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1  Introduction

Stroke care has changed from being largely supportive to interventional with 
emphasis on reduction of both mortality and resultant disability (Schwamm et al. 
2005; Powers et al. 2018). The development that started with integrated stroke units 
has evolved into hyperacute stroke care with emphasis on early diagnosis and revas-
cularization, by either dissolving the clot or mechanically removing it (Marler et al. 
2000; Rha and Saver 2007; Higashida et al. 2013; Powers et al. 2018). Alongside the 
early administration of recombinant tissue plasminogen activator and thrombec-
tomy, one other intervention showing some promise in limiting the long-term dis-
abling impact of stroke is early rehabilitation (Langhorne 2013; Momosaki et al. 
2016; Coleman et al. 2017; Yagi et al. 2017). Furthermore, there is now an under-
standing that establishing a continuum of stroke rehabilitation provides for best 
possible outcome for stroke patients (NICE 2013). Therefore, it is important to 
define the service structure for rehabilitation, one that follows the patient through 
the course of stroke care continuum. This chapter deals with recommendations in 
this context.
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Stroke rehabilitation is a continuous process that starts at the time the patient first 
presents with impairments and may need to be provided throughout the rest of his 
or her living years (Teasell et al. 2018). In order to do so, it is imperative that reha-
bilitation encounters are appropriately defined in terms of timing, service structures 
and resource requirements. Furthermore, effective interventions at each level of care 
must also be identified. Based on current evidence, we recommend the following 
settings as components of the stroke rehabilitation continuum:

 1. Early rehabilitation (hyperacute phase and acute phase).
 2. Subacute rehabilitation.
 3. Outpatient rehabilitation.
 4. Home-based rehabilitation.
 5. Community-based rehabilitation.
 6. Long-term and sustained rehabilitation.

2  Methodological Considerations

We present the current best evidence and evidence-based recommendations for spe-
cific interventions addressing each target domain of rehabilitation in stroke patients. 
As outlined in chapter “Clinical Pathways in Stroke Rehabilitation: Background, 
Scope, and Methods”, the focus is on best evidence and the corresponding recom-
mendations, but not on explicit health system design prescriptions. Clinical path-
ways for health system designs depend largely on regional circumstances and have 
to be developed locally taking both the evidence-based recommendations and the 
local context and needs into consideration (Platz 2019).

Nevertheless, there is still a need for guidance on health system design for stroke 
rehabilitation. Whilst we acknowledge the need for regional adaptation of specific 
practice recommendations and hence have been reluctant to make very explicit rec-
ommendations on system design in other chapters, in this chapter, the global author 
group provides some more general guidance on how to build healthcare settings for 
stroke rehabilitation.

This chapter makes primarily recommendations on how (best) to organize 
health care for stroke rehabilitation on a continuum from stroke onset to the long-
term situation of living with stroke sequelae. Since we know that such a continuum 
of care cannot be implemented in many regional settings, this chapter concludes 
with reflections on how to deal with the contextual limitations that exists in many 
low- income countries or rural settings. These limitations often include a severe 
shortage of trained staff and even most basic rehabilitative interventions often rely 
on the dedication of family members or other volunteers (see Sect. 3.7 for 
discussion).

In contrast to specific interventions, there is paucity of evidence addressing ben-
efit, harm and cost-effectiveness of healthcare settings. Therefore, this chapter is 
largely based on clinical reasoning and experience from clinical practice in diverse 
settings ranging from low-income to high-income countries. Many 
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recommendations made are expert opinions. When evidence is available, this is ref-
erenced and the level of evidence is then categorized according to the Oxford Centre 
for Evidence-Based Medicine—Levels of Evidence and rated with four categories 
according to “GRADE” (“Grades of Recommendation, Assessment, Development 
and Evaluation”) (Owens et al. 2010):

• High quality: further research is unlikely to affect our confidence in the estima-
tion of the (therapeutic) effect.

• Medium quality: further research is likely to affect our confidence in the estima-
tion of the (therapeutic) effect and may alter the estimate.

• Low quality: further research will most likely influence our confidence in the 
estimation of the (therapeutic) effect and will probably change the estimate.

• Very low quality: any estimation of the (therapy) effect or prognosis is very 
uncertain.

Whenever possible, recommendations of existing guidelines and/or evidence- 
based reviews have been included.

