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Abstract

Background: Increasing numbers of older adults with complex health deficits presenting to emergency depart-
ments has prompted the development of innovative models of care. One such model designed to reduce poor
outcomes associated with acute healthcare, is the Geriatric Emergency Department Intervention. This intervention is
a nurse-led, physician-championed, Emergency Department intervention that improves the health outcomes for frail
older adults in the emergency department.

Methods: This quantitative cohort study aimed to evaluate the healthcare outcomes and costs associated with the
implementation of the Geriatric Emergency Department Intervention (GEDI) for adults aged 70 years and over at two
hospital sites that implemented the model using the integrated-Promoting Action on Research Implementation in
Health Services (i-PARHIS) framework. Hospital A was large teaching hospital located in the tropical north of Australia.
Hospital B was a medium sized teaching hospital near Brisbane, Queensland Australia.

The effect of the intervention was examined in two ways. Qutcomes were compared between: 1) all patients in

the pre- and post- implementation periods, and 2) patients seen or not seen by the Geriatric Emergency Depart-
ment Intervention team in the post-implementation period. The outcomes measured were disposition (discharged
home, admitted); emergency department length of stay; hospital length of stay; all cause in-hospital mortality within
28 days; time to re-presentation up to 28 days post-discharge; emergency department and in-hospital costs.

Survival analyses were used for the primary and secondary outcome variables and a Cox survival model was used to
estimate the associations between variables and outcomes. Multiple regression models were used to examine other
secondary outcomes whilst controlling for a range of confounders.

Results: The Geriatric Emergency Department Intervention was successfully translated into two different emergency
departments. Both demonstrated an increased likelihood of discharge, decreased emergency department length of
stay, decreased hospital costs for those who were admitted, with an associated reduction in risk of mortality, for adults
aged 70 years and over.
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Conclusions: The Geriatric Emergency Department Intervention was successfully translated into new sites that
adapted the model design. Improvement in healthcare outcomes for older adults presenting to the emergency
department was demonstrated, although this was more subtle than in the original model setting.

Keywords: Geriatric, Emergency medical services, Emergency nursing, Knowledge translation, Implementation,

Homes for the aged, Delivery of healthcare, Aged care

Background

Health systems are experiencing increasing pressure
from ageing populations as more patients, with multiple
comorbidities, present to emergency departments (ED)
with acute illnesses or exacerbations of their underlying
chronic health conditions. Previous research suggests
that a longer time in the ED is associated with increases
in unnecessary investigations, admission rates, pro-
longed hospitalisation, and higher in-hospital mortality,
for this older cohort [1, 2]. This evidence has stimulated
the development of a range of models of enhanced care
for older adults in the ED (c.f.3, 4, 5). The evidence from
these models of care, indicates that a targeted compre-
hensive geriatric assessment, undertaken with older
adults, results in improved short- and long-term health
outcomes [6]. One of these models is the Geriatric Emer-
gency Department Intervention (GEDI), which was suc-
cessfully developed and trialled in a regional Queensland
ED and reduced ED length of stay, hospital admission,
hospital length of stay and cost, without increasing mor-
tality or same cause re-presentation with increases sus-
tained over time [5, 7, 8].

EDs provide a rich and complex landscape in which to
undertake innovation research, such as with the GEDI
model [9]. Innovation research studies provide clini-
cians with new and exciting ways to potentially improve
the efficiency and effectiveness of ED healthcare delivery
[10]. However, despite sound evidence, the dissemination
of innovations into other EDs is often slow or non-exist-
ent [10]. Diffusion and implementation sciences have
developed, and these methodologies enable organisa-
tional change scholars to assist clinicians in the adoption
and long-term sustainability of evidenced based innova-
tions [11]. Currently there are over 100 reported theories
spanning several disciplines that are being used by imple-
mentation scientists for the planning, evaluation and dis-
semination of project outcomes [12]. However, the most
cited theories include Diffusion of Innovations [13], inte-
grated-Promoting Action on Research Implementation
in Health Services (iPARIHS) [14], Theoretical Domains
Framework [15] and the Consolidated Framework for
Implementation Research [16].

