study, conducted between December 2013 and Octo-
ber 2014, included 16 units across seven academically-affili-
ated hospitals in Ontario, Canada. Units included: one
cardiology unit, eight medical or medical stepdown units,
one orthopedic unit, three psychiatry/behavioural units,
and three surgical units.

Readiness assessment

Original MOVE hospitals were asked to express their inter-
est in study participation. We used a readiness assessment
to select hospitals that were most ready to implement the
intervention. While the readiness assessment was adminis-
tered at the unit-level, the results were aggregated at the
hospital-level. The readiness assessment was composed of
interviews and surveys. Senior administrators, clinical man-
agers, and/or educators in a senior leadership position on
the identified units were invited to participate in a 30-min
semi-structured telephone interview to discuss unit readi-
ness including: organizational priorities; perceived benefits
of patient mobilization; perceived skills and competency to
lead staff in change implementation; approaches to imple-
mentation; reinforcement of improvement and monitoring;
perceived barriers and facilitators to implementation; and
environmental context and resources. Each interview was
conducted by a trained interviewer, digitally recorded and
transcribed verbatim by a transcriptionist. Two data
analysts coded the data using the Framework Approach
[34]. An initial review of the transcripts and notes was
carried out by the analysts (i.e. familiarization process). A
thematic framework (i.e., of central themes and categories)
was developed and informed by a conceptual model of
organizational readiness for change [32]. Analysts
independently coded the transcripts using the thematic
framework; emergent themes were incorporated to the
framework throughout analysis. Analysis was conducted
using NVivo 10.

Frontline staff were invited to participate in an online
readiness assessment survey, the Appropriateness, Content,
Facilitation Framework for Organizational Readiness
Assessment [35]. Email invitations containing the survey
link were sent to staff by the unit managers through exist-
ing internal listservs. The survey was designed to measure
staff members’ perceptions of their unit’s/organization’s
level of readiness to change by indicating their level of
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agreement (on a 5-point Likert scale) with statements re-
garding: appropriateness of the intervention; the context of
the unit; and facilitators of implementation (e.g., leadership
support and availability of resources). Survey data were an-
alyzed by conducting descriptive statistics in SPSS 22.0.
Using a sequential explanatory mixed methods approach
[36, 37], the qualitative interview data and quantitative sur-
vey data were triangulated to identify readiness amongst
leadership and frontline clinicians. To be included, hospi-
tals needed to have strong leadership support (based on
qualitative data) and some evidence of frontline buy-in
(quantitative data).

Description of the intervention

The interdisciplinary intervention, Mobilization of Vulner-
able Elders (MOVE) focused on implementation of three
key messages based on systematic reviews [14, 38] and
feasibility: 1) patients should be assessed for mobilization
status within 24 h of admission; 2) mobilization should
occur at least three times a day; and 3) mobility should be
progressive and scaled, individually tailored to the patient’s
abilities. To support these practice changes, three core
strategies were implemented: 1-2 h of education to all staff
members on mobilization, up to one hour of coaching per
staff member on how to implement these practice
changes, and patient and family member education.
Monthly audit and feedback reports were delivered to staff
demonstrating preliminary audit data at multiple time-
points (twice a week and three times a day) and type of
mobility as a supplementary implementation strategy to
inform coaching and mobilization practices. Additional
implementation strategies were tailored to local context.
Specifically, at each hospital a local implementation team
was created and included at a minimum, a physician lead,
education coordinator and research coordinator. Central-
ized implementation facilitators (JEM, SK) worked with
local implementation teams to tailor the intervention to
unit contexts. Each participating unit identified local bar-
riers and facilitators through focus groups with multidis-
ciplinary frontline staff. Implementation strategies were
selected and tailored by mapping barriers and facilitators
to a behaviour change framework (theoretical domains
framework [39]); details are presented in a previous publi-
cation [40]. The intervention mode of delivery (e.g., class-
room education, in-service, e-modules, huddles, education
days) was tailored to the local context and sites could use,
adapt, or create new tools and resources to support the
intervention. We assessed implementation activities and
quality through an implementation process tool [see Add-
itional file 2]. Primary implementation activities selected
included educational meetings, staff coaching tools, educa-
tion materials, and huddles. Resources developed by other
hospitals from the previous evaluation were made freely
available on the MOVE website (http://movescanada.ca).
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Participants

Participants included all patients aged 65 years and older
admitted to one of the 16 units in the seven hospitals
during the study period. Palliative patients were
excluded from the study due to limited life expectancy.

