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Abstract

Background: The REStORing health of acutely unwell adulTs (RESORT) is

an observational longitudinal cohort, including geriatric rehabilitation inpatients

aged ≥65 years admitted to a geriatrician-led rehabilitation service at a tertiary

hospital. The aim of this study is to describe a home-based bed-substitution reha-

bilitation model for geriatric inpatients, including patient phenotype, and health

outcomes at preadmission, admission, discharge, and three-month follow-up.

Methods: A standardized Comprehensive Geriatric Assessment was per-

formed on admission and discharge, including demographics (home situation,

cognitive impairment, medical diagnoses, etc.), frailty (Clinical Frailty Scale

(CFS)), mobility (patient-reported and Functional Ambulation Classification),

physical performance (Short Physical Performance Battery (SPPB), handgrip

strength), and functional independence (Activities of Daily Living (ADL),

Instrumental ADL (IADL)). Service provision data (health care staff visits,

length of stay (LOS), and negative events (e.g., falls)) were extracted from med-

ical records. Three-month outcomes included mobility, ADL and IADL scores,

institutionalization, and mortality.

Results: Ninety-two patients were included with a mean age of 81.1 ± 7.8 years,

56.5% female. Twenty-nine (31.5%) patients lived alone, 39 (42.4%) had cognitive

NB: parts of this manuscript data were presented in poster format at the Australia and New Zealand Society of Geriatric Medicine Annual Scientific
Meeting held 19th–21st May in Melbourne, Australia.
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impairment and the commonest geriatric rehabilitation admission reason was falls

(n = 30, 32.6%). Patients received care from nurses, physicians, and a median of

four (interquartile range (IQR) 3–6) allied health disciplines for a median LOS of

13.0 days (IQR 10.0–15.0). On a population level, patient mobility and functional

independence worsened from preadmission to admission. CFS, SPPB, ADL, and

IADL scores improved from admission to discharge, and seven (7.6%) patients fell.

At three-month follow-up, patient-reported mobility was comparable to pre-

admission baseline, but functional independence (ADL, IADL) scores worsened

for 27/69 (39.1%) and 28/63 (44.4%), respectively.

Conclusions: Hospitalization-associated decline in mobility and functional

independence improved at discharge and three-months, but was not fully

reversed in the multidisciplinary home-based geriatric rehabilitation bed-

substitution service. Future research should compare outcomes to equivalent

hospital-based geriatric rehabilitation and evaluate patient perspectives.
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INTRODUCTION

Older adults are frequently deconditioned by acute illness
and hospitalization and require rehabilitation, with the
goal of reducing the associated posthospitalization
functional decline, institutionalization, and mortality.1–3

Aging populations and finite health care resources drive
increased focus on health care delivered outside hospital
walls.4,5 Home-based inpatient rehabilitation using a
bed-substitution model (‘home-based rehabilitation’) is
recognized as effective and cost-efficient compared to
hospital-based rehabilitation for selected patients recover-
ing from acute orthopedic conditions and stroke.6–8 After
hip fracture and knee or hip arthroplasty, home-based
rehabilitation models were equivalent or superior in terms
of mobility, pain scores, quality of life, carer burden, hospi-
tal length of stay (LOS), complications, and health care
costs.9–13 Similarly, after acute stroke, there is little differ-
ence in mortality, readmission rates, or carer outcomes
between home-based and hospital-based rehabilitation.7,14

Home-based postacute rehabilitation for geriatric
inpatients with multiple medical problems has not been
widely studied.1,5,6 A randomized controlled trial (RCT)
of 104 acutely hospitalized geriatric inpatients (mean age
83.9 years), reported lower delirium rates in the home-
based rehabilitation group compared to hospital-based
rehabilitation, whereas the functional independence
measure was equivalent in both groups at six-months
postdischarge.15 Qualitative investigation of rehabilita-
tion service models, including home-based rehabilitation
(mean age 70 years), found patient and staff perceptions

of more realistic therapy at home compared to hospital,
and that home was more appropriate for culturally or lin-
guistically diverse patients.16 A retrospective chart review
of home-based rehabilitation patients (no age criteria,
70.6% aged ≥65 years) found that negative outcomes of
hospital ward readmission or death occurred more fre-
quently in older adults compared to younger adults.17

However, this study did not report mobility, physical per-
formance, or postdischarge outcomes, which are impor-
tant considerations when evaluating hospital care for

Key points

• Despite decreased mobility, cognitive impair-
ment, and functional dependence on admis-
sion, most patients in our multidisciplinary
geriatric home-based service completed reha-
bilitation at home.