In this study, the i-PARIHS framework [14] was used
to assist the implementation processes at two sites. This
framework was chosen as the initial version (PARIHS)

was developed after experience working with nursing cli-
nicians to assist them to improve quality of care though
standards, introduce audit and quality improvement and
change patient services [17]. This article presents the
results of a study that evaluated the effectiveness of the
GEDI model in the two Queensland EDs following struc-
tured implementation.

Methods

Aims

An implementation science project was undertaken
which focused on the implementation the GEDI model
[5] into other hospital sites. Both quantitative and quali-
tative data were collected. The overall aim was to evalu-
ate the effectiveness of the implementation of the GEDI
model of care into two EDs. This article presents the
quantitative results from the analysis of the effect of the
GEDI implementation on healthcare outcomes and costs.
Another article reporting the results of the qualitative
study has been submitted for publication elsewhere.

In this quantitative study, the objectives were to com-
pare the health system outcomes of: disposition, ED and
Hospital length of stay (LoS), ED representation and hos-
pital readmission, all-cause mortality and costs. The anal-
yses focused on comparing patients aged 70 years and
older, who a) presented before and after the introduction
of the GEDI model and b) were seen or not seen by GEDI
staff.

Settings

Two Hospital and Health Services EDs in Queensland
were chosen as the GEDI implementation sites. The sen-
ior ED clinicians and managers at these hospitals had
shown early interest in implementing the GEDI model,
given the initial trial results, and the supportive funding
from the Healthcare Improvement Unit of Queensland
Health (the state health department) that was available
to support such implementation [5, 18]. Hospital A was
large teaching hospital located in the tropical north of
Australia. Hospital B was a medium sized teaching hospi-
tal near Brisbane, Queensland Australia.

Description of site interventions
The intervention has been previously described and is
outlined within an Implementation Toolkit and prior
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publications [5, 18]. Briefly, the GEDI model consists of
advanced practice nurses, with at least five years expe-
rience in geriatrics, who operate an embedded sub-
specialty team that assists the primary ED nurses and
physicians, focused on the care of older adults aged
70 years and older. The GEDI nurses are employed in the
ED and worked Monday to Friday 07.00 to 17.30 h and
07.00 to 15.30 h on weekends. An embedded ED physi-
cian champion assists in ensuring acceptance and per-
manence of the model. During this study, GEDI nurses
used the interRAI ED Screener [19] to screen all patients
aged 70 years and older after presentation to the ED to
prioritise patients to be seen. This tool provides a rapid
measure of physical and cognitive dependence as a
proxy measure for frailty. The priorities were: all patients
presenting from residential aged care facilities, high
functioning older adults who might have suffered inca-
pacitating fractures (such as neck of femur), all patients
with interRAI scores of 5-6, those identified as carers for
a highly dependent person, and lastly, those with inter-
RAI scores of 3—4. These patients were considered most
at risk of experiencing poor healthcare outcomes, such as
re-presentation to the ED, hospital admission and longer
ED length of stay [20].

In the implementation process, however, both sites
modified the model. This was not discouraged as an
intervention should be allowed to adapt to local envi-
ronments to ensure increased likelihood of success [21].
Hospital A’s ED physician champion left approximately
three months into the implementation and was not
replaced. Some aspects of this role were then undertaken
by a supportive geriatrician but this role was not based
in the ED. Hospital A had a specialist gerontology nurse
leading the service and internally employed ED nurses,
with an interest in older adults, rather than employing
specialist gerontology nurses as GEDI nurses. Hospital A
also introduced a pharmacist to the GEDI team. Hospital
B had a specialist gerontology nurse leading the service,
non-ED nurses with gerontology expertise and an emer-
gency physician who operated as a change agent but did
not continue as a champion for the service. In Hospital
B, a geriatrician and a physiotherapist were included in
the team. Several GEDI nurses were employed over the
implementation period, none staying in the role for the
full 12 months.

