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ABSTRACT: Background:We reviewed numerous variables for ischemic stroke patients admitted to a rehabilitation unit to determine
those that were statistically associated with discharge destination.Methods: A retrospective chart review of patients with ischemic stroke
discharged from the rehabilitation unit between January 1, 2005 and December 31, 2015. Variables were examined for their association
with discharge destination (home versus long-term care (LTC)). Univariable relationships with discharge destination were assessed, and a
multivariable logistic regression model was built. Results: Univariate predictors of discharge to LTC: advanced age, decreasing
admission and discharge functional independence measure (FIM) scores, increasing change in FIM score from admission to discharge,
dependency, residence outside of home before the stroke, absence of a caregiver, urinary and bowel incontinence, low Berg balance score
at admission and discharge, low Montreal Cognitive Assessment scores, smoking, chronic heart failure, and an inability to transfer.
Multivariable logistic regression: five factors remained significant predictors with LTC disposition: advanced age, bowel incontinence,
residence outside of the home prior to stroke, right hemisphere site of the stroke, and absence of a caregiver. Conclusions: Several easily
measured variables were significantly associated with discharge to LTC versus home following stroke rehabilitation.

RÉSUMÉ : Lieux de destination de patients ayant obtenu leur congé après avoir été admis dans une unité en réadaptation à la suite d’un AVC.
Contexte : Nous avons passé en revue les multiples variables associés aux patients victimes d’un AVC admis dans une unité en réadaptation afin de
déterminer celles étant statistiquement associées à leur lieu de destination suite à leur congé. Méthodes : Pour ce faire, nous avons effectué un examen
rétrospectif des dossiers de patients victimes d’un AVC. Nous nous sommes ainsi intéressés à ceux ayant été soignés dans une unité en réadaptation du 1er

janvier 2005 au 31 décembre 2015 et ayant obtenu par la suite leur congé. Nos variables ont été analysées en fonction de leur association avec le lieu de
destination des patients suivant leur congé, à savoir leur domicile ou une unité de soins de longue durée (USLD). En plus d’évaluer les relations entre des
variables uniques et le lieu de destination des patients, nous avons aussi élaboré un modèle statistique de régression logistique à variables multiples.
Résultats : Les variables uniques prédisant un séjour dans une USLD sont les suivantes : un âge avancé ; des scores en baisse à la MIF au moment de
l’admission et du congé ; des modifications de plus en plus nombreuses aux scores de la MIF entre l’admission et le congé ; la dépendance à autrui ; résider
ailleurs que chez soi avant l’AVC ; l’absence d’un proche aidant ; être atteint d’incontinence urinaire et fécale ; obtenir de bas scores à l’échelle
d’évaluation de l’équilibre de Berg au moment de l’admission et du congé ; obtenir de bas scores au Montreal Cognitive Assessment ; le tabagisme ;
l’insuffisance cardiaque chronique ; et finalement, l’impossibilité d’un transfert. En ce qui regarde la régression logistique à variables multiples, 5 d’entre
elles ont pu prédire de façon notable la possibilité d’être dirigé vers une USLD : un âge avancé ; l’incontinence fécale ; résider ailleurs que chez soi avant
l’AVC ; un AVC affectant l’hémisphère droit du cerveau ; et finalement, l’absence d’un proche aidant. Conclusions :Après un programme de réadaptation
post-AVC et l’obtention d’un congé, plusieurs variables facilement mesurables ont pu être clairement associées aux cas de patients dirigés vers une USLD
plutôt qu’à domicile.
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INTRODUCTION

It is estimated that 264,000 or 0.75% of the Canadian popu-
lation are living with the effects of stroke.1 Ischemic strokes are
10 times more common than hemorrhagic strokes.2 Although
hemorrhagic strokes have a higher mortality in the acute phase, it
has been shown that outcomes of both hemorrhagic and ischemic
strokes in patients discharged from a rehabilitation setting are
similar.3 It is established that early in-patient rehabilitation for
stroke patients is associated with improvement, better outcomes,
and a higher percentage who return home.4–8 However, some

patients are more likely to benefit than others; to maximize the
use of scarce and expensive resources, some stratification and
selection of patients are necessary.
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The functional independence measure (FIM) is an 18-item
assessment of physical, psychological, and social functioning.
The AlphaFIM, introduced in 2014 in Ontario, is more specifi-
cally designed for indices of stroke severity (using eating,
grooming, bowel management, toilet transfers, expression, and
memory) while patients are in the acute stroke units.3,9,10 In
general, values between 40 and 80 for AlphaFIM are commonly
used to select patients for rehabilitation: values above 80 can
usually be managed in the community and values below 40 are
often selected for “slow stream” rehabilitation or long-term care
(LTC) from discharge from the acute stroke unit.9,11,12

