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ABSTRACT

Objectives: We conducted a program of research to derive

and test the reliability of a clinical prediction rule to identify

high-risk older adults using paramedics’ observations.

Methods: We developed the Paramedics assessing Elders at

Risk of Independence Loss (PERIL) checklist of 43 yes or

no questions, including the Identifying Seniors at Risk (ISAR)

tool items. We trained 1,185 paramedics from three

Ontario services to use this checklist, and assessed inter-

observer reliability in a convenience sample. The primary

outcome, return to the ED, hospitalization, or death within

one month was assessed using provincial databases.

We derived a prediction rule using multivariable logistic

regression.

Results: We enrolled 1,065 subjects, of which 764 (71.7%) had

complete data. Inter-observer reliability was good or excellent

for 40/43 questions. We derived a four-item rule: 1) “Problems

in the home contributing to adverse outcomes?” (OR 1.43);

2) “Called 911 in the last 30 days?” (OR 1.72); 3) male (OR

1.38) and 4) lacks social support (OR 1.4). The PERIL rule

performed better than a proxy measure of clinical judgment

(AUC 0.62 vs. 0.56, p = 0.02) and adherence was better for

PERIL than for ISAR.

Conclusions: The four-item PERIL rule has good inter-

observer reliability and adherence, and had advantages

compared to a proxy measure of clinical judgment. The

ISAR is an acceptable alternative, but adherence may be

lower. If future research validates the PERIL rule, it could be

used by emergency physicians and paramedic services to

target preventative interventions for seniors identified as

high-risk.

RÉSUMÉ

Objectifs: Les auteurs ont mené un programme de recherche

afin de dériver une règle de prévision clinique et d’en vérifier

la fiabilité, règle qui permettrait de reconnaître les personnes

âgées fortement prédisposées à la perte d’autonomie à l’aide

des observations des ambulanciers paramédicaux.

Méthode: Les auteurs ont d’abord élaboré une liste de

vérification, la Paramedics assessing Elders at Risk of
Independence Loss (PERIL), qui comprenait 43 questions à

répondre par oui ou par non, dont les éléments de l’outil

Identifying Seniors at Risk (ISAR). Par la suite, 1185

ambulanciers paramédicaux provenant de trois services en

Ontario ont été formés pour utiliser la liste de vérification,

après quoi a été évaluée la fidélité interobservateurs dans un

échantillon de commodité. Le principal critère d’évaluation,

soit le retour au service des urgences, l’hospitalisation ou la

mort en l’espace d’un mois, a été évalué à l’aide de bases de

données provinciales. Enfin, les auteurs ont procédé à la

dérivation d’une règle de prévision clinique à l’aide de

modèles de régression logistique à plusieurs variables.

Résultats: Sur 1065 participants, 764 (71,7 %) ont fourni des

données complètes. La fidélité interobservateurs était bonne

ou excellente dans 40 questions sur 43. Par la suite a été

dérivée une règle en quatre points : 1) Y a-t-il des problèmes à

la maison qui contribuent aux résultats défavorables? (risque

relatif approché [RRA] : 1,43); 2) La personne a-t-elle composé

le 911 au cours des 30 derniers jours? (RRA : 1,72); 3) S’agit-il

d’un homme? (RRA : 1,38); et 4) Le soutien social est-il

déficient? (RRA : 1,4). La règle PERIL a donné de meilleurs

résultats qu’une mesure de substitution du jugement clinique

(surface sous la courbe : 0,62 contre 0,56; p = 0,02)
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et l’observance du questionnaire était plus élevée pour la

règle PERIL que pour l’outil ISAR.

Conclusions: La règle PERIL en quatre points offre une bonne

fidélité interobservateurs et une bonne observance, et elle

présente des avantages comparativement à la mesure de

substitution du jugement clinique. L’outil ISAR est une

solution de rechange acceptable, mais l’observance peut être

plus faible que pour la règle PERIL. Si la validité de la règle

PERIL était confirmée plus tard dans la recherche, elle

pourrait être utilisée par les médecins d’urgence et les

services ambulanciers paramédicaux pour cibler des inter-

ventions préventives chez les personnes âgées considérées

comme fortement prédisposées à la perte d’autonomie.

