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Abstract

Background: we investigated whether two frailty tools predicted mortality among emergency department (ED) patients
referred to internal medicine and how the level of illness acuity influenced any association between frailty and mortality.
Methods: two tools, embedded in a Comprehensive Geriatric Assessment (CGA), were the clinical frailty scale (CFS) and a
57-item deficit accumulation frailty index (FI-CGA). Illness acuity was assessed using the Canadian Triage and Acuity Scale
(CTAS). We examined all-cause 30-day and 6-month mortality and time to death.

Results: in 808 ED patients (mean age £ SD 80.8 & 8.8, 54.4% female), the mean FI-CGA score was 0.44 & 0.14, and the
CFS was 5.6 & 1.6. A minority (307; 38%) were classified as having high acuity (CTAS: 1-2). The 30-day mortality rate
was 17%j this increased to 34% at 6 months. Compared to well patients with low acuity, the risk of 30-day mortality was
22.5 tmes (95% CI: 9.35-62.12) higher for severely frail patients with high acuity; 53% of people with very severe frailty
(CFS = 8) and high acuity died within 30 days. When acuity was low, the risk for 30-day mortality was significantly higher
only among those with very high levels of frailty (CES 7-9, FI-CGA > 0.5). When acuity was high, even lower levels of frailty
(CFS 5-6, FI-CGA 0.4-0.5) were associated with higher 30-day mortality.

Conclusions: across levels of frailty, higher acuity increased mortality risk. When acuity was low, the risk was significant only
when the degree of frailty was high, whereas when acuity was high, even lower levels of frailty were associated with greater
mortality risk.

Keywords: frailty, mortality, patient acuity, survival analysis, emergency department, older people

Key Points

¢ The frailty index and the Clinical Frailty Scale are strongly associated with mortality, especially in the short term.
* 'The risk of 30-day mortality is the highest among severely frail patients with high acuity.

* Higher acuity increases mortality risk across levels of frailty.

* When acuity is low, the mortality risk is significant in patients with high levels of frailty.

* When acuity is high, the mortality risk is significant even in lower levels of frailty.

1071


http://creativecommons.org/licenses/by-nc/4.0/

M. H. Pulok et al.

Introduction

Frailty is a state of increased vulnerability to adverse out-
comes among people of the same age [1, 2]. It is strongly
associated with increased risks of death and of worsen-
ing health status, notably among older patients with acute
medical conditions [3-7]. This relationship is less studied
among patients in the emergency department (ED) setting
[7-10], despite its implications for appropriate care planning
[11,12].

The increased risk experienced by frail older adults who
are acutely ill comes not just from their frailty, but from
the severity of their illness [7, 13, 14]. Both frailty and
illness acuity can add information about risk [5, 6, 13].
Screening and assessment measures include formal acuity-
based measures (e.g. Emergency Department Medical Early
Warning Score) and a variety of measures of critical illness
in patients admitted to specialized intensive treatment units
(ITUs) [15]. Typically ITU personnel administer the latter,
even in the ED. Laboratory data assembled in a frailty index
have also been employed as an illness acuity measure [5].

The objectives of this study were to examine (i) whether
two frailty tools embedded in a Comprehensive Geriatric
Assessment (CGA) form—the clinical frailty scale (CFS) and
a deficit accumulation frailty index (FI-CGA)—predicted
mortality among acutely ill older patients (654 years)
referred to internal medicine and (ii), if so, how the level
of illness acuity influenced the association between frailty
and mortality.

Methods

Study design and data

This is a retrospective study of patients (V = 1024) seen in
the ED by one of us (KR) having been referred to internal
medicine; compared against billing records, approximately
65-70% of all such patients are included here. KR supervised
the CGA and the CFS scoring, which were completed for
all patients to assess their health and social status and to
assist with treatment planning (Figure S1 in the Supple-
mentary data). The database was linked to vital statistics
for all-cause mortality data following the CGA assessment.
Mortality data were only available from January 2009 to
December 2017, allowing complete information on 808 ED
patients; 20 patients were included twice—the average time
between the visits was 214 (SD £328) days (Figure S2 in the
Supplementary data).

Frailty tools

The FI-CGA was constructed using 57 health-related items
(Table S1 in the Supplementary data). The FI-CGA follows
the deficit accumulation approach, which suggests that the
more deficits a person has, the more likely that person is to be
frail [2, 16, 17]. We used the FI-CGA to measure the current
health state of the patient at admission; this chiefly consists in
the items from the right-hand side in the CGA, and all items
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on the problem list (Figure S1 in the Supplementary data).
Note that inasmuch as the patients have come to hospital,
at least one new problem was added to each list. For exam-
ple, ‘acute exacerbation of chronic obstructive pulmonary
disease’ could be the reason for referral (RFR) and listed
first, and COPD, as the chronic condition, could be listed
second. That same convention holds for acute exacerbations
of other chronic illnesses that prompt presentation to the
ED. Current worsening is also captured within the CGA
by features such as delirium, recent mobility impairment,
falls, functional decline or incontinence. The FI-CGA scores
were calculated by dividing the summed deficits by the total
number of items. This yields FI-CGA scores that potentially
can range from 0 to 1; higher values indicate greater frailty.