3  Stroke Rehabilitation Continuum

3.1  Early Rehabilitation After Stoke

With reduction in stroke mortality (Seminog et al. 2019) and more patients surviv-
ing the acute phase, attention is now focused on reduction of morbidity and dis-
ability due to stroke. Revascularization with tPA or mechanical thrombectomy as 
well as protection of neural tissue by effective management of complications, such 
as haemorrhagic transformation of infarct or brain oedema, is directed at limiting 
the extent of brain damage and thereby the disabling effect of impairments. To sup-
port this effort, emphasis on recovery of function and prevention of secondary 
complications should be considered as the main goal of early rehabilitation 
(Winstein et al. 2016). When rehabilitation is provided in an intensive care setting 
immediately after stroke, it is best referred to as hyperacute, whilst ward-based or 
step-down unit level rehabilitation should be termed as acute rehabilitation. Early 
rehabilitation refers to both of these levels of care. It is advisable, however, to use 
the individual terms as these reflect the exact level of rehabilitation setting more 
distinctly. The provision for early rehabilitation is recommended in the American 
Heart Association Guidelines, with evidence for this recommendation graded at 
1A (Winstein et al. 2016) corresponding to a strong recommendation (A) building 
on high-quality evidence.

In hyperacute setting, the stroke care team ought to include at least a physician 
with expertise in stroke rehabilitation, speech and language pathologist/therapist 
with expertise in swallow and early communication techniques, physical therapist, 
occupational therapist and stroke care–trained nurse specialists (Boulanger et  al. 
2018). In this setting, the main goal of rehabilitation should be to prevent early 
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complications and assess safety and feasibility of early mobilization (Coleman et al. 
2017). In this context the key domains of care are:

 1. Complete assessment of patient with focus on the following:
 (a) Impact of stroke with particular focus on presenting impairments and their 

severity (impairment mapping).
 (b) Co-morbidities and their premorbid impact on function.
 (c) Pre-existing musculoskeletal conditions and/or deformities.
 (d) Pre-existing disability(ies).
 (e) Family setup and support.
 (f) Work and social status.

 2. Protection of the airway and swallow assessment and management.
 (a) Early swallow assessment by speech and language therapist, who is ade-

quately trained in dysphagia management or by another professional (nurse 
or doctor), is recommended (Palli et al. 2017). Although, as yet, evidence is 
not conclusive regarding efficacy of this practice in reducing the aspiration 
episodes (Smith et  al. 2018), it is strongly recommended that screening 
should be carried out (Wolfe and Rudd 2011; Lakshminarayan et al. 2010) 
and in our judgement it should be adopted as part of acute stroke care.

 (b) The patient should not be fed orally or given medications unless cleared by 
swallow screening (Duncan et al. 2005).

 (c) The period within which this is to be conducted is difficult to specify as 
evidence in this respect does not support a standardized practice. However, 
currently, there is a consensus agreement that in patients who have signs of 
dysphagia, the assessment should be carried out within 24  h (Ellis and 
Adams 2016).

 (d) At present, there is no consensus on the instrument or instruments for the 
assessment, and we recommend that this should be agreed upon locally 
depending on resources, needs, availability, expertise and training (Donovan 
et al. 2013).

 (e) Enteral feeding should be initiated early in patients with dysphagia to avoid 
malnourishment. Whilst this should be considered as early as it is clinically 
established that patient is not able to swallow, the delay in introducing the 
enteral feeding should not exceed 3  days (Yamada 2015; Ojo and 
Brooke 2016).

 (f) Evidence indicate that early insertion of per-endoscopic gastrostomy tube 
should be avoided (George et al. 2017).

 (g) In patients requiring enteral feeding, nasogastric tube feeding is recom-
mended for as long as 3  weeks, beyond which insertion of PEG may be 
considered (George et al. 2017). Please note that nasogastric tube feeding 
can be associated with regurgitation and aspiration if the patient lies down 
immediately after a meal. Therefore, the patient should remain seated for 
over 2 h (gastric emptying time) after each meal to avoid regurgitation and 
aspiration.
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 3. Very early or early mobilization (VEM/EM):
 (a) Currently, there is no evidence to support VEM (defined as out of bed activ-

ity within 24–48 h). Indeed, AVERT III showed negative impact on mortality 
at 3 months (Langhorne et al. 2018; Bernhardt et al. 2019).
• In the light of lack of evidence for beneficial effect and evidence for nega-

tive impact at 3 months, we recommend that mobilization within 24 h 
after stroke cannot be recommended (Langhorne et al. 2018).

• Mobilization within 48 h may be considered acceptable in patients who 
meet key safety parameters. However, there is still no convincing evi-
dence for efficacy of this practice (Xu et al. 2017).

 (b) Early mobilization is recommended.
• Currently there is no agreement on the definition of “EARLY”. 

Mobilization within 72  h may be considered as such (Bernhardt 
et al. 2015).

• On the basis of current evidence, mobilization after 24 h, unless other-
wise contraindicated, is recommended. There are no studies to indicate 
that this practice is likely to harm patient and indeed, there is some evi-
dence that it may be of some benefit (Li et al. 2018).

• Dose, including intensity, frequency and duration should be commensu-
rate to patient’s clinical status. Dose should be incrementally increased in 
line with patient’s tolerance and response (Yagi et al. 2017).

• Specific motor rehabilitation focuses are head and trunk control, arm 
function, stance, gait and balance and should be addressed as individually 
indicated early after stroke.