• The loss of mobility and functional indepen-
dence that occurred in association with hospi-
talization improved at three-months but was
not fully reversed.

• Frequency of negative events, such as falls or
admission to a hospital bed, was not unexpected.

Why does this paper matter?

• Home-based rehabilitation can offer patient-
centered care outside of hospital walls for older
adults.
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geriatric inpatients.18 One retrospective study of a home-
based postacute rehabilitation service (mean age 84.2 years),
found that most patients achieved their mobility goals and
improved global function, and the authors provide a
detailed description of the multidisciplinary care model.19

However prehospital function, and longitudinal outcomes
beyond 30 days, were not assessed.

In Australia, the challenge of caring for increasing
numbers of older patients with complex health needs has
fueled development of hospital-led home-based health
services. The ideal model to provide rehabilitation to
older patients, however, remains to be determined.
Therefore, this study aimed to 1) describe a home-based
bed-substitution geriatric rehabilitation model for geriat-
ric inpatients, including patient phenotype, and 2) to
describe changes in health outcomes at discharge and
three-month follow-up, including mobility, physical per-
formance, functional independence, institutionalization,
and mortality, compared to preadmission and admission.

METHODS

Geriatric home-based rehabilitation

The home-based geriatric rehabilitation model is a
geriatrician-led postacute rehabilitation service based at a
tertiary hospital in Melbourne, Australia. With a ‘bed’
capacity of up to 15 patients during the study period, the
service is designed to substitute hospital-based rehabilita-
tion in the home.

Hospital-based rehabilitation is the prevalent model
for hospitalized older adults in Australia. Delivered in
subacute hospital wards within geographically defined
tertiary hospital networks, these public (i.e., nationally
funded ‘Medicare’) services are free of charge to citizens
and permanent residents. Geriatric (age ≥ 65 years)-
specific multidisciplinary care includes postacute rehabil-
itation and discharge service coordination. Private
(i.e., user-pay) rehabilitation hospitals are available, but
usually do not offer the same breadth of multidisciplinary
care and do not accept patients with complex rehabilita-
tion and discharge needs.

Referrals to home-based rehabilitation were accepted
from acute inpatient hospitals, hospital-based rehabilita-
tion wards (providing they had ongoing rehabilitation
goals), and the community (e.g., general practitioners). A
senior nurse or medical staff with experience in geriatric
rehabilitation and postacute care confirmed suitability.
Eligibility criteria for admission were: complex, chronic,
or multiple health conditions requiring multidisciplinary
input, suitable home environment within the catchment
area (travel time ≤30 min), suitable for the program as

assessed by a geriatrician or rehabilitation physician, that
is, medically stable, able to transfer and toilet safely
(independently or with assistance from a carer who is
always present), and adequate cognitive ability to partici-
pate in rehabilitation. Aged care home residents are ineli-
gible due to government funding restrictions.

Patients received minimum daily visits from the multi-
disciplinary team, including nurses, physicians, physiother-
apists, occupational therapists, allied health assistants,
dietitians, social workers, and speech pathologists, coordi-
nated by a senior nurse. Initial visits included development
of individual rehabilitation goals and safety assessment of
the home environment. Personalized home therapy pro-
grams, prescribed by physiotherapists and occupational
therapists, were implemented by allied health assistants.
Duration of therapy sessions was tailored to patient ability.
Where safe to do so, patients were given exercises to be
done independent of rehabilitation staff. Assistive medical
equipment (e.g., over the toilet frames, bed sticks) could be
provided, and referrals made to relevant community pro-
viders for recommended home modifications and ongoing
equipment provision. Personal care assistants could be bro-
kered (e.g., for showering assistance) and interpreters were
available. Pathology collection in the home and transfer to
imaging services could be arranged. A daily team ‘huddle’
reviewed day-to-day service provision and a weekly
multidisciplinary case conference reviewed patient
progress and care plans. On discharge from the service,
tailored referrals are made to less-intensive community
rehabilitation programs and agencies providing in-home
care (e.g., gardening, home cleaning, showering).

Clinical phone support was available 24 h per day to
patients and their carers. The home rehabilitation senior
nurse and/or physician were available from 8 am to 5 pm.
After 5 pm, a senior rehabilitation nurse or doctor was
contactable but home visits were not available. Ambulance
transfer to the affiliated tertiary hospital emergency
department could be arranged if urgent assessment and/or
admission to an acute or subacute hospital bed was
required. Government funding regulations meant that
patients were not eligible for a rebate to see their primary
care physician (i.e., general practitioner) while admitted to
the hospital-affiliated home rehabilitation service.