Approach to Implementation

The implementation of the GEDI model used the iPAR-
IHS approach to facilitation [14]. The implementation
process was managed by two types of facilitators, exter-
nal and internal. The external facilitators consisted of
the ED physician and senior GEDI nurse who had been
involved in the initial GEDI trial. At each implementation
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site there were two internal facilitators who acted as
local champions. The GEDI Toolkit [18] was used as a
resource, and site visits by internal facilitators to the ini-
tial trial site were made. The internal facilitators and the
senior GEDI nurse would have regular telephone and
videoconference meetings. Further details of the planned
implementation activities and how reality deviated from
the plans is reported in the qualitative findings from the
study submitted elsewhere.

Participants and data collection

De-identified data for all patients aged 70 years and older,
who presented to the study EDs from Jan 2017 to Dec
2018 for Hospital A and from July 2016 to September
2018 for Hospital B were retrieved from the electronic
medical databases of the participating hospital and health
services. Data extraction was undertaken by health ser-
vice data managers linking ED, inpatient and financial
data. Pre-GEDI is the period prior to the introduction of
the GEDI model into the departments. For Hospital B,
the period between the 30 June and 1 September 2017
was not included in the analysis as some GEDI staff, but
not all, were working during this time. Post-GEDI is the
period after GEDI was fully established in the depart-
ment. The dates for pre- and post-periods and numbers
of presentations are in Table 1.

Independent variables that were used to describe the
sample and to build multivariable models to compare
outcomes included demographics such as age, sex and
Indigenous status, the date and time of presentation and
the clinical diagnosis determined by the reason for pres-
entation as an ICD-10 code, assigned in the ED. The ICD-
10 code was mapped to 25 major diagnostic categories
established by Clinical Excellence, Queensland Health
[22]. Other independent variables included: Interven-
tion group (explained below) arrival by ambulance and
the Australasian Triage Score (ATS) [23] grouped into
three categories (ATS 1&2, ATS 3 and ATS 4&5). The pri-
mary outcome variable was disposition (admitted or dis-
charged). Secondary outcome variables were: All cause
in-hospital mortality; ED LoS (in minutes); Hospital LoS
(in days); ED Representation within 28 days for any rea-
son; Readmission within 28 days for any reason; Cost of
ED presentation; Cost of hospital admission. Hospital
costing data were provided by the hospitals’ financial

Table 1 Hospital A and B Pre- and Post-GEDI presentations

Hospital Numbers of patients aged Numbers of patients aged
70+ presenting pre-GEDI 70 + presenting post-GEDI

Hospital A 9,391 9,349

Hospital B 8,933 9,899

GEDI Geriatric Emergency Department Intervention
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systems in a system where funding is DRG (diagnostic
related group) based and variations from DRG are indi-
vidually costed at patient level post discharge.

Statistical methods
A statistician, independent to the study team (AB) pro-
vided statistical summaries and analysis. Descriptive sta-
tistics were used to describe the patients’ characteristics
in the two time periods.

GEDI was examined in two ways:

« Pre- and post-GEDI periods: comparing all patients
in the post-period with all patients in the pre-
period (assessing overall impact of GEDI implemen-
tation).

+ Seen by GEDI: comparing patients in the post-GEDI
period that were either seen or not seen by a GEDI
clinician (assessing the impact of the GEDI model).

We used survival analysis for the primary outcome
given the variables were times and subject to censoring
from competing risks. Cumulative probability curves
were plotted to examine the competing risks of admis-
sion and discharge after ED presentation and graphically
show any difference due to the intervention. We used a
competing risk survival approach to model the risks of
admission and discharge, and how these risks depended
on the independent variables. A Cox survival model was
used to estimate the associations between variables and
outcomes. We also used survival analysis for the second-
ary outcomes involving times, that is re-admission and
re-presentation within 28 days, and censored patients
who had not returned at 28 days. Results are presenting
using means and 95% confidence intervals.

