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a b s t r a c t
Background: Patients over the age of 65 who present to the Emergency Department (ED) are more likely to be
admitted to the hospital and, if admitted, often have a longer length of stay (LOS) in the hospital than younger
patients.
Objectives: To determine if assessment and intervention by a Geriatric Emergency Medicine Assessment (GEMA)
team would decrease the admission rate and reduce the hospital LOS for admitted geriatric patients.
Methods: We conducted a case-control study of the impact of a GEMA team in a large ED. The team screened patients ≥65 years of age for functional decline to determine the need for targeted interventions. Potential interventions included: occupational therapy consultation in the ED, rehabilitation placement, geriatric clinic referral, and
delirium management. Our control population was unassessed geriatric ED patients seen in the six months before and after GEMA team implementation.
Results: A total of 815 patients were assessed between June and November 2019. Assessed patients were more
likely to be discharged from the ED (54% vs 29%, OR 2.06). Mean ED LOS was nineteen minutes longer in assessed
patients (4.94 vs 4.62 h, p < 0.01). The mean hospital LOS was 25 h less in assessed patients (4.50 vs 5.54 days,
p < 0.01). Assessed and unassessed patients who were admitted to the hospital had the same baseline health status as measured by the Charlson Comorbidity Index (median score 2, p = 0.087). The reduction in hospital LOS
resulted in an estimated savings of $1.7 million per year using the national average cost for 24 h of inpatient care.
Conclusion: Patients who were assessed by the GEMA team were more likely to be discharged directly from the
ED, and if admitted, hospital LOS was reduced by over 24 h. This indicates that a targeted intervention in the ED
can help reduce hospital LOS in geriatric patients and therefore provide cost savings.
© 2022 Elsevier Inc. All rights reserved.

1. Background
The population of geriatric individuals, that is, persons 65 years of
age and older, continues to increase in the United States and throughout
much of the world. In 2018, the Administration on Aging (AoA), within
the United States Department of Health and Human Services, estimated
that there were over 54 million geriatric individuals in the US, or 16% of
the total population, an increase of 8 million since 2013. AoA estimates
that over 20% of the population will be geriatric by 2040 [1].
This aging of the population puts an increasing burden on the health
care system, especially the Emergency Department (ED). Older adults
are known to present in higher numbers to the ED than patients
below the age of 65, have more severe illness on presentation, have a
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higher number of comorbidities, are more likely to have polypharmacy,
and are more likely to be admitted than younger patients [1-7]. Geriatric
patients have a longer ED length of stay than younger patients and undergo more tests [3]. Once admitted, geriatric patients have a longer average hospital length of stay and are more likely to be discharged to an
extended care facility [8,9]. Moreover, ED visits and, especially hospitalizations are more likely to result in functional decline in older adults and
are associated with increased mortality [10,11]. Geriatric patients are far
more likely to develop delirium while hospitalized than younger
patients, which carries with it increased in-hospital, 30-day, and sixmonth mortality, as well as loss of independent functioning and
increased cognitive decline [12-15]. In addition to the personal and social cost of such morbidity, the medical care of geriatric patients is expected to cost up to 14% of gross domestic production by 2050 [16].
Sitting as it does in the interface between the community and the
hospital, the ED is uniquely situated to decrease the morbidity and mortality associated with health care encounters. An ED visit provides an
opportunity for a comprehensive assessment of the older adult. By
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(see below). GEMA data were linked to abstracted data by MRN and
date of assessment.
Patients were divided into two groups: 1) “assessed” patients were
those that were seen and assessed by the GEMA team; 2) “unassessed”
patients were those patients who met inclusion criteria but were not
seen and assessed by the GEMA team. To reduce the bias inherent in
this kind of pragmatic trial, we included in the “unassessed” group
both those patients who presented in the six months prior to GEMA implementation and those patients who presented during the time that
the GEMA team was active but who were not assessed.

providing high quality care that not only addresses the patient's individual complaint, but identiﬁes further needs, we are in the position to intervene to prevent further decline. However, ED visits can cause or
exacerbate functional decline, as they carry with them the risk of iatrogenic complications such as polypharmacy, falls, and infection [17]. To
counter this, geriatric-focused Emergency Departments began to be established in the early 2000s, and Geriatric Emergency Department
Guidelines were published in 2013 through collaboration with multiple
Emergency Medicine organizations [18]. The number of geriatricfocused EDs have continued to increase since the adoption of the Geriatric Accreditation program by the American College of Emergency Physicians in 2018 [19]. Multiple prior studies have trialed geriatric-speciﬁc
interventions in the ED and have shown decreased ED length of stay
(LOS), decreased admission rate, decreased hospital LOS, and decreased
30-day ED revisit rate [20-27]. In this study, we show that a geriatricspeciﬁc intervention involving geriatric assessments, occupational therapy evaluation, and geriatric care management results in decreased hospital admission rate and decreased hospital length of stay.