Because of the higher incidence of ischemic stroke and since
ischemic and hemorrhagic strokes often have different pathogen-
eses and comorbidities, we chose to study ischemic stroke
patients who were admitted to our rehabilitation unit.13 We
selected patients admitted to our rehabilitation unit as there was
a more comprehensive capture of variables than were obtained
during the acute phase from referring hospitals.

The purpose of our study was to use a broad approach,
weighing all the variables at our disposal to determine which
were the most likely to be associated with transfer to LTC versus
discharge home.

METHODS

Records of all patients with acute ischemic stroke as the
principal diagnosis who were discharged from our general reha-
bilitation unit at Grey Bruce Health Services in Owen Sound,
Ontario, between January 1, 2005 and December 31, 2015 were
reviewed and the following information was extracted: age at
onset of stroke, sex, FIM, and AlphaFIM scores prior to admis-
sion and FIM scores at admission and at discharge from rehabili-
tation, difference in FIM between admission and discharge to
rehabilitation. (FIM change), residence (living at home versus
chronic care facility), independent activities of daily living, right
versus left versus both cerebral hemispheres, bladder inconti-
nence while in rehabilitation, bowel incontinence while in reha-
bilitation, dysphagia while in rehabilitation, aphasia, Berg Bal-
ance Scale score on admission and at discharge, change in Berg
Balance Scale score from admission to discharge, ability to
transfer at discharge, Montreal Cognitive Assessment (MoCA)
score (done within 3 days of admission to rehabilitation), hemi-
anopsia (assessed by a qualified neurologist), the presence of
caregiver and having independent financial support for care.
Additionally, any comorbidities were recorded in a free text
field. This free text field was mined at the data analysis step to
identify the most common comorbidities for assessment. These
were diabetes mellitus, atrial fibrillation, previous stroke, coro-
nary artery disease (CAD), smoking, dyslipidemia, CHF, hemi-
paresis, previous coronary bypass graft (CABG), benign prostatic
hypertrophy (BPH) with urinary symptoms, chronic obstructive
pulmonary disease, and obesity.

Patients were categorized as being either discharged home or to
LTC, which we defined as any type of chronic care facility ranging
from assisted living to higher level care where all activities of daily
living and feeding are provided, as the dependent variable. Uni-
variable logistic regression models were run for each of the inde-
pendent variables to assess their relationship with the discharge
destination. Correlation among the independent variables was
assessed using Pearson and Spearman’s correlation coefficients,

where appropriate for variable types. Where pairs of variables were
found to be highly correlated (p > |0.8|), variables with higher
recording consistency, or deemed more biologically plausible
were retained for further modeling. Variables with a p-value of
<0.2 were used to build a multivariable logistic model using a
manual backwards selection approach, maintaining variables with
a p-value of ≤0.05. A priori rules for model building were set as
follows: (1) a cut-off of 30% was used to assess confounding
during the model building process, where variables that produced a
>30% change in other significant coefficients would be forced into
the model. (2) Linear variables were visualized using locally
weighted scatterplot smoothing with the log odds of the discharge
destination in order to identify curvilinear relationships. Quadratic
terms were introduced to the model where appropriate, or variables
were categorized using logical groupings based upon cut-offs
found in the literature. (3) Biologically significant interaction terms
were assessed using a p-value cut-off of 0.05.

Variables modeled as linear were age and change in Berg
score from admission to discharge. Variables that were not well
modeled in a linear manner and were therefore categorized were
Berg scores at admission and discharge, categorized into <20,
20–<40, and 40+; and change in FIM was categorized to 1–4 and
5+. These categorizations allowed for more appropriate modeling
and to separate those with severe disabilities from those with less
marked deficits. Additionally, location of stroke was modeled as
categorical (left, right, and both hemispheres).