Study design

The REStORing health of acutely unwell adulTs (RESORT)
is a multicenter, longitudinal, observational cohort of geriat-
ric rehabilitation patients using a standardized multi-
disciplinary Comprehensive Geriatric Assessment (CGA)
on admission to and discharge from geriatric rehabilitation
at a tertiary hospital. Three-months postdischarge, patients
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were telephoned by a researcher for follow-up assessment.
If the patient or their proxy were not contactable, medical
records were reviewed. These assessments were
implemented in the home-based bed-substitution rehabilita-
tion service in August 2019. Patients admitted to home-
based rehabilitation were recruited between 26th August
2019 and 18th March 2020. Recruitment closed when the
coronavirus disease of 2019 (COVID-19) pandemic began
impacting service delivery and study activities.

Home-based geriatric rehabilitation patients were
included if they were aged ≥65 years, or, if they were
aged <65 years and had an age-related condition.
Patients were excluded if they were palliative at admis-
sion or if they could not consent and had no proxy to
consent on their behalf. Discharge measures were not
available if patients were discharged unplanned
(e.g., transfer to hospital), they declined to complete
assessments when health care staff visited, or, if
patients had already met their rehabilitation goals, and
therefore, did not receive discharge assessments. Ethics
approval was granted by the local Human Research
Ethics Committee (HREC/17/MH/103), and written
consent was obtained from all patients or their nomi-
nated proxy.

Patient characteristics

Baseline demographic information was collected on
admission using surveys with patients and/or carers or
extracted from medical records, including age, sex, living
situation before hospital admission, receipt of formal
home services, and language spoke at home.

Disease and frailty

Physicians recorded morbidity using the Charlson
Comorbidities Index (CCI), a weighted summary mea-
sure combining 19 comorbidities.20 Physicians and
nurses assessed frailty using the Clinical Frailty Scale
(CFS) on rehabilitation admission and discharge,
which rates patients from ‘very fit’ (score = 0) to ‘ter-
minally ill’ (score = 9).21 Cognitive impairment was
defined as a composite of diagnosed dementia, cogni-
tive impairment, or abnormal testing (score <24 on
the standardized Mini-Mental State Examination
(MMSE),22 <26 points on the Montreal Cognitive
Assessment (MoCA),23 or <23 on the Rowland Univer-
sal Dementia Assessment Scale (RUDAS)24). Nurses
administered the Malnutrition Screening Tool (MST),
on a scale from zero to five with higher scores indicat-
ing higher malnutrition risk.25

Reasons for hospital admission

The patient's primary reason for hospital admission was
classified as surgical or nonsurgical, and into the follow-
ing categories: musculoskeletal, neurological, cardiac,
psychiatric, respiratory, and other. The reasons for geriat-
ric rehabilitation admission included all active medical
issues requiring management during home-based reha-
bilitation (i.e., patients may have multiple diagnoses) and
included the following categories: musculoskeletal, neu-
rological, cardiac, psychiatric, respiratory, endocrine/
metabolic/breast, hematological, vascular, genitourinary,
and other. Subcategories used are given in Table 1, and
the commonest condition in each is presented, and any
condition affecting five or more patients.

Mobility and physical performance

Patient-reported mobility measures of walking ability, gait
aid use, difficulty climbing a flight of stairs, and difficulty
walking 100 meters were recorded for preadmission,
admission, discharge, and three-month follow-up. Falls
within 12 months before hospital admission were also
recorded. Preadmission was defined as two weeks prior to
hospitalization for all variables.

On rehabilitation admission and discharge, physio-
therapists and/or allied health assistants assessed mobil-
ity with the Functional Ambulation Classification (FAC),
scored from zero to five with higher scores indicating
greater ambulation independence,26 and physical perfor-
mance using the Short Physical Performance Battery
(SPPB), scored from zero to twelve points with higher
scores representing superior performance,27 and hand-
grip strength (HGS) measured in kilograms with a hand-
held dynamometer (JAMAR, Sammons Preston, Inc.,
Bolingbrook, IL, USA) of which the maximum value of
three attempts was used.28,29

Functional independence

Occupational therapists assessed Activities of Daily
Living (ADL) using the Katz Index, with scores ranging
from zero to six, and Instrumental ADLs (IADLs) using
the Lawton and Brody scale, with scores ranging from
zero to eight, for preadmission, rehabilitation admission,
and discharge. Researchers collected these by telephone
at three-month follow-up. Higher scores indicate higher
levels of independence for both scales, and a change of
one point is clinically significant.30,31

ADL and IADL scores were also categorized into
independent (ADL score = 6, IADL score = 8) or
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dependent (ADL score = 0–5, IADL score = 0–7). Lower
scores indicate dependence in multiple domains.