Outcomes

The primary outcome was mobilization of patients
measured twice-weekly (on random days from Monday to
Friday) by visual audits that took place three times per
day. Patients were considered mobilized, if the visual audit
identified the patient to be out of bed (sitting in chair,
standing or walking with or without assistance). The
primary outcome captured implementation of the key
messages. The visual audits were conducted by a research
coordinator at each hospital, who was trained by the cen-
tral team through an online module and practice audits.
Prior to data collection, the visual audit method was eval-
uated using three independent auditors and was found to
have high inter-rater agreement (kappa = 0.83). We tested
our method of visual audits against continuous rounding
every 15 min for 6 h over 2 days and found it to have posi-
tive likelihood ratio 12.2 (95% CI 3.22—46.46) and negative
likelihood ratio 0.06 (95% CI 0.02—0.25). The definition
for mobilization in the accuracy study was that used in the
audits, specifically, whether the patient was mobilized
three times during the 6-h period of observation. Second-
ary outcomes were hospital LOS and discharge destin-
ation. We collected additional demographic and clinical
data from eligible patients including age, gender, place of
residence prior to admission, and admitting diagnosis.
Data on the secondary outcomes were collected retro-
spectively from chart review and hospital decision support
data. As part of the process evaluation, we documented
what implementation interventions each hospital deliv-
ered in the process evaluation.

Statistical analysis

Daily mobilization of patients, recorded from three audits
per day was first summarized into proportion of patients
mobilized (out of bed) at least once a day. Proportion of
patients mobilized was then averaged over the two audit
days, within the week the audits were recorded, to provide
an estimate of average daily mobilization for a given week.
This was done pre- (10weeks, 20 assessment points),
during (eight weeks, 16 assessment points), and post-inter-
vention (20 weeks, 40 assessment points) for each hospital.
To investigate the overall impact of the intervention on
mobilization across all the participating sites, mobilization
at each time point was first aggregated across the hospitals.
The difference in the trend and level was then compared
among the three periods (pre-, during and
post-intervention). This was done by performing an ITS
analysis using a segmented linear regression model [41].
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Presence of serial autocorrelation across the different time
points was assessed using the Durbin-Watson’s statistic
[42]; and when statistically significant, adjustment for auto-
correlation was made [43]. Hospital-level analysis was also
performed to investigate site-specific assessment of the
intervention and examine variation in mobilization across
the sites. For the secondary outcome, daily median LOS in
a given week was considered from all participating
hospitals pre-, during and post-intervention. Discharge
date was used to classify patients into pre-, during and
post-intervention periods. The daily median LOS within a
given week was averaged across all hospitals to provide an
overall estimate. ITS with segmented linear regression was
then performed to investigate the impact of the interven-
tion on LOS. Site level analysis was also performed to
examine site differences in outcomes. Data on discharge
destination as well as other demographic and clinical vari-
ables were summarized across the different time periods.
All statistical analyses were performed using the R statis-
tical software [44] and statistical significance was deter-
mined using o = 0.05 level of significance.

Results

Participants and units

Organizational readiness

Two senior administrators, eight clinical managers, and
one clinical educator were interviewed between August
and September 2013, from nine hospitals that partici-
pated in the readiness assessment phase of MOVE ON+.
A total of 121 surveys were completed from six of nine
hospitals. Demographic information (e.g., gender, role,
and number of years of clinical experience) was collected
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from survey participants; however, no personal identifiers
were collected and therefore surveys were anonymous. Six
sites had strong leadership support and frontline clinician
buy-in; given that there was funding for seven hospitals,
the hospitals with the next strongest leadership support
was selected, even though there were no surveys from
frontline clinicians [see Additional file 3].

Sixteen inpatient units participated in the intervention
across seven hospitals. Each unit had between 12 and 40
beds (mean of 25.4 beds).

Patient mobilization

The analysis included 42,076 mobilization audits from
3098 patients [mean age 78.46 years (SD 8.38)] across six
hospitals; 48.3% were female. Participant characteristics
are shown in Table 1. One hospital was excluded from the
overall analysis (7041 audits from 129 patients), because
baseline mobility at this hospital was 91.06% compared to
the overall baseline average of 58.19% across the
remaining hospitals and baseline median LOS was 76.08
days compared to the overall average median LOS of
27.64; we were not aware of the high mobility rate when
the site was selected. Data from this hospital were ana-
lyzed separately and site-level results are provided.

