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Objective: Despite recent high-profile advances in our understanding of rehabilitation post-stroke, the evidence base
remains weaker than in other areas of stroke management.
Under the aegis of the European Stroke Organisation a select committee was assembled to collate and appraise the
evidence base for rehabilitation interventions.
Methods: Following systematic literature searching, relevant
abstracts were screened for data quality and relevance.
These data were summarized and presented to the members
of the expert panel, who, both individually and across group
discussions, modified the content. The process was repeated
until a final document was produced that all members of the
panel and the European Stroke Organisation editorial group
were happy with.
Results: The final guidelines offer a comprehensive review of
post-stroke rehabilitation, incorporating discussion of optimal timing, setting and duration of therapy as well as individual sections on the role of professions allied to medicine;
use of assistive technologies and dealing with the common
complications encountered during the rehabilitation period.
Conclusion: There is a lack of robust evidence for many of
the prevalent post-stroke rehabilitation interventions. Available data are discussed and presented as key points; more
importantly, specific areas that require further study are
also highlighted.
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An expanded guidance document from the European Stroke
Organisation (ESO) Guidelines for Management of Ischaemic
Stroke and Transient Ischaemic Attack 2008 (1).
INTRODUCTION
Stroke is the single greatest cause of disability (2) in most Western countries. Globally the burden of stroke is greater still (3).
The resultant costs are substantial, with stroke care estimated to
cost more than 5% of many countries’ healthcare budgets (4).
Prevention of stroke would be the ideal, but remains incompletely effective. Despite increasing focus on evidence-based
primary and secondary prevention, strokes still occur. Even
with optimal acute care, fewer than one in 3 patients recover
fully from stroke (5). Rehabilitation is necessary to optimize
functional recovery in the remainder.
The European Stroke Organisation (ESO) (formerly the
European Stroke Initiative (EUSI)) publishes guidelines on
best practice in all aspects of stroke care, including rehabilitation. For the latest iteration, rather than update the previous
rehabilitation guidelines, the writing group performed a new
and independent systematic review and critical appraisal of
the available literature. With input from specialists in the field,
a comprehensive overview of evidence-based rehabilitation
was created. For brevity, it was not possible to publish this
complete document as part of the ESO guidelines: certain content including background and discussion had to be removed.
We present here the complete stroke rehabilitation guidance,
including key points and areas requiring further research. For
the ESO grading of evidence and strength of recommendation
the reader is referred to the source guideline (1).
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METHODOLOGY
Search strategy

*Originally presented as a lecture at the European Stroke Conference,
Nice, France, 2008.

Abstracts of original research and reviews were selected
using the following electronic databases: Medline (1966–

© 2009 The Authors. doi: 10.2340/16501977-0301
Journal Compilation © 2009 Foundation of Rehabilitation Information. ISSN 1650-1977

J Rehabil Med 41

100

T. J. Quinn et al.

December 2007); EMBASE (1980–December 2007); CINAHL
(1982–2007) and the Cochrane Central Register of Controlled
Trials. Particular emphasis was given to systematic review/
meta-analysis and larger scale randomized controlled trials.
The initial selection of abstracts for review was deliberately
inclusive with no chronological, ethnic, age or functional
related exclusion criteria. Animal studies were not included;
non-English language studies were included only if a good
quality translation was available.

When examining a complex, multifaceted therapy such as
rehabilitation there is the danger of making a “type III” error,
i.e. finding non-efficacy of individual components of a system
and concluding that the whole system has a neutral effect
(15). Rehabilitation may be greater than the sum of its parts.
Although robust data for many rehabilitation interventions are
lacking, the overall evidence base is in favour of post-stroke
rehabilitation.

Data extraction and synthesis
Initial assessment of selected abstracts was by 2 independent
reviewers. The ESO expert panel provided further assessment
of data quality and validity. Disagreements were resolved by
discussion. Heterogeneity in the selected studies precluded
formal meta-analysis. Thus, the results presented are qualitative and represent the views of the ESO expert panel. Decisions as to the content of the final guidelines were reached by
group consensus.

• Although there is expert consensus, there is little robust
evidence for several of the common interventions employed
in post-stroke rehabilitation Level A.

EVALUATION OF REHABILITATION TRIALS

SETTING FOR REHABILITATION

Rehabilitation aims to enable people with impairments and activity limitations to reach and maintain optimal functioning in
physical, intellectual, psychological and/or social domains (6).
This definition emphasizes the holistic nature of the approach
and the need to focus on both environmental and personal
factors (7). Rehabilitation goals can shift from initial input
intended to minimize impairment, to more complex interventions that are designed to encourage active participation.
Rehabilitation encompasses a wide range of activities in addition to standard medical care. These include physical, cognitive
and occupational therapy. The ultimate goal of rehabilitation
is to guide the individual towards a life situation in which they
are participating in society as much as they wish. Thus, rehabilitation encompasses a heterogeneous group of interventions,
applied using disparate methodologies, at various stages in the
patient’s stroke journey. This holistic nature of rehabilitation
complicates comprehensive assessment and synthesis of evidence (8). The inherent difficulties of conducting robust stroke
rehabilitation research are well documented (9, 10). There are
practical barriers to blinding trials, to controlling for individualized therapy and to defining valid yet clinically meaningful
end-points (11, 12). To date, most rehabilitation research has
been conducted in single centres with small numbers of patients,
and the resulting statistical power is insufficient to detect modest
but meaningful improvements in function (13). Meta-analysis
can summarize such data, but the value of meta-analysis is
compromised by heterogeneity of the interventions (14).
Where available, this review has focussed on the larger
prospective trials, systematic reviews or meta-analyses, as
these represent the most robust datasets available. Lack of
evidence does not equate to lack of efficacy; but, unfortunately
for many of the interventions commonly employed in stroke
rehabilitation, there are currently insufficient data on which
to base treatment recommendations.

The success of organized stroke unit care, thrombolysis and
the ongoing development of other acute therapies necessitates
that most patients after stroke should be admitted to hospital
promptly. Rehabilitation should begin on a hospital ward. There
is no evidence to support use of “hospital at home” services
(16); in fact admission avoidance interventions for stroke may
be harmful. A prospective trial (n = 457) comparing early domiciliary care with hospital admission highlighted the difficulties
of providing early care at home, with one-third of the “therapy
at home” group eventually requiring admission (17).
The Stroke Unit Trialists’ Collaboration has demonstrated
improved survival and functional outcomes for patients treated
in a dedicated stroke ward, (with numbers needed to treat of
33 and 20, respectively) (18). There are long-term functional
benefits of dedicated stroke unit input: follow-up at 5 and 10
years reveals persisting efficacy compared with control (19).
The components that contribute to the success of a stroke
unit are debated. However, since a focus on rehabilitation was
one of the key characteristic features of stroke units included
in the meta-analysis (18), post-stroke rehabilitation should
begin in a stroke unit.
“Stroke unit” rehabilitation has been delivered in a variety
of settings within a dedicated stroke ward, as part of a general
rehabilitation service or through a peripatetic stroke team (16).
Of these models, the dedicated stroke ward produces the best
outcomes, although differences in morbidity and functional
outcomes were found to be small compared with general
rehabilitation wards (18). “Mobile” stroke units that provide
services to general medical wards have been declared inferior
to geographically distinct rehabilitation settings (20).
The financial and social implications of prolonged hospitalization have prompted increasing interest in services to
facilitate early return to the community. Meta-analysis of
studies comparing early supported discharge (ESD) services
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Key point

Priority areas for further research
• Adequately powered (multi-centre) trials of stroke rehabilitation interventions.
• Consensus on optimal outcome measures for rehabilitation
trials.