2.3. Geriatric Emergency Medicine Assessment (GEMA) intervention
The GEMA intervention was implemented on June 1st, 2019 as part
of our accreditation process for Level 2 Geriatric Emergency Department
Accreditation (GEDA). As well as the creation of the GEMA team, the additional policies and procedures that were enacted as part of our facility
obtaining Level 2 GEDA accreditation included standardization of discharge paperwork for geriatric patients and additional geriatric CME requirement for attending physicians and nurses. The GEMA team
consisted of a Geriatric Emergency Medicine-trained Advance Practice
Provider (APP) (either a nurse practitioner or a physician assistant)
and a Geriatric Care Manager, plus a pharmacy technician and occupational therapist, as appropriate.
Inclusion criteria for GEMA assessment were the following:

2. Methods
2.1. Methodology
We implemented a Geriatric Emergency Medicine Assessment
(GEMA) team as part of our Emergency Department achieving Level 2
Geriatric Emergency Department Accreditation by the American College
of Emergency Medicine. The aim of this study was to quantify the effect
this GEMA team had on ED LOS, hospital LOS, admission rate, and 30day ED revisit rate. The implementation of the GEMA team was related
to larger changes made in our ED as a result of the accreditation process.
Therefore, the study design was by necessity pragmatic rather than randomized. This study received approval from our institution's Institutional Review Board with a waiver for consent.

• Age 65 or older
• Presenting to the ED Monday through Friday between the hours of
8 am and 6 pm
• Presenting with an Estimated Severity Index (ESI) of 2–5
• Stable for assessment as determined by the primary Emergency
Physician
The APP chose patients to assess based on the inclusion criteria. The
initial assessment consisted of performing an ISAR screen [28]. If the patient scored ≥2 on the ISAR, further assessments were triggered. This included a Short Blessed Test [29], a Brief Confusion Assessment Method
[30], a Timed Up-and-Go test [31], and a Katz Activities of Daily Living
assessment [32]. Depending on the results of the assessment, interventions activated by the APP included: involvement of our dedicated Geriatric Care Manager to arrange outpatient follow up with our Geriatric
Clinic, provide community resources, or facilitate discharge to a Subacute Rehabilitation Facility (SAR); assessment by Occupational Therapy and arrangement of home or outpatient PT/OT, if indicated;
medication reconciliation and assessment for polypharmacy by a pharmacy technician; and implementation of delirium management precautions while in the hospital. Results of the APP's assessment and any
further interventions or assessments were communicated with the primary Emergency Physician who was managing care of the patient.

2.2. Data collection
Data on all patients meeting inclusion criteria from December 1,
2018 through November 30, 2019 were abstracted from EPIC software
(Epic, Verona, WI). Inclusion criteria were the following:
• age 65 or older at time of visit
• initial presentation to the ED between 8 am and 6 pm, Monday
through Friday
• Estimated Severity Index (ESI) of 2 or higher
The data abstracted on all patients were the following:
•
•
•
•
•
•
•
•
•
•
•
•

medical record number (to allow linking of data)
hospital account ID for the visit in question
birthdate
time and date of presentation
time and date of ED discharge or hospital admission
time and date of hospital discharge, if admitted
disposition status (discharge, admission to hospital)
ESI score
presenting complaint
admitting diagnosis if admitted
past medical history as listed in their medical record
presence of a revisit to the Emergency Department within 30 days of
the initial presentation

