
 

 

VA/DoD CLINICAL PRACTICE GUIDELINE FOR 

THE MANAGEMENT OF STROKE REHABILITATION 
 

Department of Veterans Affairs 

Department of Defense 

And  

The American Heart Association/ American Stroke Association 

 
 
 
 
 
 
 

Prepared by: 

THE MANAGEMENT OF STROKE REHABILITATION Working Group 
 

With support from: 

The Office of Quality and Performance, VA, Washington, DC 

& 

Quality Management Division, United States Army MEDCOM 

 
 
 

QUALIFYING STATEMENTS 

The Department of Veterans Affairs (VA) and The Department of Defense (DoD) guidelines are based on 
the best information available at the time of publication.  They are designed to provide information and 
assist in decision-making.  They are not intended to define a standard of care and should not be construed 
as one. Also, they should not be interpreted as prescribing an exclusive course of management. 

Variations in practice will inevitably and appropriately occur when providers take into account the needs of 
individual patients, available resources, and limitations unique to an institution or type of practice.  Every 
healthcare professional making use of these guidelines is responsible for evaluating the appropriateness of 
applying them in any particular clinical situation. 

Version 2.0 2010



 

 

 

 

 

TABLE OF CONTENTS 

 

INTRODUCTION ................................................................................................................................................ 2 

 

Guideline Update Working Group Participants ......................................................................................... 7 

Key Points ...................................................................................................................................................... 8 

Outcome Measures ........................................................................................................................................ 8 

 

THE PROVISION OF REHABILITATION CARE 

Algorithm  .................................................................................................................................................... 12 

Annotations .................................................................................................................................................. 15 

Rehabilitation Interventions ....................................................................................................................... 69 

 

APPENDICES  

 

Appendix A: Guideline Development Process ........................................................................................... 112 

Appendix B: Standard Instruments for Post-Stroke Assessment .............................................................. 121 

Appendix C: Acronym List ......................................................................................................................... 127 

Appendix D: Participant List...................................................................................................................... 129 

Appendix E: Bibliography .......................................................................................................................... 131 

 

  



Version 2.0  VA/DoD Clinical Practice Guideline for the 
October, 2010  Management of Stroke Rehabilitation  

Introduction  Page - 2 

INTRODUCTION 

 

This update of the Clinical Practice Guideline for the Management of Stroke Rehabilitation was developed 
under the auspices of the Veterans Health Administration (VHA) and the Department of Defense (DoD) 
pursuant to directives from the Department of Veterans Affairs (VA).  VHA and DoD define clinical practice 
guidelines as: 

 

“Recommendations for the performance or exclusion of specific procedures or services derived 
through a rigorous methodological approach that includes: 

• Determination of appropriate criteria such as effectiveness, efficacy, population benefit, or 
patient satisfaction; and Literature review to determine the strength of the evidence in relation 
to these criteria.” 

 

This VA/DoD Stroke Rehabilitation guideline update builds on the 1996 VA Stroke/Lower Extremity Amputee 
Algorithms Guide and the 2003 VA/DoD Guideline for the Management of Stroke Rehabilitation in the Primary 
Care Setting. The 2003 version of this guideline focused on stroke rehabilitation, utilizing a team model of 
intervention and interactions with patients and families (caregivers & support systems).  

Algorithms:    

This guideline has been developed using an algorithmic approach to guide the clinician in determining care and 
the sequencing of interventions on a patient specific basis. The clinical algorithm incorporates the information 
presented in the guideline in a format that maximally facilitates clinical decision-making. The use of the 
algorithmic format was chosen because such a format improves data collection, facilitates diagnostic and 
therapeutic decision-making, and changes in patterns of resource use. However, this should not prevent 
providers from using their own clinical expertise in the care of an individual patient.  Guideline 
recommendations are intended to support clinical decision-making and should never replace sound clinical 
judgment. 

The VA developed an algorithm for the Stroke/Lower Extremity Amputee Algorithms Guide (1996) and the 
results of implementation of this guideline demonstrated the utility of the algorithm, as well as the feasibility of 
implementing a standard algorithm of rehabilitation care in a large healthcare system (Bates & Stineman, 2000). 

The algorithm of the 2003 version of the guideline was modified to emphasize early decision-making regarding 
discharge to home/community. The key decisions in early stages of the assessment and management of a patient 
recovering from stroke include assessment of rehabilitation needs and the appropriateness of providing these 
interventions in both community and outpatient rehabilitation settings.  

The interventions module on this 2010 update has been reorganized, and the recommendations are formulated to 
address possible impairment regardless of care setting.  

Target Population: 

This guideline applies to adult patients (18 years or older) with post-stroke functional disability who may 
require rehabilitation in the VHA or DoD health care system. 

Audiences: 

The guideline is relevant to all healthcare professionals providing or directing treatment services to patients 
recovering from a stroke, in any healthcare setting (primary care, specialty care, and long-term care) and in 
community programs. 
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Stroke Rehabilitation: 

Stroke is a leading cause of disability in the United States. (AHA, 1999) Forty percent of stroke patients are left 
with moderate functional impairment and 15% to 30% with severe disability. Effective rehabilitation 
interventions initiated early after stroke can enhance the recovery process and minimize functional disability. 
Improved functional outcomes for patients also contribute to patient satisfaction and can reduce potentially 
costly long-term care expenditures. Substantial evidence indicates that patients do better with a well-organized, 
multidisciplinary approach to post-acute stroke care.  

The highest priorities of early stroke rehabilitation are to prevent recurrence of stroke, manage comorbidities 
and prevent complications.  In addition to facilitating mobilization and resumption of self care activities, 
ensuring proper management of general health functions and providing emotional support to the patient and 
family are important. Following the "acute" phase of stroke care, the focus of care turns to recovery of physical 
and cognitive deficits, as well as compensation for residual impairment.  

There is a growing body of evidence that indicates patients do better with a well-organized, multidisciplinary 
approach to post-acute stroke care (Cifu & Stewart, 1999; Evans et al., 1995; Stroke Unit Trialists’ 
Collaboration, 2002). For this Guideline update, the VA/DoD Stroke Rehabilitation Working Group only 
focused on the rehabilitation phase of the post-acute care. Secondary Prevention of Stroke will not be addressed 
in this update.  Providers may refer to the revised AHA/ASA Guideline for Prevention of Stroke in Patients 
with Ischemic Stroke or Transient Ischemic Attack (http://stroke.ahajournals.org/cgi/content/full/37/2/577).. 

Duncan, Horrner and colleagues (2002) found that greater adherence to post-acute stroke rehabilitation 
guidelines was associated with improved patient outcomes and concluded that “compliance with guidelines may 
be viewed as a quality of care indicator with which to evaluate new organizational and funding changes 
involving post-acute stroke rehabilitation."   

Stroke in VA population: 

The Veterans Health Administration (VHA) of the Department of Veterans Affairs (VA) estimates that 15,000 
veterans are hospitalized for stroke-related diagnoses each year (VA HSR&D, 1997).  In 2006, the number of 
new stroke patients at the VA was 5766 with an additional 5920 being identified in 2007. Although a significant 
percentage of these patients (87.60% & 83.89% respectively) received an initial assessment, the percentage who 
received comprehensive rehabilitation (22.30% &22.50%) was quite low. 

There are only 45 rehabilitation bed units (RBU) in the VA today.  Many veterans, who are admitted to a VA 
Medical Center after suffering a stroke, will find themselves in a facility that does not offer comprehensive, 
integrated, coordinated care.  In a VA rehabilitation field survey published in December 2000, over half of the 
respondents reported that the “rehabilitative care of stroke patients was incomplete, fragmented, and not well 
coordinated” at sites lacking a RBU (VA Stroke Medical Rehabilitation Questionnaire Results, 2000).  