• Change, progress and outcome should be analytically recorded daily.
 4. Communication and speech.

 (a) Early assessment of communication by a speech therapist is recommended.
 (b) Strategies for establishing communication early with stroke patients are rec-

ommended (National Institute for Health and Care Excellence (NICE) 2013).
 (c) The evidence for active speech and language therapy in early period after 

stroke, before 48 h, is not available (Nouwens et al. 2013).
 (d) There is some evidence that speech and language therapy when commenced 

from 2  days onwards has a beneficial effect on outcome (Mattioli et  al. 
2014). It is therefore, good practice to commence active speech and lan-
guage therapy from 48 h onwards for dysphasic/aphasic patients.

 5. Sensory and perceptual deficits.
 (a) Early detection of sensory and perceptual deficits is recommended.
 (b) There is evidence for introducing rehabilitation strategies for sensory deficit 

in early stroke rehabilitation (Pandian et al. 2014).
 (c) Given the current evidence, it is recommended that patients who are able to 

comprehend presence of deficits such as somatosensory deficits, visual field 
deficits, hemi-neglect or visual inattention should be made aware of these 
and rehabilitation strategies should be introduced early.

Healthcare Settings for Rehabilitation After Stroke
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3.1.1  Prevention of Secondary Complications
An important role of rehabilitation team in early rehabilitation is prevention of com-
plications. This has now been highlighted as key responsibility of rehabilitation 
teams in hyperacute and acute rehabilitation settings (Winstein et al. 2016).

The rehabilitation team must take steps to prevent, rapidly detect and treat

• Malnutrition and dehydration.
• Pressure sores.
• Aspiration-related chest infections.
• Over dependence on ancillary devices such as urinary catheter, tracheostomy 

tube and feeding tube.
• Contractures.
• Excessive muscle wasting.
• Shoulder pain and positional malalignment.
• Agitation and restlessness.
• Mood disorder/depression and social isolation.
• Urinary tract infection.

3.2  Subacute Stroke Rehabilitation

Subacute stroke rehabilitation is the next level of care for stroke patients. As shown 
for many of the target domains in this book and in national guidelines, in the sub-
acute stage of stroke, interventions should be intensive, challenging and tailored 
towards the individual needs of the patients.

When a patient is deemed fit to be discharged or transferred from acute care, 
a decision has to be made by the treating team whether a safe discharge home is 
possible or the patient should be transferred to a specialized facility to continue 
structured multidisciplinary stroke rehabilitation. Subacute stroke rehabilitation 
units are either stand-alone services or may be part of larger acute care hospi-
tals. There is some evidence in favour of this level of care of stroke patients 
(Rønning and Guldvog 1998). Several factors influence this decision: These 
include:

• Availability of required subacute stroke rehabilitation facilities (currently only 
developed healthcare systems consistently provide this level of care).

• Affordability of subacute rehabilitation.
 – State funded (most are eligible, but waiting lists and duration may be barriers).
 – Medical insurance (restrictive/selective).
 – Self-funding (expensive).
 – Charity funding (limited).

• Geographical location and accessibility to patient and his or her family.
• Medical capability of a facility, as this determines at what stage patient may be 

transferred. For example, if the patient has a tracheostomy tube and subacute 
rehabilitation facility that he or she can be transferred to does not have a clinical 
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set up to cater for tracheostomized patients then a safe transfer is not possible. 
This results in longer stay in acute care with limited access to subacute level of 
rehabilitation.

3.2.1  Transfer Criteria to Subacute Rehabilitation Facility
Whilst transfer criteria will differ from place to place and will depend on the ser-
vices available at the subacute rehabilitation facility, some guiding criteria for trans-
fer from acute to subacute level of rehabilitation may be applied:

 1. All investigations required for determining the nature and cause of stroke have 
been completed.

 2. All required interventions for secondary preventions have been optimized.
 3. Medical stability has been achieved with satisfactory control of blood pressure 

and diabetes mellitus.
 4. Patient continues to need close physician supervision.
 5. Patient continues to need specialized nursing care.
 6. Patient is cognitively able to engage meaningfully in therapies.
 7. Patient is able to tolerate higher intensity of therapies.
 8. Patient requires more than one therapy input daily.
 9. Patient and family have been suitably counselled to accept lesser level of medi-

cal surveillance and higher intensity of rehabilitation.
 10. Patient and family have agreed to the transfer and fully understand its need.

3.2.2  Subacute Rehabilitation Facility
The subacute rehabilitation facility for stroke patients should have integrated multi-
disciplinary set up for provision of this level of rehabilitation. The patient should be 
offered intensive therapies. We recommend that for optimal functioning a facility 
should at least meet the following standards:

• The physical space and environment should be optimal and conducive to ade-
quately accommodate the number of patients a given facility is likely to serve.