ESO Stroke Rehabilitation Guidelines
to conventional ward base rehabilitation concludes that a
multidisciplinary ESD team with stroke expertise, comprising (at least) nursing, physiotherapy and occupational therapy
input can significantly reduce bed days for selected patients
after stroke with no corresponding increase in readmission or
morbidity (21). Patients appreciated this service, with sustained
improvement in quality of life measures (21). Greatest clinical
benefits were seen for those patients with mild or moderate impairments at baseline (22). Specialist ESD services are required
for successful implementation. In a study where patients were
discharged early with generic community support, mortality
was substantially increased (23).
On completion of initial rehabilitation, there is some evidence
for continuing input in the community. Meta-analysis has shown
that community stroke rehabilitation of any sort reduces incidence of functional deterioration and maintains or improves
activities of daily living (ADL) (24). The included patients had
completed a pre-defined period of inpatient rehabilitation and the
community intervention was delivered at time of discharge, or
within a year of event. However, the quoted studies represented
a heterogeneous range of interventions (occupational therapy,
physiotherapy, multidisciplinary teams) and no definitive statement can be made on the optimal mode of service delivery.
The optimal setting for ongoing community therapy has not
been adequately studied. A systematic review of 13 trials assessing day hospital care in a mixed group of patients, including, but
not restricted, to stroke survivors, reported improved outcomes
compared with no intervention, but found no clear advantage in
comparison with other forms of comprehensive community care
(25). Patients seem to prefer specialist community stroke team
input to generic community rehabilitation services (20).
Key points
• Hospital admission to a stroke unit is required for patients
after acute stroke to receive evidence-based initial therapy
and co-ordinated multidisciplinary rehabilitation.
• Rehabilitation outcomes are best if treatment begins in a
dedicated stroke unit.
• Medically stable patients with mild or moderate impairment
can complete initial rehabilitation in the community if a
multidisciplinary team with stroke expertise is employed.
• Community rehabilitation therapy delivered within one year
of hospital discharge can prevent functional deterioration
and at least maintain ADL.
Priority areas for further research
• Effect of the "enriched environment" of the stroke unit, i.e.
the effect of non-formal rehabilitation time.
• Study of the optimal setting for delivery of community-based
rehabilitation.
TIMING OF REHABILITATION
Optimal timing of rehabilitation remains poorly defined.
Proponents of early therapy cite evidence from functional
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neuroimaging and animal studies that define the peri-infarct
period as the crucial time to begin rehabilitation (26). The statement “time is brain recovery” has been used to emphasize that
maximal neurological recovery is dependent on early initiation
of therapy. Proponents of delayed rehabilitation cite potential
medical instability and complications associated with the first
days post-stroke.
A key difference between stroke unit care and general ward
care seems to be earlier initiation of rehabilitation (18). Observational studies have consistently shown early therapy to
predict better outcome, however there is lack of consensus as to
definition of “early therapy”. Specific trials comparing “early”
and “late” initiation or rehabilitation have reported improved
prognosis if therapy is started before 30 days (27) and 20 days
(28). The heterogeneity within trials precludes any definitive
statement on when therapy should start.
Fears that early therapy is harmful may be unfounded.
Initial results from the ongoing AVERT study of A Very Early
RehabiliTation (within 24 h of ictus) suggest that immediate
therapy is well tolerated with no increase in adverse events
(29). The therapy given within the AVERT study consists
principally of mobilization. The activation pattern employed
as routine in many of the European stroke units seems already
to be more active than the Australian centres first enrolled in
AVERT (30).
The Trondheim stroke unit have reported excellent outcomes using a system of commencing rehabilitation as early
as possible (19), and many other centres have successfully
implemented similar models.
Titration of therapy with adjustment of goals according to
patient progress is necessary. An Italian group demonstrated
that early intensive treatment yielded excellent therapeutic
response, but the risk of dropout was 5 times greater than for
patients with delayed treatment schedules (28). Infrastructures
for rehabilitation vary across Europe, and the optimal time for
transfer from the acute setting to a dedicated rehabilitation
service is unknown. If rehabilitation is offered at a location
remote from acute services, a period of medical stabilization
appears necessary before transfer.
A fundamental component of early rehabilitation is mobilization. Many of the immediate complications of stroke are related
to immobility (deep vein thrombosis, skin breakdown, contracture formation, constipation, and hypostatic pneumonia) and
thus early mobilization makes intuitive sense. Emerging data
from ongoing trials of early mobilization provide some support (29). Meta-analysis was unable to determine the optimal
timing of first mobilization, but did suggest that mobilization
within the first few days is well tolerated (31).
There are few studies of rehabilitation offered in the
“chronic” phase of stroke, i.e. more than one year after the
acute event. A recent systematic review found only 5 trials
(n = 487) of therapy in the community involving a majority
of patients who had reached more than one year post-stroke.
Overall, there were inconclusive data to recommend any
therapy in the chronic phase (32).
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Key points
• Rehabilitative therapies appear to be well tolerated in medically stable patients.
• Early treatment appears reasonable, but there are outstanding
questions over timing and efficacy.

reduced length of stay, although this did not reach statistical
significance (39).
There is some evidence for continuing rehabilitation upon
discharge (24). However, no good quality data exist to describe
duration or intensity of such therapy.

Priority areas for further research

Key points

• Optimal timing of "early" rehabilitation
• Efficacy of early ADL-based rehabilitative strategies.
• Further trials of rehabilitation delivery in the "chronic"
phase

• Greater duration and intensity of rehabilitation predicts
functional improvement, with a likely dose-response relationship.
• Available data do not allow for recommendations on minimal
or maximal therapy times.
• Process and quality of care are likely to be as important as
total hours of therapy.

DURATION AND INTENSITY OF REHABILITATION
THERAPY
Greater intensity of rehabilitation, especially time spent working on ADL, is associated with improved functional outcomes
(33). However, available data do not allow for a fixed “prescription” of optimal rehabilitation time.
Meta-analysis including 2686 stroke patients, underscores
that augmented exercise therapy can improve performance on
functional measures, resulting in a median one point change
(5%) on the Barthel Index (34). Although clinically modest,
at a population level this degree of improvement should have
a significant impact on community resource needs. This metaanalysis included a heterogeneous collection of trials with
exercise time ranging from 132 min to 113 h (median 16 h)
over 6 months. The trend was for a dose-response relationship with increasing improvement accompanying increasing
therapy time and no observed “ceiling effect”. Greatest benefits
were observed in studies of lower limb exercises and general
ADL work. A further systematic review (n = 939) describing
therapies for improving arm function again suggests a dose-response relationship, although heterogeneity of included studies
precluded a formal measure of effect size (35).
Current evidence precludes any definitive recommendation
on minimal or maximal therapy times. Observational data suggest that weekly time spent in active rehabilitation is modest
in many centres (36) although these studies have not measured
informal nurse-led rehabilitation that is part of daily routine
in many stroke units. Even large increases in provision of
rehabilitation are unlikely to reach a (theoretical) therapeutic
plateau. Concern over patients’ ability to tolerate intensive
therapy has been expressed; however adverse events were
infrequently reported in the available studies.
Organization and “quality” of care may be more important
than absolute hours of therapy. In a comparison of a dedicated
stroke multidisciplinary team with usual ward-based rehabilitation, the dedicated team achieved better outcomes with
significantly fewer hours of therapy (37). The use of a formal
care pathway to standardize stroke care and rehabilitation is of
equivocal benefit, apparently decreasing incidence of certain
post-stroke complications but increasing levels of dependency
at discharge (38). Limited availability of therapists may hinder
effective rehabilitation; a study comparing additional weekend therapy with usual care reported improved outcomes and
J Rehabil Med 41

Priority area for further research
• Limits for minimal and maximal therapy input, at various
stages in stroke recovery

CONTENT OF THERAPY
The stroke unit trialists favour co-ordinated multidisciplinary
teams of staff with expertise in stroke care (18). The composition of these teams is not formally prescribed, although core
staff members in the included studies were: stroke physician;
physiotherapists; occupational therapist (OT); and speech and
language (SL) therapist. These professions allied to medicine,
and the evidence base for their contribution to rehabilitation
will be considered in turn.
Physiotherapy
Physiotherapy covers all “interventions that develop, maintain and
restore maximum movement and functional ability throughout the
lifespan” (40). Available evidence supports the efficacy (41) and
popularity (42) of providing stroke-based physiotherapy.
The optimal delivery of physiotherapy is poorly described.
Specific models of physical therapy include Bobath and motor relearning. Each has its proponents, and favoured techniques differ internationally. Systematic review found that
provision of physiotherapy by a mix of the accepted models
was superior to placebo/no therapy (41, 43). On comparing
differing treatment approaches, no specific modality was
favoured (43). Specific studies of short- (44) and long-term
(45) efficacy of Bobath and motor relearning, described poorer
initial outcomes in the Bobath group but no differences at
long-term follow-up.
Some evidence exists for specific physiotherapy interventions. The EXCITE (Extremity Constraint Induced Therapy
Evaluation) (n = 222) study (46) of constraint-induced movement therapy (CIMT) (i.e. intensive task-orientated practice
involving the paretic limb, with restraint of the non-paretic
limb) reported positive results for CIMT therapy 3–9 months
post-stroke, in a group of medically stable stroke survivors
with some persisting arm movement (46). Functional gains
persisted at 1-year follow-up (47).
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Previous reports that strengthening exercises should be
avoided in the upper limb to avoid spasticity are not supported
by trial evidence. Several groups have shown that strength can
be improved, with meta-analysis reporting a dose-response
relationship (35). Review of therapeutic functional electrical
stimulation (24 trials) suggests that strength can be increased
using this method, although there have been few studies looking at clinically relevant outcome measures (48).
Technological interventions have not been shown to improve
functional end-points. A systematic review of 15 trials (n = 622)
did not prove efficacy of treadmill training to improve walking
(47). On subgroup analysis there was a trend towards better
outcomes in groups who used treadmill training in combination with body weight support. There is limited evidence that
electromechanical gait training may be more effective than
conventional physiotherapy (49). Use of orthoses and adaptive
personal and environmental equipment to enhance rehabilitative therapies is commonplace, although limited specific trial
data exist (50).
Many other physiotherapy interventions exist and are frequently used in clinical practice. To date, there is insufficient
evidence to comment on their efficacy. Novel therapies that
have shown promise in reviews of small-scale trials include
virtual reality (51), mental imagery (52) and bilateral movement training (53). It is recognized that patients’ cardiovascular
fitness can deteriorate during the recovery phase of a stroke.
This physical deconditioning impairs active rehabilitation
and is a risk marker for further events (54). Meta-analysis
(n = 480) has shown that aerobic training can improve exercise
capacity in individuals with mild to moderate motor deficit
post-stroke (55).

