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and the interRAI ED Contact Assessment as the reference standard. A score of >5 was
used to classify high-risk patients. Assessments were conducted by emergency and
research nurses. We calculated the sensitivity, positive predictive value, and false dis-
covery rate of the interRAI ED Screener. We employed logistic regression to predict ED
outcomes while adjusting for age, sex, academic status, and the province of care.

Results: A total of 5629 older ED patients across 11 ED sites were evaluated using the
interRAI ED Screener and 1061 were evaluated with the interRAI ED Contact Assess-
ment. Approximately one-third of patients were discharged home or experienced an
extended ED length of stay. The interRAlI ED Screener had a sensitivity of 93%, a
positive predictive value of 82%, and a false discovery rate of 18%. The interRAI ED
Screener predicted discharge home and extended ED length of stay with fair accuracy.
Conclusion: The interRAI ED Screener is able to accurately and rapidly identify indi-
viduals with medical complexity. The interRAI ED Screener predicts patient-important
health outcomes in older ED patients, highlighting its value for vulnerability screening.

KEYWORDS

1 | INTRODUCTION

1.1 | Background

Emergency departments (EDs) act as a primary portal into local hos-
pital systems and are uniquely situated to positively influence the
healthcare trajectories of older patients.! Older adults contribute a
disproportionately high rate of overall and urgent ED visitation, length-
ier ED stays, and greater resource use (eg, radiography, laboratory
studies) when compared with younger counterparts.? Atypical pre-
sentations and complex medical and psychosocial histories further
complicate emergency management and increase the risk for adverse
health events in older ED patients.® To identify and support high-risk
older adults, geriatric ED guidelines and recommendations empha-
size the need for proactive and targeted screening of at-risk older
ED patients who may benefit from additional geriatric assessment
and resources.»*> Although the Comprehensive Geriatric Assessment
(CGA) is the gold standard for evaluating older adults, it is resource
intensive and may be best targeted for high-risk patients during hos-
pitalization or following ED discharge.® High patient volumes, medical
acuity, and time-sensitive quality measures are factors likely to inhibit
or delay the completion of an ED-based CGA.

1.2 | Importance

Vulnerability and frailty screeners are increasingly incorporated in
ED triage and treatment areas to support clinical decision-making
regarding geriatric complexity and the need for further detailed
assessment.®’ This multistage approach is thought to be ideal when

aiming to identify and support the most vulnerable ED patients,

emergency department, frailty, geriatrics, interRAl, screening, vulnerability

whereby screener results can inform the need for additional geri-
atric evaluation.® The interRAI ED Assessment System uses a staged
assessment strategy. The interRAlI ED Screener score is used to
pre-emptively gauge which individuals are most likely to benefit
from additional detailed geriatric assessment interventions, includ-
ing assessment using the interRAI ED Contact Assessment.® Both the
interRAI ED Screener and ED Contact Assessment report the Assess-
ment Urgency Algorithm, a prognostic model specifically purposed to
identify high-risk older ED patients who may benefit from a CGA after
their ED visit.?

1.3 | Goals of this investigation

We set out to determine the sensitivity, positive predictive value,
and false discovery rate of the interRAI ED Screener when aiming to
delineate which older ED patients have the greatest need for a CGA
after emergency care when compared against the interRAI ED Contact
Assessment as a reference standard. Our secondary objective was to
determine the discriminative ability of the interRAI ED Screener when
predicting the odds of discharge home and an extended ED length of

stay, 2 patient-centered health outcomes.

2 | METHODS

2.1 | Study design and setting

We conducted a prospective multisite cohort study in 11 ED sites
across three provinces in Canada (Ontario, Quebec, and Newfound-
land). Among the 11 sites, six were academic-affiliated centers. We
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The Bottom Line

The interRAI Emergency Department Screener is a tool to
predict the need for geriatric assessment. The screener is
completed in <2 minutes and can predict patient-important
outcomes, including discharge home and emergency depart-

ment length of stay.

purposely recruited small and mid-sized community hospitals that
were not academic centers to ensure diversity in the participating
organizations. We consecutively enrolled patients aged 65 years and
older who presented to the ED during predefined study enroliment
periods. The Strengthening the Reporting of Observational Studies in
Epidemiology statement was used to guide the reporting of this study.”
Ethics approval was obtained from the research ethics boards of all
participating hospital sites and from the University of Waterloo.