Keywords: EMS, Geriatrics, Clinical Prediction Rule,

Screening Tool

INTRODUCTION

Many older adults are at an increased risk for pre-
ventable events such as falls, delirium, and functional
decline.1 One in five seniors lack the support they need
to function daily.2 Gurley et al. chillingly captured the
potential severity of the problem: those found helpless
or dead accounted for 3.7% of calls to emergency
medical services (EMS).3 This population-based study
showed that the rate of being “found down” increased
dramatically with age, from 3/1,000 person years in the
60–64 age group, to 27/1,000 person years among
patients 85 and older.4 More than 35% of those found
down had been incapacitated for over 12 hours; those
found down after 72 hours had a mortality of 67%
during their hospitalization.3 Clearly, there are isolated
vulnerable older people living in the community with
unmet needs who could benefit from a safety net.2

Due to social isolation and a lack of support and
timely access to primary care, such frail older adults
frequently depend on EMS to function as their safety
net.4 This may explain why, despite their increased
disease burden, the proportion of non-urgent calls
increases with age and is twice as common among
patients 65 years and older compared to younger
adults.5 Up to one-third of ambulance calls among
older adults are for assistance with mobility (e.g., being
unable to rise from the toilet or after a non-injurious
fall).4 Older adults are more likely to call 911 on
multiple occasions and to decline transportation to
hospital after calling 911, compared to younger adults.6

Repeat 911 calls account for 18% to 40% of ambulance
calls among people 65 years of age or older.7 Thus, an
older adult calling 911 for a seemingly minor problem
may be a “sentinel” event, signaling a diminished ability
to continue functioning independently.8 However,
interventions to prevent adverse outcomes such as falls,9

hospitalization,10 and functional decline10 have not
been shown to be either effective or economical when
applied broadly to all older adults.10-12 Interventions

must be targeted at high-risk individuals to be
effective.13,14 The Identifying Seniors at Risk (ISAR)
tool was developed to identify high-risk older patients
in the ED, but has never been validated for use by
paramedics.15

Given their frequent encounters in the homes of older
adults, and the substantial proportion of older EMS
patients who are not transported to ED, paramedics may
be uniquely positioned to identify those at risk for adverse
outcomes.16 This potential has increasingly been
recognized by the creation of “community paramedicine”
programs,17-20 but paramedics have historically received
little specialized geriatric training to help them identify
older adults at risk for adverse outcomes.12 Thus we
sought to develop the “Paramedics assessing Elders at
Risk for Independence Loss” (PERIL) clinical prediction
rule to permit paramedics to identify high-risk older
adults.
Our specific objectives were: 1) to test the reliability

of 43 candidate questions for a clinical prediction
rule; 2) to derive the PERIL clinical prediction rule, a
checklist for use by paramedics to assess whether
an older adult is at high risk for repeat ED visits,
hospitalization or death in the month following an EMS
encounter; 3) to compare our prediction rule to a proxy
measure of paramedic global assessment of risk; and
4) to compare our prediction rule to the existing ISAR
prediction tool when employed by paramedics in the
prehospital setting.

METHODS

Study design

This program of research included the development of
potential variables, reliability testing, and the derivation
of the PERIL clinical prediction rule following
methodological standards for decision rules.21 A pool of
43 candidate predictor variables was selected based on
three published systematic reviews.11,22,23 Our aim was
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to ensure that the rule was “clinically sensible,” i.e.,
all required data elements would be available to
paramedics and feasible to collect during the EMS
encounter.26 Development of the data collection form
was guided by an expert panel composed of a clinical
epidemiology and decision rule expert, two

geriatricians, and a paramedic with research experience,
as well as paramedic focus groups (see Figure 1). All
items were framed as simple yes or no questions. One
question was included to act as a proxy measure of
paramedics’ global assessment of risk for adverse out-
comes: “Given the current home situation, are there

Figure 1. PERIL (Paramedics assessing Elders at Risk for Independence Loss) data collection form.