in society” (56). A systematic review of 9 trials comparing
OT-based ADL therapy with usual care reported improved
functional outcomes in the active intervention group (57).
This result was echoed in an independent analysis of 32 trials
comparing any OT intervention with control: OT input resulted
in modest but statistically significant improvements in basic
and extended ADL (58). The data do not justify conclusions
on the optimal mode of OT delivery.
As OT aims to promote optimal functioning within the
patient’s chosen environment, several studies have been performed in the community. Meta-analysis of these trials, using
individual data patient on 1143 patients, concluded that community-based OT can improve performance on ADL measures.
The greatest effects are seen in an older cohort and when
targeted interventions are used (59). Specific leisure-based
OT therapies did not translate into improved ADL. A trial of
providing OT intervention to care home residents (n = 118)
post-stroke found less functional deterioration in the active
intervention group, with a median difference of 1.9 (9.5%) in
the Barthel Index at 6 months (60). No controlled trial data
describe effectiveness of OT beyond one year after stroke.
Whilst there is evidence to support OT intervention after
stroke, less is known about the optimal components of the
therapeutic packages. Some specific interventions may be effective. A randomized controlled cross-over study found that
a problem-solving approach to dressing practice administered
by an occupational therapist improved functional outcome
and had lasting benefits after treatment was withdrawn (61).
Similarly, a randomized controlled trial found that targeted OT
interventions were more successful than passive information
provision in improving outdoor mobility (62).

Key points

Key points

• Physiotherapy is popular with patients and improves outcomes post-stroke.
• No specific model for delivery of therapy can be recommended.
• CIMT is effective 3–9 months post-stroke.
• Aerobic exercise training can improve exercise capacity
post-stroke.
• Technological interventions have not yet been shown to
improve functional end-points.

• Hospital- and community-based OT can improve functional
outcomes after stroke but there is little evidence to favour
any specific approach.
• There is some evidence to suggest that targeted task specific
interventions are effective in improving functional outcome,
e.g. dressing and outdoor mobility.

Priority areas for further research
• Optimal methods for physiotherapy-based stroke rehabili
tation.
• Effect of patient therapist interaction.
• Effect of group work vs individual therapy.
• Better defining the role of CIMT and other interventions in
the acute and chronic phase.
Occupational Therapy
OT aims to “enable people to achieve health, well-being and
life satisfaction through participation in daily activities that
provide structure to living and meaning to individuals, meeting human needs for self-care, enjoyment and participation

Priority area for further research
• Optimal methods for OT for stroke, in hospital and community settings.
Speech and Language Therapy
SL therapists have 2 potential roles in stroke: to assess and
optimize safe swallowing and to assist communication.
A variety of methods exist to screen for swallowing problems
post-stroke. A simple intervention that requires minimal training is the water swallow test (63). This tool has been shown to
have only modest sensitivity (> 70%) and specificity (22–66%),
but can be used as a bedside screening tool. As return of functional swallow is common in the first days post-event (64),
patients should be frequently reassessed. For those patients
found to have persistent dysphagia, it is common practice to
obtain a formal SL therapy assessment. At present there is inJ Rehabil Med 41
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sufficient evidence to recommend a particular methodology for
this assessment (65). Treatment of dysphagia includes advice
on posture and feeding, however, there is a limited evidence
base to support benefits from this. Two trials of formal SL
therapy input (total n = 99) found no statistically significant
difference to usual care (66, 67). A study (n = 115) comparing
simple written instruction with graded levels of SL intervention
found no difference in outcomes across the groups (68).
Aphasia and/or dysarthria are common symptoms post-stroke
and impact on quality of life (69). A systematic review of SL
therapy for dysarthria in non-progressive brain damage (stroke
and head injury) found no good quality evidence for benefit from
intervention (70). Similarly, a systematic review of SL therapy
input for aphasia reported insufficient good quality evidence to
recommend formal or informal interventions over placebo (71).
The studies included in this review were community-based and
had an average time to therapy of 3 months: they offer little to
inform acute ward-based rehabilitation. A related meta-analysis
with less rigorous inclusion criteria concluded that improvement
in speech is greater if SL therapy is initiated early (72). However,
the quasi-experimental design of many of the included studies
weakens the strength of this conclusion. Similarly, a review of
treatment for post-brain injury aphasia that was mainly based on
patients after stroke supported use of SL therapy strategies over
control (73). The ACTNoW (Assessing Communication Therapy
in the North West (of England)) prospective multicentre randomized controlled trial of SL therapy in aphasia and dysarthria
is currently recruiting.

side-effects of medications (77). It may be desirable to discuss
issues of sexuality and intimacy with patients (78). Provision of
support and information is important: many patients fear that
resuming an active sex life may result in further stroke (79).
Key point
• Improved information sharing with patient and carers is
important but evidence does not support use of a dedicated
stroke liaison service for all patients.
Priority areas for further research
• Effect of good quality information sharing on quality of life
measures.
• Optimal method for information sharing.
Cognitive Intervention

• Efficacy of SL therapy for dysphagia, aphasia and dysarthria
with emphasis on timing and intensity of therapy.

Cognitive deficits are common following stroke and impact
on quality of life. A recent Cochrane review, evaluating 2
small-scale studies (total n = 18) employing differing approaches, reported no evidence of efficacy for specific memory
rehabilitation (80). A further systematic review of cognitive
training for post-stroke attention deficit described 2 trials of
suitable methodological quality (n = 56) (81). Although both
studies reported improvements on markers of attention this did
not translate into meaningful clinical improvement on ADL
measures. A larger evidence base exists for cognitive rehabilitation in patients with spatial neglect. Meta-analysis of 12
studies reports that formal training can improve performance
in standardized bedside tests of neglect, but had no effect on
ADL or eventual placement post-rehabilitation (82). Delivery
of these cognitive interventions was mainly by a formal neuro
psychological service or an OT.
A more inclusive systematic review of cognitive rehabilitation following acquired brain injury found 5 randomized trials
reporting efficacy of rehabilitation training strategies in visual
inattention and apraxia. These included too few patients to
recommend a particular approach. An effect on meaningful
disability outcome measures was not reported (73).

Stroke Liaison

Key point

A recent systematic review comparing dedicated stroke liaison to usual care found no evidence of improvement in ADL,
subjective health status or carers’ health (74). On subgroup
analysis, success of a stroke liaison service was predicted by
younger age, less severe deficit, and when the content of the
service had an emphasis on education.
Inadequate provision of information predicts poor quality
of life in patients after stroke and their families (75). A metaanalysis comparing a single session of information provision
with a more intense intervention, and comparing both with
placebo/usual care, reported improved outcomes in the “information plus” group (76). The choice of therapist and mode of
delivery of this information have not been assessed.
Sexuality can suffer after a stroke. Underlying physical limitations and co-morbid vascular disease may be compounded by

• There are insufficient data to recommend a specific approach
to cognitive problems post-stroke.