2.2 | Selection of study participants

We identified older ED patients using ED rosters at the start of
hospital-specific day shifts. The vast majority of the older patients
recruited for the study were recruited during daytime hours 7am - 7pm,
when older adults are more likely to present for emergency care.1©
Triage nurses flagged patients for study exclusion if they were expected
to die within 24 hours of ED presentation, were medically unstable, or
could not speak English or French. We obtained consent to participate
from the patient or their substitute decision-maker in accordance with

standard practices.

2.3 | Measurements

We provided standardized training on geriatric assessment to emer-
gency nurses or research assistants in all participating institutions
on the interRAI ED Screener and ED Contact Assessment, excluding
institutions located in Quebec, which elected to use trained research
nurses. Training included a several-hour coaching session with all
assessors and the study site team leads on how to use the interRAI ED
Assessment System and any supplementary software. Research staff
and clincians external to the study were not trained on how to inter-
pret or use the interRAl instruments. Site K was the only ED outside of
Quebec that elected to use research nurses.

Study assessors collected demographic and baseline assessments
and undertook the interRAI ED Screener and ED Contact Assess-
ments. Vulnerability screening was completed with the interRAI ED
Screener during ED triage or within a few hours of ED presentation.
After completion of the interRAI ED Screener, the interRAI ED Con-
tact Assessment was completed in the clinical treatment area of the ED

before emergency disposition.

We derived an Assessment Urgency Algorithm score for each
patient using the interRAI ED Screener results. Assessors were trained
to approach patients who received an interRAI ED Screener score >4
for further evaluation with the interRAI ED Contact Assessment when
possible. Data from the interRAI ED Screener and ED Contact Assess-
ment were not made available to the clinical staff. Thus, risk scores from
the instruments did not influence emergency management pathways
or clinical decision-making.

The interRAI ED Contact Assessment is a brief assessment and a
standardized clinical decision support tool to inform emergency care,
discharge planning, and referral decision-making in ED.8 This instru-
ment has clinical items that assess patient condition, performance, and
capacity across various domains, including physical function, cognition,
comprehension, mood, falls, nutritional risk, pain, and dyspnea.8 The
items of the interRAI ED Contact Assessment have established con-
tent validity in acute care,!! high interrater reliability,’213 and high
predictive validity across a series of outcomes in the ED setting.14-1¢

The Assessment Urgency Algorithm included in the interRAI ED
Screener and Contact Assessment includes questions on activities
of daily living, cognitive skills for daily decision making, self-rated
mood and health, caregiver distress, labile medical condition, and
dyspnea.® The scoring algorithm is sequenced and adapted to prior
item responses, although most high-risk persons can be identified with
just a few screening questions.® The Assessment Urgency Algorithm
reports a score from 1 to 6, with higher scores indicating a prior-
ity need for a CGA after emergency care. Any functional or cognitive
impairment automatically classifies the patient as a score of >4, with
priority further determined by indicators of caregiver distress, mood,
or difficulties with personal hygiene.

Prior work has validated the prognostic utility of the Assessment
Urgency Algorithm and its association with mortality, hospital admis-
sions, lengthy hospital stays, and the need for long-term care services
(ie, nursing or retirement home placement) in medically complex older
ED and home-care patients.2”~1? The Assessment Urgency Algorithm
is readily available for public and hospital use via the interRAI ED
Screener, a free mobile application that can be downloaded on mobile
phones and tablets (www.interRAl.org).

24 | Outcomes
We elected to examine the Assessment Urgency Algorithm score
assigned by the interRAI ED Contact Assessment as the primary out-
come of interest and reference standard when determining which
patients have the greatest need for a CGA after ED care. An Assess-
ment Urgency Algorithm score of 5 or 6 using either instrument indi-
cates a patient in greatest need of a CGA.8 Therefore, we dichotomized
the Assessment Urgency Algorithm values provided by both the inter-
RAl ED Screener and ED Contact Assessment in this manner to
facilitate diagnostic measurement.