The PERIL prediction rule
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any problems that would prevent this client from being
safely discharged home from the ED, or contribute
to recurrent EMS/Emergency use?” We recognized
that when completing our proxy variable of clinical

judgment, paramedics in the study would have the
benefit of the training they received and the completion
of the 42 other variables at the same time. This meant
that our proxy measure of clinical judgment would be a

Figure 1. (Continued) PERIL (Paramedics assessing Elders at Risk for Independence Loss) data collection form.
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“conservative” comparison standard for the perfor-
mance of the PERIL rule relative to truly unaided
clinical judgment by untrained paramedics. We also
included all questions from the Identifying Seniors at
Risk (ISAR), and trained paramedics in how to use the
ISAR questions.24

We then developed a curriculum to educate
paramedics about the study rationale, objectives, and
use of the PERIL data form.25 We used existing
one-hour EMS continuing educational sessions to train
1,185 paramedics, including advanced and basic care
providers. Paramedics received a didactic lecture about
the presentation of common geriatric syndromes and
signs of reduced function evident in the home
setting. Paramedics then viewed a video-taped
simulated encounter between a paramedic crew and
an older patient, and recorded any problems they
observed. Finally, we conducted a prospective obser-
vational cohort study to derive the PERIL clinical
prediction rule. We assessed inter-rater reliability for all
candidate predictor variables in a convenience sub-
sample when two paramedics were able to complete the
PERIL data for the same patient.25

Study participants

Eligible patients of three Canadian EMS systems,
including Toronto, Ottawa, and Renfrew County,
Ontario, were 65 years of age and older and assessed in
their home by a paramedic responding to a 911 call.
Recruitment occurred from January 1, 2005 to March
15, 2008. We excluded patients who were critically ill,
as determined by the Canadian Triage Assessment
Scale26 (CTAS category 1); who lived in a nursing
home, as determined by a list of such institutions for
each community; or who were attended to in a public
place rather than in the their home, because our
hypothesis was that paramedics could observe clues of
declining function in the patient’s home.

Methods of measurement

Baseline measures
Baseline demographic measures included patients’ age
and sex. Information abstracted from the paramedic
Ambulance Call Record (ACR) included the reason for
the 911 call, chronic medical conditions, regular
prescription medications, vital signs, and whether the
patient was transported to an ED or not.

PERIL data-collection form
The standardized PERIL checklist comprised of 38
dichotomous variables (see Figure 1) that paramedics
observed when attending to an older adult in the
patient’s home. The five ISAR items were based on
asking the patient questions instead of direct observa-
tions, for a total of 43 items (See Figure 1).

Outcome measures
Our primary composite measure of adverse outcomes
was based on previous studies looking at adverse out-
comes in older ED patients.24,27,28 It included any
repeat visit to the ED, hospitalization, or death within
30 days of the initial EMS encounter. We excluded
adverse outcomes that were related to the initial EMS
call, i.e., occurred on the same day as the initial EMS
call with no ED discharge occurring prior to the
adverse event. Patients’ data were linked to provincial
administrative databases, including the National
Ambulatory Care Reporting System, the Discharge
Abstract Database, and the Registered Persons Data-
base. We used deterministic matching for 79% of the
cohort where Ontario Health Insurance Plan (OHIP)
numbers were available and probabilistic matching
based on name and date of birth for the rest of the
cohort. These datasets were linked using unique,
encoded identifiers and analyzed at the Institute for
Clinical Evaluative Sciences (ICES).