Stroke in DoD population: 

Newly diagnosed stroke cases in the DoD for 2006 (1926) and 2007 (1888) were understandably considerably 
lower than those in the VA for the same time periods. Comprehensive treatment for stroke patients in DoD 
medical facilities is given primarily at medical centers.  Smaller DoD community hospitals may have limited 
resources to see both inpatients and outpatients relying more on the TRICARE network for on-going stroke 
rehabilitation services 

Outcome Measures:  

The Working Group (WG) agreed on the following health related outcome of post-stroke rehabilitation: 

• Morbidity (secondary complication) 
• Mortality 
• Quality of life 
• Functional status (physical, cognitive, vocational, social) 
• Patient satisfaction 
• Access to care 
• Utilization of healthcare 
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Effective rehabilitation improves functional outcome.  An indicator for improvement is the positive change in 
the Functional Independence Measures (FIMTM) (UDSMR for1997, 1998) score over a period of time in the post-
acute care period.  Within the Veterans Health Administration (VHA) this measure is captured in the Functional 
Status and Outcomes Database for rehabilitation.  All VA stroke patients should be entered into the database, as 
directed by VHA Directive 2000-016 (dated June 5, 2000; Medical Rehabilitation Outcomes for Stroke, 
Traumatic Brain, and Lower Extremity Amputee Patients). This tool has been tested extensively in 
rehabilitation for reliability, validity, and sensitivity, and it is by far the most commonly used outcome measure.  
A return to independent living requires not only the ability to perform basic activities of daily living (ADLs), 
but also the ability to carry out more complex activities (i.e., instrumental activities of daily living (IADL). 
IADL’s include activities such as shopping, meal preparation, use of the telephone, driving a car, and money 
management.  These functions should be evaluated as the stroke survivor returns to the community.  New stroke 
specific outcome measures, such as the Stroke Impact Scale (Duncan, Reker, et al., 2002), may be considered 
for a more comprehensive assessment of functional status and quality of life. 

Guideline Goals: 

The most important goal of the VA/DoD Clinical Practice Guideline for the Management of Stroke 
Rehabilitation is to provide a scientific evidence-base for practice evaluations and interventions.  The guideline 
was developed to assist facilities to implement processes of care that are evidence-based and designed to 
achieve maximum functionality and independence as well as improve patient and family quality of life.  To 
facilities lacking an organized RBU, it will provide a structured approach to stroke care and assure that veterans 
who experience a stroke will have access to comparable care, regardless of geographic location.  The algorithm 
will serve as a guide to help clinicians determine best interventions and timing of care for their patients, better 
stratify stroke patients, reduce re-admissions, and optimize healthcare utilization.  If followed, the guideline is 
expected to have a positive impact on multiple measurable patient outcome domains.  
Development Process:  

The development process of this guideline follows a systematic approach described in “Guideline-for-
Guidelines,” an internal working document of the VA/DoD Evidence-Based Practice Working Group that 
requires an ongoing review of the work in progress.  Appendix A clearly describes the guideline development 
process followed for this guideline. 

The Offices of Quality and Performance and Patient Care Service, in collaboration with the network Clinical 
Managers, and the Medical Center Command of the DoD identified clinical leaders to champion the guideline 
development process. During a preplanning conference call, the clinical leaders defined the scope of the 
guideline and identified a group of clinical experts from the VA and DoD that formed the Guideline 
Development Working Group. 

 

At the start of the update process, the clinical leaders, guideline panel members, outside experts, and experts in 
the field of guideline and algorithm development were consulted to determine which aspects of the 2003 
guideline required updating.  These consultations resulted in the following recommendations that guided the 
update efforts: (1) update any recommendations from the original guideline likely to be effected by new 
research findings; (2) provide information and recommendations on health systems changes relevant to stroke 
rehabilitation care;  (3) address content areas and models of treatment for which little data existed during the 
development of the original guideline; and (4) review the performance and lessons learned since the 
implementation of the original guideline. 

Review of literature and evidence:  

Recommendations for the performance or inclusion of specific procedures or services in this guideline were 
derived through a rigorous methodological approach that included the following:  

• Determining appropriate criteria such as effectiveness, efficacy, population benefit, or patient 
satisfaction 

• Performing a comprehensive literature search and selection of relevant studies since 2002 to 
identify the best available evidence and ensure maximum coverage of studies at the top of the 
hierarchy of study types   
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• Reviewing the selected studies to determine the strength of the evidence in relation to these 
criteria 

• Formulating the recommendations and grading the level of evidence supporting each 
recommendation 

The VA/DoD Stroke Rehabilitation Working Group builds on the 2003 version of the guideline and 
incorporates information from the following existing evidence-based guidelines/reports: 

• The Evidence-Based Review of Stroke Rehabilitation – (www.ebrsr.com) – Update 2009 

• Royal College of Physicians; National clinical guidelines for stroke: second edition. June 2004. 

• For the Canadian Stroke Network: .Neil F. Gordon, MD, PhD, Co-chair; Meg Gulanick, PhD, 
APRN, Co-chair; Fernando Costa, MD; Gerald Fletcher, MD; Barry A. Franklin, PhD; Elliot J. 
Roth, MD; Tim Shephard, RN, MSN: Canadian Best Practice Recommendations for Stroke Care 
(Update 2008) Guidelines 2006. 

These literature searches were conducted covering the period from January 2002 through March 2009 that using 
the terms Cerebrovascular Disorders and rehabilitation or rehab.  Adding a stroke text word did not appear to be 
useful in that sensitivity was not enhanced but specificity was decreased.  Electronic searches were 
supplemented by reference lists and additional citations suggested by The WG.  The identified and selected 
studies on those issues were critically analyzed, and evidence was graded using a standardized format.  The 
evidence rating system for this document is based on the system used by the U.S. Preventive Services Task 
Force (USPSTF). 

If evidence exists, the discussion following the recommendations for each annotation includes an evidence table 
identifying the studies that have been considered, the quality of the evidence, and the rating of the strength of 
the recommendation [SR]. The Strength of Recommendation, based on the level of the evidence and graded 
using the USPSTF rating system (see Table: Evidence Rating System), is presented in brackets following each 
guideline recommendation. 

 

Evidence Rating System 

SR  

A A strong recommendation that clinicians provide the intervention to eligible patients.  

Good evidence was found that the intervention improves important health outcomes and concludes that 
benefits substantially outweigh harm. 

B A recommendation that clinicians provide (the service) to eligible patients. 
At least fair evidence was found that the intervention improves health outcomes and concludes that 
benefits outweigh harm. 

C No recommendation for or against the routine provision of the intervention is made. 
At least fair evidence was found that the intervention can improve health outcomes, but concludes that 
the balance of benefits and harms is too close to justify a general recommendation. 

D Recommendation is made against routinely providing the intervention to asymptomatic patients. 
At least fair evidence was found that the intervention is ineffective or that harms outweigh benefits. 

I The conclusion is that the evidence is insufficient to recommend for or against routinely providing the 
intervention. 
Evidence that the intervention is effective is lacking, of poor quality, or conflicting, and the balance of 
benefits and harms cannot be determined. 

SR = Strength of recommendation 

Where existing literature was ambiguous or conflicting, or where scientific data was lacking on an issue, 
recommendations are based on the clinical experience of the Working Group.  Although several of the 
recommendations in this guideline are based on weak evidence, some of these recommendations are strongly 
recommended based on the experience and consensus of the clinicians and researchers of the Working Group.  
Recommendations that are based on consensus of the Working Group include a discussion on the given topic. 
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No [SR] is presented for these recommendations.  A complete bibliography of the references in this guideline 
can be found in Appendix E 

This Guideline is the product of many months of diligent effort and consensus building among knowledgeable 
individuals from the VA, DoD, and a guideline facilitator from the private sector.  An experienced moderator 
facilitated the multidisciplinary Working Group. The draft document was discussed in three face-to-face group 
meetings.  The content and validity of each section was thoroughly reviewed in a series of conference calls.  
The final document is the product of those discussions and has been approved by all members of the Working 
Group. 