A total of 2 informative and patient-important outcomes were
used to determine the prognostic value of the interRAI ED Screener,—

discharge home and ED length of stay.2%-22 We assigned a “discharge
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home” status to any patient who was discharged from the ED directly
to their baseline place of residence. An extended ED length of stay
was defined as an ED length of stay >24 hours. This time metric is
commonly used in ED research of older persons and conveniently
represents the top quartile of the length-of-stay data.?3-2¢ ED regis-
tration time was used as the point of reference when determining ED
length of stay.

2.5 | Analysis

We reported descriptive statistics of all baseline characteristics
using general measures of frequency and central tendency. Cross-
tabulations were created to facilitate the calculation of sensitivity,
positive predictive value, and false discovery rate for the interRAI ED
Screener. We then undertook binary logistic regression to determine
the adjusted associations between the interRAI ED Screener score and
patient outcomes after adjusting for patient age, sex (male or female
[reference]), province (Quebec or Ontario [reference]), and academic
status of the treating institution (non-academic center [reference]).
Participants from Newfoundland are missing from predictive analytics,
as they provided no ED disposition data.

We conducted a post-hoc subgroup analysis to evaluate and com-
pare diagnostic measures between the 3 provinces. We also conducted
a post-hoc sensitivity analysis to determine if diagnostic measures
were robust to the removal of participants from site K for the Ontario
analysis, as this was the non-Quebec site that elected to use research
assistants, as opposed to registered nurses for data collection. Concor-
dance (c) statistics and the corresponding confidence intervals (Cls) are
reported for all models. Cases with missing data were deleted in each
analysis. Data were managed and analyzed using the stats, psych, and
pROC packages in R (version 4.0.0).

3 | RESULTS

3.1 | Study participant and visit characteristics
A total of 5629 older ED patients across 11 ED sites were evaluated
using the interRAI ED Screener. The mean age of the sample was 84
years (standard deviation [SD] = 5.8), and the majority of patients were
women (57%). The mean length of stay for participants was 19.2 hours
(SD = 12.6). The mean time of interRAI ED Screener completion was
1.9 minutes (SD = 1.2). Table 1 displays the patient characteristics for
all patients evaluated with the interRAI ED Screener, and character-
istics stratified across differing interRAI ED Screener thresholds can
be found in Tables S1 and S2. The proportion of missing data for the
interRAI ED Screener cohort was approximately 18% and primarily
driven by missing age (42%) and length of stay data (67%) rather than
assessment data. These data can be found in Table S3.

A total of 1061 patients were further evaluated using the interRAI
ED Contact Assessment. The proportion of missing data in this cohort,

excluding ED disposition data, was <1%. The age and sex distributions

TABLE 1 Baseline characteristics for 5629 older ED patients
evaluated with interRAI ED Screener
Variable n (%)
Age, years? 84 (5.8)
Sex, female 2432 (57)
Daytime presentation® 4733(85.9)
Assessment Urgency Algorithm
Score
1 (least urgent) 1149 (20.4)
2 325(5.8)
S 1175 (20.9)
4 455(8.1)
5 315(5.6)
6 (most urgent) 2210(39.2)
Length of interRAI ED Screener 1.9(1.2)
evaluation, minutes?®
Length of ED stay, hours? 19.2(12.6)

Abbreviation: ED, emergency department.
aData reported as mean (standard deviation).
bDay shift was classified as 7am to 7pm

between those evaluated with the interRAI ED Screener and ED Con-
tact Assessment were similar, with age slightly higher in the interRAI
ED Contact Assessment group. Most patients evaluated with the inter-
RAI ED Contact Assessment received a high-risk Assessment Urgency
Algorithm score of 5 or 6 (88%) from the interRAI ED Screener and a
high-acuity Canadian Triage Acuity Scale score of <3 (90%), indicating
a need for urgent or emergent care. Figure 1 displays a flow diagram
of patients who received the interRAI ED Screener and the ED Contact
Assessment. Table 2 describes the presence of geriatric syndromes in

those assessed with the interRAI ED Contact Assessment.

3.2 | Main results

Table 3 displays a cross-tabulation of all patients assessed with both
instruments. Most patients received a high-risk Assessment Urgency
Algorithm score of 5 or 6 using both the interRAI ED Screener and
ED Contact Assessment (73%). Using this cut-off, the sensitivity of the
interRAI ED Screener was determined to have a sensitivity of 93%, a
positive predictive value of 82%, and a false discovery rate of 18%.
The raw data and cross-tabulation of the interRAI ED Screener and ED
Contact Assessment in their full forms can be found in Table S4.

