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Abstract: Background: Physical therapy initiated early in an ICU stay may reduce functional deficits in
critically ill patients; however, the association of frailty with outcomes in those receiving early in-ICU
rehabilitation is unknown. Objective: To estimate the association between frailty and 3 outcomes in patients
enrolled in an ICU randomized clinical trial (RCT). Design: Exploratory secondary analyses of the CYCLE
pilot RCT (NCT02377830). Setting: 7 Canadian ICUs. Participants: Previously ambulatory critically ill adults.
Intervention: Participants were randomized to early in-bed cycling plus routine physiotherapy versus early
routine physiotherapy alone. Measurements: Using regression analyses, we modelled the association between
pre-hospital Clinical Frailty Scale (CFS) scores, Physical Function in ICU Test-scored (PFIT-s), muscle strength,
and mortality at hospital discharge, adjusting for illness severity (APACHE 1I) and the randomized intervention.
We explored the influence of imputing mean PFIT-s and strength scores for decedents, and with listwise deletion
of decedents in a sensitivity analysis. Results: Of 66 patients, 2 had missing data, 2 had incomplete data, and 21
died by hospital discharge. At hospital discharge for 66 patients, frailty was not associated with PFIT-s (mean
difference (MD) [95% CI]=0.20, [-2.08, 2.74]) or muscle strength (1.96, [-12.6, 16.6]). A sensitivity analysis
yielded consistent results. Frailty was also not associated with hospital mortality (odds ratio 0.91, [0.28 to 2.93]).
Conclusion: We found no association between pre-hospital frailty, physical function, strength, or mortality at
hospital discharge in critically ill patients enrolled in an early rehabilitation trial. Larger sample sizes are needed

to further explore the association of frailty with these outcomes at hospital discharge.
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Introduction

Frailty is a patient health state characterized by losses in one
or more domains of function (1, 2). In critically ill patients, a
systematic review identified a 30% (95% CI: 29 to 32) baseline
prevalence of frailty across 10 studies and 3030 participants
(3). Regardless of frailty instrument used, patients with
baseline frailty are consistently at a greater risk of functional
dependence, disability, and mortality following critical illness
(4-6). As the number of mechanically ventilated patients are
projected to increase due to an aging baby boomer population
(7), the impact of frailty is an urgent health concern across the
continuum of care.

Rehabilitation initiated early in an ICU stay is a promising
intervention to improve outcomes in critically ill adults (8).
Increasing evidence has demonstrated that preserved physical
fitness may be associated with lower 1-year mortality in elderly
patients with frailty (9); however, to our knowledge, no studies
have examined the association of frailty on the outcomes of
patients receiving early rehabilitation in the ICU.

We recently completed a 7-centre pilot study of early leg
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cycle ergometry with mechanically ventilated patients who
were ambulatory and independent prior to critical illness (10,
11). Using the study database, we conducted an exploratory
analysis to evaluate the association between pre-hospital frailty
status and hospital discharge measures of physical function,
muscle strength, and mortality. We hypothesized that patients
with frailty would have worse physical function, less muscle
strength, and higher mortality at hospital discharge.

Methods

Ethics
This study was approved by the Hamilton Integrated
Research Ethics Board (#14-531).

Design, Patients and Settings

We conducted a preliminary, exploratory multivariable
regression analyses of the CYCLE (Critical Care Cycling
to Improve Lower Extremity Strength) pilot randomized
controlled trial (RCT) (NCT02377830) that enrolled 66
critically ill patients across 7 Canadian ICUs. The methods
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and results of the RCT are described elsewhere (10, 11).
Briefly, patients were included if they were >18 years old,
admitted within the first 4 days of mechanical ventilation
and first 7 days of ICU, and independently ambulated with
or without a gait aid before their critical illness. Primary
exclusion criteria were any conditions impairing cycling,
proven or suspected neuromuscular weakness, inability to
follow commands in English, a temporary pacemaker, expected
risk of hospital mortality >90%, palliative goals of care, or
persistent exemptions precluding cycling. Enrolled patients
were randomized to receive early in-bed cycle ergometry (30
minutes, 5 days/week, up to 28 days or ICU discharge) plus
routine physiotherapy or early routine physiotherapy alone for
the duration of their ICU stay.