The CGA assessment form includes the CFS (Figure S1
in the Supplementary data; far right columns; one is for
the patient (‘Pt’), and the other is to estimate caregiver
(‘CQ’) health). The CFS summarizes the overall level of
fitness or frailty of an older adult at baseline. Originally, the
CFS was introduced to summarize assessment carried out
by physicians from disparate disciplines who had received
at least some notional training in the CGA rubric [18]. It is
employed that way here, after the CGA had been reviewed by
KR as attending physician on the General Internal Medicine-
ED consult service. The CFES is now also commonly used as
a screening tool. That too happened here, in evaluating the
health of the main caregiver; caregivers of patients in long-
term care facilitates are typically scored as CFS = 2. Other-
wise, the CFS is a measure of patients’ pre-admission health
state; for ED patients this, by a convention validated in an
earlier study [19], is 2 weeks prior to admission. The CFS
ranges from 1 to 9, and as with the FI-CGA, higher values
indicate greater frailty (1 =very fit, 2 =well, 3 = managing
well, 4 =very mildly frail (previously ‘apparently vulnera-
ble’), 5= mildly frail, 6 = moderately frail, 7 = severely frail,
8 = very severely frail and 9 = terminally ill). Category 9 is
assigned for people who are terminally ill. An CFS score of 9
is the only case in which the current state trumps the baseline
state, in that these terminally ill patients might have been
operating at various frailty levels at baseline.

Acuity

We used the Canadian Triage and Acuity Scale (CTAS) to
assess illness acuity [7, 20]. The CTAS is a descriptive 5-point
triage scale, where level 1 is resuscitation, 2 is emergent, 3
is urgent, 4 is less urgent and 5 is non-urgent. Due to small
sample size for people with scores 1 (/V = 18), 4 (/V =24) and
5 (IV =2), we grouped patients with CTAS levels 1-2 as high
acuity and those with CTAS level 3-5 as low acuity.

Mortality

The primary outcome variable was all-cause mortality follow-
ing the CGA assessment. We matched participants against
death records from vital statistics; time to death was recorded
in months. For time to death analysis, we used 1-, 2- and
5-year mortality as the outcomes. Given their common use
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Table 1. Characteristics of the patients included in the study

Mean (£SD) N (%)
Age 80.8 (8.3)
Female 455 (56.3)
N medications 6.9 (3.8)
N comorbidities 8.8 (3.3)
CTAS (1-5) 2.6 (0.6)
CTAS groups
High acuity 307 (38.1)
(CTAS:1-2)*
Low acuity 499 (61.9)
(CTAS:3-5)*
FI-CGA (0-1) 0.44 (0.14)
FI-CGA groups
FI-CGA:0-0.2¢ 44 (5.5)
FI-CGA:0.2-0.3 82 (10.2)
FI-CGA:0.3-0.4 164 (20.4)
FI-CGA:0.4-0.5 216 (26.9)
FI-CGA:0.5-0.6 178 (22.1)
FI-CGA:0.6+* 118 (14.7)
CFS (1-9) 5.6 (1.6)
CFS groups
Fit and well (1-3)* 78 (9.7)
Very mildly frail (4) 113 (13.9)
Mildly frail (5) 218 (26.9)
Moderately frail (6) 207 (25.6)
Severely frail (7) 85 (10.6)
Very severely frail (8) 38 (4.7)
Terminally ill (9) 69 (8.5)
30-day mortality 139 (17.2)
6-month mortality 276 (34.2)

Median IQR Min Max
81 13 57 102
6 5 0 25
9 5 1 23
3 1 1 5
0.45 0.21 0.04 0.79
5 1 1 9

*Combined due to low sample size.

clinically, we also analysed the probability of death within
30 days and within 6 months from the CGA assessment.

Statistical analysis

All analyses were performed in Stata version 15.0 (Stata
Corp., College Station, TX). We report descriptive statistics
as means (SD) and medians (inter quartile range) for con-
tinuous variables and as proportions for categorical variables.
Survival analysis was used to analyse time to death outcomes,
including graphical presentations of survival probabilities
using Kaplan Meier curves and estimation of the multivari-
ate Cox regression model parameters. The assumption of
proportionality of hazards was assessed graphically, with no
evidence of violation (all 2 > 0.10). We analysed the associ-
ation of the FI-CGA and CFS independently and combined
with the acuity score; we combined the FI-CGA and CFS
scores with acuity, creating 10- and 8-category frailty-acuity
variables, respectively. We used logistic regression models
to analyse the relationship between binary outcomes and
independent variables. We calculated predicted probabilities
at different levels of FI-CGA and CFS using the estimates
from logistic models using the margins command in Stata
[21]. We plotted the predicted probabilities (average pre-
dictive margins) using the marginsplot command in Stata.
The predictive margins were calculated by averaging the

predictions from the fitted models at the fixed values FI-
CGA and CFS for each individual in the sample [21, 22].
Statistical significance was set at P < 0.05 and all tests were
two-sided.