• The multidisciplinary team should include the following categories of staff:
 – Physician(s) with expertise in neurorehabilitation.
 – Rehabilitation-trained nurses.
 – Neurological physical therapists.
 – Neurological occupational therapists.
 – Neurological speech and language therapist with expertise in dysphagia man-

agement and communication rehabilitation.
 – Dietician(s).
 – Social worker(s)/case manager(s).

• When available, the provision of neuropsychological and orthoptic services is 
recommended.

The facility should have links with or access to orthotic, neurological, urological, 
psychiatry, ophthalmology and general medical services.
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• The facility should have all essential therapy equipment and aids.
• The facility should have dedicated therapy areas, e.g. for physiotherapy, occupa-

tional therapy and speech and language therapy.
• Social networking spaces and provision for community re-integration (shopping, 

leisure trips, etc.) are desirable.

The ideal staff to patient ratios have not been optimally evaluated and differ in 
various settings. We recommend that the following ratios be considered for plan-
ning such facilities:

• One physician (with expertise in neurorehabilitation) should not be expected to 
supervise the care of more than 20–25 inpatients.

• Nurse to patient ratio: No more than 5 patients to one nurse.
• Physiotherapist to patient ratio: No more than 10 patients to one 

physiotherapist.
• Occupational therapist to patient ratio: No more than 10 patients to one occupa-

tional therapist.
• Speech and language therapist to patient ratio: No more than 20 patients to one 

speech and language therapist.
• For each 40 patients one neuropsychologist is recommended.

3.2.3  The Transfer Process
The representative of the subacute rehabilitation facility should meet with patient 
and his or her family ahead of transfer and fully brief them about the nature of ser-
vices offered and the level of care they should expect. The transfer process should 
also be clearly explained.

The transfer process should be well coordinated and adjusted to the patient’s 
needs. The following standards should be adhered to:

• All required documentation including discharge summaries from each discipline 
involved in the care of the patient in the referring facility should be provided to 
the subacute rehabilitation facility.

• The discharge medications complete with doses and schedules should be 
clearly listed.

• Detailed nursing handover should be provided.
• All required equipment and devices (e.g. orthosis, splints, wheelchair) necessary 

for continued care of the patient should be provided.

3.2.4  Subacute Rehabilitation Programmes
After admission, the patient should have structured care provided to him or her. The 
facility should have standardized policies for all sessions and domains of care. 
These include:

• Mobility training including gait training and where necessary training for full or 
semi-independence from wheelchair.

• Management of cognitive impairment and cognitive rehabilitation.
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• Management of perceptual deficits.
• Management of dysphagia with the aim of retraining for oral feeding where this 

is possible to do safely.
• Participation in activities of daily living.
• Neuropathic pain management.
• Spasticity management.
• Management of mood disorder.
• Adjustment and “beginning to live with disability” training.
• Readiness for discharge to home or modified living.

The policies should highlight minimum standard of care for each domain of care. 
There should be agreed timeline for initial assessments and care planning and goals 
set thereafter should be measurable and achievable in realistic time frame. The fol-
lowing are some guiding parameters in this context:

• Patient(s) should undergo full multidisciplinary team (MDT) assessment within 
24–72 h of admission.

• The MDT should develop a goal-directed care plan with specified timelines.
• The patient and family should be fully briefed about the care plan and their sug-

gestions and concerns taken into consideration and the care plan adjusted 
accordingly.

• The progress of the patient should be reviewed by the MDT at least every week 
and goals and care plan modified to adjust for change.

• Discharge planning should start early, preferably within 1 week of admission.
• Periodic patient and family meetings should be held to brief them about the 

progress.
• Discharge planning meeting must always be convened.

The aim of subacute rehabilitation is to achieve clinical stability and functional 
readiness for discharge to community, home or modified living facility. This entails 
gaining modified partial to full independence and predictability of care needs. The 
discharge should be appropriately planned and the patient should be transferred to 
either outpatient or home-based rehabilitation services.

The specific recommendations given above have been formulated on the basis of 
good practice and in line with those detailed in several existing guidelines (Winstein 
et al. 2016; Gittler and Davis 2018).

The overall evidence for the effectiveness of this level of rehabilitation is not 
robust for the whole group of stroke patients (García-Rudolph et al. 2019). Teasell 
and co-workers differentiated their analysis according to the severity of stroke 
(Teasell et al. 2018; evidence-based review of stroke rehabilitation):

• In mildly affected patients, the site of rehabilitation does not influence func-
tional outcome (level of evidence 1A; high-quality evidence),

• For the subgroup of patients with moderately severe stroke, specialized 
rehabilitation in a subacute rehabilitation unit does improve functional out-
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come compared to conventional care on a general ward (level of evidence 1A; 
high-quality evidence),

• Patients with severe or moderately severe stroke who receive treatment on a 
stroke rehabilitation unit have a lower risk of being dependent or dead/dependent 
compared with patients who receive little or no rehabilitation (level of evidence 
1B; medium-quality evidence).

