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Background: While multidimensional and interdisciplinary assessment of older adult patients improves their short-term
outcomes after evaluation in the emergency department (ED), this assessment is time-consuming and ill-suited for the
busy environment. Thus, identifying patients who will benefit from this strategy is challenging. Therefore, this study aimed
to identify older adult patients suitable for a different ED approach as well as independent variables associated with poor
short-term clinical outcomes. Methods: We included all patients 265 years attending 52 EDs in Spain over 7 days. Socio-
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demographic, comorbidity, and baseline functional status data were collected. The outcomes were 30-day mortality,
re-presentation, hospital readmission, and the composite of all outcomes. Results: During the study among 96,014 pa-
tients evaluated in the ED, we included 23,338 patients >65 years—mean age, 78.4£8.1 years; 12,626 (54.1%) women.
During follow-up, 5,776 patients (24.75%) had poor outcomes after evaluation in the ED: 1,140 (4.88%) died, 4,640
(20.51) returned to the ED, and 1,739 (7.69%) were readmitted 30 days after discharge following the index visit. A model
including male sex, age 275 years, arrival by ambulance, Charlson Comorbidity Index >3, and functional impairment had
a C-index of 0.81 (95% confidence interval, 0.80-0.82) for 30-day mortality. Conclusion: Male sex, age 275 years, arrival
by ambulance, functional impairment, or severe comorbidity are features of patients who could benefit from approaches
in the ED different from the common triage to improve the poor short-term outcomes of this population.
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INTRODUCTION

Aging populations challenge health and social care systems world-
wide." The percentage of people aged >65 years in European
countries is predicted to increase from 16% in 2001 to 21% in
2020.” Greece, Finland, Portugal, Germany, and Bulgaria (22%)
had the highest forecast percentages, whereas Ireland (14%) and
Luxembourg (15%) had the lowest. The group of individuals aged
> 80 years comprised nearly 6% of the population in 2020, a two-
fold increase compared with 2001 (3.4%).” Projections indicate
that the percentage of people aged > 80 years in Europe will multi-
ply by 2.5-fold between 2020 and 2100, rising from 5.8% to 14.6%.

Over the past decade, increasing pressure on emergency care has
led to crowding in emergency departments (EDs), which rep-
resents a major challenge. This has negative consequences for the
efficiency, quality, and safety of emergency care.” ED crowding is
partially caused by a growing number of older adults.” These indi-
viduals often have complex health problems and multimorbidities
associated with high rates of health service utilization. This popu-
lation accounts for an estimated 15%-25% of total ED visits.”

Older adult patients experience age-related physiological chang-
es in the immunological, cardiovascular, and respiratory systems,
which may hinder the identification of disease severity.7) Older
adult individuals also have a greater probability of atypical disease
presentation, comorbidities, cognitive disorders, geriatric syn-
dromes, and polypharmacy.s) In emergency care, these differences
imply a more complex clinical evaluation requiring more staff
time; a greater need for complementary tests and consultations
with other specialists; longer stays in the ED; and a greater proba-
bility of misdiagnosis, hospitalization, and discharge with unde-
tected or untreated problems, leading to a greater risk of medical
complications, functional impairment, and poorer health following
discharge.””"” In addition, other factors such as pre-existing func-
tional impairment, cognitive decline, and social issues hamper dis-
position planning, o

Older patients also often experience poorer outcomes following
ED visits. This is reflected in the hospitalization, return rates, and
deaths in older adults compared with those in younger patients.
Approximately 10%-23% of older patients return unexpectedly
within the first month,m) and up to 25% of older adults return to
the ED within 3 months."” Within 3 months of discharge, 12.4%
of the older patients die, 18.3% are hospitalized, and 2.6% subse-
quently enter a nursing home. Within 6 months of discharge after
the index ED visit, 43.9% of older adults return to the ED at least
once, and 7.5% return > 3 times. Furthermore, approximately 80%
of the older adults discharged from the ED have at least one unad-
dressed health issue.”” Such high rates of re-presentation and other

adverse outcomes after initial ED admission support concerns re-
garding traditional ED models that do not meet the underlying
needs of many older patients.m)

