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Background: Intensive inpatient rehabilitation is well known to have positive impacts
on functional recovery of patients who sustained stroke. However, there is limited
understanding of its effectiveness in elderly patients, particularly those over 85. This entity
faces unique challenges due to age-related factors and potential exclusion from intensive
rehabilitation. Therefore, a comprehensive understanding of how rehabilitation impacts
elderly patients is required.
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stroke rehabilitation in the oldest-old (85+) patients, a literature search was conducted to
gather all available evidence studying rehabilitation outcome measures in the over-85 age

group.
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Results: A limited number of literatures addressed the impact of stroke rehabilitation on the
oldest-old group of patients. Outcome measures used to assess the effectiveness of inpatient
rehabilitation included Functional Independence Measure (FIM), Barthel Index (BI),
Rivermead Mobility Index (RMI) and Dysphagia Outcome and Severity Score (DOSS).
These measures collectively showed significant improvement in function at discharge
compared to admission across all age group. A general trend of reduced functional gain
in the older age group was observed, although the statistical significance of the difference
between younger and older patients varied.

Conclusion: Although the effectiveness of stroke rehabilitation is reduced in patients
aged over 85, the functional gains achieved by these patients remains invaluable across all
age groups. Therefore, stroke rehabilitation should be provided to the oldest-old patients
without discrimination.

Keywords: stroke, cerebrovascular accident, inpatient rehabilitation, oldest old patients,
over 85 years

will help optimize stroke rehabilitation care and preserve the quality
of life for elderly stroke survivors.

Introduction

Stroke is a debilitating disease affecting many patients globally,

often leaving profound functional impairments in its wake. Over
the years, extensive research and development have been dedicated
to understanding and improving the rehabilitation of those patients
who have suffered stroke, which have led to advancements in various
rehabilitation approaches involving multidisciplinary inputs. Despite
these strides, there remains a significant gap in our knowledge on the
impact of stroke rehabilitation on elderly patients, particularly those
over the age of 85." The oldest-old stroke patients are significant
stakeholders in stroke care, representing 33.9% of all stroke cases.?
Additionally, 30% of those stroke patients over the age of 85 require
long-term institutional care.” This demographic presents unique
challenges due to age-related physiological changes, comorbidities,
and potential cognitive decline.! Due to the perceived minimal
improvement post stroke rehabilitation, there have been concerns
raised about whether the oldest-old patients face risk of exclusion
from intensive stroke rehabilitation care due to age discrimination.?
There has been an association of oldest-old age with high probability
of not accessing post-acute rehabilitation, and it was also found that
oldest-old age is an independent predictor of exclusion from early
mobilization.> However, only scarce data exist on the effectiveness
of rehabilitation interventions specifically tailored to this population,
making it challenging to determine if rehabilitation is comparably
ineffective for them. Addressing this gap in knowledge is crucial to
explore the effectiveness of rehabilitation for this age group, which

This literature review aims to collate the current understanding of
intensive inpatient stroke rehabilitation outcomes for patients over
the age of 85. The review will focus on studies examining functional
gains in aspects of motor skills, cognition, activities of daily living
(ADL), and swallowing. Each of these areas plays a crucial role
in the overall well-being and quality of life for stroke survivors.
By exploring these specific domains, we aim to understand the
effectiveness of rehabilitation interventions in addressing the diverse
needs of elderly stroke patients, and provide recommendations on
how stroke rehabilitation should be approached in this age group.

Methods
Inclusion and exclusion criteria
Stroke

This review includes strokes of all types, whether ischemic or
haemorrhagic, and considers both first-time and recurrent events.
Moreover, strokes of all locations are included.

Rehabilitation

This review focuses on conventional stroke rehabilitation care
provided in hospitals, specifically intensive inpatient rehabilitation
involving a multidisciplinary team. It excludes virtual rehabilitation,
robotic rehabilitation, home-based rehabilitation and telerehabilitation.
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Research papers that focus on stroke treatment or medication trials
during rehabilitation were not included.

Patient population

Studies focusing on elderly patients, particularly those over the age
of 85, were initially targeted. However, due to the limited availability
of relevant journals, the inclusion age was adjusted to 80 years old.
Journals that included a mixed population of adults as well as elderly
patients were also included, provided they offered specific distinctions
in the data among the different age groups.