The list of participants is included in Appendix D to the guideline. 

Implementation: 

The guideline and algorithms are designed to be adapted by individual facilities in consideration of local needs 
and resources.  The algorithms serve as a guide that providers can use to determine best interventions and 
timing of care for their patients in order to optimize quality of care and clinical outcomes.   

Although this guideline represents the state of the art practice on the date of its publication, medical practice is 
evolving and this evolution requires continuous updating of published information.  New technology and more 
research will improve patient care in the future.  The clinical practice guideline can assist in identifying priority 
areas for research and optimal allocation of resources.  Future studies examining the results of clinical practice 
guidelines such as these may lead to the development of new practice-based evidence. 
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KEY POINTS 

• The primary goal of rehabilitation is to prevent complications, minimize impairments, and 
maximize function. 

• Secondary prevention is fundamental to preventing stroke recurrence (see: AHA/ASA 
Guideline for Prevention of Stroke in Patients with Ischemic Stroke or Transient Ischemic Attack). 

• Early assessment and intervention is critical to optimize rehabilitation. 
• Standardized evaluations and valid assessment tools are essential to the development of a 

comprehensive treatment plan. 
• Evidence-based interventions should be based on functional goals. 
• Every candidate for rehabilitation should have access to an experienced and coordinated 

rehabilitation team in order to ensure optimal outcome. 
• The patient and family and/or caregiver are essential members of the rehabilitation team. 
• Patient and family education improves informed decision-making, social adjustment, and 

maintenance of rehabilitation gains. 
• The rehabilitation team should utilize community resources for community reintegration. 
• Ongoing medical management of risk factors and co-morbidities is essential to ensure survival. 

 

OUTCOME MEASURES 

 
1. Effective rehabilitation improves functional outcome.  An indicator for improvement is the positive 

change in the Functional Independence Measures (FIMTM) score over a period of time in the post-acute 
care period.  Within the Veterans Health Administration (VHA) this measure is captured in the 
Functional Status and Outcomes Database for rehabilitation.  All stroke patients should be entered into 
the database, as directed by VHA Directive 2000-016 (dated June 5, 2000; Medical Rehabilitation 
Outcomes for Stroke, Traumatic Brain, and Lower Extremity Amputee Patients). 

 
2. Additional indicators that should be measured at three months following the acute stroke episode may 

include the following: 
• Functional status (including activities of daily living [ADL] and instrumental activities of 

daily living [IADL]) 
• Rehospitalizations 
• Community dwelling status 
• Mortality 

 
The primary outcome measure for assessment of functional status is the FIMTM (UDSMR, 1997) (see 
Appendix B).  The FIMTM has been tested extensively in rehabilitation for reliability, validity, and 
sensitivity, and is by far the most commonly used outcome measure.  A return to independent living 
requires not only the ability to perform basic ADLs, but also the ability to carry out more complex activities 
(i.e., IADLs) such as shopping, meal preparation, use of the phone, driving a car, and money management.  
These functions should be evaluated as the patient returns to the community.  New stroke specific outcome 
measures, such as the Stroke Impact Scale (Duncan, Reker, et al., 2002), may be considered for a more 
comprehensive assessment of functional status and quality of life. 
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ANNOTATIONS 

ASSESSMENT  

The highest priorities of early stroke rehabilitation are to prevent recurrence of stroke, manage comorbidities and 
prevent complications.  Ensuring proper management of general health functions, mobilization and encouraging 
resumption of self-care activities as well as provision of emotional support to the patient and family are important. 
Following the "acute" phase of stroke care, the focus of care turns to recovery of physical and cognitive deficits, as 
well as compensation for residual impairment.  

Annotation A. Patient with Stroke during the Acute Phase 

1 REHABILITATION DURING THE ACUTE PHASE 

AHCPR (1995) defines "acute care" as the period immediately following the onset of an acute stroke. Patients with 
an acute stroke are typically treated in a medical service or in a specialized stroke unit, and rehabilitation 
interventions are normally begun during the acute phase.  

Because of the nature of the neurological problems and the propensity for complications, most patients with acute 
ischemic stroke are admitted to a hospital. A recent meta-analysis demonstrates that outcomes can be improved if a 
patient is admitted to a facility that specializes in the care of stroke. The goals of early supportive care after 
admission to the hospital are to:  

a Observe changes in the patient's condition that might prompt different medical or surgical interventions  

b Facilitate medical and surgical measures aimed at improving outcome after stroke  

c Institute measures to prevent complications  

d Begin planning for therapies to prevent recurrent stroke  

e Begin efforts to restore function through rehabilitation or other techniques  

After stabilizing the patient's condition, the following can be initiated when appropriate; rehabilitation, measures to 
prevent long-term complications, chronic therapies to lessen the likelihood of recurrent stroke, and family support 
(AHA, 1994).  

1.1 Organization of Post-Stroke Rehabilitation Care 

Over the years, the organization and delivery of stroke care has taken many forms and may range from minimal 
outpatient services to intensive inpatient services on a specialized rehabilitation unit with an interdisciplinary team. 
Lacking a clear evidence base, the types of services provided to patients with stroke are widely variable. The 
Agency for Healthcare Policy and Research Guideline for Post-Stroke Rehabilitation (AHCPR, 1995) concluded, "A 
considerable body of evidence, mainly from countries in Western Europe, indicates that better clinical outcomes are 
achieved when patients with acute stroke are treated in a setting that provides coordinated, multidisciplinary stroke-
related evaluation and services. Skilled staff, better organization of services, and earlier implementation of 
rehabilitation interventions appear to be important components."  

The VA/DoD Working Group reviewed the literature addressing the question of organization of care. Although the 
reviews and trials make it clear that rehabilitation is a dominant component of organized services, it is not possible 
to specify precise standards and protocols for specific types of specialized units for stroke patients. Limitations stem 
from imperfections in the way the reviews and trials controlled for differences in the structure and content of 
multidisciplinary/standard care programs, the period defined as acute post-stroke care, staff experience and staff 
mix, and patient needs for rehabilitation therapy (i.e., stroke severity and type).  
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Annotation B. Initial Assessment of Complications, Impairment and Rehabilitation Needs 

1.2  Brief Assessment 

BACKGROUND 

Initial assessment during the acute phase should focus on the critical risk factors and complications that are life 
threatening and need to be addressed early. The team that manages the acute phase will usually complete the 
assessment (Stroke teams, Emergency Department, or Neurology).  Once stabilized, a more comprehensive 
assessment will be done to determine level of impairment and rehabilitation needs (see Annotation G). 

RECOMMENDATIONS 

1. The initial assessment should have special emphasis on the following:  
Medical Status 

a. Level of consciousness and cognitive status  
b. Risk factors for stroke recurrence  
c. History of previous antiplatelet or anticoagulation use, especially at the time of stroke  
d. Medical co-morbidities (See Annotation E: 3.1-3.5) 

Risk of Complications 

e. Screening for aspiration risk  (Brief swallowing assessment) (see Section 1.3) 
f. Malnutrition and dehydration (See Annotation E: 2.2) 
g. Skin assessment and risk for pressure ulcers (see Annotation E: 2.3)  
h. Risk of deep vein thrombosis (DVT) (see Annotation E: 2.4)  
i. Bowel and bladder dysfunction (see Annotation E: 2.5) 
j. Sensation and pain (see Annotation E: 2.6) 

Function 

k. Motor function and muscle tone 
l. Mobility, with respect to the patient's needs for assistance in movement  
m. Emotional support for the family and caregiver.  