Primary outcome: patient mobilization

Overall results

Overall, combined data across the six hospitals showed an
increasing trend in mobilization during the intervention
phase compared to the declining trend observed in the
pre-intervention period (Fig. 1), with a slope increase of
1.08 (95% CI -0.34 — 2.50, P-value = 0.1389). However, this

Table 1 Patient characteristics for the 5 sites included in the ITS analysis

Overall Pre During Post
No. of subjects (N) 3097 917 535 1645
Age [mean years (SD)] 7846 (8.38) 7861 (8.50) 78.75 (8.04) 7829 (843)
Gender M:F [n (%)) 1562 (51.70): 480 (52.3): 272 (50.8): 810 (49.2):
1459 (48.30) 417 (45.5) 259 (484) 783 (47.6)
Top 5 Most Responsible Coronary artery disease 255 (8.2) 70 (7.6) 45 (8.4) 140 (8.5)
Discharge Diagnoses [n (%) Congestive heart failure 171 (55) 50 (5.5) 31 (58) 90 (5.5)
Aortic stenosis 109 (3.5) 31 (34) 24 (4.5) 54 (33)
Acute myocardial infarction 69 (2.2) 15 (1.6) 8 (1.5 46 (2.8)
Urinary tract infection 67 (2.2) 21 (2.3) 12 (2.2) 34 (2.1)
Place of residence prior to Private home, apartment or 1074 (34.7) 320 (34.9) 178 (33.3) 576 (35.0)
admission [n (%)] condominium
Acute Facility® 518 (16.7) 93 (10.1) 81 (15.2) 344 (20.9)
Nursing home or Long-term 258 (8.3) 86 (94) 56 (10.5) 116 (7.0)
care home
Rehabilitation facility® 28 (0.9 10 (1.1) 8 (1.5 10 (0.6)
Other (unspecified) 1214 (39.2) 407 (44.4) 211 (39.5) 596 (36.2)

@ when transferred from another acute or rehabilitation facility, the patient’s place of residence prior to admission is not known
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difference was not statistically significant. Post-intervention
there was a statistically significant increase in mobilization
with a change in slope of 0.93 (95% CI 0.07-1.78, P-value
=0.0334) compared to pre-intervention. At the end of the
study period, there was a non-significant increase in the
number of patients out of bed compared to pre-interven-
tion, where an estimated 6.9% (95% CI -1.0 — 14.8, P-value
=0.0924) more patients were out of bed. An estimated
2.5% (95% CI -4.7 — 9.6, P-value =0.5291) more patients
were out of bed per day at the intervention end compared
to pre-intervention but this was not statistically significant.

While mobilization continued to increase in the first
weeks of the post-intervention period, a declining trend
in mobilization was observed after week 26 (Fig. 1). This
pattern was observed across most of the participating
hospitals, indicating a high level of immediate effect fol-
lowing the intervention phase followed by declines in
the last weeks of the study. To investigate this further,
we divided the post-intervention period into two periods
and re-analyzed the data using ITS with four periods
(Fig. 2). As some hospitals continued delivering imple-
mentation strategies for a couple of months after the
intervention phase, we chose a cut off of 26 weeks to
assess sustainability. The results showed a statistically
significant increase in mobility immediately after the
intervention period compared to pre-intervention with
a slope change of 1.91 (95% CI 0.74-3.08, P-value =
0.0014). However, during the last 12 weeks, there was
a statistically significant decline in the rate of
mobilization compared to the early post-intervention
period (slope change=-1.25, 95% CI -2.36 — -0.13,
P-value = 0.0281).

Hospital-specific results

Pre-intervention, a declining trend in mobility, which was
not statistically significant, was observed across all hospi-
tals, although their rate of decline varied. The hospital-spe-
cific results are consistent across the hospitals with respect
to impact of the intervention on patient mobilization; in all
six hospitals mobilization increased daily during the inter-
vention period or immediately after the intervention com-
pared to pre-intervention [see Additional file 4]. The
majority (n = 4) of the hospitals observed an immediate im-
provement in mobilization after the intervention. In all six
hospitals, an increasing trend in mobilization was observed
during the first eight weeks of the post-intervention period
(i.e., 16 weeks since the start of the intervention). However,
mobilization started to decline after week eight of the
post-intervention period in three sites. In the other three
sites, mobilization increased throughout the 20
post-intervention weeks indicating sustainability of the
intervention effect. For the site removed from the overall
ITS analysis, there were no significant changes in
mobilization across the study and the mobilization rate
remained above 70% [see Additional file 5].