Change in health outcomes

Change between preadmission, admission, discharge,
and three-month follow-up for CFS, FAC, SPPB, ADL,

TABLE 1 Patient characteristics

Variable N Total

Demographics

Age, years, mean (SD) 92 81.1 (7.8)

Female, n (%) 92 52 (56.5)

Living situation

Alone, n (%) 92 29 (31.5)

With partner, n (%) 92 41 (44.6)

With children, n (%) 92 18 (19.6)

Receives formal home services, n (%) 92 36 (39.1)

English spoken at home, n (%) 86 45 (52.3)

Disease and frailty

CCI score, median (IQR) 92 2 (1–3)

Clinical frailty scale score, median (IQR) 68 5 (5–6)

Cognitive impairment, n (%) 92 39 (42.4)

MST score, median (IQR) 90 0 (0–2)

Primary reason for hospital admission 92

Surgical, n (%) 35 (38.0)

Nonsurgical, n (%) 57 (62.0)

Musculoskeletal, n (%) 44 (47.8)

Neurological, n (%) 15 (16.3)

Cardiac, n (%) 11 (12.0)

Psychiatric, n (%) 6 (6.5)

Respiratory, n (%) 5 (5.4)

Other*, n (%) 11 (12.0)

Reasons for geriatric rehabilitation
admission§

92

Musculoskeletal, n (%) 66 (71.7)

Fall(s) 30 (32.6)

Functional decline 27 (29.3)

Fracture 24 (26.1)

Femur 9 (9.8)

Rib 4 (4.3)

Humerus 4 (4.3)

Otherjj 16 (17.4)

Joint replacement 6 (6.5)

Total hip joint replacement 3 (3.3)

Total knee joint replacement 3 (3.3)

Psychiatric, n (%) 28 (30.4)

Delirium 15 (16.3)

Dementia or cognitive impairment 13 (14.1)

Neurological, n (%) 16 (17.4)

Stroke 11 (12.0)

Cardiac, n (%) 16 (17.4)

Heart failure 11 (12.0)

TABLE 1 (Continued)

Variable N Total

Respiratory, n (%) 14 (15.2)

Community-acquired pneumonia 5 (5.4)

Endocrine/metabolic/breast, n (%) 11 (12.0)

Malnutrition 3 (3.3)

Hematological, n (%) 9 (9.8)

Vascular, n (%) 8 (8.7)

Genitourinary, n (%) 6 (6.5)

Othera, n (%) 11 (12.0)

Mobility and physical performance

Able to walk 92 91 (98.9)

Gait aid used, n (%) 92 77 (83.7)

Difficulty climbing a flight of stairs, n (%) 81 70 (86.4)

Difficulty walking 100 m, n (%) 88 66 (75.0)

FAC score, median (IQR) 85 4 (3–4)

Fall (≥1) in the past year, n (%) 89 57 (62.0)

SPPB score, median (IQR) 71 4 (3–7)

Handgrip strength female (kg), median
(IQR)

36 16.5 (12.2–18.8)

Handgrip strength male (kg), median
(IQR)

40 26.7 (20.0–32.0)

Functional independence

ADL, median (IQR) 91 5.0 (4.0–6.0)

IADL, median (IQR) 89 4.0 (2.0–5.0)

Abbreviations: ADL, activities of daily living; CCI, Charlson comorbidities
index; FAC, functional ambulation classification; IADL, instrumental
activities of daily living; IQR, interquartile range; MST, malnutrition

screening tool; SD, standard deviation; SPPB, short physical performance
battery.
*Other primary reasons for hospital admission were vascular (n = 3),
infection (n = 3), gastrointestinal (n = 3), metabolic (n = 1), and
hematological (n = 1).
§Reasons for geriatric rehabilitation admission: active medical issues
requiring management during the geriatric rehabilitation admission; each
patient may have multiple reasons, and this does not record all patient
comorbidities.
jjOther types of fracture were radius (n = 3), spine (n = 3), pelvis (n = 2),

fibula (n = 1), tibia (n = 2), metacarpophalangeal (n = 1), skull (n = 1),
clavicle (n = 1), knee (n = 1), and foot (n = 1).
aOther reasons for geriatric rehabilitation admission were renal (n = 5),
gastrointestinal (n = 5), and cancer (n = 1); no patients had a hepatic and

pancreatic OR ophthalmological condition.
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and IADL scores were categorized into ‘improved’,
‘unchanged’, or ‘worsened’. One point or greater change
was considered clinically meaningful, with an increase in
score for FAC, SPPB, ADL, and IADL representing
improvement, whereas a decrease in CFS was ‘improved’.
‘Worsened’ category included patients with a lower score
for FAC, SPPB, ADL, and IADL, or a higher CFS score.