1.3 Screening for Aspiration Risk 

BACKGROUND  

Bacterial pneumonia is one of the most serious complications in stroke patients (Weimer, 2002) and is mainly 
caused by aspiration (Horner, 1988). Aspiration is frequently found in patients with reduced consciousness and in 
those with swallowing disturbances. Oral feeding should be withheld until the patient has demonstrated intact 
swallowing with small amounts of water and intact coughing on command. Malnutrition and dehydration are also 
potentially serious consequences of dysphagia.  

Screening for dysphagia is a process used to identify those patients who are at risk for aspiration, malnutrition or 
dehydration and who need a further clinical assessment by a professional trained in the diagnosis and management 
of dysphagia.  Although a wide variety of screening and assessment tests are available for use, none have 
acceptable sensitivity and specificity to ensure accurate detection of dysphagia. 

RECOMMENDATOINS 

1. Strongly recommend that all acute/newly diagnosed stroke patients be screened for swallowing 
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problems prior to oral intake of any medication, foods, or fluids to determine risk for aspiration.  
2. Screening should be performed by an appropriately trained provider within the first 24 hours of 

admission to determine the risk of aspiration: 
o Low risk for aspiration: Patients who are cooperative, able to talk, voluntarily cough, 

swallow saliva and pass a simple swallowing screening test (water) 
o High risk for aspiration: Patients who are non cooperative, failed the simple 

swallowing screening test (wet hoarse voice or coughing are noted, or volume of water 
consumed is below population norms), or have a history of swallowing problems, 
aspiration or dysphagia 

3. Patients who are not alert should be monitored closely and swallowing screening performed when 
clinically appropriate. 

4. If screening results indicate that the patient is at high risk for dysphagia, oral food and fluids 
should be withheld from the patient (i.e., the patient should be Nil per os [NPO]) and a 
comprehensive clinical evaluation of swallowing food and fluids be performed within 24  hours by  
a clinician trained in the diagnosis and management of swallowing disorders. 

DISCUSSION 

The incidence of dysphagia is reported to be between 29-67% in acute stroke patients (Martino et al., 2009). Some 
of the variability is related to differences in the timing and method of the swallowing assessment. The presence of 
dysphagia can be identified based on clinical or radiographic examinations, or both. 

Screening alone is inadequate to safely detect the presence or absence of dysphagia or aspiration.  However, it is 
important for patients with swallowing problems to be identified as early as possible to allow more severely 
impaired patients to be managed without delay. Screening for dysphagia is essential on initial admission to develop 
treatment plans, determine if patient should remain Nil per os (NPO) and whether a nasogastric (NG) tube will be 
necessary, as well as other issues related to eating and nutrition, aspirating, and swallowing food.  

Joint Commission guidelines (JCAHO, 2006) state, “A screen for dysphagia should be performed on all 
ischemic/hemorrhagic stroke patients before [they are] given food, fluids, or medication by mouth.”  Their rationale 
is that 27-50% of stroke patients develop dysphagia, 43-54% of stroke patients with dysphagia will experience 
aspiration, 37% of patients who develop aspiration will develop pneumonia, and if not part of a dysphagia diagnosis 
and treatment program, 3.8% of those will die.  Other adverse effects that can be avoided include malnutrition and 
increased length of hospital stay.”  

Hinchey et al., (2005) surveyed 15 acute care hospital sites to determine if dysphagia screening protocols were in 
place and to establish the adherence level by comparing the incidence of pneumonia between institutions with or 
without formal screening in place.  The incidence of dysphagia in 6 sites, which had a formal dysphagia screen, was 
78% compared with 57% at sites with no formal screen. The pneumonia rate at sites with a formal dysphagia screen 
was 2.4% versus 5.4% (p=0.0016) at sites with no formal screen. There was no difference in median NIHSS stroke 
severity (5 versus 4; P=0.84) between the sites with and without a formal screen. 

McCullough et al. (2005) conducted a study, involving 165 participants, to determine the utility of clinical 
swallowing examination (CSE).  Findings were compared with a previous investigation of 60 patients, as well as 
with other research on CSEs. The results suggest that clinicians can make an accurate judgment of the occurrence of 
aspiration in most post stroke patients. However, ruling out aspiration when it is absent appears more problematic. 

EVIDENCE STATEMENTS 

Incidence of dysphagia/aspiration: The incidence of dysphagia appears to be quite high following acute stroke, 
with between one-third to two-thirds of all stroke patients affected. Video modified barium swallow (VMBS) studies 
are the “gold standard” for diagnosing dysphagia and aspiration. The incidence of aspiration in the acute phase of 
stroke varies from 21- 42% and decreases to less than 12% by 3 months post stroke.  Between one-third and one-half 
of patients who aspirate following stroke are silent aspirators (i.e., penetration of food below the level of the true 
vocal cords, without cough or any outward sign of difficulty). 
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 Aspiration and Pneumonia: Aspiration following stroke appears to be associated with an increase in the incidence 
of pneumonia. The risk of developing pneumonia appears to be proportional to the severity of aspiration.  

Assessment of Dysphagia: There is consensus opinion that acute stroke survivors should be nil per os (NPO) until 
swallowing ability has been determined. There is consensus opinion that a trained assessor should screen all acute 
stroke survivors for swallowing difficulties as soon as they are able. There is consensus opinion that a specially 
trained therapist should assess all stroke survivors who fail swallowing screening and identify the appropriate course 
of treatment. There is consensus opinion that an individual trained in low-risk feeding strategies should provide 
feeding assistance or supervision to all stroke survivors. There is consensus opinion that a dietician should assess the 
nutrition and hydration status of all stroke patients who fail swallowing screening.  There is consensus opinion that 
dysphagic stroke patients typically require diets with modified food and liquid textures.  

There is moderate evidence that screening protocols for dysphagia can reduce the incidence of pneumonia, and 
limited evidence that individuals with dysphagia should feed themselves to reduce the risk of aspiration.  

 No controlled trials were found that compared the effectiveness of a screening program versus no 
screening for identifying patients who are at increased risk of pneumonia and nutrition problems. 
Two systematic reviews that included case series showed that patients who have abnormal 
screening tests are at increased risk of pneumonia and nutrition problems compared to patients 
who have normal screening tests (ECRI, 1999; Perry & Love, 2001).  

 The only two signs that seem predictive of aspiration are severe dysphagia and abnormal 
pharyngeal sensation (ECRI, 1999; Perry & Love, 2001). The ECRI (1999) reports that individual 
signs and symptoms do not adequately predict pneumonia nor detect aspiration during a bedside 
evaluation.  

 The same two systematic reviews, along with a third (Martino et al., 2000), showed that routine 
screening compared with no screening may decrease the risk of pneumonia, but this is based on 
very limited data from case series, cohort studies, and a single historical-controlled trial. One 
systematic review included cost-effectiveness analyses that suggested that routine screening with 
a preliminary bedside evaluation followed by either a full bedside evaluation or video 
fluoroscopic swallow study (VFSS) when the preliminary study is abnormal may be cost-
effective, if the assumptions used in the analyses are correct (ECRI, 1999).  

Annotation C  Assessment of Stroke Severity 

1.4 Use of Standardized Assessments 

BACKGROUND 

Comprehensive assessment of patients with stroke is necessary for appropriate clinical management and evaluation 
of outcomes for quality management and research (Duncan et al., 1999).  The AHCPR Post-Stroke Rehabilitation 
Guideline recommends the use of well-validated, standardized instruments in evaluating stroke patients.  These 
instruments help to ensure reliable documentation of the patient’s neurological condition, levels of disability, 
functional independence, family support, quality of life, and progress over time (AHCPR, 1995).  