Outcome measures

Articles that provided distinctive outcome measures of
rehabilitation program at both admission and discharge were included.
Outcomes of stroke rehabilitation were searched with lenses of all
functional changes, including mobility, cognition, independence in
ADL, and swallowing ability. Outcome measures of all types were
studied, including Functional Independence Measure (FIM), Barthel
Index (BI), Rivermead Mobility Index (RMI) and Dysphagia Outcome
and Severity Score (DOSS).

Search strategy and review procedure

A literature review of journals written in English and published
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up to May 2024 was conducted. All types of journal articles were
considered, including observational cohort studies (both prospective
and retrospective), randomized controlled trials, and cross-sectional
studies. The databases of PubMed, CINAHL, and Medline were
searched using combinations of keywords, synonyms, and closely
related terms including “rehabilitation,” “stroke,” and “oldest
old OR over 85.” Broad search terms encompassing all aspects of
rehabilitation outcomes were used for the database search due to the
limited amount of literature available with stricter search terms. The
electronic search strategy yielded 506 journals from PubMed, 270
from CINAHL and 693 from Medline, comprising a total of 1469
articles. 44 duplicate articles were removed from the total, resulting
in 1,425 articles. The first step in the selection was based on the title
and the abstract, yielding 162 papers. The second step was on the full
text screening according to the selection criteria. 124 articles were
excluded since they provided inpatient rehabilitation outcomes but
either did not study the specific age group of participants or did not
include patients over the age of 80. Total of 27 papers were excluded
as they studied the targeted elderly groups however did not provide
outcome measures from inpatient rehabilitation programs. Full texts
were not available for 2 articles. This process of exclusion yielded a
final selection of 10 journals for review (Figure 1).

Search result: 1,469 records
(PubMed 506, CINAHL 270, Medline 693)

\ | 44 duplicate articles removed |

| 1,425 records |

|

162 titles and abstracts selected
(PubMed 49, CINAHL 15, Medline 98)

<Exclusion>
- full text not available (2)

- rehabilitation outcomes
provided however no specification
of age group (124)

- targeted age group studied
however absence of rehabilitation
outcome (27)

Final Selection of 10 articles

Figure 1 Review procedure.

Results
Functional Independence Measure (FIM)

The Functional Independence Measure (FIM) is one of the most
commonly used methods for evaluating function recovery after
stroke. The FIM includes both motor and cognition components,
providing a comprehensive assessment of overall function. A number
of papers have used FIM as a marker of functional gain following
stroke rehabilitation. Table 1 demonstrates the various ways FIM
scores were used to study rehabilitation outcomes across different
age groups. The efficacy of FIM in stroke rehabilitation has been
investigated in studies such as Zucchella et al.® and Lieberman et
al.” These studies calculated efficacy by dividing the change in FIM

score by the number of rehabilitation days. Montebello Rehabilitation
Factor Score (MRFS), explored in Mutai et al.,* is calculated by
(Discharge FIM — Admission FIM) + (maximum FIM — Admission
FIM). Absolute efficacy of rehabilitation is derived by converting the
MREFS to a percentage. The use of MRFS and absolute efficacy values
address the ceiling effect, since they account for the limited gain
capacity of patients with initially high FIM scores compared to those
with low admission FIM scores. Consequently, they provide a fairer
comparison of recovery rates across different patient groups. The five
journals collectively found that total FIM scores increase significantly
after rehabilitation, across all age groups. However, there is a notable
decrease in both FIM gain and the absolute efficacy of rehabilitation as
the age of the group increases. Statistically significant decreases were
reported in the studies by Zucchella et al.® and Mutai et al.® whereas
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Lieberman et al.” showed statistically insignificant result. Statistical
comparisons across age groups were not provided by Kimura et al.*
and O’Brien et al.® These findings suggest that patients over the age
of 85 indifferently benefit from rehabilitation and show increased
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FIM scores post-rehabilitation. However, the efficacy of functional
recovery in older patients shows varying statistical difference
compared to younger age groups.