Ethics approval

Individuals whose data are included in the GPID database
have provided written informed consent, or consent has been
obtained from their substitute decision-makers, to allow
their data to be recorded and used for research purposes.
The study protocol was reviewed and approved by the Nova
Scotia Health Authority Research Ethics Board (NSHA-
REB File No. 1022792). Linkages with Nova Scotia Depart-
ment of Health and Wellness datasets were approved by the
NSHA-REB and by the Health Data Nova Scotia (HDNS)
Data Access Committee (File 2017-OAT-001).

Results

The mean (SD) age was 80.8 (8.3) years; 455 patients
(56%) were female (Table 1). Many patients (307; 38%)
were classified as low acuity (CTAS: 1-2); this proportion
was similar across levels of frailty (Tables S2 and S3 in the
Supplementary data). The mean (SD) of FI-CGA was 0.45
(SD: 0.14) with 118 (14.7%) having FI-CGA scores more
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Figure 1. 30-day and 6-month mortality rates by CTAS and frailty [CFS (Panel a), FI-CGA (Panel b)]. Note: People with CFS
1-3 and FI-CGA 0-0.02 and 0.6+ were combined due to low sample size

than 0.6. The FI-CGA was normally distributed (Figure S3
in the Supplementary data). Individual ages were weakly but
significantly related to the FI-CGA scores (Figure S5 in the
Supplementary data). The mean (SD) of the CFS was 5.6
(1.6), and 192 (23.7%) of the patients were severely frail
(CFES: 7-9) (Table 1).

Opverall, 17% (95% CI: 0.15-0.20) and 34% (95% CI:
0.31-0.38) of the patients died within 30 days and 6 month
of the CGA assessment, respectively. Mortality rates were
higher among people with higher level of frailty and acu-
ity (Figure 1; Figure S6 in the Supplementary data). For
example, among mildly frail patients (CES 5), 8.6% (95%
CI: 0.05-0.14) of the patients with low acuity (CTAS 3-
5) and 14.3% (95% CI: 0.08-0.24) of those with high
acuity (CTAS 1-2) died within 30 days. Among very severely
frail patients (CFS 8), 33.3% (95% CI: 0.16-0.57) of the
patients with low acuity and 52.9% (95% CI: 0.28-0.76) of
those with high acuity died within 30 days (Figure 1).

When frailty was examined independently, using either
the CFES or the FI-CGA, the probability of mortality
increased with higher levels of frailty (Tables S4 and S5,
Figure S6 and S7 in the Supplementary data) as well as
when combined with acuity (Figure 3). The association
with 30-day mortality was stronger than in the longer term.
For example, the likelihood of 30-day mortality was about
22 (OR: 22.50, 95% CI: 9.35-62.12) times higher for
the severely frail patients with high acuity compared to
well patients with low acuity, while it was 14 (OR: 14.50,
95% CI: 8.32-29.07) times higher for 6-month mortality
(Figure 2). Similarly, the HR was 7.47 (95% CI: 4.75—
11.77) for 1-year mortality, whereas it was 4.73 (95% CI:
3.45-6.48) for 5-year mortality when patients were severely
frail with high acuity (Figure 3).

Acuity also influenced the association of frailty with mor-
tality. When acuity was low, the risk for 30-day mortality
was significant only among those with very high levels of
frailty (CES 7-9, FI-CGA > 0.5). When acuity was high,
even lower levels of frailty (CFS 5-6, FI-CGA 0.4-0.5) were
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associated with a higher risk of 30-day mortality (Figure 2).
The findings were also similar regarding the impact of acu-
ity on the relationship of frailty with 1-5 years mortality
(Figure 3).

Kaplan—Meier analysis showed that age did not much
discriminate survival probability (Figure S8, Panel A in
the Supplementary data), whereas acuity (Figure S8, Panel
B in the Supplementary data) and frailty did (Figure S8,
Panels C and D in the Supplementary data). Severely frail
patients with high acuity had the lowest chances of survival
(Figure 4). For example, the probability of surviving up to
40 months was only about 8% for the patients with FI-
CGA > 0.6 and high acuity and 10% for patients with 7-9
CFS and high acuity (Figure 4).