Service provision and negative events

LOS during acute hospitalization, hospital-based rehabili-
tation, and home-based rehabilitation were extracted
from medical records. Number and discipline of health
care staff visits during home-based rehabilitation were
recorded, including the number of different allied health
disciplines (physiotherapists, occupational therapists,
allied health assistants, dieticians, social workers, and
speech pathologists).

Medical records were reviewed for prespecified ‘nega-
tive events’ relevant to hospitalized geriatric inpatients
during home-based rehabilitation: falls, infection (new or
worsening), delirium (new or worsening), pressure
injury, venous thromboembolism, emergency department
attendance without transfer to an inpatient hospital bed,
transfer to an inpatient hospital bed, and death. Number
of patients experiencing negative events, and each type of
negative event, were determined.

Other three-month outcomes

Telephone follow-up assessment by researchers deter-
mined mortality, living situation, receipt of formal home
services, institutionalization, and falls.

Statistical analysis

Descriptive statistics were used to analyze patient char-
acteristics and changes in health outcomes using
Statistical Package for the Social Sciences (SPSS) (IBM
SPSS Advanced Statistics 24.0, Armonk, NY, IBM
Corp). Categorical variables were presented as frequen-
cies (n) with percentages (%). Normally distributed
continuous variables were reported as means with
standard deviations (SDs). Medians with interquartile
ranges (IQR) were reported for continuous variables
with skewed distribution.

Graphs were produced using Plotly (Plotly Technolo-
gies Inc., Montreal, Québec, Canada) (box plots) and Gra-
phPad Prism version 9.0.2 for Windows (GraphPad
Software, San Diego, California USA) (all other graphs).

RESULTS

Out of 127 eligible patients admitted to home-based reha-
bilitation, 92 (72.4%) consented to particiapte in the eval-
uation and were included in the study (Figure 1). Their
mean age was 81.1 ± 7.8 years, 52 (56.5%) were female,
29 (31.5%) lived alone, and 36 (39.1%) received formal
home services (Table 1). Forty-five patients (52.3%) spoke
English at home, 57 (62.0%) reported fall(s) in the year
prior, and 39 (42.4%) had cognitive impairment.

The commonest reason for hospital admission was
classified as nonsurgical (n = 57, 62.0%), and the com-
monest category was musculoskeletal (n = 44, 47.8%)
(Table 1). The commonest reason for home-based reha-
bilitation admission was musculoskeletal (n = 66,
71.7%), of which falls (n = 30, 32.6%), was the most
prevalent sub-category. Psychiatric (n = 28, 30.4%) was
the next most common reason, containing delirium
(n = 15, 16.3%) and dementia or cognitive impairment
(n = 13, 14.1%).

Change in mobility, physical performance,
functional independence, and frailty

During home-based rehabilitation, median CFS and
SPPB scores improved (CFS admission: 5 (IQR 5–6), dis-
charge: 4 (IQR 3–6), SPPB admission: 4 (IQR 3–7), dis-
charge: 5.5 (IQR 4–8)) (Figure S1), and over half of
patients individually improved (CFS 32/56, 57.1%; SPPB
37/55, 67.5%) (Figure 2A). Median HGS was stable
between admission (female: 16.5 kg (12.2–278 18.8 kg),
male: 26.7 kg (20.0–32.0 kg)) and discharge (female:
17.8 kg (15.2–20.8 kg), male: 25.2 kg (19.2–31.9 kg)).

FIGURE 1 Patient recruitment and follow-up
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On a population level, patient-reported mobility was
worse on admission to geriatric rehabilitation compared
to two weeks prehospital admission. This improved at

discharge and was close to preadmission results at
three-months (Figure 3A). Median FAC score was stable
from admission (4 (IQR3-4)) to discharge (4 (IQR 4–5)).