ED urgency triage aims to prioritize patients based on their clin-
ical urgency, rapidly diagnose potentially lethal illnesses, and re-
duce the negative impact of treatment delays on prognosis.m
However, triage tools may allocate urgency less effectively in older
populations,**” possibly due to different reference values for vital
signs, atypical disease presentations, and the presence of cognitive
impairment. Older patients are, therefore, at risk of “undertriage,”
an assignment of an inappropriately low triage level, resulting in
longer waiting times and the risk of adverse outcomes due to harm
by delay in treatment.” Triage performance is inferior in older pa-
tients compared to younger patients and is illustrated by a worse
predictive ability for identifying in-hospital mortality risk in older
patients.lg’m)

Several geriatric screening tools have been developed to identify
vulnerable geriatric patients in the ED.”*” These tools are prog-
nostic tools for long-term adverse outcomes, whereas urgent triage
tools are primarily designed to assign short-term clinical priority
and secondarily to predict short-term mortality. Multidimensional
and interdisciplinary assessments of older patients have been
shown to increase the likelihood of older people being alive and
living in their own homes 12 months after admission. However,
this process is time-consuming and ill-suited for busy ED environ-
ments.””)

Considering the above, determining which older patients are at
risk of adverse effects related to their age or specific basal circum-
stances and for whom different or complementary triage models
should be applied is critical. Therefore, this study aimed to identify
in which older adult patients a different ED approach would be
suitable, as well as variables independently associated with poor
short-term clinical outcomes not included in common triage sys-
tems, based on sociodemographic characteristics, comorbidities,
and baseline functional status characteristics in patients aged > 65

years evaluated in the ED.

MATERIALS AND METHODS

Description of the emergency department and elders in need
(EDEN) Challenge

The EDEN challenge emanates from the Spanish Investigators in
Emergency Situations Team (SIESTA) network,”” which includes
52 EDs (approximately 20% of Spanish public EDs). These hospi-
tals are representative both territorially (12 of the 17 Spanish re-
gions) and in terms of typology (university, high technology, and
regional hospitals). The results of this challenge have recently been

www.e-agmr.org



presented.m The primary objective is to increase knowledge about
the sociodemographic, organizational, baseline, clinical, care, and
evolutionary aspects of the population aged 65 years and older
who consult Spanish EDs. To this end, we created a multipurpose
registry that included all patients who consulted the ED regardless
of the reason for consultation.

The inclusion period was April 1-7, 2019 (7 days). No exclu-
sion criteria were applied and EDs wishing to participate were re-
quired to include all patients seen during the study period.

Ethical Considerations
The EDEN project was approved by the Clinical Research Ethics
Committee of the Clinico San Carlos de Madrid Hospital (Proto-
col No. HCSC/22/005-E). Because of the characteristics of the
study and the time periods for which data collection was planned,
the requirement for written informed consent by the patients was
waived. The database was used with coded patients to preserve
their anonymity. The creation of the EDEN cohort and the work
emanating from them followed the ethical principles of the Decla-
ration of Helsinki.

This study complied the ethical guidelines for authorship and
publishing in the Annals of Geriatric Medicine and Research.”

EDEN-15 Study Design

The EDEN-15 study analyzed patients included in the EDEN co-
hort. We analyzed six sociodemographic characteristics (age, sex,
how the patient arrived at the ED, how the patient was referred to
the ED, home accompaniment status, and whether the patient had
social support) and five characteristics related to the patient’s base-
line functional status (dependence according to the Barthel Index,
comorbidity according to the Charlson Comorbidity Index, falls in
the previous 6 months, and previous diagnoses of dementia and
depression). The outcome variables were 30-day mortality, re-pre-
sentation, and hospital readmission. For the calculation of re-pre-
sentation and hospital readmission, patients who died during hos-
pitalization at the index visit were excluded. These outcomes were
calculated based on hospital or ED discharge. Finally, we consid-
ered poor outcome as a composite variable, including all events

(30-day mortality, re-presentation, and hospital readmission).