Multiple regression models were used to examine other
secondary outcomes including all cause in hospital mor-
tality, ED and hospital LoS and costs. In these models the
reference categories for independent variables were:

+ Mode of Arrival = Other

«+ Triage priority = Less urgent/Non-urgent
+ Gender=Female

+ DPost-GEDI period = Pre-GEDI

Multiple regression was used to estimate how the
GEDI model changed the key outcomes whilst control-
ling for a range of confounders based on expert knowl-
edge of the system, which were age, gender, ATS, model
of arrival, and major diagnostic group codes of trauma
and cardiac. Multiple linear regression was used to exam-
ine differences in ED and hospital costs. Multiple logis-
tic regression modelling was used to estimate the risk
of in-hospital death. For the logistic model we present
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the results as prevalence ratios rather than odds ratios
because odds ratios are often misinterpreted as preva-
lence ratios. We also log-transformed (base e) variables
that had a strong positive skew in the plots and regres-
sion models. This was to give a better visual indication of
any difference in the plots, and clearer picture of any dif-
ferences in the regression models.

Checks of the residuals for all models were made to
look for outliers, skew and bimodality. These checks were
adequate and included the cost models — which are often
positively skewed. Hospital LoS had a strong positive
skew and so was log-transformed (base e) prior to mod-
elling, and the estimates back-transformed to give the
results on the original scale of days.

Results

A total of 18,740 records for Hospital A and 18,832
records for Hospital B were retrieved. The mean age of
patients (79 years Hospital A and 80 years Hospital B)
was similar at both sites during the pre- and post-inter-
vention periods, with approximately half being male.
There was a noticeable increase in presentations at Hos-
pital B with total presentations increasing from around
160 pre-GEDI to 180 post-GEDI (per week). There
were no other large differences between the two sites or
between the two time periods, see Table 2.

Hospital A results

There was an increased hazard (likelihood) of discharge,
(shorter average time to discharge), during the post-
GEDI period and if seen by a GEDI nurse, see Table 3. If
a patient was seen by a GEDI nurse or seen during the
post-GEDI period, there were increased numbers of
faster discharges, with fewer admissions, visualized in
Fig. 1. However, there was a significant increase in the
time to admission during the post-GEDI period (Hazard
ratio 0.88, CI 0.85,0.92) and if seen by a GEDI (Hazard
ratio 0.76, CI 0.72,0.81). Table 3 highlights that the older
the patient, the slower the discharge times (Hazard ratio
0.93, CI 0.92,0.95). If categorised in the MDC Trauma,
there was also a significant increased risk of discharge.
Presentations that were a lower ATS priority, such as
minor trauma, rather than ATS priority of 1 or 2 (resus-
citation or urgent) had an increased risk of admission.
The post-GEDI period was associated with a reduction
in the chance of re-presentation (Hazard ratio 0.88, CI
0.85,0.92).

Results (Table 4) suggest that the risk of longer hos-
pital stays (for those admitted) increased in the post-
GEDI period overall but decreased for those seen by a
GEDI nurse. The risk of in-hospital mortality decreased
considerably in the post-GEDI period and if seen by a
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Table 2 Demographic and clinical characteristics of the sample in the two hospitals and two time periods
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Characteristic

Hospital A Pre

Hospital A Post

Hospital B Pre

Hospital B Post

Presentations—number 9391
Age - mean (sd) 79 7]
Male sex — n (%) 4864 (52)
Indigenous - n (%) 563 (6)
From RACF - n (%) 1017 (11)
Presenting conditions - n (%)

Cardiac 1753 (19)
Trauma 999 (11)
Arrived by Ambulance - n (%) 5762 (61)

ATS —n (%)
Resus/ Emergent 2482 (26)
Urgent 4614 (49)
Less urgent/ Non-urgent 2295 (24)
Seen by GEDI Team member - n (%) 0(0)