FIGURE 2 Change in home-based rehabilitation patient frailty and physical performance from admission to discharge (A), and change

in functional independence from preadmission to 3-month follow-up (B). Pre-Adm: two weeks preadmission to hospital; Adm: admission to

home-based rehabilitation; Disch: discharge from home-based rehabilitation; Fol-up: 3-month follow-up postdischarge from home-based

rehabilitation. Patients were considered improved or worsened in the measured ability if their score improved or worsened by ≥1 point

between the specified study time points. Patients were considered unchanged in the measured ability if there was no change in score.

(A) Frailty measured by the Clinical Frailty Scale and physical performance measured by the Short Physical Performance Battery.

(B) Functional independence measured by Activities of Daily Living and Instrumental Activities of Daily Living scores
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On an individual level, over half (45/79, 57%) of patients
did not change in FAC score, 25/79 (31.6%) improved,
and 9/79 (11.4%) worsened.

The median ADL and IADL scores were lower at
admission (ADL: 5 (IQR 4–6), IADL: 4 (IQR 2–5)) com-
pared to preadmission (ADL: 6 (IQR 5–6), IADL: 6 (IQR
4–8)), did not increase during home-based rehabilita-
tion, and only the median IADL score had returned to
preadmission level at three-months (ADL: 5 (IQR 4–6),
IADL: 6 (IQR 3–7)) (Figure 3C). The percentage of
patients with complete functional independence were
highest preadmission (ADL: 59/88 (67.0%), IADL: 29/87
(33.3%)), lowest on admission (ADL: 24/91 (26.4%),
IADL: 0/89 (0.0%)), and higher at discharge (ADL: 36/83

(43.4%), IADL: 3/74 (4.1%)), and 293 three-month
follow-up (ADL: 35/73 (47.9%), IADL: 14/67 (20.9%))
(Figure 3B).

On admission to rehabilitation, ADL and IADL scores
had worsened for 52/87 (58.6%) and 66/87 (75.9%)
patients, respectively, compared to preadmission
(Figure 2B). At discharge, ADL ability was unchanged
from preadmission levels for 41/79 (51.9%) patients, and
31/79 (39.2%) worsened. IADL independence was worse
for 50/71 (70.4%) patients at discharge and 28/73 (44.4%)
patients at three-month follow-up, compared to pre-
admission. When compared to admission scores, most
frequent patients had improved IADLs both at discharge
(28/73, 38.4%) and three-month follow-up (33/54, 61.1%).

FIGURE 3 Home-based

rehabilitation patient mobility

(A), total functional

independence (B) and

functional independence scores

(C) from preadmission to

3-month follow-up. Pre-Adm:

two weeks preadmission to

hospital; Admission: admission

to home-based rehabilitation;

Discharge: discharge from

home-based rehabilitation;

Follow-up: 3-month follow-up

postdischarge from home-based

rehabilitation. (A) Patient-

reported mobility.

(B) Percentage of patients with

total functional independence

measured by Activities of Daily

Living (ADL and Instrumental

Activities of Daily Living (IADL)

at each study time point.

Patients were considered

independent in ADLs and

IADLs if no points were lost,

that is, ADL score = 6, IADL

score = 8. 2.C. Patient

functional independence level

measured by ADL (0–6) and
IADL (0–8) score at each study

time point. Median scores are

represented within boxes by

horizontal lines, and limits of

the interquartile range are

represented by the top and

bottom box borders. Points

represent individuals
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Service provision and negative events

Median LOS in home-based rehabilitation was 13.0 (IQR
10.0–15.0) days (Table 2). Prior to home-based rehabilita-
tion, 90 (97.8%) patients were admitted to an acute hospi-
tal bed for a median of 6.0 (IQR 4.0–12.3) days, and
50 (54.3%) patients spent a median of 15.0 (IQR 8.0–24.0)
days in hospital-based rehabilitation before being admit-
ted to home-based rehabilitation.

Patients received visits from a median of 1.6 (IQR1.5–1.8)
health care staff daily. All were seen by a nurse,
88 (95.7%) by a physician, and were visited by a median
of 4 (IQR 3–6) different allied health disciplines. Patients
received nurse visits a median of 6 (IQR 5.4–6.7) times per
week during their admission, followed by allied health
assistants (1.7 (IQR 1.2–2.4) visits), physiotherapists
(1.6 (IQR 1.2–2) visits), and occupational therapists
(1.2 (IQR 0.8–1.6) visits).

Transfer to an inpatient hospital bed (n = 13,
14.1%) was the commonest negative event during reha-
bilitation. Seven (7.6%) patients fell, with one (1.1%)
sustaining a fall-related injury, which was managed in
their home.