RESULTS

Table 1 lists the variables, numbers of patients with data
recorded for each variable, the odds ratios, and p-values for
univariable analysis against the destination of being discharged to
LTC or home. All of the ischemic strokes are involved in the
cerebral hemispheres except one pontine stroke. We eliminated
that case from our review. The following were significant
predictors of LTC disposition: age, admission, and discharge
FIM scores (allowing determination of improvement in scores,
Figure 1), AlphaFIM score, change in AlphaFIM score, depen-
dency and site of accommodation before the stroke (which are
likely to be closely related), presence of a caregiver, urinary and
bowel incontinence, the Berg Balance Scale score (Figure 2),
MoCA, and ability to transfer. Interestingly, the following did not
reach significance: sex, dysphagia, aphasia, hemianopsia, and
various comorbidities (diabetes mellitus type 2, atrial fibrillation,
previous stroke, CAD, CHF, smoking, dyslipidemia, hemiparesis,
BPH, and CABG).

Multivariable analysis showed the following five factors to
have the most prominent associations with LTC disposition: age,
bowel incontinence, residence prior to stroke, laterality of the
stroke, and caregiver availability (Table 2). Patients were more
likely to be discharged to LTC if they were older, living outside of
the home before the stroke, had a right hemisphere stroke, suffered
from bowel incontinence, and had no caregiver available.

DISCUSSION

Our study focused on those patients who were discharged
from a rehabilitation unit after acute ischemic stroke and differs
from some earlier studies that examined patients in stroke
units.11,14–20 Thus, our study had a selection bias, usually
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Table 1: Univariable results for all predictor variables against the outcome of being discharged to LTC versus home

Variable N Odds ratio p-value

Age 227 1.103 <0.001

Average FIM admission score 227 0.423 <0.001

AlphaFIM admission score 227 0.955 <0.001

Average FIM at discharge 175 0.372 <0.001

Delta Alpha 175 2.597 0.028

Living outside of home before
stroke

227 6.500 <0.001

Dependent on others for activities
of daily life

227 2.596 0.019

Hemisphere of stroke Both 201 Referent 0.077

Left 0.115

Right 0.436

Bladder incontinence 205 5.068 <0.001

Bowel incontinence 207 2.938 0.006

Dysphagia 199 1.409 0.322

Aphasia 212 1.585 0.177

Berg at admission <20 214 Referent 0.002

20−40 0.406

40+ 0.171

Berg at discharge <20 214 Referent <0.001

20−40 0.162

40+ 0.064

Delta Berg <20 227 Referent 0.828

20−40 0.893

40+ 1.280

Comorbidities T2DM 227 0.208 0.133

Atrial fibrillation 227 1.617 0.267

Previous cerebrovascular accident 227 1.048 0.945

CAD 227 1.412 0.530

Smoker 227 0.273 0.038

Dyslipidemia 227 0.511 0.188

CHF 227 5.238 0.017

Hemiparesis 227 1.289 0.761

CABG 227 1.956 0.447

BPH 227 0.370 0.349

COPD 227 0.223 0.150

Obesity 227 0.370 0.349

Unable to transfer at admission 102 Cannot converge 0.004

Unable to transfer at discharge 139 6.769 <0.001

MoCA score 91 0.827 0.001

Hemianopsia 190 1.809 0.166

No caregiver available 208 8.772 <0.001

Financial challenges/insurance not
available

220 3.125 0.100

A fib, atrial fibrillation; BPH, benign prostatic hyperplasia; CABG, previous coronary bypass graft; CAD, coronary artery disease; CHF, congestive heart
failure; COPD, chronic obstructive pulmonary disease; Delta Alpha, difference in AlphaFIM score between admission and discharge; Delta Berg, change
in Berg score between admission and discharge; FIM, functional independence measure; MoCA, Montreal Cognitive Assessment score; T2DM, type 2
diabetes mellitus.
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eliminating those patients with early mortality and AlphaFIM
scores >80 and <40 (criteria for admission to rehabilitation after
2014). Our study was more inclusive of more independent
variables than many earlier studies with respect to discharge
destination from rehabilitation after acute ischemic stroke.

We found discharge destination to be associated with numerous
variables at the univariable level: Berg balance score, indicating
risk of falling (recently shown by Louie and Eng21 as a strong
predictor of regaining unassisted ambulation), age (as shown
previously by Scrutinio et al., Glader et al., and Bindawas
et al.),3,18,22 FIM score and improvement in FIM score during
the stay on rehabilitation (as shown by Scrutinio et al. and Thorpe
et al.),3,23 bladder and bowel incontinence (bladder incontinence
was also shown to be related to LTC discharge by John et al.),15

ability to transfer (not previously explored), and MoCA score (as
shown by Chan et al.).24 The self-perceived functional improve-
ment, dependency for indoor functioning and social relations with
family members/caregivers are also determinants in participation
and eventual autonomy,25 but this was not examined in our study.