9349 8933 9899
79(7) 80 (7) 80(7)
4922 (53) 4385 (49) 4733 (48)
521 (6) 123 (1) 145 (1)
1495 (16) 1250 (14) 1299 (13)
1521 (16) 1554 (17) 2218(22)
895 (10) 1578 (18) 1646 (17)
6453 (69) 6928 (78) 7527 (76)
2398 (26) 2190 (25) 2776 (28)
4755 (51) 5166 (58) 5469 (55)
2196 (23) 1577 (18) 1654 (17)
3135(33) 0(0) 4151 (42)

Legend: SD Standard Deviation, RACF Residential Aged Care Facility, ATS Australasian Triage Scale

Table 3 Survival models for Hospital A and Hospital B time to discharge during the post-GEDI period and if seen by a GEDI

HOSPITAL A HOSPITAL B
Variable Hazard ratio 95% Cl Hazard ratio 95% Cl
Period = Post-GEDI 1.08 1.03,1.13 1.19 1.15,1.24
Seen by any GEDI=Yes 1.12 1.06,1.18 1.14 1.09,1.19
Seen by GEDI N/A N/A 1.14 1.08,1.20
nurse =VYes
Seen by GEDI Geriatri-  N/A N/A 1.14 1.06,1.23
cian=VYes
Seen by GEDI physi- N/A N/A 1.18 1.10,1.25
otherapist=VYes
Age (+5 years) 0.93 0.92,0.95 0.96 0.94,0.97
Sex =Male 1.00 0.96, 1.05 1.01 0.97,1.05
Triage priority =Resus-  0.32 0.30,0.34 047 0.44,0.50
citation/Emergent
Triage priority=Urgent 0.49 047,052 0.70 0.66,0.73
Mode of 0.57 0.54,0.59 0.65 0.62,0.68
Arrival = Ambulance
Trauma =Yes 1.57 147,167 142 1.35,1.49
Cardiac=Yes 1.09 1.02,1.17 1.11 1.05,1.17

Note: Hazard ratios above 1 indicate a greater risk (likelihood) of discharge and those below 1 a decreased risk (likelihood)

GEDI nurse, however the total number of deaths was
small (pre-GEDI =44, post-GEDI = 18).

Overall, for all patients, the mean cost of ED pres-
entation increased with increasing age of the patient
(45 years Age $15, (CI $12, $17;) and by an average of
just $3 per presentation during the post-GEDI period
(CI -$3, $9;) when compared to the pre-GEDI period.
However, for patients who were admitted, while the cost

increased the older the patient (+5 years Age $128, (CI
$58, $198;)), the cost per admission decreased by an aver-
age of $88 per admission (CI —$270, $99;).

For patients seen by GEDI in the ED there was a
small mean cost increase of $6 (CI —$2, $14), however,
if admitted, there was a large mean cost reduction of
$679 per stay (CI —$907, —$441) despite the hospital
LoS being increased (0.63 days, (CI 0.41, 0.87)).
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Fig. 1 Cumulative probability of admission or discharge in the first 24 h after ED presentation during the pre- and post-GEDI period

Table 4 Secondary outcomes for GEDI model

Secondary Outcome
pre-GEDI period

Patients seen in post-GEDI period compared to the

Patients seen by GEDI compared to those
not seen by GEDI in the post-GEDI period

HOSPITAL A HOSPITALB HOSPITAL A HOSPITAL B
@Hospital LOS (days) 1.39(1.21,1.59) -0.39 (-0.54,-0.23) 0.63 (0.41,0.87) -0.12(-0.29, 0.05)
PRisk of in-hospital death 041 (0.24,0.70) 0.66 (0.37,1.16) 0.43(0.15,0.98) 0.84 (041, 1.59)
“Same cause ED representation Not avail 0.96 (0.87,1 07) Not avail 145 (1.29, 1.64)
“Any cause representation 0.89 (0.84, 0.95) 0.98 (0.92,1.05) 1.00 (0.92, 1.09) 1.60 (1.49,1.73)
“Readmission any reason 1.07 (0.90, 1.28) 1.10(0.88, 1.39) 1.21(0.96, 1.53) 147 (1.14,1.89)