Not all patients will need treatment within a special subacute rehabilitation facil-
ity. Especially patients with mild or moderate functional deficits may prefer to 
attend specific rehabilitation modules on an outpatient basis or even at home using 
tele-therapeutic devices (see also Sect. 3.6).

3.3  Outpatient Stroke Rehabilitation Services

Patients may be discharged from acute care and subacute facilities with arrange-
ment to receive ongoing rehabilitation as outpatients. Indeed, there is evidence that 
early supported discharge directly from acute care to community-based rehabilita-
tion as well as integrated outpatient rehabilitation delivers good outcome for stroke 
survivors (Rice et al. 2016; Langhorne et al. 2017). Teasell et al. (2018) found level 
1A evidence that stroke patients with mild-to-moderate disability, discharged early 
from an acute hospital unit, can be rehabilitated in the community by an interdisci-
plinary stroke rehabilitation team and attain similar or superior functional outcomes 
when compared to patients receiving inpatient rehabilitation (high-quality evidence).

The patient could be referred to an outpatient stroke rehabilitation service if:

• He/she is clinically stable and is able to tolerate transportation to and from out-
patient rehabilitation facility.

• He/she has sufficient effort tolerance level and does not fatigue so much that 
precludes effective participation in therapy sessions.

• He/she is able to engage cognitively in therapy sessions, re-engage in subsequent 
sessions with demonstrable carry over.

The outpatient stroke rehabilitation facility should be designed to offer multidis-
ciplinary team rehabilitation. Patients should have access to all required therapies 
and interventions. The available services should include:

• Access to physician(s) with expertise in neurorehabilitation for continued man-
agement of residual effects of stroke including spasticity and pain.

• Physiotherapy service with adequately designed treatment areas with availability 
of most required equipment.

• Occupational therapy service with capacity to attend to issues such as extended 
activities of daily living and vocational rehabilitation.

• Speech and language therapy services with capacity to work on issues related to 
dysphagia and communication.

S. A. Wasti et al.



271

• Neuropsychological therapy for the treatment of cognitive, behavioural and 
emotional post-stroke disorders is recommended when available.

• Optional or ancillary services include dietetics, orthotics and specialized nursing 
service particularly, continence management. These services may also be 
accessed through a referral arrangement.

If the patient is able to travel to and from the clinic and logistically it is possible 
to do so with the least level of disruption to family life, then outpatient rehabilitation 
is preferable to home-based rehabilitation. In less developed healthcare systems, 
cost and availability may limit access and this may be combined/supplemented with 
home-based rehabilitation.

3.4  Home-Based (Family-Based) Stroke Rehabilitation

Once patients with stroke have been discharged home, it is important to continue 
with rehabilitation. Home-based rehabilitation in the present context is defined as a 
form of rehabilitation, where the training is provided by members of the family. It 
may be beneficial as it realizes the actual need-based training true to the patient’s 
living environment. Task shifting is an attractive solution for healthcare sustainabil-
ity. The patient’s family can be trained to provide task-based training, and members 
of the rehabilitation team can visit the patient at home as needed to provide required 
therapies. In low- and middle-income healthcare systems, this may be an effective 
way of providing ongoing rehabilitation. (Lindley et al. 2017), and the outcomes 
may be comparable to long-term rehabilitation in non-domiciliary facilities (Mayo 
2016). However, home-based (family-based) rehabilitation is under stress where the 
joint families are disintegrating into nuclear families thereby shrinking the pool of 
family members who can attend to the rehabilitation of patient after stroke. 
Therefore, task shifting to family members may increase caregiving burden and 
stress. Nevertheless, family participation at home reduces the need for travelling for 
outpatient appointments in centres, especially when distant from patients’ homes. 
Furthermore, the financial burden is lessened if therapists are not required to admin-
ister therapy at home and day-to-day life is not severely disrupted. This may con-
tribute to reduction in patient’s and caregiver’s anxiety and improve quality of life 
of affected family. Conversely, though it can be argued that in patients with limited 
functional improvement, over long period of time, the situation may become bur-
densome and result in caregiver’s fatigue (Sarı 2017).

Furthermore, the results of the ATTEND trial did not demonstrate any benefit of 
family-led domiciliary care (ATTEND Collaborative Group 2017). This is also con-
sistent with the absence of benefit seen in a systematic review of trials of caregiver- 
mediated exercises to improve activities of daily living after stroke (Vloothuis et al. 
2016). Overall, these findings do not support investment in new stroke rehabilitation 
services that shift tasks to family caregivers, unless new evidence emerges. (Level 
2B evidence, moderate evidence against the establishment of new family-led thera-
peutic interventions without concomitant research.)
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The absence of benefit of the family-rehabilitation intervention has important 
implications for stroke recovery research, behavioural change, and task shifting in 
general. A future avenue of research should be to investigate the effects of task shift-
ing to healthcare assistants or team-based community care to offer care after dis-
charge (ATTEND Collaborative Group 2017). Another option may be to combine 
family-led rehabilitation with outpatient care. This may help reduce the frequency 
of outpatient care required thus promoting affordability.