Dependent Variables

At hospital discharge, trained physiotherapists blinded to
treatment allocation measured function using the Physical
Function in ICU Test-scored (PFIT-s) (12) and strength using
the Medical Research Council Sum Score (MRC-SS) (13).
Research coordinators documented hospital vital status (dead/
alive).

Independent Variable

Research coordinators evaluated frailty status in the 1-2
weeks before current hospital admission using the Clinical
Frailty Scale (CFS) (2). These scores were generated at trial
enrollment through family member and/or patient interviews
and comprehensive chart reviews.

Covariates

We included covariates in our models to adjust for potential
confounders. To address sample size limitations and to avoid
overfitting models, we strategically limited the number of
predictors in our models (>10 participants per predictor in
linear models; >10 events per predictor in logistic models (14)).
We purposefully selected 2 covariates a priori based on possible
confounders of the relationships between pre-hospital frailty
and our 3 outcomes. Our first covariate was illness severity
(15-17) measured using the APACHE II (Acute Physiology and
Chronic Health Evaluation II) score (18). We considered age as
a covariate because of its association with both frailty and our
outcomes of interest; however, since age contributes to overall
APACHE I scores, we did not include it as a separate variable
to avoid redundancy. Our second covariate was the randomized
intervention, cycling plus routine physiotherapy versus routine
physiotherapy alone, given the context of this analysis nested
within the CYCLE pilot RCT.

Detailed descriptions of variables and covariates are
provided in Table el (e-supplemental appendix).

Analysis
We tabulated descriptive statistics of baseline variables
(e.g., age, sex, BMI, admission type, APACHE II scores (18),
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Charlson Comorbidity Index (19), Functional Comorbidity
Index (20), pre-ICU Functional Status Score for the ICU
(FSS-ICU) (21), pre-ICU Katz Independence in Activities
of Daily Living (Katz ADL) scores (22)) and trial-related
characteristics (e.g., group allocation, time to first session,
total days of rehabilitation, length of stay in ICU and hospital,
outcomes) according to dichotomized frailty status, with
frailty defined as a CFS score >5. For continuous variables, we
reported means and standard deviations (SD), or medians and
interquartile ranges (IQR) if data were not normally distributed.
We compared characteristics of patients with and without frailty
using Student’s t-tests or Mann-Whitney U tests as appropriate.
We reported categorical variables as counts and proportions,
and compared groups using Pearson’s chi-square test.

We performed confirmatory multivariable linear regression
to estimate the association between pre-hospital CFS scores,
PFIT-s, and MRC-SS. We used binary logistic regression to
model the association between pre-hospital CFS scores and
hospital survival. In both models, we dichotomized patients
by CFS scores for enhanced clinical interpretability. Linear
regression results are presented as mean difference (MD) and
95% confidence intervals (CI). Overall model statistics are
reported as R2 and F values with degrees of freedom (df
numerator, df denominator) in the e-supplemental appendix.
Logistic regression odds ratios (OR) are presented with
95% confidence intervals. We considered a p-value <0.05
statistically significant for all tests. All analyses were performed
using SPSS (IBM Corp. Released 2016. IBM SPSS Statistics
for Macintosh, Version 25.0. Armonk, NY: IBM Corp.).

Missing Data

For patients with missing PFIT-s or MRC-SS data, when
possible, we used ICU discharge scores under the rationale
that ICU scores were based on the patient’s own data and
would provide a conservative estimate of outcome data at
hospital discharge. For patients who died, we assigned PFIT-s
and MRC-SS of 0 under the assumption that those who died
would have little to no function or muscle strength. We
conducted sensitivity analyses to explore the influence of these
imputations for decedents (23).

Sensitivity analyses

Based on methodology adapted from Murphy et al. (23),
we assessed our continuous outcome models with 1) listwise
deletion, wherein only complete cases were included, and 2)
imputed data using mean scores.