Note: Cells show the mean estimates from multiple regression models and 95% confidence intervals in round brackets

2 days;  prevalence ratio;  hazard ratio

Hospital B results

There was a higher overall level of discharge and mir-
rored decrease in admission during the post-GEDI
period. Admissions also tended to happen sooner in the
post-GEDI period, see Fig. 2. The changes in the prob-
ability at four hours may be due to the National Emer-
gency Access Target (NEAT) policy, that was in place at
the time of data collection [24]. The post-GEDI period
was associated with an increased hazard of time to dis-
charge and admission (Table 3). Therefore, admissions
and discharges occurred faster during the post-GEDI
period compared to the pre-GEDI period, thus reflect-
ing a decrease in risk of long ED LoS. All three GEDI

clinicians (nurse, geriatrician and physiotherapist) and
if ‘seen by any GEDI’ variables were associated with an
increased risk of discharge, meaning faster times to dis-
charge, (Table 3). The hazard ratios for time to admission
by the GEDI nurses were well above 1 (1.17, CI 1.11,1.24)
indicating a significant increased likelihood of shorter
time to admission and shorter ED LoS. This was also seen
for the GEDI Geriatrician (1.12, CI 1.03, 1.22), but the
difference was smaller for the physiotherapist (1.07, CI
0.99, 1.15).

The post-GEDI period was associated with a shorter
length of hospital stay for all patients admitted (not just
those seen by any GEDI) (-0.39 days, CI —0.54, —0.23)
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with no change to representation for same (HR 0.96, CI
0.87, 1.97) or any-cause (HR 0.98, CI 0.92, 1.05), or risk
of mortality. The risk of all-cause representation was
significantly higher if seen by any GEDI, (Table 4). To
further investigate this, we plotted the representation

probability over time, (Fig. 3). The re-presentation
times are generally consistently different between the
two groups. However, the proportion of re-presenta-
tions drops for the group not seen by GEDI once the
GEDI model starts.
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To further determine if GEDI consulted on more dif-
ficult cases we used a classification tree with a binary
outcome of seen by GEDI or not (Fig. 4). The tree has
two splits: age and cost. Patients aged under 78 had a
0.31 probability of seeing any GEDI clinician. Whereas
patients over 78 whose total ED cost was over $671 had
a 0.57 probability of seeing any GEDI clinician (which is
84% more likely).

Similar to Hospital A, the overall cost of ED presenta-
tion increased with increasing patient age (45 years Age
$7, CI $5, $9) and by an average of $41 per presentation
during the post-GEDI period (CI $36, $47). However, for
patients who were admitted, while the cost for the older
patients increased (+5 years Age $175, CI $71, $281),
the cost per admission during the post-GEDI period
significantly decreased by an average of $532 per admis-
sion (CI -$771, -$278). Patients seen by any GEDI had an
increased cost of $67 per patient (CI $60, $75) compared
to patients not seen by any GEDI. The GEDI doctor was
associated with an increase cost per admission of $235
(CI $38, $452).