RECOMMENDATIONS  

1. Strongly recommend that the National Institutes of Health Stroke Scale (NIHSS) be used at the 
time of presentation/hospital admission, or at least within the first 24 hours following presentation. 
[A] 

2. Recommend that all patients should be screened for depression and motor, sensory, cognitive, 
communication, and swallowing deficits by appropriately trained clinicians, using standardized 
and valid screening tools. [C] 

3. If depression, or motor, sensory, cognitive, communication, or swallowing deficits are found on 
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initial screening assessment, patients should be formally assessed by the appropriate clinician from 
the coordinated rehabilitation team. [C] 

4. Recommend that the clinician use standardized, validated assessment instruments to evaluate the 
patient’s stroke-related impairments, functional status and participation in community and social 
activities. [C] 

5. Recommend that the standardized assessment results be used to assess probability of outcome, 
determine the appropriate level of care, and develop interventions.  

6. Recommend that the assessment findings be shared and the expected outcomes discussed with the 
patient and family/caregivers.  

DISCUSSION 

The AHCPR (1995) guideline recommends, “Screening for possible admission to a rehabilitation program should be 
performed as soon as the patient's neurological and medical condition permits.  The individual(s) performing the 
screening examination should be experienced in stroke rehabilitation and preferably should have no direct financial 
interest in the referral decision.  All screening information should be summarized in the acute medical record and 
provided to the rehabilitation setting at the time of referral.”   

The AHCPR guideline panel evaluated the strengths and weaknesses of a battery of standardized instruments for 
assessment of stroke patients.  Appendix B includes a list of preferred standard instruments recommended by the 
AHCPR guideline panel for patient assessment in stroke.  Certain tests have established protocols for credentialing 
that must be adhered to (e.g., Functional Independence Measure [FIMTM]; National Outcome Measure System 
[NOMS]; and National Institutes of Health Stroke Scale [NIHSS]).  However, only the FIMTM and the NIHSS are 
widely used.  

A partial listing of standardized tools can be found at The University of Kansas Landon Center on Aging Web site at 
http://www2.kumc.edu/coa/SIS/SIS_pg2.htm  Although the listing is not all inclusive, it provides references, tools 
and an Access database (toolbox) that may be useful to the coordinated rehabilitation team in completing formal 
assessments.  

New stroke specific outcome measures that may be useful for assessing functional status and quality of life are 
currently under development (see Appendix B).  

The NIHSS Score (See Section 4.1) 

The NIHSS score strongly predicts the likelihood of a patient's recovery after stroke.  A score of >16 forecasts a 
high probability of death or severe disability, whereas a score of <6 forecasts a good recovery (Adams et al., 1999).  

Patients with a severe neurological deficit after stroke, as measured by the NIHSS, have a poor prognosis.  During 
the first week after acute ischemic stroke, it is possible to identify a subset of patients who are highly likely to have a 
poor outcome (Frankel et al., 2000).  

EVIDENCE TABLE 

 Recommendation  Sources  LE  QE  SR  

1  Assess stroke severity using the 
NIHSS score  

Adams et al., 1999  
Frankel et al., 2000  

I  Good  A  

2  Screen for complications using 
standardized and valid screening tools  

AHCPR, 1995 § 
Working Group Consensus  

III  Poor  C  

3  Formal assessment by appropriately 
trained clinicians  

RCP, 2000  
SIGN, 1997  

III  Poor  C  

4  Standardized assessment tools  Duncan et al., 1999  III  Poor  C  
LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; § = Systematic Review (see Appendix A) 
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Annotation D.  Initiate Secondary Prevention and Early Interventions 

1.5 Secondary Stroke Prevention  

BACKGROUND  

Following a stroke, patients are at increased risk for additional cerebrovascular events. Specific therapy and risk 
factor reduction must be an integral part of any plan for stroke rehabilitation and recovery. The need for secondary 
prevention of stroke is lifelong and continues beyond the period of rehabilitation.  

For specific evidence-based recommendations providers may refer to the AHA/ASA Guidelines for Prevention of 
Stroke in Patients with Ischemic Stroke or Transient Ischemic Attack. (Ralph et al., 2006) 

(http://stroke.ahajournals.org/cgi/content/full/37/2/577) 

1.6 Early Intervention of Rehabilitation Therapy 

BACKGROUND 

Studies generally support early rehabilitation interventions for the medically stable patient with an acute stroke to 
prevent complications of stroke such as deep vein thrombosis (DVT), skin breakdown, contracture formation, 
constipation, and pneumonia and to improve functional outcomes.  Early therapy interventions, including a 
progressive increase in activity levels should be initiated as soon as medically tolerated.  Early rehabilitation should 
also include self-care activities and socialization.  

The physical demands of rehabilitation are substantial.  A patient’s tolerance for therapy will depend on several 
factors including the severity of the stroke, medical stability, mental status, and level of function.  

RECOMMENDATIONS 

1. Strongly recommend that rehabilitation therapy should start as early as possible, once medical 
stability is reached. [A] 

2. Recommend that the patient receive as much therapy as “needed” and tolerated to adapt, recover, 
and/or reestablish the premorbid or optimal level of functional independence. 

DISCUSSION 

Early Initiation of Therapy  
One systematic review on early rehabilitation following stroke concluded that therapy initiated within 3-30 days post 
stroke “appears to have a strong relationship” with improved functional outcome at hospital discharge and follow-up 
(Cifu & Stewart, 1999).  Ottenbacher & Jannell (1993) in a meta-analysis that included 36 studies and 3717 stroke 
survivors, also demonstrated a positive correlation between early rehabilitation intervention and improved functional 
outcome.  Maulden et al. (2005) reported findings of a large prospective observational  study from six rehabilitation 
programs in the United States, concluding that “fewer days from stroke symptoms onset to rehabilitation admission 
is associated with better functional outcomes at discharge and shorter LOS.”  

Paolucci and colleagues (2000) examined differences in outcomes for patients for whom therapy was initiated 20 
days apart.  They found a strong inverse relationship between the start date and outcome (albeit with wide 
confidence intervals and a greater dropout risk).  Treatment initiated within the first 20 days post stroke was 
associated with a significantly high probability of excellent therapeutic response (OR=6.11; 95 percent CI; 2.03-
18.36), while beginning later was associated with a poor response (OR=5.18; 95 percent CI; 1.07-25.00).  Early 
intervention was associated with a five times greater risk of dropout than that of patients with delayed treatment 
(OR=4.99; 95 percent CI; 1.38-18.03).  Gagnon et al. (2006) however, in a retrospective review of 418 stroke 
patients, did not find a significant difference in discharge FIM scores, FIM gain, or rehabilitation LOS between 3 
groups of stroke patients; those who had an early rehabilitation onset (0-20 days), moderate rehabilitation onset (20-
40 day) or long onset (>40 days). 
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In an observational cohort study of 969 patients, Maulden et al. (2005) found that fewer days from stroke symptom 
onset to rehabilitation admission were associated with better functional outcomes, and that for severely impaired 
patients, the relationship was strongest. For patients with moderately severe stroke, fewer days from stroke symptom 
onset to rehabilitation admission was associated significantly with shorter rehabilitation LOS.  In another large 
observational cohort study in Italy, Musicco et al. (2003) found that patients who received rehabilitation early 
(within 7 days after stroke) had better long-term outcomes than did those who started rehabilitation after more than 1 
month (OR = 2.12; 95% CI, 1.35-3.34), or from 15 to 30 days after the acute cerebrovascular event (OR = 2.11; 
95% CI, 1.37-3.26). 

Wade et al. (1992) conducted a comparison of an experimental group of patients who received 3 months of 
physiotherapy at home immediately after a stroke, and a control group of patients who received therapy after a 3-
month delay.  The study demonstrated that physiotherapy initiated early after stroke slightly improved gait speed 
(i.e., a few seconds over 10 meters), but the improvement was not maintained 3 months after physiotherapy stopped.  

The relationship between improved functional outcomes and early initiation of rehabilitation may not be entirely 
causal because patients with more severe strokes may have more medical issues and complications, which can 
prolong medical instability and thus delay participation in rehabilitation.  However, there is no evidence to suggest 
that rehabilitation should not begin as soon as medical stability has been reached. 