Statistical Analysis

The frequencies and percentages of qualitative variables and the
median and interquartile range of continuous variables were re-
corded. Characteristics of alive and dead patients, readmitted pa-
tients, and represented after 1 month of follow-up were compared
using the chi-square test for categorical variables. Cox proportional
hazards regression analyses were performed to assess the accuracy
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of the different scores to predict 30-day mortality, readmission,
and re-presentation. Univariate Cox regression models were used
to assess the response variables. All variables with p < 0.2 were con-
sidered in the multivariate Cox model. Hazard ratios (HRs), 95%
confidence intervals (Cls), and p-values were calculated for each
category. Differences between groups were considered statistically
significant for p < 0.05, or if the 95% CI of the HR excluded the
value of 1. We also calculated the C-index to study the predictive
accuracy of the model, where the null value of the C-statistic was
0.5. To create the scale score, we first assigned a weight to each cat-
egory of each statistically significant variable, relative to the esti-
mated beta parameter of each survival model. We added the total
scores for each patient, with higher scores indicating a greater
probability of each outcome.”” Once the risk score was developed,
we divided the scores into three categories. Kaplan—Meier curves
were generated for the four outcomes for the different scores. The
optimal categorization of each continuous risk score was obtained
using the CatPredi function of the R package CatPredi (https://
cran.r-project.org/ ) using a genetic algorithm. Subsequently, the
results were internally validated by bootstrapping with 500 resam-
ples, and the C-index was calculated with 95% CI. All statistical
processing was performed using IBM SPSS Statistics for Windows,
version 25.0 (IBM Corp., Armonk, NY, USA), SAS for Windows,
version 9.4 (SAS Institute, Cary, NC, USA), and R version 4.1.1.
The figures were produced using PowerPoint 2016 (Microsoft
Corp.,, Redmond, WA, USA).

RESULTS

During the study period 96,014 patients were evaluated in the 52
EDs participating in the study; among these, 23,338 patients aged
> 65 years—mean age, 78.4 £ 8.1 years; 12,626 (54.1%) wom-
en—were finally included (Fig. 1). During follow-up, 5,776 pa-
tients (24.75%) had a poor outcome after evaluation in the ED:
1,140 (4.88%) died, 4,640 (20.51%) returned to the ED, and
1,739 (7.69%) were readmitted within 30 days after discharge fol-

Patients attended 52 hospitals
n=96,014
[
v
Patients aged 265 years

n=25,856 (26,93%)
[
v

Patients included in the EDEN cohort
n=23,338 (90.3%)

v

70,158 <65 years

v

2,518 missing data

Fig. 1. Flowchart for the inclusion of patients in the EDEN cohort.
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lowing the index visit. Table 1 shows the patient characteristics.

Supplementary Table S1 presents the comparative analysis of
poor outcomes (mortality, readmission, and re-presentation
within 1 month) and the composite poor outcome, including all
variables analyzed. The results of the univariate analysis of poor
outcomes are shown in Supplementary Table S2. The factors as-
sociated with a higher risk for 30-day mortality included age > 84
years (HR =4.510; 95% CI, 3.822-5.321), living in a geriatric resi-
dence (HR=4.329; 95% CI, 3.257-5.754), ED arrival by ambu-
lance (HR=5.792; 95% CI, 5.106-6.569), having moderate or se-
vere comorbidities (HR=4.237; 95% CI, 3.216-5.582 and
HR = 10.025; 95% CI, 7.714-13.029, respectively), having moder-
ate or severe impairment (HR =3.73S; 95% CI, 3.225-4.326 and
HR=8.234; 95% CI, 7.078-9.579, respectively), dementia
(HR=3.159; 95% ClI, 2.750-3.606), and delirium (HR =3.035;
95% CI, 2.417-3.877). The factors associated with a higher risk of
30-day readmission were age >84 years (HR=1.784; 95% CI,
1.584-2.009), living in a geriatric residence (HR=1.674; 95% ClI,
1.321-2.120), ED arrival by ambulance (HR=1.711; 95% CI,
1.551-1.888), and having moderate or severe functional impair-
ment (HR = 1.906; 95% CI, 1.716-2.117 and HR =2.305; 95% CI,
2.009-2.645, respectively). Thirty-day re-presentation was mainly
related to male sex (HR = 1.204; 95% CI, 1.136-1.277) and moder-
ate or severe functional impairment (HR =1.335; 95% CI, 1.250—
1.426 and HR = 1.309; 95% CI, 1.188-1.442, respectively).