Table | Literatures that used Functional Independence Measure (FIM) as an outcome measure of inpatient rehabilitation

Absolute efficacy

ag)e EOUPS " FIM on admission zil::h::rge lg::::\ :fl'fri::acy* :;le:g*a*?ilitation“/
Total Motor Cognition
<59 @ 723 493 23 16 386 - -
) . 60-69 @7 68.1 45.4 23 Il 328 - -
Kimura et al.,* =118
70-79 ¢4 69.1 457 25 107 29.7 - -
>80 @ 614 40.4 21 95 25.4 - -
85-89 1679 - - - - 20.8 - -
O’Brien et al.,’ = 90-94 (16538 - - - - 20.3 - -
71652 95-99 @72 - - - - 17.9 - -
> 100 @19 - - - - 17.2 - -
. 65-74.9 (45 36.3 - - 70.8 345 0.7 409"
Zucchella etal. 75-849 @ 305 - - 59.1 27.9 0.5 30.7°
> 856 253 - - 492 16.4 0.3 17.7°
Lieberman et al.” 75-84 @20 66 - - 77 I 0.59 20.8™
(= 265) 85+ (45 64 - - 72 8 0.44 155"
65-74 (139 79+ 475 29* 103.5 * - - 0.44",
Mutai et al.2 (=46 75-84 (174 485+ 28.5* 21.5 74+ - - 0214
> 85 (15) 34+ 18* 14+ 45 - - 0.08+,

* FIM efficacy = (Discharge FIM — Admission FIM) + number of days of rehabilitation
** Absolute Efficacy of rehabilitation (Discharge FIM — Admission FIM) + (maximum FIM — Admission FIM) x 100)
*#* MRFS = Montebello Rehabilitation Factor Score, (Change in FIM + (maximum FIM — Admission FIM))

+ Median values

“ e

represents N/A

When comparing the older adult group (75-84) and the oldest-old
group (85+) in Lieberman et al.,” a consistent trend was observed where
the oldest-old group had lower values in FIM gain, FIM efficacy, and
absolute efficacy of rehabilitation compared to the younger elderly
group. However, these differences were not statistically significant.
The Lieberman et al.” interpreted this result that stroke patients
over the age of 85, when carefully selected for rehabilitation, can
achieve improvements comparable to those aged 75-84. In addition to
studying FIM score changes, Mutai et al.® studied factors associated
with the rehabilitation efficiency in different age groups. They found
that for patients over 85, non-paretic limb function and cognitive FIM
were key factors influencing rehabilitation efficiency. O’Brien et al.’
also identified factors associated with increased discharge FIM scores,
including longer length of stay (LOS), higher admission FIM scores
and being aged 85-89 or 90-94. Conversely, an increasing number
of comorbidities and complications were associated with decreased
discharge FIM scores.” In consideration of possible alteration in
rehabilitation design for older groups of patients, Kimura et al.*
conducted a retrospective multicenter study on how rehabilitation
therapy duration affects functional recovery in patients with sub-
acute stroke stratified by age group. Participants in the study received
an average of approximately 140 minutes of daily multidisciplinary
rehabilitation therapy. Pearson’s correlation coefficients indicated
moderate correlation for age groups 70-79 (r=0.328) and over 80
(r=0.378), but no correlation for the 60-69 and under 59 groups.
Multivariate regression analysis also showed that Beta () coefficients
representing FIM gain per 10-minute increase in rehabilitation
therapy were statistically significant (p < 0.001) for the 70-79 and

over 80 groups, further indicating a positive relationship between
therapy duration and functional improvement in these age groups.
This suggested that increasing the duration of rehabilitation sessions
for patients over 70 may lead to improved functional outcomes.

However, this study also noted that, despite the correlation between
therapy duration and FIM gain, the percentage of FIM gain achieved
through extended rehabilitation is limited in older patients compared
to younger ones. This was attributed to age-related factors such as
decreased physiological reserves, lower physical activity levels,
cognitive decline, and reduced neuroplasticity, which collectively lead
to slower functional recovery. As a result, older patients inherently
require more rehabilitation to restore basic motor functions and
improve daily activities. The lack of statistical impact in younger age
groups could be explained by the ceiling effect, where younger patients
with better physiological reserves and neuroplasticity may achieve
spontaneous recovery independently of rehabilitation duration. The
140-minutes of therapy may already be sufficient for younger patients,
with additional therapy not showing measurable FIM improvements,
though the extra rehabilitation might enhance advanced functional
performance not captured by the FIM.