EVIDENCE TABLE 

   Recommendation  Sources  LE  QE SR  
1  Early initiation of therapy  Cifu and Stewart, 1999 (§)  

Gagnon et al., 2006 
Maulden et al., 2005 
Musicco et al., 2003 
Ottenbacher & Jannell, 1993 
Wade et al., 1992  
Paolucci, 2000 

I  Good  A  

LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; § = Systematic Review (see Appendix A) 

Annotation E.  Assessment and Prevention of Complications 

RECOMMENDATIONS 

1. Recommend that risk of complications should be assessed in the initial phase and throughout the 
rehabilitation process and followed by intervention to address the identified risk. Areas of 
assessment include: 

a. Swallowing problems (risk of aspiration)  (see 2.1) 
b. Malnutrition and dehydration (See 2.2) 
c. Skin assessment and risk for pressure ulcers (see 2.3)  
d. Risk of deep vein thrombosis (DVT) (see 2.4)  
e. Bowel and bladder dysfunction (see 2.5) 
f. Sensation and pain (see 2.6) 
g. Risk of falling (see 2.7) 
h. Osteoporosis (see 2.8) 
i. Seizures (see 2.9) 
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Annotation F.  Obtain Medical History and Physical Examination  

BACKGROUND 

Stroke rehabilitation begins during the acute hospitalization, as soon as the diagnosis of stroke is established and 
life-threatening problems are controlled. The highest priorities are to prevent recurrence of stroke and complications 
and begin mobilization. A thorough history and physical examination is necessary to identify and begin treatment 
for:  

• Risk factors for stroke recurrence  

• Medical co-morbidities  

• Complications  

• Functional impairments  

RECOMMENDATIONS 

1. A thorough history and physical examination should be completed on all patients and should 
include, at a minimum:  

a. Chief complaint and history of present illness  
b. Past medical and psychiatric history  
c. Past surgical history  
d. Medications  
e. Allergies  
f. Family history  
g. Social history  
h. Functional history  
i. Review of systems  
j. Physical examination  
k. Imaging studies  

2. The assessment should cover the following areas: 
a. Risk of Complications (swallowing problems, malnutrition, skin breakdown, risk for 

DVT, bowel and bladder dysfunction, falls, and pain) (see Sections 2.1-2.7)  
b. Determination of Impairment (Communication, Cognition, Motor, Psychological, and 

Safety Awareness) (see Annotations G: 4.1-4.6) and assessment of prior and current 
functional status (e.g., FIM™) (see Annotation G: 5.1) 

c. Assessment of participation in community and social activities, and a complete 
psychosocial assessment (Family and Caregivers, Social Support, Financial, and 
Cultural Support) (see Annotation G: 6.1)  



Version 2.0  VA/DoD Clinical Practice Guideline for the 
October, 2010  Management of Stroke Rehabilitation  

Annotations  Page - 23 

2 PREVENTION OF COMPLICATIONS 

2.1 Swallowing problems, Aspiration Risk 

BACKGROUND 

A swallowing screening of all acute/newly diagnosed stroke patients should be performed within the first 24 hours 
after admission and prior to fluid and food intake to determine those at risk for dysphagia.  Those patients identified 
by the screening test to be at risk for dysphagia need a comprehensive clinical assessment by a professional trained 
in the diagnosis and management of dysphagia.  A clinical assessment is a more comprehensive systematic process 
for the purposes of diagnosing dysphagia and making treatment recommendations.  

RECOMMENDATIONS  

Assessment  
1. Recommend all patients receive evaluation of nutrition and hydration status, as soon as possible 

after admission. Food and fluid intake should be monitored daily in all patients and body weight 
should be determined regularly. 

2. Recommend that if screening for swallowing problems indicates that the patient is at risk for 
dysphagia, the patient should be Nil per os (NPO) and a comprehensive clinical evaluation of 
swallowing of food and fluid be performed within 24 hours by a professional trained in the 
diagnosis and management of swallowing disorders. Documentation of this exam should include 
information about signs and symptoms of dysphagia, likelihood of penetration and aspiration, and 
specific recommendations for follow-up including need for a dynamic instrumental assessment, 
treatment, and follow-up.  [I] 

3. Recommend patients who are diagnosed as having dysphagia based on comprehensive clinical 
evaluation of swallowing should have a dynamic instrumental evaluation to specify swallowing 
anatomy and physiology, mode of nutritional intake, diet, immediate effectiveness of swallowing 
compensations and rehabilitative techniques, and referral to specialist.  The optimal diagnostic 
procedure (VFSS, FEES) should be determined by the clinician based on patient needs and clinical 
setting. 

 

DISCUSSION 

Early detection of dysphagia through screening allows treatment to be implemented sooner after a stroke, shortening 
recovery time and reducing rehabilitation costs (Martino et al., 2000). 

Bedside exams: Cohort studies have shown that full bedside evaluations can detect patients who are at risk for 
pneumonia and nutrition problems, but the magnitude of the increased risk for patients with abnormal tests is not 
clear. Water swallow tests alone do not seem to be as accurate as full bedside exams. Limited data suggest that the 
accuracy of water swallow tests or full bedside evaluations may be increased by combining of indicators (Mari et al., 
1997; Logemann et al., 1999). 

Videofluoroscopy/modified barium swallow (VFSS): Cohort studies have shown that patients who aspirate on VFSS 
are at increased risk of developing pneumonia and nutrition problems as compared to patients with normal tests. 
There is no good evidence that VFSS is more or less accurate than bedside exams in predicting pneumonia or other 
complications (ECRI, 1999).  

Fiberoptic endoscopic examination of swallowing (FEES): Case series comparing FEES and VFSS have shown that 
each test detects some patients who aspirate that the other test does not, and that neither test is clearly better than the 
other. One small cohort study showed that FEES was very sensitive, but not specific in predicting pneumonia (Lim 
et al., 2001).  

One cohort study (20 subjects) showed that FEES with VFSS improved prognostication for pneumonia over VFSS 
alone (Aviv, 2000).  
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Examination of treatment strategies by x-ray can impact diet and recovery from dysphagia. About 83 percent of 
patients may receive changes in at least one of five important clinical variables after VFSS: referrals to other 
specialists, swallowing therapy, compensatory strategies that improve swallowing, changes in mode of nutritional 
intake, and diet (Martin-Harris et al., 2000). 

2.2 Malnutrition and Dehydration  

BACKGROUND  

Adequate nutrition after stroke is critical to recovery. Stroke survivors may have unique nutritional issues such as 
altered consciousness, chewing and swallowing difficulties (dysphagia), sensory or perceptual deficits, reduced 
mobility, and loss of appetite, as well as depression, which can cause decreased interest in eating. Patients tend to 
become dehydrated after stroke and during the acute hospitalization. Assessment of nutrition and hydration status 
includes monitoring intake, body weight, urinary and fecal outputs, caloric counts, and levels of serum proteins, 
electrolytes and blood counts.  

RECOMMENDATIONS  

1. Recommend all patients receive evaluation of nutrition and hydration, as soon as possible after 
admission. Food and fluid intake should be monitored in all patients, and body weight should be 
determined regularly.  

2. Recommend that a variety of methods be used to maintain and improve intake of food and fluids. 
This will require treating the specific problems that interfere with intake, providing assistance in 
feeding if needed, consistently offering fluid by mouth to patients with dysphagia, and catering to 
the patient's food preferences. If intake is not maintained, feeding by a feeding gastrostomy may be 
necessary.  

3. Patients at high risk for, or problems with, nutrition and their family/caregiver should receive 
counseling by a Registered Dietitian upon discharge regarding healthy diet and food choices.  