Table 4 displays the subgroup analysis of diagnostic measures across
the provinces. The sensitivity and false discovery rate were highest
for participants evaluated in Ontario, whereas the positive predictive
value was highest for Newfoundland (91%) followed by Quebec (87%).
A sensitivity analysis of diagnostic evaluation in Ontario, excluding site
K, found the sensitivity to be 94%, positive predictive value to be 84%,
and the false discovery rate to be 16%, similar to the primary inclusive

model.
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Site A* Site B* Site C* Site D Site E Site F* Site G
N =357 N =499 N =502 N=372 N =757 N =998 N =995
~— ) \ .,/ ) R >
Site H _~1 Sitek*
N = 500 [ 1 N=58
Evaluated with the InterRAI ED Screener
\ N=5629 LEGEND
’ Blue = Quebec
l Green = Ontario
Yellow = Newfoundland
Evaluated with InterRAI ED Contact Assessment o = Academic Center
‘ N =1,061
FIGURE 1 Patient flow diagram. ED, emergency department

3.3 | Prognostic value of the interRAI ED Screener
More than one-third (38%) of the patients were discharged home or
back to their prior place of residence from the ED. After adjusting for
age, sex, province, and the academic status of hospitals, the interRAI
ED Screener was able to identify patients discharged home from the
ED with fair discriminative accuracy (c = 0.66; 95% Cl = 0.63-0.68). In
this model, academic centers had 1.58 times the odds of discharging a
patient home (odds ratio [OR] = 1.58; 95% Cl = 1.25-1.98).

A similar number of patients (34%) experienced an ED length of stay
greater than 24 hours. The interRAI ED Screener was able to discrim-
inate patients who experienced an extended length of stay with fair
accuracy (c = 0.60; 95% Cl = 0.58-0.62) after adjusting for age, gen-
der, sex, province, and academic status. Patients had twice the odds of
experiencing an extended ED length of stay if they resided in Quebec
compared with Ontario (OR =2.0; 95% Cl = 1.53-2.6). Patients treated
at an academic center had lower odds of experiencing an extended ED
stay (OR = 0.78; 95% CI = 0.63-0.97). Table 5 displays the adjusted
associations between patient and visit characteristics in relation to ED
disposition outcomes. All adjusted models had >20 events per variable.
The proportion of missing disposition data was 19.2%, with 3 sites from
Ontario contributing no outcome data.

4 | LIMITATIONS

We demonstrated the value of a rapid screening strategy in a hetero-
geneous group of patients from a variety of clinical settings and health
systems. Our study participants represented a diverse group of older

adults, including those who presented with cognitive impairment, a

cohort commonly excluded in clinical and emergency research. This
study is not without its limitations.

Although all patients were evaluated with the interRAI ED Screener,
only a small subgroup (n = 1061) was further evaluated with the inter-
RAl ED Contact Assessment. This limited our evaluation of overall
agreement and negative predictive value between these 2 tools, as the
interRAI ED Contact Assessment was specified for those with higher
interRAI ED Screener scores when staff availability and resources
allowed. A small number of patients with interRAI ED Screener scores
<4 were screened with the interRAI ED Contact Assessment, although
this was not intentional, and the characteristics of these individuals can
be found in the supplemental file.

In addition, data were not collected on the proportion or char-
acteristics of those who we were unable to screen; this information
would have shed light on any potential selection biases by study
recruiters. The proportion of patients who received an interRAI ED
Contact Assessment also varied greatly across the study sites. Our
goals were pragmatic with limited study costs. Thus, we collected
minimal clinical data (eg, diagnoses, interventions) and were unable
to examine additional important outcomes and provide a detailed
contextual understanding of the findings.

Data on mortality were not collected, although prior work has
demonstrated that <1% of older Canadian patients will die in the
ED,¢ and ~5% will die within 1 month of presentation.2%27 We
used ED registration as the starting point for length of stay, which
may have increased additional health system-based confounders
associated with disposition time. Missing data were systematically
missing, whereby particular sites provided no data on age, and only
Quebec hospitals reported on interRAI ED Screener time or ED

disposition.
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TABLE 2 Baseline characteristics for 1061 older ED patients (65 years and older) evaluated with the interRAI ED Contact Assessment

Variable

Age, years?®

Sex, female

Lives alone
Caregiver distress”

Cognitive impairment®

Acute change in mental status?