Not surprisingly, patients who were already in LTC prior to
their stroke would be unlikely to go home after a stroke, which
would produce even greater disability. Similarly, the presence of
a caregiver already in place would greatly enhance the chances
of being discharged home, as others have shown.14,20,26 Some
variables are inter-related, for example, younger patients are more
likely to have a caregiver at home than older patients.14 It is of

interest that comorbidities were not statistically associated with
discharge destination. Some neurological deficits, for example,
hemianopsia, aphasia, dysphagia also did not impact on discharge
destination, as was shown by Dromerick and Reding,19 even
though they may pose serious social and care challenges.27

However, multiple, coexisting comorbidities at least in acute
settings, can affect disposition.19,28 This is especially important
in the elderly, where treatment of acute complications can make a
difference in outcome.29

Our study had similar results to the larger Canadian Institute
of Health Information (CIHI) study published in 2009.30 Motor
function on admission was the strongest predictor of discharge
destination, followed by whether or not the patient lived with
someone prior to the stroke. There were some differences be-
tween our study and the CIHI report, in that all types of
hemorrhagic strokes were included and comorbidities, conti-
nence, and Berg scores were not specifically included in the
CIHI study. More detail was paid in the CIHI study to cognitive
factors. A recent meta-analysis31 confirmed the importance of
stroke severity and age as strong predictors of discharge to LTC.
There was considerable heterogeneity among the 18 included
papers, which were not comprehensive in including all possible
variables; potentially modifiable (risk) factors were rarely
examined.

Multivariable analysis revealed the five main variables that
together were best able to predict the discharge destination: age,
residence prior to stroke, right hemisphere site of stroke, bowel
continence, and presence of caregiver. While increasing age,
bowel incontinence, and the absence of a caregiver are logically
expected to be linked to discharge to LTC (and were found to be
statistically linked in our study), our finding that right hemi-
spheric stroke patients are more likely to go to LTC than those
with left or bilateral hemispheric strokes seems at odds with
earlier papers.32 Prior research has suggested that left hemi-
spheric strokes do worse than right hemispheric strokes, but
these studies related to those with acute strokes: patients with
left-middle cerebral artery strokes were more likely to show early
mortality and an initially lower Glasgow Coma Scale score and
higher National Institutes of Health Stroke Scale (NIHSS).32

However, the selective nature of our study eliminates these early
differences and produces a more “even playing field”. Thus, a
more direct comparison of right versus left hemispheric damage
in the post-acute phase was possible.

Enduring unilateral spatial neglect (USN) is defined as “failure
to report, respond, or orient to novel or meaningful stimuli
presented to the side opposite the brain lesion when this failure
cannot be attributed to either sensory or motor deficits.”33 While
the hospital charts did not consistently mention USN, this is a
feature of right hemisphere lesions, in contrast with left hemisphere
lesions that have more language-related deficits.34–37 Patients with
USN do not improve as much in motor or sensory function or
activities of daily living during the period of acute hospitalization
and rehabilitation as those without USN, in comparison with those
patients with hemiparesis but without neglect.34,38 Thus, those
right hemisphere-damaged patients with neglect tend to show less
improvement and would probably be more likely to require LTC.39

Most patients (87%) with right hemisphere strokes showed USN in
the series of Klinke et al.39 The relative lack of improvement
during rehabilitation in right hemisphere damaged (RHD) com-
pared to left hemisphere damaged (LHD) stroke patients was also

Figure 1: Average FIM score at admission and discharge for ischemic
stroke patients discharged to home and LTC from the rehabilitation unit
at Grey Bruce Health Services in Owen Sound, Ontario, between
January 1, 2005 and December 31, 2015.