2.4. Statistical analyses
Descriptive statistics (mean, median, proportion, standard deviation) were calculated for patient characteristics. Differences in categorical variables were assessed by a chi-squared test of two proportions
if dichotomous; otherwise, categorical variables were assessed by
Mann-Whitney U tests of the medians. Differences in continuous variables were assessed by independent sample t-tests of the means. Age
was considered a continuous variable; all other patient characteristics
were considered categorical variables.
Modiﬁed Charlson Comorbidity Index [33,34] (CCI) scores were calculated for each patient by assigning past medical history abstracted
from patients' charts to each domain within the CCI. CCI was treated
as a categorical variable. Because most patients scored low on the
Charlson Comorbidity Index, patients were binned into either a “low
CCI” (CCI score ≤ 2) or a “high CCI” (CCI score > 2) category. An ESI

Admission was deﬁned as an electronic request for a bed assignment
on an inpatient ﬂoor.
Additionally, data on patients who were assessed by the GEMA team
were collected prospectively by the GEMA team. This included Identiﬁcation of Seniors At Risk (ISAR) score and the results of any additional
tests or interventions as detailed in the GEMA assessment protocol
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3.2. Changes in emergency department patients

score was assigned to each patient at triage during admission to the ED
as part of the usual protocol of our ED. ESI was treated as a categorical
variable. The presence or absence of a 30-day ED revisit was treated as
a dichotomous categorical variable. A “severe” diagnosis on admission
was based off the work of Probst et al. [35] and included the following
diagnoses: death; cardiac arrhythmia; myocardial infarction; stroke or
intracranial bleed; sepsis; acute renal failure; pulmonary embolism;
aortic dissection; severe anemia; acute pulmonary edema; pneumonia;
acute surgical issue necessitating immediate surgery. Severe diagnoses
were abstracted from the chart based on admitting diagnosis ICD-10
code. Patients were binned into “severe” or “not severe” admitting diagnosis, which was treated as a dichotomous categorical variable.
ED LOS and hospital LOS were considered continuous variables. The
ED LOS was deﬁned as the time from presentation, when the patient
was checked in to the ED and an electronic record of their visit was initiated, to the placement of either a discharge or admit order. The hospital LOS was deﬁned as the time from the placement an admit order to
the placement of a hospital discharge order. Kaplan-Meier survival
curves were calculated for ED length of stay with “admission” and “discharge” as competing risks [36]. Kaplan-Meier survival curves were also
calculated for hospital length of stay. Additional Kaplan-Meier survival
curves were calculated for hospital length of stay after binning hospitalized patients into “low CCI” and “high CCI” groups as described above
and analyzed separately.
Logistic regressions were performed to account for potential confounding factors. A hierarchical binomial regression was performed on
ED disposition (admission or discharge) with CCI, ESI, and gender as
components in the ﬁrst model and the addition of assessment status
in the second model. A hierarchical logistic regression was performed
on hospital LOS with CCI, ESI, and presence of a “severe” diagnosis on
admission in the ﬁrst model and the addition of assessment status in
the second model. Two-way ANOVA was performed on hospital LOS
with assessment status and “low” vs “high” CCI score as the independent variables. Signiﬁcance was calculated as α = 0.05. All statistical
analyses were performed in SPSS (IBM Corporation, version 27.0,
Armonk, NY).