Table 2 shows the results of the multivariate analysis using uni-
variate survival models for poor outcomes, as well as the models
obtained, and the points assigned to each variable. A model includ-
ing sex (male), age > 7S years, arrival by ambulance, Charlson Co-
morbidity Index >3, and having functional impairment, even
mild, had a C-index of 0.81 (95% CI, 0.80-0.82) for 30-day mor-
tality. The C-index for the 30-day readmission was 0.66 (95% CI,
0.64-0.67). The model for 30-day re-presentation had a C-index
of 0.57 (95% CI, 0.56-0.58) and included male sex, Charlson Co-
morbidity Index > 3, and functional impairment. A model for the
composite outcome had a C-index of 0.61 (95% CI, 0.60-0.62)
and included male sex, age > 84 years, arrival by ambulance, Charl-
son Comorbidity Index > 3, and the presence of functional impair-
ment. A forest plot of the HRs is shown in Fig. 2. Table 3 shows
the functioning of risk groups derived from the developed models.
In Fig. 3, the Kaplan—Meier curves for the models are presented
for each dependent variable for the three patient groups: 0-5,
6-11, and 12-18—case for 30-day mortality; 0-1, 2-3, and 4-8 for
30-day readmission; 0, 1-2, and 24 for 30-day re-presentation;
and 0-4, 5-8, and 9-14 for poor outcome within 30 days.

Table 1. Characteristics of the patients included (n=23,338)

Characteristic Value
Sociodemographic Age (y) 78 (71-85)
Sex, female® 12,626 (54.1)
Arrival to ED
Own transport 17,291 (74.1)
Non medicalised ambulance 4,591 (19.7)
Medicalised ambulance 1,456 (6.2)
Referral to the ED
Initiative of the patient or caregiver 15,998 (68.6)
From primary care 4,747 (20.3)
By medical specialist other than pri- 635(2.7)
mary care
From another hospital 512(22)
Situation at home”
Lives alone, does not have 1,685 (12.0)
professional caregivers
Lives with relatives 10,373 (73.9)
Live with professional caregiver 343 (24)
24 hours
Live with a professional caregiver 208 (1.5)
for a few hours
Lives in residence 1,412 (10.1)
Has social assistance” 1,333 (17.1)
Basal status Barthel index
Independent (100 points) 15,615 (66.9)
Mild-moderate dependence 5,480 (23.5)
(60-95 points)
Severe dependency ( < 60 points) 2,243 (9.6)
Charlson Comorbidity Index
No comorbidity (0 points) 6,114 (26.2)
Mild comorbidity (1-2 points) 9,505 (40)
Moderate comorbidity (3-4 points) 4,489 (19.2)
Severe comorbidity (> S points) 3,230 (14.6)
Fall in the previous 6 months 1,627 (7)
Established diagnosis of cognitive 3,095 (13.3)
impairment
Diagnosis of depression 3,133 (13.4)
Comorbidity High blood pressure 16,446 (70.5)
Dyslipidaemia 11,752 (50.4)
Diabetes mellitus 6,762 (29)
Chronic lung disease 4,515(19.3)
Cancer 3,935(16.9)
Heart failure 3,477 (14.9)
Ischaemic heart disease 3,685 (15.8)
Chronic kidney disease 2,677 (11.5)
Stroke 2,850 (12.2)
Dementia 2,425 (104)
Peripheral vascular disease 2,294 (9.8)
Connective tissue disease 1,949 (8.4)
Active smoking 1,372 (5.9)
Chronic liver disease 890 (3.8)
Ulcer disease 973 (4.2)
Alcoholism 585(2.5)
HIV infection 74.(0.3)
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Values are presented as median (interquartile range) or number (%).
ED, emergency department; HIV, human immunodeficiency virus.
“Calculated from 14,021 patients, Y calculated from 7,773 patients.
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Fig. 2. Forest plot results for the four outcomes: (A) 30-day mortality, (B) 30-day readmission, (C) 30-day re-presentation, and (D) 30-day poor
outcome.