Statistical analysis

Sample size calculation
We estimated that a sample size of 1,000 older adults
would provide sufficient power to examine a minimum
of 35 predictive variables29 and detect odds ratios of 1.6
or greater, assuming a power of 80%, alpha level of
0.05, and adjusting for an r-squared of 0.4 between the
independent variables in the model, and a primary
outcome rate of 35% observed in our pilot data.29,30

Model derivation
We chose logistic regression modeling over recursive
partitioning to derive and maximize the specificity of the
PERIL prediction rule,31 given the limited resources
available for frail older adults. A highly sensitive rule with
low specificity would identify too many “false positive”
individuals who would consume the limited available
resources without actually requiring them. We used
Harrell’s technique to build logistic regression models.32

The PERIL prediction rule
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In summary, only clinically relevant predictor variables
were chosen and variables were not screened based on
univariate association with the primary outcome to
protect against type-I error. We refined the list by
excluding predictors that lack variables with greater than
95% of observations in a single category, or variables with
poor inter-rater agreement (κ< .60). We used correlation
matrix analysis to assess for high multicollinearity
(VIF > 2.5), and if variables showed high multi-
collinearity, we chose the most clinical relevant variable,
or ran bootstrap simulations for sets of equally clinical
relevant variables with high multicollinearity.33 We then
built candidate predictive models using backward step-
wise regression and selected the final model based on
predictive ability, ease of use, and parsimony (i.e., fewest
number of variables). Receiver Operating Curve (ROC)
of the final PERIL prediction rule, paramedic clinical
judgment, and the ISAR tool were also reported and areas
under the curve (AUC) were compared.34

Ethics

The Sunnybrook and Ottawa Hospital Research Ethics
Boards approved the study. As a minimal risk observa-
tional study, the requirement for written informed
consent was waived.

RESULTS

Characteristics of study subjects

Paramedics screened 1,418 older adults, and 1,065
(75.1%) were eligible. All 1,065 eligible subjects were
linked with provincial databases to acquire patient
outcomes and 764 (71.7%) had complete data allowing
logistic-regression (see Figure 2). There was no
difference in adverse outcome rates between patients
with and without complete data (269/764 or 35.2%,
95% CI 31.8% to 38.7%, for subjects with complete
data, vs. 372/1,065 or 34.9% , 95% CI 32.1% to 37.9%,
among subjects missing at least one variable). Their
mean age was 80.9 years (interquartile range 75.3 to
86.3 years), 297 (38.9%) were male and 54 (7%) were
not transported to hospital (see Table 1).

Primary outcome

A total of 269 individuals experienced 291 adverse out-
comes, for a primary outcome rate of 35.2% (269/764).

The three components of the primary outcome broke
down as 169/764 (22.1%) older adults who were
hospitalized, 89/764 (11.6%) who had a subsequent ED
visit, and 33/764 who died after the initial EMS
encounter (4.8%). All adverse events occurred
within 30 days of the initial call to 911. Of the total
291 composite adverse outcomes, 18 older adults
experienced two events and two experienced three
events.

Selection of variables

Five variables were answered “yes” in less than 5% of
patients, and were excluded from analysis: home too
cold, chronic renal failure, agitation, delusions, and

Figure 2. PERIL derivation study flow chart.
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suspected elder abuse. Given the extremely low
frequency and their weak univariate association with
our primary outcome, they did not influence the final
model in a sensitivity analysis. Two sets of variables
showed multicollinearity: a) “previous 911 use” and
“previous ED use”; and b) the three variables “lacks
help needed to bathe/shower,” “lacks help needed to
get to toilet,” and “lacks help needed to clean living
quarters.” For the first sets of collinear variables, we
selected “previous 911 use,” given our focus on
prehospital screening. For the second set of collinear
variables, “lacks help needed to bathe/shower” was
selected because it showed the strongest association
with the outcome in bootstrap simulation analysis in the
absence of any clear superiority clinically. Thus a total
of 38 of the original 43 variables were entered into the
logistic regression model (see Table 2).