TABLE 2 Geriatric home-based rehabilitation service

provision: length of stay, multidisciplinary care, negative events,

and three-month outcomes

Variable n Total

Length of stay, days, median (IQR)

Acute hospital care* 90 6.0 (4.0–12.3)

Home-based geriatric rehabilitation 92 13.0 (10.0–15.0)

Hospital-based rehabilitation 50 15.0 (8.0–24.0)

Total inpatient hospital (acute and
rehabilitation wards)*

90 16.0 (6.8–28.0)

Total admission (acute hospital and
hospital-based rehabilitation and
home-based rehabilitation)

92 29.0 (20.0–40.5)

Multidisciplinary health care, number of visits, median (IQR)

Number of visits per day (any health
care staff )

92 1.6 (1.5–1.8)

Number of visits per week (any health
care staff)

92 11.4 (10.5–12.8)

Number of health care staff visits per
week, by discipline

Nurse 92 6.0 (5.4–6.7)

Physician† 88 0.6 (0.5–0.8)

Physiotherapist 91 1.6 (1.2–2)

Occupational therapist 87 1.2 (0.8–1.6)

Allied health assistant 79 1.7 (1.2–2.4)

Dietitian 36 0.7 (0.5–1.0)

Social worker 32 0.8 (0.5–1.2)

Speech pathologist 5 0.6 (0.5–1.6)

Number of different allied health
disciplines‡

92 4 (3–6)

Negative events, n (%)

Patients who experienced any negative
event(s)

92 22 (23.9)

Single negative event 15 (16.3)

Multiple negative events (≥2 events) 7 (7.6)

Fall 92 7 (7.6)

Single fall 5 (5.4)

Multiple falls (≥2 falls) 2 (1.2)

Fall-related injury 1 (1.1)

Infection (new or worsening) 92 4 (4.4)

Delirium (new or worsening) 92 2 (2.2)

Developed prior to admission 1 (1.1)

Developed during admission 1 (1.1)

Pressure injury 92 1 (1.1)

Venous thromboembolism 92 0 (0)

Emergency department attendance 92 3 (3.3)

Transfer to an inpatient hospital bed 92 13 (14.1)

TABLE 2 (Continued)

Variable n Total

Acute hospital 11 (12.0)

Hospital-based geriatric
rehabilitation

2 (2.2)

Other 92 1 (1.1)

Death 92 0 (0)

Three-month outcomes, n (%)

Deceased 91 5 (5.4)

Living at home 79 75 (81.5)

Living alone 27 (29.3)

Institutionalized (living in residential
aged care home)

79 4 (4.3)

Fall 69 11 (12.0)

Single fall 7 (7.6)

Multiple falls (≥2 falls) 4 (4.3)

Abbreviation: IQR, interquartile range.
*Two patients were admitted to home-based rehabilitation direct from the
community; therefore, total inpatient hospital length of stay is relevant to 90
patients.
†Four patients were not seen by a home-based rehabilitation physician, as
they were recently reviewed by another physician and the home-based
rehabilitation team judged that their physician review was not required.
‡Number of different allied health disciplines includes physiotherapists,
occupational therapists, allied health assistants, dietitians, social workers,

and speech pathologists.
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Other three-month outcomes

Three-months after discharge from rehabilitation, five
(5.4%) patients were deceased (Table 2). Seventy-nine
(85.9%) lived at home, 27 (29.3%) lived alone, and four
(4.3%) had entered residential aged care. Eleven (12.0%)
reported at least one fall since discharge.

DISCUSSION

On admission to home-based rehabilitation, patients were
predominantly in their 8th and 9th decade of life, frail, had
multiple comorbidities, including cognitive impairment,
low muscle strength, and dependency in ADLs and IADLs.
Despite this phenotype, most patients completed their reha-
bilitation at home and improved their mobility, physical
performance, functional independence, and frailty scores.
This challenges some assumptions of hospital ward-based
clinicians about patient suitability for home-based inpatient
bed-substitution care. In a study of hospitalized inpatients,
ward-based clinicians most frequently reported functional
and cognitive disability (63.5%), and inappropriate home
environment or social supports (45.2%), as barriers to their
patients receiving home-based bed-substitution care.32

However, clinicians experienced in home-based care identi-
fied many more suitable patients than their ward-based
colleagues.