Key points
• There are insufficient data to recommend a specific approach
to post-stroke swallow and speech problems.
• Small-scale studies have suggested that efficacy of therapy
for aphasia is dependent on timing and intensity.
Priority area for further research
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Priority area for further research
• Further research on cognitive interventions with emphasis
on functional benefits.
OTHER GROUPS
The above list is not comprehensive. Depending on patientspecific goals, input from various other allied health professions could be appropriate. Such groups include dieticians,
orthoptists, and social workers, as appropriate for the patient.
The importance of ward-based nurses to the optimal function-

ESO Stroke Rehabilitation Guidelines
ing of the stroke unit is also appreciated. Although there has
been limited formal research in this area, some have argued
that dedicated staffing creates an “enriched environment” that
encourages practice in rehabilitation activities outwith periods
of formal therapy (83).
As the patient progresses from hospital-based rehabilitation
to the community, involvement of carers in rehabilitation becomes increasingly important. Formal training of caregivers
in delivery of care may reduce personal costs and improve
quality of life (84). The multi-centre “Training of Caregivers
After Stroke” (TRACS) study is currently recruiting in an attempt to definitively answer the question.
Key point
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specific aspects of rehabilitation services, such as community
OT or stroke liaison services, reflecting the lack of robust
evidence to support many single interventions.
Key point
• Cost-effectiveness data are limited, but support the use of
dedicated stroke units and early supported discharge services.
Priority area for further research
• Health economic data for all interventions
PROGNOSIS

• Training of carers may improve outcomes.
Adjuvant Interventions
Although less common in the West, in some parts of the world
acupuncture is used as an aid to functional stroke recovery.
Efficacy data are limited in extent and quality. Available evidence suggests that acupuncture has little clinically significant
effect (85).
Animal models have suggested that use of amphetaminebased products may improve recovery rates following brain
injury. Systematic review of human trials using amphetamine
post-stroke suggests increased motor benefits, but a corresponding increase in serious adverse events (86). Amphetamine
use is not recommended as an adjunct to rehabilitation.
Key point
• Acupuncture and amphetamines are not recommended as an
aid to post-stroke rehabilitation.
Priority area for further research
• Development of effective adjuncts to rehabilitation.
COST-EFFECTIVENESS
Initial investment in rehabilitation is expensive, but societal
costs of failure to attain functional potential also pose a
substantial drain on resources. Data on cost-effectiveness of
services are limited. Available evidence is based mainly on
results of UK and Swedish studies. The conclusions may not
be generalizable to other countries with differing healthcare
systems. The overall costs of admission to a dedicated stroke
unit rather than a general ward are similar (87, 88) and hospital
costs account for only a small percentage of total costs over the
first year after stroke (88). Since outcomes for the stroke unit
cohort are superior, this implies cost-effectiveness.
Cost-benefit analysis of an early supported discharge system
is also favourable compared with usual stroke unit care (89).
There are insufficient good quality data to allow comparison of
ongoing co-ordinated community rehabilitation to usual care.
Training carers of stroke patients is cost-effective (90). No
good quality studies have performed cost-benefit analysis for

The stroke unit trials have shown that admission to a dedicated
stroke unit can improve outcomes for all strokes. From their
selection criteria we can recommend no specific age or functional exclusions to stroke unit care. Elderly patients derive
the greatest benefit (18). Rehabilitation is goal-orientated and
clearly ultimate goals will differ depending on co-morbidity,
prognosis and previous functional status.
An important predictor of rehabilitation outcome is initial
stroke severity; in this regard we hope that increasing use of
established and emergent acute therapies may help decrease incidence of “severe” strokes. As would be expected pre-morbid
disability is also a strong determinant of eventual outcome (91).
Other factors, such as stroke aetiology (92) and topography of
lesion (93), have been studied as potential predictors of rehabilitation, however results are conflicting (94) and at present
there is no evidence that any of these non-modifiable factors
should influence decisions on rehabilitation. Potentially modifiable factors, such as depression, nutrition and continence, can
all influence rehabilitation prognosis. These will be discussed
in turn in the “complications” section.
There is a limited evidence base to recommend treatment strategies for the most severely disabled, especially those patients
who already required nursing/care home management. Previous
guidelines have recommended the use of passive movements
to prevent painful contracture or pressure sores in patients so
disabled that they are unable to partake in any active rehabilitation (1). Similarly, the evidence base for treatment of patients
with severe cognitive impairment is limited. As those patients
with the most severe cognitive or physical impairments have
been excluded from rehabilitation trials, we should be cautious
in extrapolating results to this group. It appears from trials that
specifically examined outcomes in the most disabled that active
rehabilitation allowed more patients to return home after intervention (95). Selection for rehabilitation on the basis of prior
independence remains a contentious issue and the ethical and
clinical implications have been debated elsewhere (96).
Younger patients after stroke have inherently greater potential
for survival and functional outcomes than elderly patients. They
may also have rehabilitation goals that differ from those of an
older, retired cohort. There is a lack of good quality trial evidence
on rehabilitation of the younger stroke patient, especially in agerelevant areas such as return to work post-event. A systematic
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review of therapy for acquired brain injury in patients of working age included 4 trials of interventions in stroke (97). These
covered a range of treatments but concluded that outpatient
stroke rehabilitation was beneficial, although some evidence
suggests that benefit may be restricted to the subgroup with
mild/moderate deficits. For patients with severe impairment,
there is insufficient stroke-specific evidence, and conclusions
that inpatient rehabilitation is beneficial can be drawn only by
extrapolation from acquired brain injury trials.
Key points
• Provision of dedicated stroke unit rehabilitation is recommended for all patients at admission.
• Severity of stroke and pre-morbid state are strong predictors
of rehabilitation prognosis.
• There is limited evidence on the most appropriate treatment
for the most severely disabled patients; active intervention
may decrease rates of care home admission.
• Rehabilitation after stroke is effective for patients of all ages.
Therapy for younger stroke survivors can be delivered in an
out-patient setting for patients with mild disability.
Priority areas for further research
• Efficacy of using prognostic variables to tailor rehabilitation.
• Possible use of brain imaging to better define rehabilitation
strategy and prognosis.
• Interventions for severe stroke.
• Interventions for younger stroke patients.
COMMON COMPLICATIONS DURING
REHABILITATION
Successful stroke rehabilitation can be compromised by medical complications. Such complications impact negatively on
rehabilitation progress and are strong predictors of poor functional outcome and mortality. Observational work suggests that
the commonest complications during inpatient rehabilitation
are: depression, shoulder pain, falls, urinary disturbance and
aspiration pneumonia (98).
Post-Stroke Depression
Post-stroke depression (PSD) is associated with poor rehabilitation results and ultimately poor outcome (99). In clinical
practice, only a minority of patients are diagnosed and even
fewer are treated (100). Prevalence of up to 33% of stroke
survivors compared with 13% of age- and sex-matched controls
has been described (101), but reliable estimates of incidence
and prevalence of PSD in a stroke cohort are limited by a lack
of standardized definitions and scoring systems (99). Predictors
of PSD in the rehabilitation setting include increasing physical disability, cognitive impairment and stroke severity (99).
There is no consensus on the optimal method for screening
or diagnosis of PSD. Standard depression screening tools are
inappropriate for certain groups at high risk of PSD, such as
patients with aphasia or cognitive impairment (102).
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A number of therapies have been used in the treatment and
prevention of affective disorder in stroke. Meta-analysis of pharmacotherapy consistently shows that selective serotonin reuptake
inhibitors (SSRI) and heterocyclics can improve mood poststroke (103). There is less evidence that these agents can effect
a full remission of a major depressive episode, or prevent PSD.
Of the available drugs, SSRIs appear to cause fewer withdrawals
from treatment due to side-effects than do heterocyclics (104).
There is no good evidence to recommend psychotherapy for treatment or prevention of PSD, although these therapies elevate mood
(105). There have been no trials of electro-convulsive therapy in
PSD. There is a dearth of robust evidence regarding the effect of
treating PSD on rehabilitation or functional outcomes.
Emotionalism is a distressing symptom for patients and carers. Antidepressant pharmacotherapy may reduce emotional
outbursts, but effects on quality of life are not clear (106).
Key points
• Post-stroke depression is under-diagnosed.
• Drug therapy and non-drug interventions may improve mood
following stroke.
• There is limited evidence regarding screening and intervention to treat depression in stroke patients.
• Drug therapy can improve manifestations of post-stroke
emotionalism.
Priority area for further research
• Optimal therapy for treatment of PSD, especially in patients
with aphasia.
Pain and Spasticity
Post-stroke shoulder pain (PSSP) is increasingly recognized,
with an incidence of up to 80% in the first year post-event
(107). Risk is highest in patients with impaired arm function
and poor functional status (108). The aetiology is poorly
defined, but appears multifactorial related to both central and
mechanical factors (109). The presence of PSSP has a negative
association with good rehabilitation outcomes (108).
Review of interventions for PSSP suggests that passive
movement of a paretic limb may be preventive (109). Electrical stimulation is commonly used for treatment, but efficacy
is unproven by a systematic review of the small trials (110).
Treatments for shoulder subluxation, a common precipitant
of PSSP, have been reviewed. The review group concluded
insufficient data to recommend use of slings or orthoses, but
reported a trend towards efficacy for arm strapping of the affected limb (111).
Central or neuropathic pain is a common post-stroke sequelae, especially affecting patients with thalamic pathologies.
Literature review for all chronic pain subtypes suggests that
amitryptiline, lamotrogine and gabapentin are suitable therapeutic agents that are tolerated and can reduce pain compared
with placebo (112).
Spasticity is a common problem in the chronic phase and can
have adverse effects on ADL and quality of life (113). Posture
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and movement therapy, relaxing therapy, splints and supports
are all commonly employed, but a sound evidence base is lacking (114). There is some evidence for use of pharmacotherapy
with botulinum toxin, with proven effects on muscle tone in
arms and legs. Functional benefits are less well studied. Other
agents, such as tinzadine, are limited in their use due to sideeffects, principally sedation (115).
Key points
• Post-stroke shoulder pain is common.
• Passive movements may help prevent this complication, but
there is no good evidence on treatment.
• Tricyclic and anticonvulsant therapy may ease post-stroke
neuropathic pain.
• Botulinum toxin may be useful for post-stroke spasticity.
Priority area for further research
• Recognition and treatment of post-stroke shoulder pain,
neuropathic pain and spasticity.
Falls
A considerable amount of literature is available on incidence,
prediction and interventions to reduce falls amongst older
patients (116). Data on falls in stroke survivors are more limited, but consistently confirm that falls are common, both in
the acute setting (up to 25% during in-patient rehabilitation
(117)) and in the long-term (118). Conflicting data are available on predictors of falls in stroke survivors (119). Likely
risk factors include cognitive impairment, depression, polypharmacy and sensory impairment (120). Falls are common
during patient transfers and so special moving and handling
training is recommended for stroke unit staff (121). At present
there is insufficient evidence to recommend an intervention to
prevent falls in stroke survivors, although a multidisciplinary
prevention package that focuses on personal and environmental
factors has been found to be successful in general rehabilitation settings (122).
Amongst post-stroke fallers, the 5% incidence of serious
injury is small, but still clinically important: hip fracture rates
are 4-fold higher than in age-matched controls (123). Outcomes
following fractured neck of femur are especially poor in stroke
survivors (124). As a result of immobility, hypovitaminosis-D
and possible other factors, bone mineralization is suboptimal
following stroke (125). Exercise (126), calcium supplements
(127) and bisphosphonates (128) improve bone strength and
decrease rate of fracture in stroke patients. There is insufficient
evidence to recommend a particular approach, although problems with dysphagia can complicate oral bisphosphonate use
and intravenous preparations have been advocated by some.
Hip protectors can reduce incidence of fracture for high risk
groups in institutional care, but evidence is less impressive for
their use in a community setting (129).
Key points
• Falls are common post-stroke. Subsequent fractures are associated with considerable morbidity and mortality.
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• Bone mineralization is impaired post-stroke: exercise,
calcium/vitamin-D supplements or bisphosphonates may
improve bone strength.
Priority areas for further research
• Interventions to reduce falls risk in a stroke population.
• Interventions to minimize harm from falls in a stroke population.
Continence
Post-stroke urinary incontinence (UI) is common, with increasing incidence in older, more disabled and cognitively impaired
stroke survivors (130). Recent estimates are of 40–60% prevalence in an acute stroke population, with 25% still incontinent
at discharge and 15% incontinent after one year (131). These
figures may be confounded by a high prevalence of pre-morbid
UI, but remain concerning as UI is a strong predictor of poor
functional outcome, even after correcting for age and functional status. Aetiology is generally multifactorial including
abnormalities of normal voiding mechanism, lower urinary
tract infection, and “functional incontinence” (77).
There is limited evidence to support physical interventions
such as bladder retraining and pelvic floor exercises for UI
(131). Structured assessment and physical management improved continence rates in both inpatients and outpatients (132).
Trials of other mechanical or physical therapy are of insufficient
number and quality to make any recommendation (132).
Literature on faecal incontinence (FI) is limited. Estimates of
prevalence suggest that FI is common in the acute stages and
remains a problem for many patients, with 30% prevalence in
the first week and 11% after one year (133). Prevalence in the
chronic phase is less well defined, with estimates of 4–15%
(134): considerably higher than age-matched controls (1%
prevalence). Use of constipating drugs and difficulty with
toilet access predict ongoing FI (133). One trial of structured
assessment and advice found a positive effect on bowel habit
that was sustained to one year (135).
Key points
• Urinary and faecal incontinence are common in the acute
stages of stroke and persist in a significant percentage of
patients.
• A co-ordinated programme of assessment and intervention
may help restore normal toileting.
Priority area for further research
• Interventions to improve continence post-stroke.
Dysphagia and Feeding
Oropharyngeal dysphagia occurs in up to one-third of patients
presenting with a unilateral hemiplegic stroke (136). Frequency
may be higher in patients with brain stem stroke. Prevalence
of dysphagia is highest in the acute stages of a stroke and
declines to around 15% at 3 months (67). Dysphagia is associated with a higher incidence of medical complications and
overall mortality (137).
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Withholding or limiting oral intake for a patient with dysphagia can worsen the catabolic state that may be associated
with an acute insult such as stroke. Estimates of malnutrition on
admission vary from 7 (138), increasing to 22–35% at 2 weeks
(139). For disabled patients requiring prolonged rehabilitation,
a 50% prevalence of malnutrition is reported (140). Malnutrition predicts poor functional outcome and mortality (140, 141).
However, routine supplementation for all acute stroke patients
did not improve outcomes or reduce complications (n = 859
Absolute Risk Reduction (ARR) death/poor outcome 0.7%;
1.4–2.7) (142). This may relate, in part, to the low observed
incidence of malnutrition at baseline (7.8%). There are no adequately powered trials of targeting supplementation to stroke
patients with evidence or at risk of malnutrition.
For patients with ongoing dysphagia, options to provide
enteral nutrition include nasogastric feeding or creation of a
percutaneous endoscopic gastrostomy (PEG). A trial of early vs
delayed (one week) nasogastric feeding found no compelling
benefit of early feeding, although there was a trend to fewer
deaths in the early nasogastric group (n = 859 ARR death 5.8%;
0.8–12.5) (142). A related trial examining PEG and nasogastric
feeding within 30 days revealed that PEG feeding was no better
than nasogastric feeding and may in fact be harmful (n = 321
ARR death/poor outcome 7.8%; 0–15.5) (142). For patients
with longer term dysphagia, PEG feeding may be considered.
Two trials (combined n = 49) comparing PEG with nasogastric
feeding found a trend towards improved nutrition with PEG
feeding that did not reach statistical significance (66). In
discussions with patient and family it should be remembered
that overall mortality following PEG placement is 50% after
one year (143). This reflects the severity of the underlying
disease. Quality of life measures following PEG are poorly
researched. In those studies that have addressed this issue,
quality of life was not improved by PEG (143). The use of
calcium channel blockers to aid swallow has no convincing
evidence base (144).
Key points
• Malnutrition rates are high in patients requiring longer term
inpatient rehabilitation.
• Current evidence does not support routine use of dietary
supplements for all strokes.
• Early insertion of a PEG feeding tube is not recommended.
Priority area for further research
• Use of targeted nutritional supplementation.
• Longer term outcomes, including patient and relative views
post-PEG.