Results

We enrolled 66 patients in this pilot RCT (cycle intervention:
n=36, control: n=30) with a mean (SD) age of 61.6 (16.9) years
and APACHE 1I score of 23.5 (8.6) (Table 1). The prevalence
of frailty (CFS>5) in our cohort was 26% (17/66) (Figure 1).
Baseline characteristics were similar between those with and
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Table 1
Baseline characteristics of patients enrolled in the CYCLE pilot RCT, by frailty status

Variable Overall Without Frailty (CFS<5)  With Frailty (CFS>5) Mean difference® p-value
(n=66) (n=49) (n=17) 95% CI
Age in years Mean (SD) 61.6 (16.9) 60.2 (17.8) 65.6 (13.5) -54(-13.8,3.0) p=0.20
Sex (female) n(%) 40 (60.6) 31(63.3) 9(52.9) p=0.45*
BMI Mean (SD) 27.6 (7.1) 274 (6.5)7 28.1 (8.8) -0.66 (-5.5,4.2) p=0.78
Type p=0.02¢
Medical, n(%) 52 (78.8) 42 (85.7) 10 (58.8)
Surgical, n(%) 14 (21.2) 7(14.3) 7(412)
APACHE II Mean (SD) 23.5(8.6) 23.8(9.6) 227 (4.8) 1.11 (-2.5,4.7) p=0.54
Charlson Comorbidity Index, Mean (SD) 1.9 (1.6) 1.9 (1.7) 2.1(1.5) 0.26 (-0.6, 1.1) p =0.55
Functional Comorbidity Index, Median (IQR) 2.0(0.0-2.0) 1.0 (0.0-3.5) 2.0(1.0-4.0) p=0.36F
Pre-ICU admission FSS-ICU, Median (IQR) 35.0 (34.0-35.0) 35.0 (35.0-35.0) 34.0(29.5-34.0) p<0.001°
Pre-ICU Katz ADL score Median (IQR) 6.0 (6.0-6.0) 6.0 (6.0-6.0) 6.0 (3.5-6.0) p<0.001F
Clinical Frailty Scale Median (IQR) 3.0(2.0-50) 3.0(2.0-3.0) 6.0 (5.0-6.0)

a. Pearson Chi Squared Test; 3. Mann-Whitney U Test; y. n=48 (one missing value); . equal variances not assumed; BMI- Body Mass Index; APACHE II- Acute Physiology and Chronic
Health Index II Score; FSS-ICU- Functional status score for ICU; Katz ADL- Katz Activities of Daily living

Table 2
Trial and outcome characteristics of patients enrolled in the CYCLE pilot RCT, by frailty status

Variable Overall (n=66) Without Frailty (CFS<5) With Frailty (CFS>5) p-value
(n=49) (n=17)
Group Allocation
Cycling plus routine PT, n (%) 36 (54.5) 28 (57.1) 8 (47.1) 047
Time from ICU admission to first session, median (IQR) 3.0(2.0-4.0) 3.0(2.0-4.0) 2.0 (2.0-4.0) 0.92
Days of rehabilitation median (IQR) 5.0 (3.0-10.0) 5.0(3.0-10.0) 6.0 (3.5-10.5) 0.51

Length of stay, median (IQR)

ICU 11.0 (8.0-25.0) 11.0 (7.0-25.5) 12.0 (8.0-21.5) 091
Hospital 25.5(14.8-46.5) 24.0 (14.0-45.5) 29.0 (24.5-53.0) 0.16
PFIT-s scores of survivors at hospital discharge* n=43 n=32 n=11
median (IQR) 8.8 (6.4-8.8) 8.8 (6.4-9.7) 8.8 (7.1-8.8)
mean (SD) 8.0(1.8) 79 (1.8) 8.0(L.7)
MRC-SS*# of survivors at hospital discharge n=41 n=31 n=10
median (IQR) 55.0 (50.0-58.0) 55.0 (50.0-58.0) 55.0 (51.5-58.3)
mean (SD) 53.6(5.3) 53.4(5.1) 54.1(5.9)
Mortality n=66 n=49 n=17
ICU, n(%) 18 (27.3) 14 (28.6) 4(235)
Hospital, n(%) 22(33.3) 16 (32.7) 6(35.3)

.. Excludes ICU discharge scores for 2 patients with missing hospital discharge assessments due to unexpected discharge; 8. Excludes ICU discharge scores for 2 patients with incomplete

hospital discharge assessments; Pearson’s Chi Squared Test for categorical variables; Mann-Whitney U Test for continuous variables
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without frailty, with the exception of more surgical admissions
(p=0.019) and unexpectedly higher Katz ADL scores (p<0.001),
and higher FSS-ICU (p<0.001) in those with frailty (Table 1).
Twenty-two (33%) patients died in hospital (36% with frailty,
33% without frailty) (Table 2). There were no differences in
trial-related physiotherapy characteristics, including time to first
physiotherapy session or total days of rehabilitation, between
those with frailty and those without (Table 2).