Discussion

In this study we aimed to evaluate the effectiveness of the
previously described GEDI model after its implementa-
tion into two different EDs. The results indicate that the
GEDI model can be successfully translated. Both sites
showed that the implementation of the GEDI model
increased the likelihood of discharge, decreased ED
LoS, decreased hospital costs for those admitted, with
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an associated reduction in risk of mortality, for adults
aged 70 years and over. Of note, in Hospital A the cost
of the admission in the post-GEDI period if seen by a
GEDI was less despite having a longer hospital LoS. This
may be explained by the GEDI team’s input guiding the
inpatient team’s decisions around the appropriateness
of costly interventions and investigations. In addition,
there was an overall reduction in hospital LoS at Hospi-
tal B during the post-GEDI period compared to the pre-
GEDI period regardless of being seen by GEDI or not.
Within the Hospital B local government area, there was
a 11% increase in population>70 years in the during the
pre- and post-GEDI period [25] likely contributing to the
increased presentations at Hospital B. This may explain
the decrease in hospital LoS in all patients in the post-
GEDI period due to increased hospital bed pressures at
Hospital B. Given GEDI staff prioritised older adults who
screened with increased physical and cognitive depend-
ency and GEDI’s role is to identify more issues earlier, it
is not surprising that patients seen by GEDI had a longer
hospital LOS, if admitted, compared with those not seen
by GEDI at both hospitals. Similarly, the finding that the
proportion of re-presentations drops for the group not
seen by GEDI once the GEDI model starts implies that
the GEDI team correctly targeted patients with greater
cognitive and physical dependencies.

Implementation issues are prevalent in the field of geri-
atric medicine due to the complexity of care for many
older adults. Existing interventions require adaptation
across both healthcare disciplines and settings [26].

No
042
100%

—{yes }- Age < 78

GEDI, and the percentage of the sample.

Total.ED.Cost < 679
No No Yes
0.30 0.33 0.57
43% 14% 42%

Note: The leaves show the binary prediction (yes/no), the proportion of patients seen by

Fig. 4 Classification tree estimating the probability of being seen by any GEDI
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Similarly, Dresden et al. [27] observed a difference in out-
comes across sites despite implementing the same model
of care. One site observed no difference in admission
rates after assessment by a geriatric care nurse, despite a
consistent, robust implementation framework [27]. Inter-
ventions cannot always be implemented with a duplicate
program model as differing environments often require
program adaptations. While some research findings sug-
gest successful interventions are dependent on adapta-
tions to improve the fit of the model across sites [28], it
is well recognised that model fidelity is integral to suc-
cessful implementation [29]. Motivation, ownership and
engagement of clinicians is a key component of retaining
fidelity, however, these factors can be difficult to maintain
throughout the stages of implementation across mul-
tiple sites [30, 31]. There is limited research examining
how clinician engagement results in challenges to imple-
mentation within the ED. We attribute the variation in
outcomes to differences in motivation and engagement
within the multi-disciplinary team rather than model
fidelity due to validated frameworks being use in our
implementation process. However, further research is
needed to examine this observation.

Both sites employed dedicated GEDI nurses into their
EDs, however, Hospital B also employed a GEDI doc-
tor and physiotherapist. Overall, in Hospital A, the
introduction of GEDI nurses reduced time spent in ED
and increased the likelihood of safe discharge for adults
aged over 70 years whilst reducing ED and hospital
costs. However, in Hospital B all three GEDI clinicians
accomplished a decrease in overall risk of admission
and a decrease in time to discharge and admission.
When reviewing the GEDI doctor in isolation, there was
an associated increased hospital LoS and significantly
increased total hospital cost. This is unsurprising given
the likely reverse causality of doctors being involved in
the more complex and sicker patients with an associ-
ated increased staffing cost. This observation was also
reflected in the sub analysis of the representation data for
all GEDI clinicians at hospital B. In future studies, com-
parison of patient level data and associated healthcare
costs/outcomes, to determine the effectiveness of the
GEDI doctor in the model and to ascertain the complex-
ity of the patients being seen by the GEDI team, would be
of benefit. Risk scores [32, 33] could be used to stratify
patients for GEDI doctor review and examined in future
studies.