3.5  Community-Based Stroke Rehabilitation (CBR)

Over the last couple of decades, CBR has acquired a lot of interest. CBR pro-
grammes improve, facilitate, stimulate and/or provide services to people with dis-
abilities (PWDs), such as stroke survivors, their families and caregivers within the 
locations of their families and communities through locally employed full or part 
time, paid or volunteer community rehabilitation workers, who are trained, fol-
lowed up and managed within a certain organizational set up, that has rehabilitation 
philosophy as its core operational principle (Ru et al. 2017). Only few studies are 
available on CBR and its advantages and disadvantages have not been critically 
studied (Stephenson and Wiles 2000). However, it is possible to list some advan-
tages on the basis of experience and current practice.

Advantages of CBR, compared to the institutional approach include:

• In time, and in theory, all the people living with disabilities in a community can 
be reached and their basic needs be met.

• “Tailor-made” rehabilitation programmes can be established, based on the indi-
vidual’s capacities and needs, and focused directly on integration into the family/
community. “Disability” is not a stable situation. CBR can evolve and adapt to 
changing needs of patients.

• Family members can witness and participate in the progress of a relative living 
with disability, thus enhancing their faith in that person’s abilities and potential 
and challenging their own prejudices.

• CBR services, apart from carrying out their core work in rehabilitation, can also 
contribute towards the prevention of secondary complications related to impair-
ments and disabilities, through activities such as primary healthcare, vaccina-
tions, nutrition and hygiene.

• CBR programmes can trace many people living with disabilities who would 
never have been found by institutions and, through referral, can make the work 
of other existing specialized services more effective.

• CBR can be more effective in tackling issues such as return to work and com-
munity access, including leisure activities and extended activities of daily living.

• CBR could be cost-effective (if well managed!).
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Problems of CBR, compared to the institutional-based approach,

• The poor living conditions of most people with disabilities are also poor condi-
tions for rehabilitation. The objectives of individual CBR programmes therefore 
have to be very realistic and must focus on essential needs.

• Community- and home-based services by community rehabilitation workers can 
sometimes be rather routine and boring, for the worker, client and family alike; 
this may be less challenging than training or education in a centre.

• Poor families’ priorities may be at the level of survival rather than solving prob-
lems of a member with disability. Furthermore, the disability of one family mem-
ber is not always problematic for other family members; therefore, it is sometimes 
very hard to enlist their active collaboration.

• The organization and management of CBR are complex and difficult due to orga-
nizational and political reasons and local priorities for funding.

• The educational level of the community rehabilitation workers (CRWs) may be 
low. Better-educated individuals are often difficult to engage in CBR work. 
Front-line CBR is a low-profile job, which does not offer notable social status to 
people with higher education.

These factors influence the type, level and quality of the services which can be 
provided at the community level through a CBR programme. Although, these fac-
tors have been determined through critical appraisal of the existing services, there 
are limited number of studies and it is difficult to provide firm structural basis for 
community rehabilitation.

In Europe (defined geographically), such structures are already implemented in 
some countries, e.g. in the UK and in France. As part of the NHS (e.g. in Milton 
Keynes), Stroke Clinical Specialists are available “to provide in-depth knowledge 
and expertise; consistent education, support and advice in accessing information 
and a full range of services from the NHS, social care and others. This service is 
available to people who have had a stroke/TIA, their relatives and carers, members 
of the general public, professionals and voluntary organisations” (NHS homepage 
Milton Keynes, accessed 28.12.2019).

In Germany, pilot studies are run to employ community rehabilitation workers 
(e.g. “Schlaganfall-Lotsen”) by regional stroke associations (e.g. “Schlaganfall 
Allianz Sachsen-Anhalt”) or by charities (e.g. “Stiftung Deutsche Schlaganfall- 
Hilfe”). Their main aims are to provide advice to patients and their relatives, to help 
to implement elements of effective secondary prevention and help to organize the 
continuum of stroke care and therapy after discharge from the primary hospital. 
Similar services are also available or in preparation in other European countries, in 
some American, Asian and African countries and well established in some areas of 
Canada and Australia.

The aim of these coordinators is always to guide and to augment the existing 
structures in the community, they cannot—and should not—substitute the existing 
medical and therapeutic resources.
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In many countries, stroke support groups and stroke survivor organizations (e.g. 
the Stroke Alliance for Europe (SAFE), a non-profit–making organisation with 
members from 24 countries) support education and stroke research; they campaign 
to support the acute treatment and prevention of stroke and help to improve the qual-
ity of life of stroke survivors, their families and caretakers.