Reliability and adherence

There was “good” (kappa ≥ 0.6) to “excellent” (kappa
≥ 0.8) reliability for 40/43 of the questions.35 Among
the 38 questions retained for logistic regression,
reliability was “good” to “excellent” for 37/38 questions
and “substantial” for one question (history of chronic
medical conditions—see Table 2). Thus no questions
were excluded on the basis of poor reliability or kappa
< 0.6. Paramedic adherence in completing individual
questions is also listed in Table 2. In addition, rates of
missing data among the 38 questions ranged from 0 to
328/1065 (30.8%). The ISAR variables that required
paramedics to question the patient directly were
missing in 27% of cases or more, whereas variables

based on paramedic observations had high adherence
rates (see Table 2).

Model derivation

Four significant independent predictors remained after
model selection: 1) 911 use in the past 30 days; 2) “Given
the current home situation, are there any problems that
would prevent this client from being safely discharged
home from the ED, or contribute to recurrent EMS/
Emergency use?”; 3) overall lack of social support,
defined as “Patient has unmet needs for social support
that, in your opinion, will contribute to recurrent EMS/
Emergency use”; and 4) male sex (see Table 3).
The four-item PERIL prediction rule was significantly

associated with the composite adverse primary outcome
measure, and the Hosmer-Lemeshow statistic failed to
show any lack of fit (χ2 = 2.51, df = 7, p = 0.93). The
PERIL prediction rule had an AUC of 0.62, compared to
the AUC of 0.57 for clinical judgment as captured by the
single proxy variable of paramedic overall risk assessment
(p = 0.02). Since the odds ratios for all variables in the
final predictive model were approximately equal, we
constructed the PERIL prediction rule, with one point
assigned for each positive question resulting in a max-
imum of four points, with a range of one to four points.
(See Table 4). The sensitivity and specificity for all cut-
off values are listed in Table 5.
Finally, we compared the predictive performance of

the ISAR to the four-item PERIL rule in a subsample of
633 subjects with complete ISAR variables. The AUC
for the ISAR was similar to the PERIL tool in this
subsample (0.57 vs. 0.61 respectively, p = 0.28).

Table 1. Demographic characteristics of eligible subjects in the cohort used to derive the PERIL decision rule

Adverse Outcome

All (n = 764) No (n = 495) Yes (n = 269)

Age: Mean Years 80.9 80.8 81.1
(Interquartile Range) (75.3-86.3) (75.0-86.5) (75.8-85.9)
Male: n (%) 297 (38.9%) 180 (36.4%) 117 (43.5%)
(95% CI) (34.4%-2.4%) (32.1%-40.8%) (37.5%-49.7%)
CTAS: Mean 3.13 3.13 3.14
(95% CI) (3.07-3.19) (3.05-3.21) (3.04-3.24)
No Transportation, % 7.0% 7.0% 7.0%
(95% CI) (5.0%-9.0%) (5.0%-9.0%) (4.0%-10.0%)
Number of Medications: 5.72 5.74 5.68
Mean (95% CI) (5.45-5.99) (5.41-6.07 (5.22-6.13)

Note: CI = confidence interval; CTAS = Canadian Triage and Acuity Scale.

The PERIL prediction rule
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DISCUSSION

This large multi-centred observational study demon-
strated the feasibility of Canadian paramedics identify-
ing older adults at high risk of future adverse events
using a clinically sensible prehospital rule, i.e., one that
uses information that can be reasonably collected by

paramedics at the time of the 911 call. We found that
paramedics could reliably observe data needed for the
PERIL rule when attending to older patients; inter-
observer reliability was substantial to excellent for all
variables considered for the model.
This study adds to the evidence supporting the

feasibility of community paramedicine, a model of care

Table 2. Inter-observer reliability, adherence and univariate association with adverse outcomes of 38 potentially predictive variables

included in the logistic regression analysis

Variables Included in Data Analysis Adverse Outcome Kappa Missing

PERIL Prediction Rule No n = 495 (%) Yes n = 269 (%) N = 558 From all n = 1,065 (%)