Discussion

We explored how the severity of acute illness and the degree
of frailty interact and how that interaction might be assessed
by a geriatrician in the initial evaluation of a patient in an
ED setting. The data suggest that a combination of an acu-
ity/severity measure (which can be either at triage/screening
or arising from a CGA) and a frailty measure (potentially
a frailty screen measure, or as here, informed by the CGA)
gives better information than either alone. Here, for the most
part, the risks arising from the two are more than additive.
Importantly, severely—very severely frail patients who are
acutely unwell bear a substantial 30-day mortality rate (of
35-55%).

Frailty and acuity each merit formal consideration in
the stratification of risk. As with the severity of an acute
illness, the degree of frailty matters. A recent report offers
another insight into stratifying risk based on illness severity
and frailty through the use of a frailty index based solely
on routinely gathered laboratory data [5]. Here we extend
some seminal work from Cambridge on the synergy between
illness severity and frailty in increasing risk [6].
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Figure 2. Predicted probabilities and odds ratio for mortality based on acuity and frailty [CFS (Panel a), FI-CGA (Panel b)]. Note:
People with CFS 1-4 and 7-9 and FI-CGA 0-0.03 and 0.6+ were combined due to low sample size; *P < 0.05.

The CFS and the baseline information in the CGA allow
a routine means of understanding baseline function. This is
crucial in understanding illness severity, often signalled by
greater 2-week decline in high-order measures such as cog-
nition, mobility and function. Information about baseline
function is also essential to the care plan. Care planning must
consider whether recovery to baseline is first likely and how
that might fit with patient and carer preferences. Exactly how
to optimize data collection and its incorporation into care
planning from the start of the patient’s admission remains
a compelling challenge. For this we are evaluating whether
the Pictorial Fit-Frail Scale [23-25], which is being made
widely available (specifically including to non-geriatricians),
might facilitate the initial assessment of baseline function
from informants.

Our study has important limitations. These are all patients
from a single Canadian tertiary care hospital who were
consulted to internal medicine, when the internist cover-
ing happened to be a geriatrician. About 30-35% of the
patients referred to internal medicine were not included
in the database. The main reasons were patients could not

provide consent and substitute decision-makers were not
available, patients were admitted from long-term care (LTC)
institutions where a modified version of the CGA had already
been completed as part of the LTC records and patients were
seen under regulations of the Adult Protection Act (as adults
in need of protection, who do not have substitute decision-
makers) and a small number who refused consent. Since we
did not have consent for these patients, we could not extract
any demographic or clinical information to compare them
with the patients who were included.

The CFS as used here summarized a CGA; it was not
used as a screening tool. Even so, these data offer some
insight into how the combination of an acuity measure and
a CFS might better predict risk. We are careful here to note
that this is a separate inquiry for which the current study
offers hypotheses, not their tests. All this too we hope to
address in other settings, at a larger scale. For example, it is
a project that might be suited to the Acute Frailty Network
[26]. Similarly, we do not have data on patient status other
than vital status. An important question in many contexts
is not the chance that a given patient will be alive, but the
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Figure 3. Hazard ratios for mortality based on acuity (CTAS) and frailty [CFS (panel a), FI-CGA (panel b)]. Note: People with

CFS 14 and 7-9 and FI-CGA 0-0.03 and 0.6+ were combined due to low sample size; *P < 0.05.

extent to which acute changes in cognition or function or
mobility are likely to recover in those respects. The across-
the-board decline seen with those high-order functions may
represent an instance of increased cross-correlation, reflect-
ing greater mutual dependence with loss of resilience [27,
28]. These considerations are motivating additional inquires
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by our group. Finally, reflecting the real-world nature of
the evidence, we do not have confirmation of the exact
degree of frailty at the baseline state. For the most part, this
information comes from a history given by a knowledgeable
informant. Other designs, such as the DELPHIC study, are

better suited to that [29].
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Kaplan-Meier survival curves by acuity and CFS groups
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Figure 4. Survival probability by CTAS and frailty [CFS (panel a), FI-CGA (panel b)]. Note: People with CFS 14 scores were
combined due to low sample size, as were those with CFS scores 7-9, and FI-CGA 0-0.03 and 0.6+.

Conclusion

This study has combined the severity of acute illness with
baseline frailty to predict mortality among older ED patients
seen by a geriatrician. Our findings show that both the CFS
and FI-CGA were strongly associated with short-term mor-
tality among older ED patients referred to internal medicine.

We found that higher severity of acute illness increased
mortality risk across the levels of frailty and that when
acuity was high, even lower levels of frailty were associ-
ated with greater mortality risk. Therefore, it is impor-
tant to consider the interaction between frailty and illness
severity to develop treatment plan in acute care. Using
routine laboratory test data, future work should aim to
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refine the assessment of illness acuity for older patients
in ED.
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