DISCUSSION 

It is unclear how patients with dysphagia should be fed and treated after acute stroke. A Cochrane review 
(Bath et al., 2000) concluded that percutaneous endoscopic gastrostomy (PEG) feeding may improve 
outcome and nutrition as compared with NGT feeding in patients with dysphagia.  A more recent 
systematic review (Foley et al., 2008) evaluated the efficacy of a broader range of dysphagia treatments 
including: texture-modified diets, general dysphagia therapy programs, non-oral (enteral) feeding, 
medications, and physical and olfactory stimulation.  In this review, 15 RCTs were identified. In contrast 
with the findings of a previous Cochrane review (Bath et al., 1999), there was evidence that nasogastric 
tube feeding was not associated with a higher risk of death compared to percutaneous feeding tubes. 
General dysphagia therapy programs were associated with a reduced risk of pneumonia in the acute stage 
of stroke. Standardized diets and diet terminology should be utilized to improve communication between 
professionals and to improve patients’ safety, and other considerations (ADA, 2002; McCallum, 2003). 

No single dysphagia diet exists. Diets include modified food and liquid textures. Special diets are based 
upon four distinct consistencies: thick fluids, pureed, minced and soft chopped.  A dysphagia soft diet 
excludes all hard, small and stringy food particles (Bach et al., 1989). However, the risk of aspiration of 
pureed food was recently reported by Perlman et al. (2004). Compared to patients with normal sensation 
and pharyngeal squeeze, the percentage of aspirators increased to 67% in patients with moderately 
decreased sensation and absent motor function. The results of this study suggest that motor strength may be 
more important than sensory impairment in the prediction of aspiration.   

Changes to the diet can be made as the patient's dysphagia improves and the risk of aspiration lessens. 
Dietary management is often directed by the results of the VMBS studies.  Special techniques such as 
compensatory head and neck postures (Logemann, 1983), double swallowing or coughing after swallowing 
(Horner et al., 1988b) may be employed.  Although thickened fluids may help to reduce the risk of 
aspiration and associated morbidity, Finestone et al. (2001) reported that patients restricted to thickened 
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fluids do not drink sufficient quantities to meet their fluid needs and are at risk for dehydration. Churchill et 
al. (2004) also found that patients with dysphagia had a higher risk of becoming dehydrated. 

A study by Diniz et al. (2009) compared liquids and pudding-like feeds using nasoendoscopy (n=61). 
Aspiration occurred in only 3 patients with the spoon-thick consistency vs. 21 with the liquid consistency.  
There were no episodes of laryngeal penetration with pudding-like fluids and 8 incidences with thin liquid. 
However, Leder & Suiter (2008) reported than the placement of NG feeding tubes did not increase the risk 
of aspiration for liquid or pureed food consistencies. This study included patients with dysphagia with a 
broad range of etiologies, including stroke (n=1,260). 

2.3 Prevention of Skin Breakdown  

BACKGROUND 

The incidence of pressure ulcers ranges from 0.4% to 38% in acute care and 2.2% to 23.9% in long term care 
settings (Lyder, 2003).  The physical impairments following stroke place patients at higher risk for a pressure ulcer 
that, once developed, can be difficult and costly to treat and often result in pain, disfigurement, and prolonged 
hospitalization.  Prevention of pressure ulcers depends on early identification of patients at risk and reliable 
implementation of prevention strategies for patients identified to be at risk.  Patients at highest risk for skin 
breakdown are those with: 1) dependence in mobility, 2) altered sensation, 3) fecal and urinary incontinence, 4) 
excessively low or high body mass index, and 5) diseases associated with cachexia (Berkowitz et al., 2001a&b).  

RECOMMENDATIONS 

Assessment  

1. Recommend a thorough assessment of skin integrity be completed upon admission and monitored 
at least daily, thereafter. [C] 

2. Risk for skin breakdown should be assessed using a standardized assessment tool (such as the 
Braden Scale). [I] 

Treatment  

3. Recommend the use of proper positioning, turning, and transferring techniques and judicious use 
of barrier sprays, lubricants, special mattresses, and protective dressings and padding to avoid skin 
injury due to maceration, friction or excessive pressure. [C] 

DISCUSSION 

A valid and reliable pressure ulcer risk assessment tool, such as the Braden Scale, can help predict the risk of 
pressure ulcer development and thus help the rehabilitation team implement interventions to prevent skin 
breakdown.  Such interventions may include, but are not limited to, the following; repositioning, mobilization, 
turning, proper transfer techniques, and the use of skin care/incontinence products and surface pressure reducing 
devices.  Treatment of any skin breakdown should begin promptly and be monitored daily (Reddy, 2006; AHCPR, 
1995; Sussman & Bates-Jensen, 1998).  
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EVIDENCE TABLE 

   Recommendation  Sources  QE  Overall 
Quality  

R  

1  Assessment of skin integrity AHCPR, 1995 
Sussman & Bates-Jensen, 1998 

I  Poor  C  

2  Interventions for prevention of skin 
breakdown 

AHCPR, 1995 
Reddy, 2006 

I  Poor  C  

LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; § = Systematic Review (see Appendix A) 

2.4 Risk for Deep Vein Thrombosis (DVT) 

BACKGROUND 

Prevention of DVT and the attendant risk of venous thromboembolism and pulmonary embolism are important in 
stroke patients and is an important initial treatment decision.  The first line treatment is early ambulation.  Walking 
as little as 50 feet per day, with or without assistance, significantly decreases the incidence of DVT post-stroke 
(Reding & Potes, 1988). While heparin will prevent DVT, it will not prevent recurrent strokes or improve stroke 
recovery (Adams et al., 2007).  The PREVAIL study (Sherman et al. 2007; Muir, 2008) determined that low 
molecular weight heparin (40 mg per day, starting between 24-48 hours after stroke onset) was superior to using 
5000U of unfractionated heparin twice daily.  In patients who are not ambulatory, anti-embolic stocking (i.e. 
compression stockings) and intermittent pneumatic compression may enhance the benefit from heparin treatment to 
reduce the incidence of DVT and DVT complications.  Prevention of pulmonary embolus (PE) with the use of 
retrievable or permanent inferior vena cava filters (IVCF) may be considered for some patients who are at high risk 
of complications of DVT (such as those who have a documented lower extremity DVT) or who are not good 
candidates for heparin. 

RECOMMENDATIONS 

Assessment  

1. Concurrent risk factors that increase the risk of DVT should be assessed in all patients post stroke 
to determine the choice of therapy.  These risk factors include mobility status, congestive heart 
failure (CHF), obesity, prior DVT or pulmonary embolism, limb trauma or long bone fracture.  

Treatment 

2. Recommend all patients be mobilized, as soon as possible.  
3. Recommend the use of subcutaneous low-dose low molecular weight heparin (LMWH) to prevent 

DVT/ PE for patients with ischemic stroke or hemorrhagic stroke and leg weakness with impaired 
mobility.  

4. Attention to a history of heparin-induced thrombocytopenia will affect treatment choice.  A platelet 
count obtained 7-10 days after initiation of heparin therapy should be considered.  

5. Consider the use of graduated compression stockings or an intermittent pneumatic compression 
device as an adjunct to heparin for non-ambulatory patients or as an alternative to heparin for 
patients in whom anticoagulation is contraindicated.  

6. Consider IVCF is patients at risk for PE, in whom anticoagulation is contraindicated.  

DISCUSSION 

The largest study for subcutaneous unfractionated heparin, the International Stroke Trial (IST, 1997), established 
that LDUH was safe in ischemic stroke.  This trial also demonstrated a dose response rate for hemorrhagic 
complications.  

Comparative trials for DVT/PE prevention in a stroke population have not been performed; however, randomized 
trials of several LMWH and heparinoid products in ischemic stroke patients and other patient populations suggest an 
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efficacy and safety superior to unfractionated heparin for DVT prevention.  The TOAST study (1997) demonstrated 
the safety of danaparoid in acute ischemic stroke patients, but the intravenous route, anticoagulation monitoring, and 
continuous dosing limits extrapolation to prophylactic use.  Two recent meta-analyses found that LMWH reduced 
DVT and PE but increased bleeding in ischemic stroke victims (Bath et al., 2000; Bijsterveld et al., 1999).  Another 
recent LMWH trial found a dose-response effect for DVT prevention and intracranial hemorrhage rate, both 
increasing at higher doses (Bath et al., 2001).  Specific treatment recommendations regarding optimal LMWH agent 
and dosing cannot be made from the existing data.  