It is our recommendation that at this time, local realities and resources should 
determine the structure and extent of services that are possible to provide under this 
umbrella taking into account the specificities of government run, insurance gov-
erned and privately financed systems. In this way, rehabilitation centres can also be 
included into the structure as local and/or regional centres of excellence especially 
for more severely affected patients. Such an approach is likely to be useful in low-, 
middle- and high-income countries. If implemented its effect should be scientifi-
cally evaluated whenever possible.

3.6  Long-Term and Sustained Rehabilitation

A significant number of stroke patients survive with established disability and with 
age as well as ongoing comorbidities. The burden of disability often increases and 
results in significant loss of function and independence (Meyer et al. 2015). If left 
unattended, the burden of care may progressively escalate (Van De Port et al. 2006). 
This can result in loss of employment, social restriction, care providers fatigue as 
well as ever-increasing financial burden. To date, there is no consensus as to how to 
support or provide care for stroke survivors in the long term (Aziz et al. 2016). It is, 
however, important to establish a suitable network of surveillance in order to pre-
vent decline in stroke survivor’s functional status and level of participation over time.

It is recommended that there should be a long-term care support and sustained 
rehabilitation program for patients with stroke. We recommend that consideration 
be given to providing this via primary care centres in the community or delivered by 
a specialist nurse practitioner. In developing and less-developed healthcare systems, 
a model of care can be developed whereby trained community workers can maintain 
regular contact with patients and their families and advise them to request help 
when they deem this is necessary. Modern technology can also be utilized for this 
purpose and contact can be maintained with patients and their families via mobile 
phones or specially developed apps. Telemedicine is also being utilized for surveil-
lance (Sarfo et  al. 2018) and it is anticipated that this model of care is likely to 
become widely used for provision of long-term support and sustained rehabilitation 
for stroke survivors in future.

3.7  Adapting Clinical Pathways to Diverse Regional 
Healthcare System Contexts

More than 80% of the world’s population live in over 100 developing countries. 
Delivery of neurologic care in developing countries varies depending on the needs 
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and resources of the country and the availability of medical and paramedical per-
sonnel (WHO 2014). Medical insurance and government support are usually mini-
mal or totally lacking. The financial burden is heavy and includes direct costs of 
inpatient care, outpatient care and therapy sessions, investigations, medications and 
transport (patients from rural areas often have to travel long distances to urban 
healthcare centres). The indirect cost includes the loss of earnings due to unemploy-
ment during illness and convalescence. In the large majority of these countries, 
there may be no access to financial support such as disability benefits (Disability 
and Development Report 2018; Singh 2013).

The availability of neurorehabilitation services is inconsistent and may range 
from highly sophisticated in developed countries to totally inadequate or lacking in 
developing and underdeveloped countries. Over 60% of the developing countries 
have no neurorehabilitation services. There is severe paucity of trained profession-
als. The task of managing patients with neurological impairments is often devolved 
to generic therapists and inadequately trained nursing and medical staff. The overall 
effect is that treatments are being provided by less than adequate professionals, pos-
sibly delivering outcomes for patients that fall short of their potential. Even in those 
developing countries, where some neurorehabilitation service is provided, the qual-
ity is rarely good enough due to a lack of a well-structured neurorehabilitation sys-
tem which can provide comprehensive rehabilitation services. More often than not 
treatment is not provided (WFNR 2015).

As stated before, hospital-based interdisciplinary neurorehabilitation care should 
be provided as a first line service to facilitate rapid recovery after neurological 
injury. The home-based or community-based services are appropriate for settlement 
at home and community re-integration in the recovery phase. Community-based 
rehabilitation services are the most appropriate way forward in enhancing outcomes 
particularly in developing countries, with tailored and culturally sensitive education 
for the family, to help them participate in the rehabilitation of the patient (Pandian 
et al. 2015). There have been repeated concerns about the adequacy of the evidence- 
base regarding the efficacy, effectiveness and efficiency of CBR predominantly 
using local resource in the local community (Surya 2010, 2015). However, on bal-
ance, in developing countries, CBR may be one of the most effective ways of pro-
viding rehabilitation after the acute/subacute phase, especially when there is an 
intimate social system and family structure that helps to provide the necessary phys-
ical, emotional and spiritual support. Strong family bond helps to overcome the 
negative impact of the disability and large extended family system ensures that the 
physical, social and financial burden of disease is shared.

The role as therapy giver can be switched depending on the availability of family 
members. Even though, the ATTEND trial ( 2017) and the Cochrane review by 
Vloothuis et al. (2016) have not shown a clear-cut beneficial effect of (additional) 
therapy provided by family members, these family members are often the only peo-
ple available to the patients. They provide valuable social, emotional and psycho-
logical support. In order to strengthen and improve their role in delivering 
rehabilitation, different models for training can be tried to ensure best possible out-
comes. As many family members as possible can be trained by the therapist or 
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through web-based teaching application. Use of mobile phone to record the exer-
cises and progress and sharing with the patient/caregiver is useful as patients/care-
givers can review them regularly at home to be implemented at home. Mobile phone 
records of exercises at home also make it possible for therapists to check whether 
family members are correctly following the programmes at home. The recorded 
exercise pattern on phone can be reviewed during outpatient visits and any modifi-
cation or adjustment to the programme can be made. This application is most useful 
tool in family-based rehabilitation (Zhou et al. 2018).