Barthel Index (Bl) and Rivermead Mobility Index
(RMI)

Other studies have assessed the effectiveness of rehabilitation
on functional recovery using the Barthel Index (BI) (Table 2). BI
serves as a tool for assessing patient’s ability to independently
complete activities of daily living, with higher value representing
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increased independency. Kugler et al.’ observed that age is a poor
predictor of functional recovery, since despite of BI gains decreasing
with increasing age, the clinical relevance was minor. Instead,
initial disability was identified to be a more significant factor. This
suggests that age should not be considered a limiting factor in stroke
rehabilitation. In Paolucci et al.,'® similar trend was found with study
of BI across five age groups, showing decreasing BI efficiency and
effectiveness as age group increases. They equally confirmed that
age has unfavorable influence on functional outcome, however
suggested that inpatient rehabilitation remains substantially effective
for the very old patients although at lesser degree. In Paolucci et al.,'
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mobility at both admission and discharge was also evaluated, using
the Rivermead Mobility Index (RMI) (Table 3). The RMI assesses
functional mobility in stroke patients, focusing on gait, balance and
transfers. The data were matched for severity of stroke measured by
Canadian Neurological Scale (CNS) and onset-admission interval.
It was found that the increasing age was associated with poorer
rehabilitative results, evidenced by significantly lower RMI efficiency
and effectiveness. Logistic regression analysis further showed that,
>85 years group had nearly six times risk of a poor therapeutic
response on mobility.

Table 2 Literatures that used Barthel Index (Bl) as an outcome measure of inpatient rehabilitation

ﬁg()z . :t:‘:ke Bl within 24h Blafter  Blat :: f:'s's‘:"::z BI BI
(gn) P Bl after admission one week discharge discharge efficiency*  Effectiveness*
< 45 (6) 67 8l 88 72 - -
4554 0%9) 66 8l 85 63 - -
Kugler etal.’ 55-64 € 65 76 8l 59 - -
(n=3102) 65-74 0% . 65 74 79 53 - -
75-84 27) 57 68 73 47 - -
> 84 @2) 49 60 65 Y] - -
<50 100.00  46.17 - 87.41 - 0.51 73.72
. 51-64 100.00  42.00 - 77.50 - 0.45 68.39
:ﬁ‘,’:t‘nff'so‘ft 65-74 99.83 33.83 - 62.93 - 028 47.57
! 75-84 99.50 25.67 - 55.58 - 0.38 46.79
285 99.33 19.67 - 38.08 - 0.23 27.96

Bl = Barthel Index

* Bl efficiency = (Discharge Bl — Admission Bl) + number of days of rehabilitation
** B| Effectiveness = (Discharge Bl — Admission Bl) + (maximum Bl — initial BI) x 100

“

represents N/A

Dysphagia outcome and severity score

Dysphagia is a common consequence of stroke, affecting up to
two-thirds of stroke patients."" It is an important marker of stroke
rehabilitation, since untreated dysphagia can significantly increase the
risk of dehydration, malnutrition and aspiration pneumonia, posing
a risk to overall recovery from stroke.':'? Given that older patients
already have a baseline disadvantage with dysphagia prior to stroke
rehabilitation, the rehabilitative outcomes of post-stroke dysphagia in
the oldest-old patients are particularly important. In Castagna et al.'®
stroke patients with dysphagia were divided into two age groups: old
(> 65 years and < 85 years) and oldest-old (> 85 years). The study
evaluated the improvement in the Dysphagia Outcome and Severity
Score (DOSS) from admission to discharge. The DOSS quantifies

the severity of dysphagia on a scale from 1 to 7, with 1 representing
severe dysphagia and 7 representing no dysphagia. Scores of 5 or below
are considered indicative of dysphagia. Overall, both groups showed
significant benefit from rehabilitation (P=0.002). However, the oldest-
old patients (> 85 years) had a smaller degree of recovery (0.4 + 1.3)
compared to the old group (> 65 and < 85 years), with an improvement
of 1.0 £ 1.5. Furthermore, a multiple regression model fitting DOSS
improvement at discharge with functional measurements (FIM, Norton
scores, and Modified Barthel Index) revealed that there was greater
functional variation in the oldest-old group compared to the old group.
Opverall, this study demonstrated significant dysphagia improvement in
both old and oldest-old age group, while the degree of improvement
was smaller in patients over 85 years old.