As seen in Fig. 1, approximately 71% of unassessed patients were admitted to the hospital, compared to 46% of assessed patients. As described above, assessed patients differed signiﬁcantly in gender, ESI
score, and CCI score. Performing a hierarchical binomial logistic regression, it was found that ESI score and CCI score contributed to the probability of admission signiﬁcantly (p < 0.001 for both), but gender did
not (p = 0.27). The model was improved by the addition of assessment
status, indicating that assessment status is also a signiﬁcant contributor
to the probability of admission (p < 0.001). After adjusting for ESI and
CCI scores, assessed patients were more likely to be discharged from
the ED than unassessed patients (OR 2.06; 95% CI: 1.73, 2.47).
The difference in mean ED LOS was found to be just over 19 min
(95% CI: 0.14, 0.50), a signiﬁcant difference (p < 0.001). The median
ED LOS differed by 30 min. The rate of 30-day Emergency Department
revisits did not change for assessed vs unassessed groups (OR 1.008;
95% CI: 0.245, 1.203).
3.3. Changes in hospitalized patients
The mean length of stay for hospitalized patients was 5.54 days for
unassessed patients and 4.50 days for assessed patients, a difference of
1.04 days, or about 25 h (p = 0.003). The median hospital LOS was
3.80 days for unassessed patients and 2.86 days for assessed patients,
which is also a difference of about 25 h (p < 0.001). The difference in
hospital LOS can be seen in Fig. 2. Although median CCI score differed
signiﬁcantly for all patients assessed in the ED, when looking at hospitalized patients only, the median CCI was not signiﬁcantly different
(median score of 2 for both assessed and unassessed patients, p =
0.087).
Because we were concerned that the difference in hospital LOS was
due to a factor other than assessment, hierarchical logistic regression
was used to determine if the hospital length of stay differed between
assessed and unassessed patients after accounting for CCI score, ESI
score, and presence of a “severe” diagnosis on admission. The full
model of CCI, ESI, severe diagnosis, and assessment status was statistically signiﬁcant, R2 = 0.035, p < 0.001. The additional of assessment status also led to a statistically signiﬁcant increase in R2 of 0.001, p < 0.001,
indicating that after CCI score, ESI score, and severity of diagnosis were
taken into account, assessment status still led to a signiﬁcant difference
in the hospital LOS.
Exploring the effect of baseline illness on hospital LOS further, there
was no statistically signiﬁcant interaction between CCI category and assessment status by a two-way ANOVA analysis (p = 0.85). There was a
signiﬁcant difference in hospital LOS between assessed and unassessed
groups for both the low CCI category (p < 0.001) and high CCI category
(p = 0.02), again by two-way ANOVA. This was conﬁrmed by KaplanMeier survival curves of the hospital LOS, seen in Fig. 3, for admitted patients in both low and high CCI categories. Differences were signiﬁcant
to p < 0.001 for low CCI patients and p = 0.02 for high CCI patients by
the log-rank test.

3. Results
3.1. Patient characteristics
A total of 11,690 patients met inclusion criteria. Of these, 815 patients were in the “assessed” group and 10,875 were in the “unassessed”
group. Baseline patient characteristics can be seen in Table 1. Mean age
was 78 for both groups and was not signiﬁcantly different (p = 0.824).
Forty-two percent of the assessed group was male, versus 38% of the
unassessed group, a signiﬁcant difference (p = 0.04). Estimated severity
index (ESI) and Charlson-Manitoba Comorbidity Index (CCI) were also
signiﬁcantly different.
Table 1
Emergency Department patient characteristics.
Characteristics

Unassessed patients

Age – mean (sd)
78 (8.7)
Male gender – n (%)
4564 (42)
Estimated Severity Index – n (%)⁎
2 – More Urgent
4472 (41)
3
5820 (53)
4
565 (5)
5 – Least Urgent
18 (0)
Charlson-Manitoba Comorbidity Index – n (%)⁎⁎
≤2
5020 (50)
>2
4994 (50)

Assessed patients

3.4. Cost savings

78 (8.9)
312 (38)

An average of 62 assessed patients were admitted to the hospital
every month. Using the national average of $2653 as the cost of 24 h
of inpatient care in a non-proﬁt hospital [37], the total cost savings associated with a 25-h reduction in hospital LOS is $2763, for a total reduction in cost of $171,340 per month. As seen in Table 2, our program cost
$25,196 per month. This averages to a cost of $406 per admitted patient.
This does not include the cost of an occupational therapist or the revenue generated as a result of their independently billed consultations.
The resulting cost savings is therefore $146,144 per month, or
$1,753,728 per year.

172 (21)
539 (66)
103 (13)
1 (0)
400 (66)
208 (34)

sd, standard deviation; n, number; %, percent.
⁎ Note: Percentages may not add up to 100 due to rounding.
⁎⁎ Note: Not all patients had comorbidity data that allowed calculation of the CCI.
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Fig. 1. Cumulative probability of disposition from the Emergency Department (ED) by assessment status. Hospital admission and discharged from the ED were treated as competing risks.
Data is not adjusted for cofactors. Patients were censored after 15 h.

have the greatest impact on reducing the burden of hospitalization on
the geriatric population [18]. In addition, over one-third of outpatient
care is delivered as acute care, primarily in EDs, so that ED-based interventions can have effects on health care outcomes beyond just hospitalization [40].
Our program has a demonstrated ability to substantially reduce the
hospital admission rate and hospital length of stay for geriatric patients.
This has the potential to have dramatic effects on the future independence of older adults and on the rising cost of health care, especially
for an institution such as ours, which routinely admits over 60% of its geriatric patients. The GEMA assessment ran concurrently with the patients' medical workup, keeping the total increase in ED LOS to only
20 min on average. Implementation of the program involves the hiring
additional full-time staff members (Advanced Practice Provider and
Care Manager) and the involvement pharmacy and ED staff. However,