ACKNOWLEDGEMENT
The authors have no relevant disclosure or conflict of interest to declare.
No external funding.

J Rehabil Med 41

REFERENCES
1. The European Stroke Organisation (ESO) Executive Committee
and ESO Writing Committee. Guidelines for the Management of
Ischaemic Stroke and Transient Ischaemic Attack 2008. Presented
at the European Stroke Conference, Nice; 2008. Available from:
http://www.eso-stroke.org/recommendations.php?cid = 9 [last
accessed July 2008]
2. Martin J, Meltzer H, Elliot D, editors. The prevalence of disability
among adults. London: HMSO; 1998.
3. Brainin M, Teuschl Y, Kalra L. Acute treatment and long-term
management of stroke in developing countries. Lancet Neurol
2007; 6: 553–566.
4. Palmer AJ, Valentine WJ, Roze S, Lammert M, Spiesser J, Gabriel
S. Overview of costs of stroke from published, incidence-based
studies spanning 16 industrialised countries. Cur Med Res 2005;
21: 19–26.
5. Atlantis, ECASS and NINDs rt-PA study group investigator. Association of outcome with early stroke treatment: pooled analysis
of ATLANTIS, ECASS, and NINDS rt-PA stroke trials. Lancet
2004; 363: 768–774.
6. WHO. International classification of functioning disability and
Health ICF. Geneva: WHO; 2001.
7. Barnes MP. Principles of neurological rehabilitation J Neurol
Neurosurg Psychiatry 2003; 74 Suppl 4: iv3–iv7.
8. Redfern J, McKevitt C, Wolfe CD. Development of complex
interventions in stroke care: a systematic review. Stroke 2006;
37: 2410–2419.
9. Dobkin BH. Clinical practice. Rehabilitation after stroke. N Engl
J Med 2005; 352: 1677–1684.
10. Langhorne P, Legg L. Evidence behind stroke rehabilitation. J
Neurol Neurosurg Psych 2003; 74 Suppl IV: 18–21.
11. Ballinger C, Ashburn A, Low J, Roderick P. Unpacking the black
box of therapy–a pilot study to describe occupational therapy and
physiotherapy interventions for people with stroke. Clin Rehabil
1999; 13: 301–309.
12. Walker MF. Stroke rehabilitation: evidence-based or evidencetinged? J Rehabil Med 2007; 39: 193–197.
13. Dobkin BH. Confounders in rehabilitation trials of task-oriented
training: lessons from the designs of the EXCITE and SCILT
multicenter trials. Neurorehabil Neural Repair 2007; 21: 3–13.
14. van den Ende CH, Steultjens EM, Bouter LM, Dekker J. Clinical
heterogeneity was a common problem in Cochrane reviews of
physiotherapy and occupational therapy. J Clin Epidemiol 2006;
59: 914–919
15. Wade DT. Research into the black box of rehabilitation. Clin
Rehabil 2001; 15: 1–4.
16. Langhorne P, Dennis MS, Kalra L, Shepperd S, Wade DT, Wolfe
CD. Services for helping acute stroke patients avoid hospital
admission. Cochrane Database of Systematic Reviews 2000; (2):
CD000444.
17. Kalra L, Evans A, Perez I. Alternative strategies for stroke care:
a prospective randomised controlled trial. Lancet 2000; 356:
894–899.
18. How do stroke units improve patient outcomes? A collaborative
systematic review of the randomized trials. Stroke Unit Trialists
Collaboration. Stroke 1997; 28: 2139–2144.
19. Indradevik B, Slordahl SA, Bakke F, Rosketh R, Haheim LL.
Stroke unit treatment: long term effects. Stroke 1997; 28:
1861–1866
20. Langhorne P, Dey P, Woodman M, Kalra L, Wood-Dauphinee S,
Patel N, et al. Is stroke unit care portable? A systematic review
of the clinical trials. Age Ageing 2005; 34: 324–330.
21. Fjaertoft H. Indredavik B. Johnsen R. Lydersen S. Acute stroke
unit care combined with early supported discharge. Long-term
effects on quality of life. A randomized controlled trial. Clin
Rehabil 2004; 18: 580–586.