Secondary outcome: length of stay

Overall results

Data on LOS were not available for one of the six sites.
Across the 5 remaining sites, the median LOS during
the intervention period was four days shorter on average
compared to the pre-intervention period, where a me-
dian LOS of 26.24 days (95% CI 23.67-28.80) was ob-
served pre-intervention compared to 23.81 days (95% CI
20.13-27.49) during the intervention and 24.69 days
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(95% CI 22.43-26.95) post-intervention. Investigating
the trend of median LOS over time using ITS analysis,
there was an increasing trend in LOS in the
pre-intervention period (Fig. 3); a decreasing trend in me-
dian LOS was observed during intervention implementa-
tion followed by a slight decreasing trend in LOS in the
post-intervention phase. Patients were in hospital an esti-
mated 4.35 fewer days (95% CI -18.08 — 9.39 P-value =
0.5351) in the post-intervention period compared to

pre-intervention, however, the difference was not statisti-
cally significant. There was a decreasing trend in LOS
both during and post-intervention. Upon visual inspection
of the data, it appears that a decreasing trend in LOS
corresponded with an increasing trend in mobilization. A
decreasing trend (slope difference = - 0.65, 95% CI -2.19 —
0.88, P-value =0.4051) of LOS was observed during the
last weeks of the study compared to the first weeks of the
post-intervention period.
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Fig. 3 Change in length of stay
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t Average median length of stay across all sites included in the ITS analysis.
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Hospital-specific results

There was heterogeneity in the trend of median LOS over
time across the five participating sites [see Additional file 6].
For most of the sites (80%; four of five sites) a decrease in
LOS during the intervention and/or post-intervention
periods was observed. The rate of decrease in median LOS
was different across sites. No statistically significant
differences were found in discharge destination [see
Additional file 7].

Discussion

In replicating the MOVE program in different hospital
unit types, we found that the intervention had a positive
effect on mobilization rates immediately following the
eight week intervention. Three out of the seven hospitals
demonstrated sustained mobilization rates following the
post-intervention period. These three hospitals had
strong senior leadership buy-in and staff engagement.
One site was able to scale-up the MOVE initiative as a
corporate priority while the other two sites were able to
attain high staff involvement and central team support
in adapting and implementing strategies. In contrast,
four sites were unable to sustain mobilization efforts
after the post-intervention phase. Of these other four
sites, a number of factors (e.g. infectious outbreaks) im-
peded sustainability; two sites had a lack of senior lead-
ership support and staff engagement from the beginning;
and the last site included psychiatry/behavioural neur-
ology units that provided long-term care. These latter
units had high baseline mobility rates (74.5%), which left
little room for improvement.

Ioannidis has written extensively on the need to repli-
cate primary research [26-28] . This concept should also
be applied to implementation studies whereby there is a
paucity of literature on replication in different settings.
Our study represented an unique attempt to replicate the
implementation of an early mobilization strategy across
different hospitals and inpatient units. The findings of this
study are consistent with our previous evaluation in which
there was a significant increase in median weekly observed
mobilization [intercept difference = 10.56% (95% CI 4.94—
16.18 P<0.001)] and a decreased LOS (intercept differ-
ence = - 345days, 95% CI [-6.67,-0.23], P=0.0356)
over the study period compared to pre-intervention [25].
It is also consistent with mobilization studies conducted
in other types of units and with specific patient popula-
tions, for example older patients with pneumonia [45],
with acute illness [46], and in the ICU [47]. To further
understand replicability of MOVE, other groups are inde-
pendently implementing it in the US and Australia. Failure
to replicate study findings by other teams in varying set-
tings is a common shortcoming in many areas of research,
including basic science and clinical investigation [27].
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Implications for tailoring, scaling up, and spread
In addition to being a successful replication study, the
current project was an example of scaling up an interven-
tion. Scale up is the “vertical diffusion or deliberate, system-
atic approaches to increasing the coverage, range, and
sustainability of services” [48]. In this study, we deliberately
focused on scaling up MOVE. MOVE was not reliant on
expensive technology or large investment of resources and
instead used available resources aligned with unit needs.
There is little research on scaling up or tailoring
evidence-informed interventions. For example, in a system-
atic review strategies for scaling up implementation inter-
ventions in primary care, just 14 studies of the 272 studies
met inclusion criteria and most were before-and-after de-
sign [30]. A unique MOVE feature is how it is designed to
be tailored to local context. Based on focus groups with
frontline clinicians, we created a list of common barriers
and facilitators to mobilization. Using evidence on imple-
mentation strategies [49, 50] and behaviour change theory
[51, 52], we identified implementation strategies for each
barrier and facilitator [40]. Each site prioritized the most
relevant barriers. We then provided sites with a list of the
appropriate implementation strategies. Sites were then able
to use implementation strategy resources, adapt them, or
create new ones. The most common adaptation was to
change formatting, colours, and add hospital logos to exist-
ing resources. This approach allows for local tailoring to
promote sustainability, while selecting implementation
strategies based on evidence and theory.