4. Discussion
4.1. Primary objectives
As individuals age, they have increasing interactions with the health
care system. It has been found that the oldest 15% of adults consume almost half of health care resources [38]. For the older adult, such interactions are not without risk; hospitalization is associated with functional
and cognitive decline and subsequent loss of independence, which
leads to further health care utilization as well as decreased quality of
life [11]. The incidence of functional decline is proportional to the length
of time spent in the hospital, as are the risks of iatrogenic complications
such as delirium, falls, polypharmacy, and infections [39]. Because the
majority of hospitalizations are initiated in the Emergency Department,
geriatric-focused interventions in the ED setting have the potential to

Fig. 2. Kaplan-Meier survival curves of the hospital length of stay for assessed and unassessed patients. Patients were censored after 20 days.
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Fig. 3. Kaplan-Meier survival curves of the hospital length of stay for assessed and unassessed patients after binning for Charlson-Manitoba Comorbidity Index (CCI) score. (A) Hospital
length of stay of patients with CCI ≤2. (B) Hospital length of stay of patients with CCI >2. Patients were censored after 20 days.

the period in question, rather than a randomized, case-control, or
propensity-matched cohort study. As such, the characteristics of
assessed and unassessed patients differed. We combined the patients
who presented to the ED in the six months prior to the initiation of
the GEMA program with the unassessed patients who presented during
the ﬁrst six months of the program to help counter both the biases inherent in pre-post studies as well as biases that may have arisen due
to the non-randomization of the GEMA assessment protocol. However,
a degree of bias undoubtedly remains. We sought to eliminate the effects of such biases using statistical analysis whenever possible.

the reduction in hospital length of stay provides signiﬁcant cost savings
even when accounting for the costs of the program. Should the volume
of consults through the Emergency Department warrant increased
stafﬁng, occupational therapy may choose to hire an additional therapist. Further work investigating the biggest contributors to the reduction in hospital LOS is ongoing, as well as establishing the geriatric
population in whom intervention will make the biggest impact.
This trial joins a body of literature examining the effects of a dedicated geriatric Emergency Department team on admission rate, revisit
rate, and ED and hospital LOS, although the components of the ED
team vary by study [24-27,41]. Our program differs from prior programs
primarily in the early involvement of occupational therapy in discharge
planning. Our program also demonstrates a cost savings of $2413 per
patient after accounting for program costs, for a total cost savings of
$1.7 million annually. Prior papers have looked at cost reduction in similar programs [22,42,43]. However, these studies have analyzed cost
savings related to reduction in ICU admissions [22], total Medicare expenditures at 30 and 60 days after their index ED visit [42], and ﬁnancial
feasibility for independently billed geriatric consults in the ED and cost
reduction based on reduction in falls [43]. Our paper is the ﬁrst to determine cost savings for admitted patients based on a reduction in length
of stay.

5. Conclusion
This study examined the effects of a Geriatric Emergency Medicine
Assessment team on admission rate, ED LOS, hospital LOS, and 30-day
revisit rate. We found that admission rate and hospital LOS were significantly lower, while ED LOS was slightly higher, and 30-day revisit rate
was unchanged. The baseline health status of all patients who were
assessed in the ED was better than unassessed patients, as measured
by the Charlson Comorbidity Index, which may contribute to the higher
discharge rate among assessed patients. However, in a multivariate regression analysis, the discharge rate remained higher among assessed
patients even after accounting for CCI. When looking at only admitted
patients, the baseline health status was similar among assessed and
unassessed patients, and assessment remained a signiﬁcant contributor
to the reduced LOS after accounting for CCI and severity of diagnosis. Together, this indicates that assessment acts to reduce hospital admissions
and hospital length of stay.

4.2. Limitations
This was a pragmatic trial that looked at the total population of
geriatric patients who presented to our Emergency Department during
Table 2
Costs associated with the ﬁrst year of the GEMA program at our institution.
Line item

Cost per month

Cost per year

APP salary
Care manager salary
Physician salary at 0.2 FTE
GENE training for nursing
Supplies
Total cost

$12,000
$7391
$4762
$834
$209
$25,196

$144,000
$88,692
$57,144
$10,000
$2500
$302,500

Financial disclosure
The program was supported by Beaumont Health Foundation.
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