Figure 1
Clinical Frailty Scale (CFS) scores
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Distribution of Clinical Frailty Scale (CFS) scores. Overall prevalence of frailty (CFS>5)
was 26% (17/66).

One patient completed PFIT-s and MRC-SS assessments
while waiting to be discharged from hospital, but subsequently
deteriorated, was re-admitted to ICU and died during the index
hospitalization. The remaining 21 decedents were assigned
PFIT-s and MRC-SS of 0. Four patients survived, but had some
missing data. For the 2 (3%) patients with missing PFIT-s and
MRC-SS due to unexpected hospital discharge, and 2 (3%)
patients with partially completed MRC-SS (Figure 2), we used
the corresponding ICU discharge measures in place of hospital
discharge scores.

At hospital discharge, frailty was not associated with
PFIT-s scores (MD= 0.20, 95%CI: -2.08 to 2.74) or muscle
strength (MD=1.96, 95% CI: -12.6 to 16.6). These results were
consistent in the sensitivity analyses. Frailty was not associated
with in-hospital mortality (OR= 091, 95% CI: 0.28 to 2.93).
We report full details of each model in eTable 2 and eTable 3,
and results of the sensitivity analyses in eTable 4, and eFigures
1 and 2 in the e-supplemental appendix.

Discussion

In this cohort of previously ambulatory critically ill patients
enrolled in a trial of early rehabilitation, our exploratory
analyses demonstrated that pre-hospital frailty status measured
using the CFS was not associated with physical function,
muscle strength, nor mortality at hospital discharge, after
adjusting for severity of illness and randomized assignment.

Our baseline frailty prevalence was 26% (95% CI: 15.4
to 36.6), which was similar to the 30% (95% CI: 29 to 32)
prevalence reported in previous prospective ICU studies

Figure 2
Flow diagram of patients enrolled in CYCLE Pilot RCT by frailty status
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Patient flow diagram by frailty status. PFIT-s — Physical Function in ICU Test-scored; d/c — discharge; ax — assessment; MRC-SS — Medical Research Council Sum Score. N=23 patients
missed PFIT-s assessments in hospital due to death. N=2 patients had missed PFIT-s and MRC-SS assessments due to unexpected discharge from hospital. N=2 patients had only partial

MRC-SS scores completed.
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summarized in a systematic review (3). Although the wide
confidence interval surrounding our estimate indicates a high
degree of imprecision, our slightly lower observed prevalence
may reflect our inclusion criteria which required patients to
ambulate independently before their critical illness (10, 11).
The high level of baseline independence in this cohort may
also explain the unexpectedly higher Katz ADL and FSS-ICU
scores in those who were frail; however, these differences
may also be due to chance, given our small sample size. Our
results may also differ from this systematic review because the
pooled estimate in the review included several distinct measures
of frailty, including the CFS, Frailty Index (24), and Frailty
Phenotype (1). Both the Frailty Index and Frailty Phenotype
tend to report a higher frailty prevalence compared to the CFS
(25,26).

We found no association between frailty measured using
the CFS and hospital mortality in our small cohort of patients.
Our results are similar to 3 studies in critically ill patients
that did not find an association between frailty and mortality
at hospital discharge (5, 27, 28). In contrast, 3 prospective
studies demonstrated associations between higher CFS scores
and hospital mortality (4, 25, 26). Bagshaw et al. conducted
a 6-center prospective cohort study enrolling 421 medical-
surgical patients with a frailty prevalence of 32.8% and
demonstrated higher in-hospital mortality among patients with
frailty (adjusted OR 1.81, 95% CI: 1.09 to 3.01) (4). Of the
remaining two studies, patients with frailty were also more
likely to die in hospital (25, 26). Compared to our cohort,
differences in previous study results could be due to patient
population (high proportion of trauma patients), or use of
unadjusted analyses (univariate logistic regression and Chi
square) (25, 26).