Strengths and limitations

The current study had several strengths. First, the pri-
mary outcome, mobilization, is an objective outcome
measure. Second, the study included a large sample.
Third, the funding was only used for project evaluation.
All hospital resources were provided in-kind, which
facilitated sustainability and spread. Fourth, all MOVE
resources are publicly available for use.

A few limitations should also be noted. First, when
using an ITS design, it is possible that historical or
contextual factors are responsible for the increase in
mobilization and decreased LOS. However, we saw the
same trend in mobilization across 11 hospitals in the
original study [25] and seven hospitals in the replication
study. The intervention starting point (i.e., the months
in which the intervention was delivered) varied across
hospitals. The consistency in findings, despite delivering
the intervention in different months, provides more
support that MOVE is responsible for the changes in
mobilization. Second, this study involved new units in
hospitals that previously implemented MOVE. Some
hospitals may have already started spreading MOVE, so
the pre-intervention data may not have represented base-
line, thereby underestimating the impact of MOVE. Third,
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audits only provide a snapshot of mobilization. It is
possible that implementation strategies produced large in-
creases in mobilization not captured during audit times.
We were not able to capture duration of mobility given
budget constraints. Video cameras or personal exercise
monitoring devices could be considered in future studies
of mobility, if budget allows. To optimize sustainability of
mobility monitoring, knowledge users suggested use of
audit since this was done for auditing of hand hygiene
purposes on the hospital units and could be used for both
purposes. Moreover, we completed a test accuracy study
prior to implementation showing good accuracy of this
measure (likelihood ratio 12). Fourth, due to budget limi-
tations of our study, we did not examine other clinically
relevant outcomes measures such as muscle strength, de-
lirium, decubitus ulcers, venous thrombosis, and pneumo-
nia. Randomized trials have shown these outcomes to be
impacted with improved mobility. [4—6, 10-13]. Fifth, we
did not identify a significant decrease in LOS although this
was seen in our previously completed, larger implementa-
tion study. This difference may be due to sample size of
the current study or other confounding factors such as
provincial initiatives that contributed to decreased length
of stay during this implementation study.

Conclusions

We successfully implemented a mobilization intervention
in several inpatient units that was tailored to context.
Mobilization increased during and after the intervention
and declined during the sustainability phase in some sites.
This study lends further support to the impact of MOVE at
increasing patient mobilization across multiple types of
hospital units.

Additional files

Additional file 1: Template for Intervention Description and Replication
(TIDieR) checklist. (DOCX 32 kb)

Additional file 2: Implementation Activties Delivered. (DOCX 23 kb)

Additional file 3: Participant Responses to Readiness Assessment
Questions. (DOCX 19 kb)

Additional file 4: Difference in proportion of mobility between during
and pre-intervention (left), and between post- and pre-intervention
(right). (DOCX 29 kb)

Additional file 5: Weekly visual audit results for proportion of patients
out of bed for site excluded in overall ITS analysis. (DOCX 135 kb)

Additional file 6: Difference in median LOS between during and pre-
intervention (left), and between post- and pre-intervention (right). (DOCX 27 kb)

Additional file 7: Discharge destination. (DOCX 15 kb)

Abbreviations
[TS: Interrupted time series; LOS: Length of stay (LOS); MOVE
ON: Mobilization of Vulnerable Elders (MOVE) in Ontario

Acknowledgements
We would like to thank Camellia Dinyarian for her assistance in the preparation
of this manuscript. We would like to thank members of the MOVE ON

Page 8 of 9

Collaborators: Baycrest Health Sciences: Sylvia Davidson, Terumi lzukawa, Dean
Castino; London Health Sciences Centre: Monidipa Dasgupta, Trish Fitzpatrick,
Elizabeth Malloy Nantais, Alexander Nicodemo, Mary-Margaret Taabazuing,
Craig Watkin; North York General Hospital: Tina Chopra, Norma McCormack,
Maria Angela Tubale, llona Turczyn; The Ottawa Hospital: Frederic Beauchemin,
Jan-Michael Charles, Barbara Power, Vicki Thomson; St. Joseph’s Healthcare
Hamilton: Vincent G. DePaul, Diana Hatzoglou, Miranda Prince, Susan Ritchie,
Bashir Versi; St. Michael’s Hospital: Natalee Elvie, Charmalee Harris, Samantha Hill,
Sobia Khan, Yonda Lai, Christine Marquez, Norine Meleca, Julia E. Moore, Sharon
E. Straus, Mark Wheatcroft, Maria Zorzitto; Thunder Bay Regional Health Sciences
Centre: Hanan EISherif, Jennifer Hawley, Deboura Olsen.