Improvement in functional independence and frailty
achieved in home-based rehabilitation may also reduce
health care system costs, as poor performance in these
variables has been associated with higher health care
costs after hospital discharge for older adults.18 Advanced
age and the potential for geriatric syndromes, including
cognitive dysfunction, has been proposed as a contributor
to negative outcomes during home-based rehabilitation.17

The frequency of patient transfer to a hospital bed from
home-based rehabilitation was higher in our cohort than
in an Australian retrospective chart review (6.3%), how-
ever, their service did not include nurses and patients
were younger (29.4% were aged ≤65 years), and there-
fore, patients were likely less frail or dependent.17 A
demographically similar (mean age 84.2 years, >100 dif-
ferent diagnostic related groups, mean LOS 14.2 days)
American home-based postacute rehabilitation service,
however, reported a similar rate of patients requiring
Emergency Department review without hospital admis-
sion (2.5%) and readmission to a hospital bed (11.8%).19

A fall was the commonest reason for admission to
home-based rehabilitation—an important finding given
the significant association of falls with morbidity, mortal-
ity, and new institutionalization for older adults.33 Falls
prevalence in the previous 12 months was also higher in

our cohort than the falls rate in community-dwelling
older adults (�34% in people ≥85 years old),34 and in
another home-based rehabilitation cohort where only
4.9% of patients reported fall(s).17 A RCT comparing
home-based rehabilitation to hospital-based rehabilita-
tion in older patients after a fall with hip fracture found
no difference in falls rates at four-month follow-up
(18%).10 Falls rate between discharge and three-month
follow-up in our study was lower, possibly affected by
one-month shorter follow-up period, and was comparable
to another study of three-month outcomes for acutely
hospitalized older adults.35 Surprisingly, falls during
rehabilitation were not reported in any of the home-
based rehabilitation studies discussed.10,15–17,19 However
there is objective evidence that older adults are more
active when they receive rehabilitation at home instead
of hospital,36 which may predispose to falls. Future
home-based rehabilitation studies, including older adults
must include falls reporting, and service provision should
include falls prevention and management.

Our service provided true multidisciplinary health
care in the home, with patients receiving care from a
nurse, physician, and four different allied health disci-
plines. This enabled integration of standardized assess-
ments into routine care. Nurses formed the backbone of
our program as the most frequent visitors to patients; this
allowed us to care for a cohort with high rates of func-
tional dependency. Other studies have not described their
patients in similar detail for direct comparison, how-
ever.10,15–17

Three-months after discharge, patients had improved
functional independence and mobility compared to their
home-based rehabilitation admission status but did not
return to preadmission levels. This contrasts a study of simi-
larly aged acutely hospitalized patients, which found compa-
rable rates of ADL and IADL independence at hospital
admission and three-months postdischarge.37 However,
lower prevalence of cognitive impairment (17.6%) and
absence of need for hospital-based rehabilitation indicates
different patient characteristics to our cohort. Persistence of
increased dependency three-months after discharge high-
lights the need to offer long-term support services to hospital-
ized older adults, and to identify, which strategies are most
effective in recovering preadmission function long-term.

Our broad study inclusion criteria and noninterventional
study design were highly acceptable to patients, which met
our primary aim of describing the home-based rehabilitation
population. Loss of choice about where care is received has
been identified as a barrier to recruiting hospitalized patients,
especially geriatric populations, to RCTs of home-based reha-
bilitation.9,38 There are limitations, however, to the conclu-
sions that can be drawn from our study. As an observational
study, effectiveness and safety of home-based rehabilitation
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compared to hospital-based rehabilitation for geriatric inpa-
tients cannot be determined. Cost and patient and carer
perspectives, were also not captured. The single-center loca-
tion and relatively small sample size limited our ability to
perform statistical tests, which might influence the conclu-
sions; however, we contribute to the groundwork needed
for future research into this seldom-studied model of bed-
substitution home-based rehabilitation.

In summary, despite frailty, decreased mobility, cog-
nitive impairment, and increased functional dependence
on admission, most patients in our multidisciplinary
home-based rehabilitation service completed rehabilita-
tion at home, and frequency of negative events, such as
falls, was not unexpected. The loss of mobility and func-
tional independence that occurred in association with
hospitalization improved at three-months but was not
fully reversed. Comparison with a matched group of
patients in hospital-based geriatric rehabilitation is
required to determine if home-based rehabilitation is a
true bed-substitution model. Understanding the patient
and carer perspective, cost analysis, and longer-term out-
comes should be evaluated in future studies.
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Figure S1. Home-based rehabilitation patient frailty and
physical performance from admission to discharge.
Home-based rehabilitation patient frailty and mobility
scores at admission to, and discharge from, home-based
rehabilitation. Median scores are represented in within
boxes by horizontal lines, and limits of the interquartile
range are represented by the top and bottom box borders.
Points represent individuals.
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