1. Any problems preventing safe discharge? 205 (41.4) 146 (54.2) 0.88 0 (0.0)
2. Overall, not enough social support? 188 (38.0) 138 (51.3) 0.81 1 (0.1)
3. Any 911 calls in past 30 days? 107 (21.6) 91 (33.8) 0.98 301 (28.3)
4. Male 180 (36.4) 117 (43.5) n/a 0 (0.0)
Identifying Seniors At Risk Variables (ISAR)
5. Are you generally in good health? 346 (69.9) 161 (59.9) 0.94 296 (27.7)
6. Hospitalization in prior 6 months? 119 (24.0) 77 (28.6) 0.96 320 (30.0)
7. Will you need more help after today’s problem? 215 (42.4) 138 (51.3) 0.96 328 (30.8)
8. In general, do you see well? 363 (73.3) 194(72.1) 0.95 294 (27.6)
9. In general, do you feel sad or depressed? 159 (32.1) 90 (33.5) 0.90 315 (29.6)
10. Usually needs help on a regular basis? 247 (49.9) 164 (61.0) 0.94 290 (27.2)
Other Candidate Variables
11. Takes ≥5 prescription medications daily? 305 (61.6) 178 (66.2) 0.92 2 (0.2)
12. Any evidence of a serious memory problem? 54 (10.9) 40 (14.9) 0.88 0 (0.0)
13. Any evidence of confusion or disorientation? 94 (19.0) 71 (26.4) 0.90 2 (0.2)
14. Does the patient live alone? 289 (58.4) 174 (64.7) 0.94 1 (0.1)
15. Difficulty walking/transferring ? 321 (64.8) 195 (72.5) 0.88 0 (0.0)
16. Uses bedside commode/bedpan? 43 (8.7) 32 (11.9) 0.77 0 (0.0)
17. Falling/tripping hazards? 229 (46.3) 125 (46.5) 0.87 0 (0.0)
18. Fire safety hazards? 71 (14.3) 44 (16.4) 0.86 1 (0.1)
19. Home is too hot? 47 (9.5) 21 (7.8) 0.87 0 (0.0)
20. Evidence of incontinence? 115 (23.2) 84 (31.2) 0.91 0 (0.0)
21. Sanitation problems? 71 (60.7) 46 (39.3) 0.92 1 (0.1)
22. Chronic renal failure? 13 (59.1) 9 (40.9) 0.85 0 (0.0)
23. Angina? 72 (14.5) 33 (12.3) 0.80 0 (0.0)
24. Congestive heart failure? 36 (7.3) 18 (6.7) 0.84 0 (0.0)
25. Diabetes? 87 (17.6) 60 (22.3) 0.91 0 (0.0)
26. Chronic obstructive pulmonary disease? 37 (7.5) 23 (8.6) 0.82 0 (0.0)
27. Medications disorganized? 49 (9.9) 42 (15.6) 0.75 0 (0.0)
28. Significant hearing problems? 62 (12.5) 269(16.4) 0.82 1 (0.1)
29. Significant visual impairment? 72 (14.5) 47 (17.5) 0.81 0 (0.0)
30. Agitation or aggressive behaviour? 15 (53.6) 13 (46.4) 0.72 0 (0.0)
31. Severe anxiety? 27 (5.5) 21 (7.8) 0.82 0 (0.0)
32. Delusions/paranoia? 17 (56.7) 13 (43.3) 0.83 0 (0.0)
33. Depression? 70 (14.1) 55 (20.4) 0.84 0 (0.0)
34. Suspect alcohol or drug abuse? 21 (4.2) 16 (5.9) 0.84 0 (0.0)
35. Patient not transported to hospital? 34 (6.9) 19 (7.1) 0.98 6 (0.6)
36. Do you suspect elder abuse? 6 (1.2) 4 (1.5) 0.85 0 (0.0)
37. Inadequate/spoiled food? 59 (11.9) 51 (19.0) 0.86 0 (0.0)
38. Chronic medical conditions? 200 (40.4) 123 (45.7) 0.67 1 (0.1)
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whereby paramedics apply their training and skills in “non-
traditional,” preventative, community-based roles.19-24

Gerson et al. first studied screening by paramedics for
clues of unmet needs in the home environment of older
adults.18 In 121/124 cases where paramedics identified

older adults as having unmet needs, this was confirmed
during a home-visit by a “gold-standard” geriatric assessor
from a community agency. Gerson et al. also reported that
91% of the paramedics supported the screening of vul-
nerable elders and wished to continue doing so.