ESO Stroke Rehabilitation Guidelines
22. Langhorne P, Taylor G, Murray G, Dennis M, Anderson C, BautzHolter E, et al. Early supported discharge services for stroke
patients: a meta-analysis of individual patients’ data. Lancet 2005;
365: 501–506.
23. Ronning OM, Guldvog B. Outcome of subacute stroke rehabilitation, a randomised controlled trial. Stroke 1998; 29: 779–784.
24. Legg L, Langhorne P, Drummond AE, Gladman JR, Logan PA,
Walker MF. Rehabilitation therapy services for stroke patients
living at home: systematic review of randomised controlled trials.
Lancet 2004; 363: 352–356.
25. Forster A, Young J, Langhorne P. Medical day hospital care for
the elderly versus alternative forms of care. Cochrane Database
of Systematic Reviews 2000: CD001730.
26. Baron JC, Cohen LG, Cramer SC, Dobkin BH, Johansen-Berg H,
Loubinoux I, et al. Neuroimaging in stroke recovery: a position
paper from the first international workshop on neuroimaging and
stroke recovery. Cerebrovasc Dis 2004; 18: 260–267.
27. Salter K, Jutai J, Hartley M, Foley N, Bhogal S, Bayona N, et
al. Impact of early versus delayed admission to rehabilitation on
functional outcomes in persons with stroke. J Rehabil Med 2006;
38: 113–117.
28. Paolucci S, Antonucci G, Grasso MG, Morelli D, Troisi E, Coiro
P, et al. Early versus delayed inpatient stroke rehabilitation: a
matched comparison conducted in Italy. Arch Phys Med Rehabil
2000; 81: 695–700.
29. Bernhardt J, Dewey H, Thrift A, Collier J, Donnan G. A very
early rehabilitation trial for stroke (AVERT): phase II safety and
feasibility. Stroke 2008; 39: 390–396.
30. Bernhardt J, Chitravas N, Meslo IL, Thrift AG, Indredavik B. Not
all stroke units are the same: a comparison of physical activity
patterns in Melbourne, Australia, and Trondheim, Norway. Stroke
2008; 39: 2059–2065.
31. Diserens K, Michel P, Bogousslavsky J. Early mobilisation
after stroke: review of the literature. Cerebrovasc Dis 2006; 22:
183–190.
32. Aziz N, Leonardi-Bee J, Walker M, Phillips, M, Gladman J,
Legg L. Therapy based rehabilitation services for patients living
at home more than one year after stroke. Cochrane Database of
Systematic Reviews 2007: CD005952.
33. Kwakkel G, van Peppen R, Wagenaar RC, Wood DS, Richards
C, Ashburn A, et al. Effects of augmented exercise therapy time
after stroke: a meta analysis. Stroke 2004; 35: 2529–2539.
34. van der Lee JH, Smels IAK, Beckerman H, Lankhorst GJ,
Wagenaar RC, Bouter LM. Exercise therapy for arm function
in stroke patients: a systematic review of randomised controlled
trials. Clin Rehabil 2001; 15: 20–31.
35. Bernhardt J, Dewey H, Thrift A, Donnan G. Inactive and alone:
physical activity within the first 14 days of acute stroke unit care.
Stroke 2004; 35: 1005–1009
36. Langhorne P, Wagenaar R, Partridge C. Physiotherapy after stroke:
more is better? Physiother Res Int 1996; 1: 75–88.
37. Kalra L, Dale P, Crome P. Improving stroke rehabilitation: a
controlled study. Stroke 1993; 24; 1462–1467.
38. Kwan J, Sandercock P. In-hospital care pathways for stroke: a
Cochrane systematic review. Stroke 2003; 34: 587–588.
39. Rapoport J, Judd-van Erd M. Impact of physical therapy weekend
coverage on lengths of stay in an acute care community hospital.
Phys Ther 1989; 69: 32–37.
40. World Confederation of Physical Therapy. What is physiotherapy?
Available from: http://www.wcpt.org/policies/description/whatis.
php [last accessed May 2008].
41. van Peppen RPS, Kwakkel G, Wood-dauphinee S, Hendriks HJM,
van der Wees PHJ, Dekker J. The impact of physical therapy
on functional outcomes after stroke: what’s the evidence? Clin
Rehabil 2004; 18: 833–862.
42. Pound P, Bury M, Gompertz P, Ebrahim S. Views of survivors of
stroke on the benefits of physiotherapy. Qual Health Care 1994;
3: 69–74.
43. Pollock A, Baer G, Langhorne P, Pomeroy V. Physiotherapy treat-

109

ment approaches for the recovery of postural control and lower
limb function following stroke: a systematic review. Clin Rehabil
2007; 21: 395–410.
44. Langhammer B, Stanghelle JK. Bobath or motor relearning
programme? A comparison of two different approaches of physio
therapy in stroke rehabilitation: a randomized controlled study.
Clin Rehabil 2000; 14: 361–369.
45. Langhammer B, Stanghelle JK. Bobath or motor relearning
programme? A follow-up one and four years post stroke. Clin
Rehabil 2003; 17: 731–734.
46. Wolf SL, Winstein CJ, Miller JP, Taub E, Uswatte G, Morris D,
et al. Effect of constraint induced movement therapy on upper
extremity function 3 to 9 months after stroke: the EXCITE randomised clinical trial. JAMA 2006; 296: 2095–2104.
47. Moseley AM, Stark A, Cameron ID, Pollock A. Treadmill training and body weight support for walking after stroke. Cochrane
Database of Systematic Reviews 2005: CD002840.
48. Pomeroy VM, King LM, Pollock A, Baily-Hallam A, Langhorne
P. Electrostimulation for promoting recovery of movement for
functional ability after stroke. Systematic review and metaanalysis. Cochrane Database of Systematic Reviews 2006; (2):
CD003241.
49. Tong RK, Ng MF, Li LS. Effectiveness of gait training using
an electromechanical gait trainer, with and without functional
electric stimulation, in subacute stroke: a randomized controlled
trial. Arch Phys Med Rehabil 2006; 87: 1298–1304.
50. De Wit L, Putman K, Schuback B, Komarek A, Angst F, Baert I, et
al. Motor and functional recovery after stroke: a comparison of 4
European Rehabilitation Centers. Stroke 2007; 38: 2101–2107.
51. Henderson A, Korner-Bitensky N, Levin M. Virtual reality in stroke
rehabilitation: a systematic review of its effectiveness for upper
limb motor recovery. Top Stroke Rehabil 2007; 14: 52–61.
52. Braun SM, Beurskens AJ, Borm PJ, Schack T, Wade DT. The
effects of mental practice in stroke rehabilitation: a systematic
review. Arch Phys Med Rehabil 2006; 87: 842–852.
53. Stewart KC, Cauraugh JH, Summers JJ. Bilateral movement
training and stroke rehabilitation: a systematic review and metaanalysis. J Neurol Sci 2006; 244: 89–95.
54. Gordon NF, Gulanick M, Costa F, Fletcher G, Franklin BA, Roth
EJ, et al. Physical activity and exercise recommendations for
stroke survivors. Stroke 2004; 35; 1230–1240.
55. Pang MY, Eng JJ, Dawson AS, Gylfadottir S. The use of aerobic
exercise training in improving aerobic capacity in individuals
with stroke a meta-analysis. Clin Rehabil 2006; 20: 97–111.
56. AOTA Policy 5.3.1: Definition of occupational therapy practice
for state regulation. Am J Occup Ther 1994; 48: 1072–1073.
57. Legg LA, Drummond AE, Langhorne P. Occupational therapy for
patients with problems in activities of daily living after stroke.
Cochrane Database of Systematic Reviews 2006: CD003585.
58. Steultjens EMJ, Dekker J, Bouter LM, va der Nes JCM, Cup EHC,
van den Ende. CHM Occupational therapy for stroke patients. A
systematic review. Stroke 2003; 34: 676–687.
59. Walker MF, Leonardi-Bee J, Bath P, Langhorn P, Dewey M, Corr
S, et al. Individual patient data meta-analysis of randomised
controlled trials of community occupational therapy for stroke
patients. Stroke 2004; 35: 2226–2232.
60. Sackley C, Wade DT, Mant D, Copley Atkinson J, Yudkin P,
Cardoso K, et al. Cluster randomized pilot controlled trial of an
occupational therapy intervention for residents with stroke in UK
care homes. Stroke 2006; 37: 2336– 2341.
61. Walker MF, Drummond AER, Lincoln NB. Evaluation of dressing practice for stroke patients after discharge from hospital: a
cross-over design study. Clin Rehabil 1996; 10: 23–31.
62. Logan P, Gladman JRF, Avery A, Walker MF, Dyas J, Groom L.
Randomised controlled trial of an occupational therapy intervention to increase outdoor mobility after stroke. BMJ 2004; 329:
1372.
63. Herbert S. A team approach to the treatment of dysphagia. Nursing
Times 1996; 92: 26–29.
J Rehabil Med 41