Table 3. Risk groups of the four outcomes

Total n (%) HR (95% CI) p-value

30-day mortality Score <6 14,123 181 (0.79) Ref Ref
6< Score <12 5922 418 (1.82) 5.681 (4.772-6.762) <0.0001
Score > 12 2,804 517(226) 15831 (13.366-18.752) <0.0001
C-index (95% CI) 0.78 (0.76-0.79)
Bootstrap C-index (95% CI) 0.77 (0.76-0.79)

30-day readmission Score <2 10,012 390 (1.76) Ref Ref
2< Score <4 6,123 530(2.39) 2,282 (2.002-2.601) <0.0001
Score >4 6,013 775 (3.50) 3.461 (3.064-2.909) <0.0001
C-index (95% CI) 0.64 (0.62-0.65)
Bootstrap C-index (95% CI) 0.64 (0.62-0.65)

30-day re-presentation Score <1 6,661 248 (1.11) Ref Ref
1< Score <3 9,814 682 (3.08) 1.901 (1.644-2.198) <0.0001
Score >3 5,673 765 (3.45) 3.812(3.303-4.388) <0.0001
C-index (95% CI) 0.56 (0.55-0.57)
Bootstrap C-index (95% CI)  0.56 (0.55-0.57)

30-day poor outcome Score <5 13,471 2,564 (11.22) Ref Ref
S$< Score <9 6,100 1,801 (7.88) 1.665 (1.568-1.769) <0.0001
Score >9 3,278 1,278 (5.59) 2406 (2.249-2.573) <0.0001
C-index (95% CI) 0.56 (0.55-0.57)

Bootstrap C-index (95% CI)

0.56 (0.55-0.57)

HR, hazard ratio; CI, confidence interval.
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Fig. 3. Kaplan-Meier curves for the variables studied: (A) 30-day mortality, (B) 30-day readmission, (C) 30-day re-presentation, and (D) 30-day

poor outcome.

DISCUSSION

In the present study, one in four patients had a poor short-term
outcome after being evaluated in the ED, 5% died, one in five pa-
tients returned to the ED, and 7% were readmitted within the first
month of discharge. To improve these results, new strategies are re-
quired during the index visit to identify high-risk patients. A model
including male sex, age > 7S years, ED arrival by ambulance, func-
tional impairment, and Charlson Comorbidity Index > 3 could be
useful for identifying short-term mortality. In patients meeting
these criteria, geriatric screening tools should be used to improve
outcomes. The other three risk-scoring models (30-day readmis-
sion, 30-day re-presentation, and composite poor outcome) pre-
sented relatively low C-index values (0.55-0.65), suggesting their
limited predictive accuracy.

Kuriyama et al.™” evaluated the accuracy of common triage sys-
tems used in the ED and showed that accuracy diminishes with in-
creasing patient age. While underestimation of severity in these pa-
tients did not significantly increase, misclassification significantly
increased with patient age. Gasperini et al.” measured the propor-

tion of patients > 65 years of age who were assigned a lower triage

level than the real level of care needed, showing undertriage in
7.6% of the patients evaluated, which occurred more frequently in
patients aged > 85 years (9.2%) than in those aged 75-84 years
(7.5%) and 65-74 years (6.4%). Different reference values for vital
signs and atypical presentations of diseases in older adult patients
could contribute to undertriage.”

Several geriatric screening tools have been developed to identify
vulnerable geriatric patients in the ED, including the Identification
of Seniors at Risk,”” Triage Risk Screening Tool,”” and Acute Pre-
sentation of Older Patients.”” These screening tools could add val-
ue, as they improve knowledge and approaches to geriatric patients
in the ED.”” The American College of Emergency Physicians,
American Geriatrics Society, Emergency Nurses Association, and
Society for Academic Emergency Medicine developed the Geriat-
ric Emergency Department Accreditation (GEDA) program to
provide a standardized set of guidelines to effectively improve the
care of the geriatric population.34) These guidelines create a tem-
plate for staffing, equipment, education, policies, procedures, fol-
low-up care, and performance improvements.