Table 3. The Paramedics assessing Elders at Risk for Independence (PERIL) Rule

Variable
Points if
Yes

Called 911 in previous 30 days? 1
Given the current home situation, are there any problems that would prevent this client from being safely
discharged home from the ED, or contribute to recurrent EMS/emergency use?

1

Not enough social support? (patient has unmet needs for social support that in your opinion will contribute to
recurrent EMS/emergency use)

1

Male 1
Total /4

Note: ED = Emergency Department; EMS = emergency medical services.

Table 4. Predictive performance of the Paramedics assessing Elders at Risk for Independence (PERIL) clinical prediction rule

Variable
Parameter
Estimate, β OR (95% CI)

Model c
statistic

Hosmer-Lemeshow
Statistic (χ2, df = 7) p

Called 911 in previous 30 days 0.5423 1.72 (1.22-2.41) n/a n/a 0.01
Given the current home situation, are there any problems that would
prevent this client from being safely discharged home from the ED, or
contribute to recurrent EMS/emergency use?

0.3623 1.44 (1.04-1.95) n/a n/a 0.03

Not enough social support? 0.3414 1.41 (1.01-1.95) n/a n/a 0.04
Male 0.3195 1.38 (1.01-1.87) n/a n/a 0.04
Overall Model n/a n/a 0.622 2.51 0.92

Note: CI = confidence interval; ED = emergency department; EMS = emergency medical services.

Table 5. Comparing adverse outcomes, sensitivity and specificity of the Paramedics assessing Elders at Risk for Independence Loss

(PERIL) compared to single global risk assessment variable

Variable
Adverse Outcome

n = 269
No Adverse

Outcome n = 495 Sensitivity Specificity

“Given the current home situation, are there any problems that would
prevent this client from being safely discharge home from the ED, or
contribute to recurrent EMS/emergency use?”

146 290 54.3% 41.4%

Not concerned with home situation 123 205
1 or more positive PERIL variables 237 374
No positive PERIL variables 32 121 88.1% 24.4%
2 or more positive PERIL variables 163 214
1 or fewer positive variables 106 281 60.6% 56.8%
3 or more positive PERIL variables 76 80
2 or fewer positive variables 193 415 28.3% 83.8%
All 4 PERIL variables positive 16 12
3 or fewer positive variables 253 483 5.9% 97.6%

Note: ED = Emergency Department; EMS = emergency medical services.
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Paramedic ability to identify high-risk older adults
using unaided clinical judgment had not been studied,
so we assessed whether a single proxy variable assessing
paramedic global assessment of risk would be sufficient
to identify high-risk older adults. Addition of the three
other PERIL questions had superior predictive ability
compared to our single proxy variable of “unaided”
clinical judgement (see Table 5). An additional advan-
tage of the four-question prediction rule, over the sin-
gle proxy measure of paramedic judgment alone, is that
it allows the use of different cut-off levels tailored to the
needs of the paramedic service (see Table 5). The
specificity achieved with the single proxy variable of
clinical judgement was 41.5%, whereas specificity was
improved to 83.8% when a cut-off of three was chosen
for the PERIL rule (see Table 5). High-volume systems
that need to limit the number of referrals made may
choose a more specific threshold. In low-volume rural
settings, a more sensitive threshold can be chosen. It
should also be noted that participating paramedics had
undergone 60 minutes of training on assessing the
42 other risk factors for adverse outcomes, and this may
have improved the predictive ability of our proxy
variable compared to truly “unaided” clinical judgement
among untrained paramedics.