ADL impairment

Bathing

Personal hygiene

Dressing lower body
Locomotion

Independent ADL

Difficulty with medications®
Difficulty with stairsf
Impaired comprehensiong
Conditions and symptoms
Poor self-reported health”
Symptoms of a mood disorder’
Hallucinations or delusions
Any falls in the past 90 days
Traumatic injury

Daily or severe pain/

DyspneaX

Decrease food intake or weight loss'

Urgent Triage Score, CTAS <3
High-risk AUA score, 5 or 6
Province

Ontario

Québec

Newfoundland

n (%)
85.4(6.1)
613(57.8)
462 (43.5)
501 (47.2)
442 (41.7)
252(23.8)

643 (60.6)
329(31)

410(38.6)
215(20.3)

579 (54.5)
643 (60.6)
87(8.2)

255 (24)
260 (24.5)
87(8.2)
519 (48.9)
204(19.2)
496 (46.7)
392(36.9)
457 (43.1)
950 (89.5)
830(78.3)

853(80.4)
172(16.2)
36(3.4)

interRAI ED
Screener, n (%)

Score =4
N=71,6.7%
86.5(5.8)
20(28.2)
39(54.9)
9(12.6)
22(31)
10 (14.1)

42(59.1)

8(11.2)
17 (23.9)
11(15.4)

24(33.8)
42(59.2)
3(4.2)

19(26.7)
23(32.4)
3(4.2)
26(36.7)
12(16.9)
36(50.7)
29(40.8)
40(56.3)
59(83.1)
32(45.1)

20(28.1)
49 (69)
2(2.8)

interRAI ED
Screener, n (%)

Scores =5-6

N =938, 88.4%
85.3(6.1)
399 (42.5)
402 (42.9)
484 (51.6)
403 (43)
232(24.7)

590(62.9)
318(33.9)
390 (41.6)
203 (21.6)

540 (57.6)
590 (62.8)
83(89)

227(24.2)
227(24.2)
83(8.8)
466 (49.7)
179(19.1)
436 (46.4)
350(37.3)
391(41.7)
844 (90)
773(82.4)

784 (83.5)
32(3.4)
122(13)

Abbreviations: ADL, activities of daily living; AUA, Assessment Urgency Algorithm; CTAS, Canadian Triage Acuity Scale; ED, emergency department.

2Data are reported as mean (standard deviation).
bPrimary informal helper(s) expresses feelings of distress, anger, or depression.

“Modified independent or any impairment in making decisions regarding tasks of daily living.
dAcute change in mental status from person’s usual functioning (eg, restlessness, lethargy, difficult to arouse, altered environmental perception).

¢Difficulty remembering to take medicines, opening bottles, taking correct drug dosages, giving injections, or applying ointments.

fSupervision or the need for any assistance while walking a full flight of stairs (12-14 stairs).
gSometimes, rarely, or never understands direct communication.

"When asked, “In general, how would you rate your health?” Person responds “Poor.”
IWhen asked, patient reports feeling sad, depressed, hopeless, anxiousness, or anhedonia.
iPain that is excruciating or daily in past 3 days.

kDyspnea at rest or present when performing normal day-to-day activities.
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TABLE 3 Comparison of high-risk assessment between 1061
older ED patients assessed with the interRAI ED Screener and Contact
Assessment

interRAI ED Contact Assessment

High risk, Low to medium
interRAIED Screener AUA5-6 risk, AUA 1-4 Total
High risk, AUA 5-6 773(72.9) 165 (15.6) 938
Low to medium risk, 57 (5.4) 66(6.2) 123

AUA 1-4
830 231 1061

Abbreviations: AUA, Assessment Urgency Algorithm; ED, emergency
department. Data reported as frequencies and proportions.