Geriatric education programs based on content and teaching
methods, learning outcome effects, and factors promoting or hin-
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dering program implementation can improve ED professionals’
geriatric knowledge and positively impact their clinical practice.35)
A systematic review'” including interventions in EDs targeted at
reducing ED revisits, hospitalizations, nursing home admissions,
and deaths in older patients after initial ED discharge showed that
studies varied in their design and outcome measurements, but sug-
gested that the use of a validated risk prediction tool to stratify pa-
tients into high- and low-risk groups could lead to improved pa-
tient outcomes. Furthermore, interventions that extend beyond
simple referral might reduce the rates of adverse outcomes after
ED discharge and should be considered. More intensive interven-
tions that followed patients beyond referral and the use of a clinical
risk prediction tool were associated with improved outcomes. Our
study results could help define which patients could benefit from
such specific approaches.

Nevertheless, these strategies are not widely implemented, part-
ly because of their complexity in environments such as the ED,
where time is limited. The term geriatric has different definitions
over time. Fries et al.”” defined three groups by dividing the older
adult population into young old (65-74 years), middle old (75-85
years), and oldest (> 8S years). The World Health Organization
defines the older population starting at 60 years of age.’m) The
GEDA guidelines use 65 years as the cutoff for the geriatric popu-
lation. Nevertheless, hospitals may find that using the age of > 65
years does not match the aim of identifying a high-risk popula-
tion.

One challenge in the ED is recognizing which patients will ben-
efit from this strategy; therefore, it is crucial to identify patients at
risk of poor outcomes, independent of the reason for consultation,
using variables available at presentation in the ED. Common triage
uses vital signs for classification; however, older adult patients ex-
perience age-related physiological changes, leading to a lower heart
rate or temperature, and increased stiffness of the arterial wall,
which leads to increased blood pressure.” Considering these
changes, we did not include vital signs in the analysis and used only
variables related to the basal status of older adult patients to identi-
ty those at risk for poor outcomes that could benefit from the ap-
plication of multidimensional and interdisciplinary assessments to
improve clinical results.

Our study has some limitations. First, the 52 participating EDs
were not chosen at random but rather expressed their interest in
participating. However, the broad representation both territorially
(12 of the 17 autonomous communities were represented) and in
terms of typology (universities, high technology, and regional hos-
pitals) means that bias in this regard is probably small. Second, the
analysis was not conducted by nosology groups but rather globally.
This may indicate that the findings are conditioned by certain pro-

cesses that may be more prevalent according to the patient’s sex or
age. Nonetheless, our design captured the entire spectrum of at-
tended patients and was not limited to a single disease or a group
of diseases, thus providing an overall picture. Third, this was a sec-
ondary analysis of a multi-purpose cohort, and the associations
may have been influenced by factors not covered in the cohort de-
sign. Therefore, the findings should be considered hypothesis-gen-
erating and confirmed by studies specifically designed for this pur-
pose. Fourth, patients in the EDEN cohort were included by epi-
sode rather than by patient, and some episodes may have corre-
sponded to the same patient. However, as the inclusion period was
very short (7 days), the chance of a repeat visit for a particular pa-
tient was low. Finally, the inclusion period was limited to a single
week of the year. Pathologies affecting older adult patients may dif-
fer depending on the season of the year, especially related to infec-
tious diseases. However, the large number of included patients may
have limited the impact of this consideration.

In conclusion, male sex, age > 7S years, ED arrival by ambu-
lance, the presence of functional impairment, or severe comorbidi-
ty are features of patients in whom the application of a specific ap-
proach different from common triage may be useful in the ED to im-
prove the poor short-term outcomes of this population. While it
may be difficult to integrate these variables into the structured triage
systems already established in EDs, alerts could be included in the
electronic medical histories of EDs to make attending physicians

aware of the possible need for a specialized taxonomic approach.
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