McCusker et al. were the first group that followed
methodological standards for developing an ED-based
clinical prediction rule targeting older adults. The
five-item ISAR tool was originally designed to identify
ED patients over 70 at high risk for adverse events
within six months of the original ED visit. The adverse
events observed included functional decline in 54%,
death in 35%, and nursing-home admission in 10.8%.
The ISAR showed an AUC of 0.71, sensitivity of 72%,
and specificity of 58% for this composite outcome.32

The data from the original study were subsequently
used to assess the ability of the ISAR to predict return
to the ED within 30 days; the predictive performance
for early return to ED was substantially lower (AUC
0.63).27 Our literature search revealed that our study is
the first to examine use of the ISAR by paramedics.

While there was no statistically significant difference
in the predictive performance of ISAR compared to the
PERIL rule, the completion of the ISAR questions was
lower—all five of the ISAR questions were missing in
more than 27% of eligible patients. In contrast,
paramedics completed the three observation-based
PERIL items nearly 100% of the time. Thus,
paramedics provided sufficient data to compute a

meaningful score based on three items of the PERIL
score nearly 100% of the time.
Our composite outcome was chosen based on

existing ED screening rules, and was intended to
represent adverse outcomes that might be prevented by
appropriate preventative management. There is some
debate as to whether return ED visits should be
considered as an adverse outcome, as McCusker has
shown that most ED visits by older people are
appropriate.23One approach is to look at whether repeat
ED visits are for the same condition. However, it is
problematic to use administrative databases such as
NACRS to capture whether a return visit is for the
same problem. For example, a patient with non-cardiac
chest pain could have several ICD-10 discharge codes,
even if they returned with a similar complaint.
However, 169/269 (62.8%) of adverse outcomes in this
study were subsequent hospitalization, and only 89/269
(33.1%) were for return to the ED.
This study has several limitations. First, we were

unable to collect data on patients paramedics failed to
screen due to problems with paramedic system infor-
mation systems at the time of the study, and thus we
have no data on the potential number of patients that
were not screened. There was a further loss of 28.3% of
eligible subjects due to missing variables. Clearly, our
data show that paramedics are more likely to complete
observation-based items, as opposed to items that
require paramedics to ask patients additional questions
that were outside their usual workflow. The only vari-
able in the final PERIL prediction rule that was collected
directly from the patient was “previous 911 use,” which
was asked of the patients in 71.8% of cases. The recent
adoption of electronic patient care records by many
paramedic and EMS services will allow for the auto-
mated collection of previous 911 use in the future, and
improve the accuracy and capture rate of this variable.
The predictive performance of the PERIL prediction

rule was only moderate, with an area under the curve of
0.62, and low sensitivity. However the PERIL rule was
designed to maximize specificity over sensitivity, to
avoid patients falsely identified as being at high risk. We
chose this strategy because in most Canadian health
care systems, there is more demand for community
health care services than supply, and the current stan-
dard for referral to such services is unaided clinical
judgement. Multiple studies have shown that ED staff
have difficulty identifying older adults at high risk for
adverse outcomes using clinical judgement alone.11,36,37
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Our data confirm that paramedics are also challenged to
identify high-risk older individuals with their clinical
judgement alone, even when aided by training and
completion of 42 other variables to assess risk at the
same time.

In summary, this study demonstrated the feasibility,
high reliability, and adherence of trained paramedics
with completing a 43-item assessment of older patients
to identify those at high risk for adverse outcomes
within one month of an EMS encounter. The PERIL
prediction rule has advantages compared to a proxy
measure of paramedic clinical judgement, including
better predictive performance and the ability to set
different thresholds tailored to the needs of the para-
medic service. While the ISAR is an acceptable alter-
native in terms of predictive ability, PERIL is a simpler
rule that had better adherence. Further research should
validate the PERIL predication rule in an independent
population of older patients, validate the four-item
version of PERIL, and explore methods to optimize
screening of older adults at high risk for adverse
outcomes. If validated, future research should explore
whether emergency physicians’ and paramedic services’
use of the PERIL prediction rule can be used to target
high-risk individuals for referrals to preventative
community-based interventions (e.g., primary care,
home care, community paramedicine teams, or geriatric
outreach teams), and whether such referrals reduce
adverse outcomes.
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