TABLE 4 Subgroup analysis of diagnostic measures across 3
Canadian provinces

Province
Ontario Quebec Newfoundland
Diagnostic measure (N =853) (N=172) (N =36)
Sensitivity 95% 84% 83%
Positive predictive 83% 87% 91%
value
False discoveryrate  17% 13% 9%

TABLE 5 Adjusted associations between the assessment urgency
algorithm, discharge home, and an extended length of stay of 2273
older ED patients

Extended ED

Discharge home Length of stay

Covariate N =862 (38%) N =774 (34%)
Intercept 22.6(5.73-89) 0.31(0.08-1.22)
Age, years 0.96 (0.95-0.98) 1.0(0.98-1.02)
Sex, male 1.08(0.91-1.3) 0.91(0.76-2.59)
Province

Quebec 0.8(0.64-1.02) 2.0(1.53-2.6)

Ontario, reference
Academic, yes

Assessment Urgency
Algorithm

6
5
4
3
2

1, reference

Concordance statistic

Note: Data are presented as odds ratio (95% confidence interval). Extended

1.58(1.25-1.98)

0.36(0.27-0.45)
0.39(0.23-0.66)
0.45(0.32-0.62)
0.67(0.52-0.82)
0.82(0.53-1.26)

0.66(0.63-0.68)

0.78(0.63-0.97)

1.43(1.11-1.85)
1.37(0.83-2.25)
1.63(1.17-2.26)
1.03(0.78-1.34)
0.9 (0.55-1.45)

0.6 (0.58-0.62)

ED length of stay defined as >24 hours spent in the ED.
Abbreviation: ED, emergency department.

5 | DISCUSSION

Our findings demonstrate that the interRAI ED Screener is designed
to detect complex health and social concerns to assist in identifying
patients at greatest need for a CGA after emergency care. When com-
pared against the more detailed interRAI ED Contact Assessment done
by aregistered nurse, the interRAI ED Screener had excellent sensitiv-
ity (93%) and positive predictive value (82%), demonstrating its utility
for rapidly identifying high-risk older adults in greatest need of further
assessment. In addition, we were able to determine that a 2-minute
screener only falsely classified 5.4% of patients as lower risk when they
were classified as high risk by a more complete assessment. We believe
this to be an entirely acceptable rate given the work efficiency gains in
triaging patients to longer assessment strategies.

The interRAI ED screener was completed in <2 minutes on aver-
age in a wide array of patients in a variety of settings with different
resource constraints. It therefore not only performs well but also
may be easily implemented in dynamic and time-pressed ED set-
tings. The interRAI ED Screener was also able to predict patient-
important outcomes such as discharge home and extended ED length
of stay (>24 hours) with fair accuracy, further highlighting the value of
this tool for proactive clinical decision making.

The interRAI ED Screener is also associated with other patient-
important outcomes such as mortality, functional decline, and the
need for formal support services in the community,?28 further high-
lighting the utility of this rapid screener. In addition, the interRAI
ED Screener has shown to be useful in complex interventions geared
toward improving geriatric models of care and shared decision mak-
ing between high-risk patients and ED clinicians.2?%° The interRAI ED
Screener has also been used in the prehospital setting, where it was
predictive of the need for hospitalization from the ED, the need for
home care services after discharge, and mortality in older ED patients
transported by paramedics.'8

The interRAI ED Screener fosters system integration by providing a
common measurement approach to identify the need for acomprehen-
sive assessment used in other health sectors. The Assessment Urgency
Algorithm is widely used by home care programs in Canada as a basis
for intake screening. Therefore, the use of the interRAI ED Screener
allows hospitals to use a common strategy for flagging older adults
with complex needs. This proactive screening facilitates communica-
tion between care clinicians regarding patient needs more effectively,
with the aim of supporting the initiation of community services that
may attenuate the risk of future repeat visits to the ED. In the ED,
the interRAI ED Assessment System is designed to delineate geriatric
complexity and would be ideally incorporated in the emergency man-
agement pathway, as there are multiple points of contact to support
decision making about the need for additional detailed geriatric assess-
ment, with the interRAI ED Screener providing a rapid assessment
of risk, and the interRAI ED Contact Assessment further highlights

geriatric syndromes of concern and the need for a CGA.
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6 | CONCLUSION

We demonstrated the value of the interRAI ED Screener to iden-
tify individuals experiencing complex health and social concerns who
present to the ED. The screener was accurate, feasible to learn and
implement, and took <2 minutes to administer. It also predicted
meaningful outcomes, including hospitalizations and discharge home.
Further research will assist in better understanding how screening can
be used to guide more detailed assessments and care plans.
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