110

T. J. Quinn et al.

64. Teasell RW, Bach D, McRae M. Prevalence and recovery of
aspiration poststroke: a retrospective analysis. Dysphagia 1994;
9: 35–39.
65. Martino R, Pron G, Diamant N. Screening for oropharyngeal dysphagia in stroke: insufficient evidence for guidelines. Dysphagia
2000; 15: 19–30.
66. Bath PM, Bath-Hextall FJ, Smithard DG. Interventions for dysphagia in acute stroke. Cochrane Database of Systematic Reviews
2000: CD000323.
67. Mann G, Hankey GJ, Cameron D. Swallowing function after
stroke: progress and prognostic factors at 6 months. Stroke 1999;
30: 744–748.
68. DePippo KL, Holas MA, Reding MJ, Mandel FS, Lesser ML.
Dysphagia therapy following stroke: a controlled trial. Neurology
1994; 44: 1655–1660.
69. Engelter ST, Gostynski M, Papa S, Frei M, Born C, Ajdacic-Gross
V. et al. Epidemiology of aphasia attributable to first ischemic
stroke: incidence, severity, fluency, etiology, and thrombolysis.
Stroke 2006; 37: 1379–1384.
70. Sellars C, Hughes T, Langhorne P. Speech and language therapy
for dysarthria due to non-progressive brain damage. Cochrane
Database of Systematic Reviews 2005: CD002088.
71. Greener J, Enderby P, Whurr R. Speech and language therapy
for aphasia following stroke. Cochrane Database of Systematic
Reviews 2000: CD000425.
72. Robey RR. Meta-analysis of clinical outcomes in the treatment
of aphasia. J Speech Lang Hear Res 1998; 41: 172–187.
73. Cicerone KD, Dahlberg C, Malec JF, Langenbahn DM, Felicetti T,
Kneipp S, et al. Evidence-based cognitive rehabilitation: updated
review of the literature from 1998 through 2002. Arch Phys Med
Rehabil 2005; 86: 1681–1692.
74. Stroke Liaison Workers Collaboration. Meta-analysis of stroke
liaison workers for patients and carers: results by intervention
characteristic. Cerebrovasc Dis 2006; 21 Suppl 4: 120.
75. O’Mahony PG, Rodgers H, Thomson RG, Dobson R, James
OFW. Satisfaction with information and advice received by stroke
patients. Clin Rehabil 2007; 11: 68–72.
76. Forster A, Smith J, Young J, Knapp P, House A, Wright J. Information provision for stroke patients and their caregivers. The
Cochrane Library. Cochrane Database of Systematic Reviews
2001; (3): CD001919.
77. Marinkovic S, Badlani G. Voiding and sexual dysfunction after
cerebrovascular accidents. J Urol 2001; 165: 359–370.
78. Sjogren K, Fugl-Meyer AR. Adjustment to life after stroke with
special reference to sexual intercourse and leisure. J Psychosom
Res 1982; 26: 409–417.
79. Muller JE. Triggering of cardiac events by sexual activity – findings from a case crossover analysis. Am J Cardiol 2000; 86:
14–18.
80. Nair R, Lincoln N. Cognitive rehabilitation for memory deficits
following stroke. Cochrane Database of Systematic Reviews
2007; (3): CD002293.
81. Lincoln NB, Majid MJ, Weyman N. Cognitive rehabilitation
for attention deficits following stroke. Cochrane Database of
Systematic Reviews 2000: CD002842.
82. Bowen A, Lincoln NB. Cognitive rehabilitation for spatial neglect
following stroke. Cochrane Database of Systematic Reviews
2007: CD003586.
83. Johansson BB. Brain Plasticity and stroke rehabilitation. The
Willis lecture. Stroke 2000; 31: 223–330.
84. Kalra L, Evans A, Perez I, Melbourn A, Patel A, Knapp M, et al.
Training carers of stroke patients: randomised controlled trial.
BMJ 2004; 328: 1099.
85. Park J, Hopwood V, White AR, Ernst E. Effectiveness of acupuncture for stroke: a systematic review. J Neurol 2001; 248;
558–563.
86. Martinsson L, Hardemark, H. Eksborg, S. Amphetamines for improving recovery after stroke. Cochrane Database of Systematic
Reviews 2003; (3): CD002090
J Rehabil Med 41

87. Brady BK, McGahan LSB. Systematic review of economic
evidence on stroke rehabilitation services. Int J Technol Assess
Health Care 2005; 21: 15–21.
88. Claesson L, Gosman-Hedström G, Johannesson M, Fagerberg B,
Blomstrand C. Resource utilization and costs of stroke unit care
integrated in a care continuum: A 1-year controlled, prospective,
randomized study in elderly patients: the Göteborg 70+ Stroke
Study. Stroke 2000; 31: 2569–2577.
89. Larsen T, Olsen TS, Sorensen J. Early home-supported discharge
of stroke patients: a health technology assessment. Int J Technol
Assess Health Care 2006; 22: 313–320.
90. Patel A, Knapp M, Evans A, Perez I, Kalra L. Training care
givers of stroke patients: economic evaluation. BMJ 2004; 328:
1102–1104.
91. Shah S, Vanclay F, Cooper B. Efficiency, effectiveness and duration of stroke rehabilitation. Stroke 1990; 21: 241–246.
92. Chae J, Zorowitz RD, Johnston MV. Functional outcome of
haemorrhagic and nonhemorrhagic stroke patients after inpatient
rehabilitation. Am J Phys Med Rehabil 1996; 75: 177–182.
93. Katz N, Hartman-Maeir A, Ring H, Soroker N. Functional disability and rehabilitation outcome in right hemisphere damaged
patients with and without unilateral spatial neglect. Arch Phys
Med Rehabil 1999; 80: 379–384.
94. Ween JE, Alexander MP, D’Esposito M, Roberts M. Factors predictive of stroke outcome in a rehabilitative setting. Neurology
1996; 47: 388–392.
95. Kalra L, Eade J. Role of stroke rehabilitation units in managing
severe disability after stroke. Stroke 1995; 26: 2031–2034.
96. Rodgers H. The scope for rehabilitation in severely disabled stroke
patients. Disab Rehabil 2000; 22: 199–200.
97. Turner-Stokes L, Disler PB, Nair A, Wade DT. Multi-disciplinary rehabilitation for acquired brain injury in adults of working age. Cochrane Database of Systematic Reviews 2005; (3):
CD004170.
98. McLean DE. Medical complications experienced by a cohort of
stroke survivors during inpatient, tertiary-level stroke rehabilitation. Arch Phys Med Rehabil 2004; 85: 466–469.
99. Hackett ML, Yapa C, Parag V, Anderson CS. The frequency of
depression after stroke: a systematic review of observational
studies. Stroke 2005; 36: 1330–1340.
100. Paolucci S, Gandolfo C, Provinciali L, Torta R, Toso V. The Italian multicentre observational study on post stroke depression
(DESTRO). J Neurol 2006; 253: 556–562.
101. Linden T, Blomstrand C, Skoog I. Depressive disorders after 20
months in elderly stroke patients: a case control study. Stroke
2007; 38: 1860–1863.
102. Kauhanen M, Korpelainen JT, Hiltunen P, Brusin E, Mononen
H, Maatta R, et al. Poststroke depression correlates with cognitive impairment and neurological deficits. Stroke 1999; 30:
1875–1880.
103. Hackett ML, Anderson CS, House AO. Management of depression
after stroke: a systematic review of pharmacological therapies.
Stroke 2005; 36: 1092–1097
104. Bhogal SK, Teasel R, Foley N, Speechley M. Heterocyclics and
selective serotonin reuptake inhibitors in the treatment and prevention of post stroke depression. J Am Geriatr Soc 2005; 53:
1051–1057.
105. Anderson CS, Hackett ML, House AO. Interventions for preventing depression after stroke. Cochrane Database of Systematic
Reviews 2004: CD003689.
106. House AO, Hackett ML, Anderson CS, Horrocks JA. Pharmaceutical interventions for emotionalism after stroke. Cochrane
Database of Systematic Reviews 2004: CD003690.
107. Lindgren I, Jonsson AC, Norrving B, Lindgren A. Shoulder pain
after stroke: a prospective population-based study. Stroke 2007;
38: 343–348.
108. Poduri KR. Shoulder pain in stroke patients and its effects on
rehabilitation. J Stroke Cerebrovasc Dis 1993; 3: 261–266.
109. Vuagnat H, Chantraine A. Shoulder pain in hemiplegia revisited:

ESO Stroke Rehabilitation Guidelines
contribution of functional electrical stimulation and other therapies. J Rehabil Med 2003; 35: 49–54.
110. Price CI, Pandyan AD. Electrical stimulation for preventing and
treating post-stroke shoulder pain: a systematic Cochrane review.
Clin Rehabil 2001; 15: 5–19.
111. Ada L, Foongchomcheay A, Canning C. Supportive devices for
preventing and treating subluxation of the shoulder after stroke.
Cochrane Database of Systematic Reviews 2005: CD003863.
112. Wiffen P, Collins S, McQuay H, Carroll D, Jadad A, Moore A.
Anticonvulsant drugs for acute and chronic pain. Cochrane Database of Systematic Reviews 2005: CD001133.
113. Satkunam LE. Rehabilitation medicine: 3. Management of adult
spasticity. Can Med Assoc J 2003; 169: 1173–1179.
114. Lannin NA. Herbert RD. Is hand splinting effective for adults following stroke? A systematic review and methodological critique
of published research. Clin Rehabil 2003; 17: 807–816.
115. Meythaler JM, Guin-Renfroe S, Johnson A, Brunner RM. Prospective assessment of tizanidine for spasticity due to acquired brain
injury. Arch Phys Med Rehabil 2001; 82: 1155–1163.
116. American Geriatrics Society, British Geriatric Society, American
Academy Orthopaedic Surgeons Joint Committee. Panel on falls
prevention. Guideline for the prevention of falls on older persons.
J Am Ger Soc 2001; 49: 664–672
117. Mackintosh SF, Hill KD, Dodd KJ, Goldie PA, Culham EG. Balance score and a history of falls in hospital predict recurrent falls
in the six months following stroke rehabilitation. Arch Phys Med
Rehabil 2006; 87: 1583–1589.
118. Mackintosh SF, Goldie P, Hill K. Falls incidence and factors associated with falling in older, community dwelling chronic stroke
survivors and matched controls. Aging Clin Exp Res 2005; 17:
74–81.
119. Lamb SE, Ferrucci L, Volapto S, Fried LP, Guralnik JM. Risk factors for falling in home dwelling older women with stroke – the
womens health and ageing study. Stroke 2003; 34: 494–501.
120. Aizen E, Shagaev I, Lenger R. Risk factors and characteristics
of falls during inpatient rehabilitation of elderly patients. Arch
Gerontol Geriatr 2007; 44: 1–12
121. Nyberg L, Gustafson Y. Patient falls in stroke rehabilitation. Stroke
1995; 26: 838–842.
122. Oliver D, Connelly JB, Victor CR, Shaw FE, Whitehead A, Genc
Y, et al. Strategies to prevent falls and fractures in hospitals and
care homes and effect of cognitive impairment: systematic review
and meta-analyses. BMJ 2007; 334: 82.
123. Ramnemark A, Nilsson M, Borssen B, Gustafson Y. Stroke, a
major and increasing risk factor for femoral neck fracture. Stroke
2000; 31: 1572–1577.
124. Ramnemark A, Nyberg L, Borssen B, Olsson T, Gustafson Y.
Fractures after stroke. Osteoporos Int 1998; 8: 92–95.
125. Sato Y, Maruoka H, Oizumi K, Kikuyama M. Vitamin D deficiency
and osteopenia in the hemiplegic limbs of stroke patients. Stroke
1996; 27: 2183–2187.
126. Pang MY, Eng JJ, Dawson AS, Gylfadottir S. The use of aerobic
exercise training in improving aerobic capacity in individuals
with stroke a meta-analysis. Clin Rehabil 2006; 20: 97–111.
127. Sato Y, Iwamoto J, Kanoko T, Satoh K. Low dose vitamin D prevents
muscular atrophy and reduces falls and hip fractures after stroke a
randomised controlled trial. Cerebrovasc Dis 2005; 20: 187–192.

111

128. Sato Y, Asoh T, Kaji M, Oizumi K. Beneficial effect of intermittent cyclical etidronate therapy in hemiplegic patients following
an acute stroke. J Bone Miner Res 2000; 15: 2487–2494.
129. Parker MJ, Gillespie LD, Gillespie WJ. Hip protectors for preventing hip fractures in the elderly. Cochrane Database of Systematic
Reviews 2001: CD001255.
130. Jorgensen L, Engstad T, Jacobsen BK. Self reported urinary
incontinence in non-institutionalized long term stroke survivors
– a population based study. Arch Phys Med Rehabil 2005; 86:
416–420.
131. Thomas LH, Barrett J, Cross S, French B, Leathley M, Sutton
C, et al. Prevention and treatment of urinary incontinence after
stroke in adults. Cochrane Database of Systematic Reviews 2005:
CD004462.
132. Dumoulin C, Korner-Bitensky N, Tannenbaum C. Urinary incontinence after stroke does rehabilitation make a difference?
A systematic review of the effectiveness of behavioural therapy.
Top Stroke Rehabil 2005; 12: 66–76.
133. Harari D, Coshall C, Rudd AG, Wolfe CD. New onset faecal
incontinence after stroke: prevalence, natural history, risk factors
and impact. Stroke 2003; 34: 144–150.
134. Brittain K, Perry S, Shaw C, Matthews R, Jagger C, Potter J.
Isolated urinary, fecal and double incontinence: Prevalence and
degree of soiling in stroke survivors. J Am Geriatr Soc 2006; 54:
1915–1919.
135. Harari D, Norton C, Lockwood L, Swift C. Treatment of constipation and faecal incontinence in stroke patients – randomised
controlled trial. Stroke 2004; 35: 2549–2555.
136. Gordon C, Hewer RL, Wade DT. Dysphagia in acute stroke. BMJ
1987; 295: 411–414.
137. Martino R, Foley N, Bhogal S, Diamant N, Speechley M, Teasel
R. Dysphagia after stroke incidence, diagnosis and pulmonary
complications. Stroke 2005; 36: 2756–2763.
138. Dennis M, Lewis S, Cranswick G, Forbes J. FOOD Trial Collaboration. FOOD: a multicentre randomised trial evaluating
feeding policies in patients admitted to hospital with a recent
stroke. Health Technol Assess 2006; 10: iii–iv, ix–x, 1–120.
139. Axelsson K, Asplund K, Norberg A, Eriksson S. Eating problems
and nutritional status during hospital stay of patients with severe
stroke. J Am Diet Assoc 1989; 89: 1092–1096.
140. Finestone HM, Greene-Finestone LS, Wilson ES, Teasell RW.
Prolonged length of stay and reduced functional improvement
rate in malnourished stroke rehabilitation patients. Arch Phys
Med Rehabil 1996; 77: 340–345.
141. Davalos R, Ricart W, Gonzalez-Huix F, Soler S, Marrugat J,
Molins A. Effect of malnutrition after acute stroke on clinical
outcome. Stroke 1996; 27: 1028–1032.
142. Dennis MS, Lewis SC, Warlow C. FOOD Trial Collaboration.
Effect of timing and method of enteral tube feeding for dysphagic
stroke patients (FOOD): a multicentre randomised controlled trial.
Lancet 2005; 365: 764–772.
143. Callahan CM, Haag KM, Weinberger M, Tierney WM, Buchanan
NN, Stump TE, et al. Outcomes of percutaneous endoscopic
gastrostomy among older adults in a community setting. J Am
Geriatr Soc 2000; 48: 1048–1054.
144. Perez I, Smithard DG, Davies H, Kalra L. Pharmacological treatment of dysphagia in stroke. Dysphagia 1998; 13: 12–16.

J Rehabil Med 41

112

T. J. Quinn et al.

J Rehabil Med 41