Table 3 Literature that used Rivermead Mobility Index (RMI) as an outcome measure of inpatient rehabilitation

Age Pre-stroke Admission Discharge RMI RMI
groups RMI RMI RMI efficiency Effectiveness
<50 15.00 4.17 I1.62 0.10 64.85
51-64 15.00 3.90 9.53 0.08 56.06
Paolucci et al,,' =150 65-74 14.93 2.87 7.45 0.05 40.76
75-84 14.90 1.97 5.96 0.06 3226
=85 14.03 1.93 4.19 0.03 18.64

RMI= Rivermead Mobility Index

* RMI efficiency = (Discharge RMI — Admission RMI) + number of days of rehabilitation
** RMI Effectiveness = (Discharge RMI — Admission RMI) + (maximum RMI — initial RMI) x 100
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Discussion

Previous evidence points to the advancing age-related challenges
in rehabilitation, such as reduced neuroplasticity affecting motor and
cognitive relearning,' higher comorbidities and frailty impacting
tolerance and response to therapy'® and decreased physical endurance
and recovery due to diminished cardiorespiratory competence
and musculoskeletal durability.'® Although these challenges can
attenuate the rate of rehabilitation, emerging evidence demonstrates
that rehabilitation remains effective in older populations, especially
when interventions are tailored adequately. Previous study on
neuroplasticity in older adults suggests that the brain retains some
capacity for relearning and functional adaptation even in later
life.!” Rehabilitation efficacy remains sturdy even in individuals
aged 80 years, particularly in structured programs.'® Cognitive and
motor training can lead to meaningful improvement in post-stroke
elderly." Therefore, increasing age may reduce but does not eliminate
the potential for rehabilitation. This is supported by the growing
emphasis on personalized rehabilitation approaches and evidence-
based strategies, such as graded exercise, cognitive-motor integration,
and person-centred care planning, which consider age as one of many
factors but not a barrier.?*?!

Across the reviewed journals, a consistent finding emerges
that stroke patients undergoing intensive inpatient rehabilitation
experience notable improvements in various aspects of function,
including mobility, cognition, activities of daily living (ADL), and
swallowing function, regardless of age. However, a recurring trend
observed in all studies is the association between increasing age and
decreased rehabilitation efficiency. This result seems inevitable, since
the recovery in older adults is unavoidably restricted by age-related
comorbidities, complications, and neuropsychological impairments.*
Although this association may not always reach statistical significance
in every study, some researchers interpret the lack of statistical
difference across age as evidence to suggest that age does not
necessarily dictate less effective rehabilitation outcomes. Nonetheless,
the overarching conclusion remains clear that intensive inpatient
rehabilitation can lead to meaningful enhancements in functional
abilities for stroke patients, underscoring the importance of tailored
rehabilitation strategies regardless of age. Furthermore, Kimura et al.*
found that providing longer duration of daily rehabilitation therapy
was associated with better functional recovery in individuals aged
70-79 and those over 80, while that association was not observed in
the younger age groups below 70. This suggested that increasing the
length of stroke rehabilitation session in aged group of population
may lead to improved function outcomes among older stroke
patients. While providing extra rehabilitation duration for elderly
patients to account for baseline physical regression could strain the
sustainability of rehabilitation programs; balancing the benefits of
extended rehabilitation with the natural ageing process and limited
life expectancy remains a significant challenge.

Limitations of the study

The most significant limitation in the literature review was the
limited number of publications available specifically examining
the effectiveness of stroke rehabilitation across difference age
groups, which hindered comprehensive comparisons and detailed
analysis. Other consequences of stroke, such as aphasia, require
rehabilitation as well, however there is a lack of specific research on
the rehabilitation outcomes for stroke patients over 85 years old with
these conditions. Additionally, studies often fail to provide detailed
specifications on outcomes, such as separately exploring motor and
cognitive improvements instead of merging them in FIM studies.
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Within motor improvement studies, more precise specifications, such
as examining balance or upper and lower limb mobility, would be
beneficial. Additionally, the lack of distinction in the type and severity
of stroke limits the specificity of our understanding of rehabilitation
outcomes.

Conclusion

Elderly stroke often face complex rehabilitation needs thus
tailored rehabilitation is essential for achieving functional gains.
While increasing age leads to certain rehabilitation challenges and
may reduce the potential for rehabilitation, it does not negate the
capacity for functional recovery entirely. As the discussed studies
highlighted, oldest-old patients over the age of 85 can still achieve
significant improvements in functional outcomes with appropriate
rehabilitation interventions. The evidence also suggests that tailored
rehabilitation programs can lead to meaningful recovery, emphasising
the importance of not limiting rehabilitation efforts based solely
on a patient’s age. While further large-scale research is needed to
examine the capacity and sustainability of rehabilitation in elderly
stoke patients, health professionals should embrace an individualized,
evidence-informed approach to maximize outcomes in older stroke
patients, recognizing that meaningful rehabilitation gains are
achievable well into advanced age.
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