Family-based and community-based rehabilitation settings are likely to become 
important models in future for delivery of rehabilitation after the acute/subacute 
phase of stroke not only in low- and middle-income countries but also in high- 
income countries. As telemedicine and technologies become more sophisticated, 
this form of rehabilitation will play a pivotal role in patient’s recovery and improv-
ing outcomes.

4  Conclusions

Stroke care has advanced in the past two decades and more patients are surviving 
the acute stage. The mortality rates are reducing both in developed and developing 
countries, thereby resulting in increased disability burden (Feigin et al. 2019). In 
stroke care model, rehabilitation is now considered an integral component of all 
levels of stroke care (Fig. 1). Whereas, there may be a reduction in the individual 
level of disability in sophisticated healthcare systems due to timely interventions 
and reduction of the impact of disabling impairment because of appropriate level of 
rehabilitative care (Lees et al. 2016; Emberson et al. 2014; Campbell et al. 2015); in 
developing countries, prolonged survival is associated with heavier burden of dis-
ability. The continuum of stroke care, including the pillars of the stroke quadrangle 

acute 

stroke care

subacute stroke 
rehabilitation

long-term and sustained
rehabilitation

Fig. 1 Essential levels of stroke rehabilitation
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(surveillance, prevention, acute care and rehabilitation), is lacking at many levels 
and contributes to poor outcome in the developing countries. It is imperative that 
despite the limitations of resources, appropriate efforts are made to improve ser-
vices for stroke survivors and foundations are laid upon which an effective contin-
uum of care can be developed. Some low-cost and simple measures can be put 
in place.

For developed countries, we recommend that the stroke care continuum should 
be reinforced with mechanisms in place for continual appraisal and improvement. A 
major challenge foreseen is the increasing demand for stroke rehabilitation that has 
to be met due to demographic changes with a higher proportion of elderly citizens 
who are at risk for cerebrovascular accidents.

For developing countries, we recommend that given the current evidence, early 
mobility, after 24 h, should be encouraged. Intensive care and acute care staff should 
be educated to pursue this objective. A simple measure of prescribing bed rest 
beyond 24 h only for those who require it and considering this as an exception may 
help to improve outcome. Deployment of physical therapists and other therapists in 
a multidisciplinary setting in hyperacute and acute care services must be considered 
vital. Training of all nursing staff in moving, handling and positioning of patients 
should be made mandatory. Furthermore, prevention of secondary complications 
must be diligently pursued (Scottish Intercollegiate Guidelines Network 2010). In 
fact, the healthcare cost savings through minimizing secondary complications 
should pay for any extra resource required to achieve this objective.

In the continuum of stroke care, subacute rehabilitation may be provided by spe-
cialized therapists on an outpatient or inpatient basis or in families in private homes, 
where most of the therapy will be provided by lay persons (Fig. 2). Although inten-
sive and at the same time specific professional therapy after stroke is highly recom-
mended in the subacute phase after stroke (see above), intermediate rehabilitation 
facilities may be difficult to provide in developing countries due to the cost of set-
ting up and maintaining such facilities. However, where available, such facilities 
may also support community-based and family-based care by proving oversight and 
outpatient/inpatient multidisciplinary care as may be needed (see above).

We recommend the development of services in the community with investment 
in CBR and home-based rehabilitation, utilizing low-cost resources and—building 
on positive and negative conceptual experience—engaging family members as part 
of rehabilitation team not only in the subacute stage after stroke but also for long- 
term and sustained rehabilitation. To incorporate therapy into daily routine and 
practice is however an unsolved problem—both in developed and developing 
countries.

We have deliberately avoided explicit recommendations for technical rehabilita-
tion interventions such as robotics, neuromodulation and other such expensive tech-
niques and equipment which due to lack of availability and cost are difficult to 
generally recommend as necessary for rehabilitation. Furthermore, with regard to 
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recovery of function, the principles of functional brain recovery apply to both tech-
nology- and mankind-supported restorative treatment and training. Both approaches 
or their combination can be recommended based on their regional availability. Both 
feasibility and cost-effectiveness of purely therapist-led and technology-based reha-
bilitation vary according to regional socioeconomic circumstances and thus any 
hitherto decisions have to rest on their regional assessment.

Finally, it is our opinion that all healthcare systems, globally, must make stroke 
a priority and consider investing in continuum of care for stroke as doing so will 
result in lesser burden of care in the long-term and may indeed deliver net cost 
savings.
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Fig. 2 Recommended stroke rehabilitation model for developing countries
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