Implementation of interventions into complex adaptive
systems are not without their challenges. Despite com-
prehensive frameworks described in the literature, the
availability of the core components in these frameworks
may not be obtainable. This may explain the differences
in the outcomes measured between the pilot site where
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GEDI was created and the implementation sites in this
study. The motivation of facilitators is recognised as a key
concept for successful implementation in the i-PARIHS
framework. Hasson et al. [28] observed that positive staff
experiences, in similar successful projects, had a posi-
tive effect on motivation and responsiveness of the new
project staff which in turn influenced facilitation strate-
gies and project implementation. While there were also
contextual factors that hindered facilitators, the impact
of these factors on fidelity were adjusted by other moder-
ating factors such as staff motivation and the responsive-
ness of clinicians [28]. Thus, the implementation of the
model across sites where staff and clinicians have limited
experience in geriatric models of care, would likely have a
multifactorial effect on model fidelity.

Having a geriatric focussed/embedded team in the
ED may have had a global impact on the way ED staff
approached the care of the older adult in their respective
EDs. In comparison with the pre-GEDI period, both EDs
saw an improvement in the likelihood of discharge for all
older adult patients after implementation of the GEDI
model, whether the patient was seen by the GEDI team
or not. A contamination effect may have occurred due to
the intervention principles being adopted by the other
ED staff when the intervention or GEDI team member
was not available. This diffusion of improved outcomes
may have diluted the observed differences between the
older adults’ outcomes if seen or not seen by a GEDI [34,
35]. If GEDI's were directly involved in the care of the
patient, we saw a significant reduction in hospital length
of stay, for those admitted. This suggests the targeted
approach that GEDI adopt mean they focus on the cases
that can be more easily discharged and those that require
hospitalisation. This approach means significant reduc-
tions in hospital costs associated with ED presentation by
older adults.

Limitation of the implementation

Patient level outcomes such as functional decline and
quality of life were not investigated in these models.
While prospective quality of life measurements may be
biased [36], other outcome measures including patient
experience would strengthen the findings. Randomisa-
tion is considered the most robust method of preventing
selection bias, however the practical and ethical objec-
tions to evaluating an intervention that has previously
shown benefit often guides researchers to quasi experi-
mental designs such as this one. Future implementation
studies may consider utilising a multisite stepped wedge
design. This allows the intervention to be introduced to
groups of clusters over time and decreases the risk of
attempting implementation at multiple sites all at once.
Especially if facilitation of the implementation is at risk
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by doing so. Furthermore, the researchers can record and
analyse changes that may occur in the hospitals over time
that may have affected the study outcomes.

This pre-post design has looked at the outcomes of
the implementation of different versions of the GEDI
model into two separate EDs. The process by which
these implementations occurred, the challenges faced,
and the qualitative outcomes are beyond the scope of
this article and are submitted for publication separately.
As the population of Australia ages, EDs are facing
unprecedented levels of demand for quality healthcare.
The rapid translation of research and implementa-
tion of novel models of care that focus on improving
the care of this vulnerable population in ED is going to
be critical. These models aim to reduce inappropriate
hospitalisation whilst minimising harm from hospital
acquired complications.

Conclusion

Older adults in the ED are at higher risk of negative out-
comes and current ED practice often focusses on the
management of their presenting complaint without tak-
ing due account of their dependence and/or the presence
of geriatric syndromes. Different approaches have been
described in the literature to combat this issue including
dedicated geriatric EDs, separate frailty units and embed-
ded clinical expertise within the ED. The GEDI model is
a successful example of an embedded ED model of care
targeting the highly dependent older adult in ED. This
model was implemented in to two EDs to ascertain its
translatability.

Translating research and implementing models into
complex adaptive healthcare systems is challenging.
GEDI although seemingly successful in one healthcare
system, can be seen to have more subtle outcomes when
translated into others. The results highlight the benefit of
a program embedded in the ED that focusses on a vulner-
able population. This was seen through the comparison
of the pre-GEDI versus post-GEDI periods. Interventions
must change, adapt, and evolve in new sites because the
culture and context of the local environment is impor-
tant to ensure innovation adoption. However, there must
also be an understanding that despite some compromises
being made the principles of the intervention and its
associated key features must be retained.
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