Figure 2: Average Berg Balance Scores at admission and discharge for
ischemic stroke patients discharged to home and LTC from the rehabili-
tation unit at Grey Bruce Health Services in Owen Sound, Ontario,
between January 1, 2005 and December 31, 2015.
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noted by Ween et al.9 We suggest that neglect and other deficits
should be further explored with advanced techniques, such as
fMRI, to explore how brain networks are affected and ultimately
therapy can be targeted accordingly.40

While lower MoCA scores increase the probability of LTC
destination, this may apply primarily to left hemispheric strokes. It
has been shown that the MoCA lacks sensitivity and specificity in
the detection of overall cognitive deficiency, processing speed,
executive functions, and nonverbal memory for patients with right
hemisphere strokes compared with those with left hemispheric
strokes, when patients were assessed with comprehensive neuro-
psychological testing.27 This could create a problem in designing
rehabilitative strategies for patients with right hemispheric strokes
when MoCA is used as the main cognitive screening tool.
It is noteworthy that MoCA scores were similar in discharge
destination from acute stroke units in the study by Dutrieux
et al.14 More in-depth cognitive assessment indicates that visuo-
spatial, executive function, memory, and language function were
the most important vascular cognitive impairments in determining
functional outcomes.41 Also, pre-stroke dementia did not alter the
functional outcome of elderly patients with ischemic stroke; both
the demented and nondemented groups (using MoCA scoring
criteria) made similar motor gains on FIM scoring.17 Similarly,
the NIHSS has been shown to be more predictive of outcome for
LHD than RHD ischemic strokes.42

We found no significant differences between men and women
for discharge to LTC. Other studies had variable results, some
showing that men were more likely to require institutional care
than women or that there were no sex differences in disposi-
tion.43–46 The largest study, involving thousands of patients in the
Swedish stroke registry found women fared worse than men, but
women had more unfavorable predisposing factors.18 It is possible
that our study was underpowered to show a sex difference. This
may be worth examining in a larger, future study, as there may be
gender differences in ability to cope independently or in the
availability of a spouse being available to act as caregiver.

Our study has several other limitations. These largely relate
to its selection bias and retrospective nature, prone to have
missing data, and imprecision for localization and classification
of stroke. Some data were missing in our retrospective review,
although our calculations took this into account. From the
review of charts and neuro-imaging (mainly CT images) it
was not always possible to separate small vessel/lacunar strokes

from larger vessel or cardioembolic strokes. Most of our cases
were large vessel rather than lacunar strokes; only three were
obviously lacunar in nature and none were recognized as
brainstem infarcts. While our study is not representative of the
case mix of patients admitted for stroke rehabilitation in most
centres, the severity of strokes as measured by preadmission
AlphaFIM and FIM scores during rehabilitation is probably
similar. As Ween et al.9 pointed out the lesion site and lesion
type (large vessel versus small vessel strokes) may have con-
founding effects on discharge destination, having predominant-
ly large vessel ischemic strokes in our series allows for a more
direct comparison of lesion site.

The probability of discharge home versus LTC is best under-
stood by considering multiple variables, as in our study.47,48

Using grouped data to make decisions about individual patient
discharge destination has limitations. Among individual cases,
there will be different weightings of variables dependent on
caregivers, affect, motivation, and other factors that require
individual consideration.49 This is not to deny that any improve-
ment gained in rehabilitation (Figures 1 and 2) and continued
outreach care is worth the effort in many patients destined for
LTC, as the subsequent level of care required, resource implica-
tions, and quality of life can benefit from the gains made in
rehabilitation. Attention should be given to the modifiable risk
factors that respond to the rehabilitative effort. Clearly, more
work is needed to model the variables in cluster50,51 or multivar-
iable analysis in a larger sample size, preferably in a prospective
study,51 for timely, projected effects of rehabilitation strategies
on patients with ischemic strokes on the full spectrum of out-
comes.52 While such population studies will help us to pay more
attention to modifiable variables, each patient requires individual
attention, as the importance or weighting of the various factors
will vary with each case.

STATEMENT OF AUTHORSHIP

Each author contributed to the design and authorship of the
article. AS collected and tabulated the data; SG-K performed the
statistical analysis; and GBY performed literature searches and
contributed to the discussion.

DISCLOSURES

The authors declare no conflicts of interest.

Table 2: Multivariable results for logistic regression analyses of predictors associated with being discharged to LTC

Variable Odds ratio Standard error p-value

Age 1.154 0.042 <0.001

Living outside of home before stroke 14.474 17.156 0.004

Hemisphere of stroke

Both Referent

Left 0.057 0.113

Right 0.307 0.608 0.014

Bowel incontinence 10.569 7.955 0.002

No caregiver available 22.073 <0.001 0.003
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