Funding

Funding for this project has been received from the Council of Academic
Hospitals of Ontario’s (CAHO) Adopting Research To Improve Care (ARTIC)
Program and the Ontario Ministry of Health and Long-Term Care. In-kind
funding has been provided by the Regional Geriatric Program of Toronto,
the Knowledge Translation Program of the Li Ka Shing Knowledge Institute
of St. Michael’s, and the following hospitals: Baycrest Health Sciences,
London Health Sciences Centre, North York General Hospital, The Ottawa
Hospital, St. Joseph's Healthcare Hamilton, Thunder Bay Regional Health Sci-
ences Centre, St. Michael’s Hospital. SES is funded by a Tier 1 Canada Re-
search Chair in Knowledge Translation.

Availability of data and materials
Not Applicable. The data are available from the corresponding author on
reasonable request.

Authors’ contributions

BL and SES conceived the study. JEM wrote the first draft of the paper, with
all authors commenting on it and subsequent drafts. BL, SK, CH, JE, JSH and
SES made substantial contributions to conception, design, project
management, data analysis, interpretation, and writing of the manuscript.
Contributing authors made substantial contributions to the work reported in
this manuscript including study design, data collection and interpretation of
the data. All authors read and approved the final manuscript.

Ethics approval and consent to participate

The protocol was approved by the Research Ethics Board at each
participating Hospital. Research Ethics Board (REB) of St. Michael’s Hospital
(REB# 11-261), Toronto, Ontario, Canada. The need for informed consent of
all enrolled participants was waived due to the retrospective nature of this
study. However, consent was required and obtained from particpants who
participated in focus groups and interviews.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Li Ka Shing Knowledge Institute, St. Michael’s Hospital, Toronto, Ontario,
Canada. “Department of Medicine, Faculty of Medicine, University of Toronto,
Toronto, Ontario, Canada. *Regional Geriatric Program of Toronto and
Sunnybrook Health Sciences Centre, Toronto, Ontario, Canada. 4Departmem
of Health Research Methods, Evidence, and Impact, McMaster University,
Hamilton, ON, Canada. *School of Epidemiology and Public Health, University
of Ottawa, Ottawa, ON, Canada. °Children’s Hospital of Eastern Ontario,
Ottawa, ON, Canada.

Received: 22 May 2018 Accepted: 28 March 2019
Published online: 05 April 2019

References
1. Wodchis WP, Austin PC, Henry DA. A 3-year study of high-cost users of
health care. CMAJ. 2016;188(3):182-8.


https://doi.org/10.1186/s12877-019-1124-0
https://doi.org/10.1186/s12877-019-1124-0
https://doi.org/10.1186/s12877-019-1124-0
https://doi.org/10.1186/s12877-019-1124-0
https://doi.org/10.1186/s12877-019-1124-0
https://doi.org/10.1186/s12877-019-1124-0
https://doi.org/10.1186/s12877-019-1124-0

Moore et al. BVIC Geriatrics

10.
11.

19.
20.

21.

22.

23.

24.

25.

26.

27.

(2019) 19:99

Trends in aging--United States and worldwide. MMWR Morb Mortal Wkly
Rep. 2003;52(6):101-104, 106.

Gillick MR, Serrell NA, Gillick LS. Adverse consequences of hospitalization in
the elderly. Soc Sci Med. 1982;16(10):1033-8.

Covinsky KE, Palmer RM, Fortinsky RH, Counsell SR, Stewart AL, Kresevic D, Burant
{J, Landefeld CS. Loss of independence in activities of daily living in older adults
hospitalized with medical illnesses: increased vulnerability with age. J Am Geriatr
Soc. 2003,51(4)451-8.

Brown CJ, Friedkin RJ, Inouye SK. Prevalence and outcomes of low mobility
in hospitalized older patients. J Am Geriatr Soc. 2004;52(8):1263-70.

Brown CJ, Roth DL, Allman RM, Sawyer P, Ritchie CS, Roseman JM. Trajectories
of life-space mobility after hospitalization. Ann Intern Med. 2009;150(6):372-8.
Covinsky KE, Pierluissi E, Johnston CB. Hospitalization-associated disability:"she
was probably able to ambulate, but I'm not sure”. Jama. 2011;306(16):1782-93.
Brown CJ, Redden DT, Flood KL, Allman RM. The underrecognized epidemic
of low mobility during hospitalization of older adults. J Am Geriatr Soc.
2009;57(9):1660-5.

Callen BL, Mahoney JE, Grieves CB, Wells TJ, Enloe M. Frequency of hallway
ambulation by hospitalized older adults on medical units of an academic
hospital. Geriatr Nurs. 2004;25(4):212-7.