Our results also differ from previous studies examining
the relationship between frailty and function in ICU
survivors. Three studies reported different results over time
for the association between frailty and function (4, 5, 28).
Hope et al. reported an association between pre-ICU frailty
disability in activities of daily living (ADLs) at 6-months
after hospital discharge, but not at the time of hospital
discharge (28). Brummel et al. demonstrated an association
between higher CFS scores and greater odds of disability in
instrumental activities of daily living (iADL), but not ADLs
at 3- and 12- months post-hospital discharge (5). Bagshaw et
al. demonstrated an independent association between pre-ICU
frailty (CFS =5) and the odds of self-reported new functional
dependence at 6- and 12-months after hospital discharge (OR
2.25,95% CI 1.03 to 4.89) (4). Our results may differ from
previous research because of different measurement methods
(patient self-report vs. performance-based measures), timing of
measurements, or the possibility of type-II error due to small
sample size.

The previously cited studies did not document receipt of
rehabilitation during the ICU stay. Our physical function results
are similar to a single-centre retrospective study of 264 patients

53

who received early progressive mobilization in a cardiovascular
ICU (CVICU) (29). Patients =60 years old, admitted to a
12-bed CVICU and meeting eligibility criteria, received early
mobilization activities. Mobilization activities varied from bed/
cardiac chair (Level 1) to independent/modified independent
walking >50 feet (Level 4). The prevalence of frailty measured
by the CFS was 34.1% (90/264). In a multivariable model,
after adjusting for age, sex, and severity of illness (APACHE
III score), there was no difference in change in level of function
at CVICU discharge between patients with or without frailty.
Similar to other studies, patients with frailty had higher hospital
mortality (8.9%) than those without (5.7%), however the
authors did not conduct an adjusted analysis (29).

Differences in patient population, analysis methods, outcome
measurement, exposure to ICU rehabilitation interventions,
and study design may account for discordant results between
the current study and previous research. Prospective and
historical cohort studies may be limited by confounding as
well as availability and quality of data. Previous studies had
broad inclusion criteria, whereas our study focused on patients
who could ambulate before their critical illness. Few studies
documented receipt of ICU rehabilitation interventions. Our
study included a sample of medical-surgical critically ill
patients from 7 institutions, both the intervention group and
control group started rehabilitation within a median (IQR)
of 3 (2-4) days from ICU admission, and patients completed
performance-based measures (10, 11). Rehabilitation in
ICU is a promising intervention to improve muscle strength,
functional capacity, and walking distance at ICU discharge. It
may also shorten length of stay in both ICU and hospital, and
improve health related quality of life at hospital discharge (30)
and 6-months post discharge (31-33). We hypothesize that
rehabilitation interventions could have a moderating effect on
the functional deficits experienced by ICU survivors with frailty
meeting strict inclusion criteria in clinical trials.

Our study had limitations. Our small sample size
restricted the number of covariates that could be included in
models and rendered our results underpowered and at risk
of residual confounding. With a larger sample, we would
have controlled for other known confounders including the
functional comorbidity index, Katz-ADL, or body mass index.
We dichotomized CFS scores for clinical interpretability.
Furthermore, missing dependent variables due to death were
imputed based on clinical rationale which may have created
biased estimates (34); however, our sensitivity analyses
explored the robustness of our imputation decisions.

Strengths of this study included the use of known
confounders in regression models regardless of their statistical
significance in the model (35). Trained physiotherapists,
blinded to treatment allocation and frailty assessment conducted
our performance-based function and strength measures. We
had limited missing outcome data due to loss to follow up and
managed these missing values using conservative estimates.
Finally, this was the first prospective study of the association
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between frailty and outcomes of physical function, muscle
strength, and mortality in a cohort of critically ill patients
enrolled in an early ICU rehabilitation trial.

There is a projected future increase in our aging population
and subsequently the number of mechanically ventilated
patients (7). These findings support a larger research effort
towards developing and studying interventions which aim to
decrease healthcare system burden and resource utilization
associated with the growing population of individuals living
with frailty (36). To facilitate evaluation of the association of
frailty with function, we suggest that future studies include
common measures at similar time points. Recent papers on
core outcome sets for studies of patients with acute respiratory
failure (37), mechanical ventilation (38), and critical care
rehabilitation studies (39) and frailty (in progress) support this
premise.

Conclusions

We found no association between pre-hospital frailty and
physical function, muscle strength, or mortality at hospital
discharge in previously ambulatory critically ill patients
enrolled in an early rehabilitation trial. Larger sample sizes are
needed to further explore the influence of frailty on short-term
outcomes after hospitalization.
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