Asher RA. The dangers of going to bed. Br Med J. 1947,2(4536):967.
Creditor MC. Hazards of hospitalization of the elderly. Ann Intern Med. 1993;
118:219-23.

Blair SN, Kohl HW, Paffenbarger RS, Clark DG, Cooper KH, Gibbons LW.
Physical fitness and all-cause mortality: a prospective study of healthy men
and women. Jama. 1989,262(17):2395-401.

Brown CJ, Flood KL. Mobility limitation in the older patient: a clinical review.
Jama. 2013;310(11):1168-77.

Cumming TB, Collier J, Thrift A, Bernhardt J. The effect of very early mobilization
after stroke on psychological well-being. J Rehabil Med. 2008:40609-14.
Oldmeadow LB, Edwards ER, Kimmel LA, Kipen E, Robertson VJ, Bailey MJ. No rest
for the wounded: early ambulation after hip surgery accelerates recovery. ANZ J
Surg. 2006;76(7):607-11.

Mundy LM, Leet TL, Darst K, Schnitzler MA, Dunagan WC. Early mobilization
of patients hospitalized with community-acquired pneumonia. Chest. 2003;
124(3):883-9.

Chippala P, Sharma R. Effect of very early mobilisation on functional status
in patients with acute stroke: a single-blind, randomized controlled trail. Clin
Rehabil. 2016;30:669-75.

Hoyer EH, Friedman M, Lavezza A, Wagner-Kosmakos K, Lewis-Cherry R,
Skolnik JL, Byers SP, Atanelov L, Colantuoni E, Brotman DJ. Promoting
mobility and reducing length of stay in hospitalized general medicine
patients: a quality-improvement project. J Hosp Med. 2016;11(5):341-7.
Cochrane Database Syst Rev. 2007;(1):CD005955. Review.

Peiris CL, Taylor NF, Shields N. Extra physical therapy reduces patient length
of stay and improves functional outcomes and quality of life in people with
acute or subacute conditions: a systematic review. Arch Phys Med Rehabil.
2011,92(9):1490-500.

Pashikanti L, Von Ah D. Impact of early mobilization protocol on the medical-
surgical inpatient population: an integrated review of literature. Clin Nurse Spec.
2012,26(2):87-%4.

Kalisch BJ, Lee S, Dabney BW. Outcomes of inpatient mobilization: a
literature review. J Clin Nurs. 2014;23(11-12):1486-501.

Stolbrink M, McGowan L, Saman H, Nguyen T, Knightly R, Sharpe J, Reilly H,
Jones S, Turner A. The early mobility bundle: a simple enhancement of
therapy which may reduce incidence of hospital-acquired pneumonia and
length of hospital stay. J Hosp Infect. 2014;88(1):34-9.

Liu B, Aimaawiy U, Moore JE, Chan W-H, Straus SE. Evaluation of a multisite
educational intervention to improve mobilization of older patients in
hospital: protocol for mobilization of vulnerable elders in Ontario (MOVE
ON). Implement Sci. 2013;8(1):76.

Liu B, Moore JE, Almaawiy U, Chan W-H, Khan S, Ewusie J, Hamid JS, Straus
SE, Collaboration MO. Outcomes of mobilisation of vulnerable elders in
Ontario (MOVE ON): a multisite interrupted time series evaluation of an
implementation intervention to increase patient mobilisation. Age Ageing.
2017;:47(1):112-9.

loannidis JP. How to make more published research true. PLoS Med. 2014;
11(10):€1001747.

loannidis JP. Contradicted and initially stronger effects in highly cited
clinical research. Jama. 2005;294(2):218-28.

28.

29.

30.

31

32.

33.

34,
35.
36.

37.

38.

39.

40.

42.

43.

45.

46.

47.

48.

49.

50.
51.

52.

Page 9 of 9

loannidis JP. Why most clinical research is not useful. PLoS Med. 2016;13(6):
€1002049.

Barker PM, Reid A, Schall MW. A framework for scaling up health
interventions: lessons from large-scale improvement initiatives in Africa.
Implement Sci. 2015;11(1):12.

Charif AB, Zomahoun HTV, LeBlanc A, Langlois L, Wolfenden L, Yoong SL, Williams
CM, Lépine R, Légaré F. Effective strategies for scaling up evidence-based practices
in primary care: a systematic review. Implement Sci. 2017;12(1):139.

Ogrinc G, Mooney SE, Estrada C, Foster T, Goldmann D, Hall LW, Huizinga MM,
Liu SK, Mills P, Neily J, et al. The SQUIRE (standards for QUality improvement
reporting excellence) guidelines for quality improvement reporting:
explanation and elaboration. Qual Saf Health Care. 2008;17(Suppl 1):i13-32.
Hoffmann TC, Glasziou PP, Boutron |, Milne R, Perera R, Moher D, Altman
DG, Barbour V, Macdonald H, Johnston M, et al. Better reporting of
interventions: template for intervention description and replication (TIDieR)
checklist and guide. BMJ. 2014;348.

Meyers DC, Durlak JA, Wandersman A. The quality implementation
framework: a synthesis of critical steps in the implementation process. Am J
Community Psychol. 2012;50(3-4):462-80.

Ritchie J, Spencer L. Qualitative data analysis for applied policy research.
London: Routledge; 1994.

Holt DT, Armenakis AA, Feild HS, Harris SG. Readiness for organizational change:
the systematic development of a scale. J Appl Behav Sci. 2007;43(2):232--55.
Creswell JW, Clark VLP. Designing and conducting mixed methods research; 2007.
Palinkas LA, Aarons GA, Horwitz S, Chamberlain P, Hurlburt M, Landsverk J.
Mixed method designs in implementation research. Adm Policy Ment
Health Ment Health Serv Res. 2011;38(1):44-53.

Bernhardt J, Dewey H, Thrift A, Collier J, Donnan G. A very early rehabilitation
trial for stroke (AVERT): phase Il safety and feasibility. Stroke. 2008,39(2):390-6.
Cane J, O'Connor D, Michie S. Validation of the theoretical domains
framework for use in behaviour change and implementation research.
Implement Sci. 2012;7(1):37.

Moore J, Mascarenhas A, Marquez C, Almaawiy U, Chan W-H, D'Souza J, Liu
B, Straus S, Team TMO. Mapping barriers and intervention activities to
behaviour change theory for mobilization of vulnerable elders in Ontario
(MOVE ON), a multi-site implementation intervention in acute care hospitals.
Implement Sci. 2014;9(1):160.

Wagner AK, Soumerai SB, Zhang F, Ross-Degnan D. Segmented regression
analysis of interrupted time series studies in medication use research. J Clin
Pharm Ther. 2002;27(4):299-309.

Durbin J. Testing for serial correlation in least-squares regressions when some of
the regressors are lagged dependent variables. Econometrica. 1970,38:410-21.
Cochrane D, Orcutt G. Application of least squares regression to relationships
containing auto correlated error terms. J Am Stat Assoc. 1949;44:32-61.

R Core Team. R: A language and environment for statistical computing.
Vienna: R Foundation for Statistical Computing; 2013.

Carratala J, Garcia-Vidal C, Ortega L et al. Effect of a 3-step critical pathway
to reduce duration of intravenous antibiotic therapy and length of stay in
community-acquired pneumonia: a randomized controlled trial. Arch Intern
Med 2012,172:922-8.

Fisher SR, Y-f K, Graham JE, Ottenbacher KJ, Ostir GV. Early ambulation and
length of stay in older adults hospitalized for acute illness. Arch Intern Med.
2010;170(21):1942-3.

Hopkins RO, Miller RR Ill, Rodriguez L, Spuhler V, Thomsen GE. Physical
therapy on the wards after early physical activity and mobility in the
intensive care unit. Phys Ther. 2012,92(12):1518-23.

Eaton J, McCay L, Semrau M, Chatterjee S, Baingana F, Araya R, Ntulo C,
Thornicroft G, Saxena S. Scale up of services for mental health in low-
income and middle-income countries. Lancet. 2011;378(9802):1592-603.
Effective Practice and Organisation of Care (EPOC). EPOC Taxonomy; 2015.
Available at: https://epoc.cochrane.org/epoc-taxonomy. Accessed 2 Apr
2019.

Drugs CAf, Health Ti. Rx for change database. Canada: CADTH; 2012.
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;57(4):660-80.

Michie S, van Stralen MM, West R. The behaviour change wheel: a new
method for characterising and designing behaviour change interventions.
Implement Sci. 2011;6(1):42.


https://epoc.cochrane.org/epoc-taxonomy

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Setting
	Readiness assessment
	Description of the intervention
	Participants
	Outcomes
	Statistical analysis

	Results
	Participants and units
	Organizational readiness
	Patient mobilization

	Primary outcome: patient mobilization
	Overall results
	Hospital-specific results

	Secondary outcome: length of stay
	Overall results
	Hospital-specific results


	Discussion
	Implications for tailoring, scaling up, and spread
	Strengths and limitations

	Conclusions
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