The use of non-pharmacological approaches to DVT/PE prevention, such as intermittent pneumatic compression, 
graduated compression stockings, and early mobilization, appear to have some beneficial effect although they were 
not tested fully in RCTs.  Graded compression stockings produced a reduction in DVT incidence comparable to that 
in other patient groups (odds ratio=0.43, 95% CI), but the reduction was not statistically significant, and the 
magnitude of the effect size requires confirmation (Muir et al., 2000).  Use of pneumatic compression devices 
combined with subcutaneous heparin and antiembolic hose reduce the risk of DVT and pulmonary embolism in 
stroke patients (Kamran et al., 1998).  The morbidity and mortality associated with DVT/PE is sufficient reason to 
continue these clinical practices.  These interventions can be used in combination with, or as alternatives to 
anticoagulation.  

There are no data from randomized, double-blinded clinical trials on the use of anticoagulants for DVT prophylaxis 
after intracerebral hemorrhage, but there are increasing data on this topic that might be shared.  See, for example, 
Tetri et al., 2008 and Orken et al., 2009. Since the risk of worsening brain hemorrhage if LDUH or LMWH are used 
is uncertain, graduated compression stockings or sequential compression devices are recommended.  

2.5 Bowel and Bladder 

BACKGROUND 

Urinary and fecal incontinence are both common in the early stages post-stroke; 40-60% of people admitted to the 
hospital after a stroke can have problems with urinary incontinence, with 25% of stroke survivors still having 
problems on hospital discharge and 15% remaining incontinent after one year.  Increased age, increased stroke 
severity, the presence of diabetes, prostate hypertrophy in men, preexisting impairment in urinary function and the 
occurrence of other disabling diseases increase the risk of urinary incontinence in stroke.  

Incontinence is a major burden on caregivers once the patient is discharged home.  Management of both bladder and 
bowel problems should be seen as an essential part of the patient's rehabilitation, as these problems can seriously 
hamper progress in other areas and influence disposition planning.  Acute use of an indwelling catheter may 
facilitate management of fluids, prevent urinary retention, and reduce skin breakdown in patients with stroke; 
however, use of an indwelling urinary catheter greater than 48 hours post-stroke increases the risk of urinary tract 
infection.  

Fecal incontinence occurs in a substantial proportion of patients after a stroke, but clears within two weeks in the 
majority of patients (Brockelhurst et al., 1985).  Continued fecal incontinence signals a poor prognosis.  Diarrhea, 
when it occurs, may be due to medications, initiation of tube feedings, and exacerbation of a pre-existing colitis or 
infections.  It can also be due to leakage around a fecal impaction.  Treatment should be cause specific (AHCPR, 
1995). 

Constipation and fecal impaction are more common after stroke than fecal incontinence. Immobility and inactivity, 
inadequate fluid or food intake, depression or anxiety, a neurogenic bowel, constipating side effects of medications, 
the inability to perceive bowel signals, lack of transfer ability, and cognitive deficits may each contribute to this 
problem.  Goals of management are to ensure adequate intake of fluid, bulk, and fiber and to help the patient 
establish a regular toileting schedule.  Bowel training is more effective if the schedule is consistent with the patient's 
previous bowel habits (Venn et al., 1992).  Stool softeners and judicious use of laxatives may be helpful.  
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RECOMMENDATIONS 

Assessment 

1. Recommend a structured assessment of bladder function in acute stroke patients, as indicated. 
Assessment should include:  

o Assessment of urinary retention through the use of a bladder scanner or an in-and-out 
catheterization  

o Measurement of urinary frequency, volume, and control  
o Presence of dysuria. 

2. There is insufficient evidence to recommend for or against the use of urodynamics over other 
methods of assessing bladder function. 

Treatment 

3. Consider removal of the indwelling catheter within 48 hours to avoid increased risk of urinary tract 
infection; however, if a catheter is needed for a longer period, it should be removed as soon as 
possible. 

4. Recommend the use of silver alloy-coated urinary catheters, if a catheter is required. 
5. Consider an individualized bladder training program (such as pelvic floor muscle training in 

women) be developed and implemented for patients who are incontinent of urine.  
6. Recommend the use of prompted voiding in stroke patients with urinary incontinence.  
7. Recommend a bowel management program be implemented in patients with persistent constipation 

or bowel incontinence. [I] 

DISCUSSION 

There is limited evidence to suggest that specialized professional input using systematic methods to assess and 
manage incontinence problems following stroke may improve some outcomes (Thomas, 2007). 

There are no systematic reviews evaluating the usefulness of urodynamics in the setting of post-stroke incontinence.  
Weak trial data (i.e., low quality RCT in the non-stroke setting and prospective and retrospective cohort studies of 
patients post-stroke) suggests that urodynamic evaluation may be important in males if empiric anticholinergic 
therapy is planned, or if urinary incontinence does not resolve within the expected time frame.  Retrospective cohort 
data suggest that, in males with stroke, symptoms do not reliably predict the presence of obstructive findings on 
urodynamic testing. 

A systematic review of diagnostic test studies did not conclusively recommend bladder scanning as an adjunct to 
bedside clinical evaluation for incontinence over other methods of assessing urinary retention, such as in-and-out 
catheterization. 

Use of an indwelling catheter should be limited to patients with incontinence that cannot be managed any other way.  
Studies performed in non-stroke populations clearly demonstrate the increased risk of bacteriuria and urinary tract 
infections (Bjork et al., 1984; Sabanthan et al., 1985; Warren et al., 1982). 

A meta-analysis (Saint et al., 1998) concluded: “Silver alloy-coated urinary catheters are significantly more effective 
in preventing urinary tract infections than are silver oxide catheters.  They are more expensive, but may reduce 
overall costs of care, as catheter related infection is a common cause of nosocomial infection and bacteremia.”  This 
analysis covered a diverse patient population, and was not specific to stroke. 

There is systematic review evidence of low to medium quality studies that weakly supports pelvic floor muscle 
training in women to improve mean voiding frequency post-stroke however there was no change in the average 
number of incontinence episodes (Thomas, 2007). 

There is no evidence that timed voiding trials are better than voiding on request in reducing incontinence episodes. 

There is no evidence for or against initiating a bowel program. 
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2.6 Pain 

BACKGROUND 

Pain can develop due to exacerbation of a pre-existing condition (e.g., increases in musculoskeletal pain due to 
weakness), a direct consequence of the stroke (e.g., pain associated with intracranial hemorrhage). Pain may also 
develop due to consequences of a stroke (for example, central “thalamic” pain), pain due to musculoskeletal 
consequences of a stroke such as shoulder subluxation leading to pain, or the emergence of complex regional pain 
syndrome (CRPS, also known as reflex sympathetic dystrophy).  Pain occurring post-stroke may include joint pain 
from spasticity, immobility, muscle weakness, headache, centrally mediated pain, and shoulder pain.  Prevention, 
assessment, and treatment of pain should continue throughout rehabilitation care.  

RECOMMENDATIONS 

Assessment 

1. Recommend pain assessment using the 0 to 10 scale. [C] 
2. Recommend a pain management plan that includes assessment of the following: likely etiology 

(i.e., musculoskeletal and neuropathic), pain location, quality, quantity, duration, intensity, and 
aggravating and relieving factors. [C] 

Treatment 

3. Recommend balancing the benefits of pain control with possible adverse effects of medications on 
an individual’s ability to participate in and benefit from rehabilitation. [I] 

4. When practical, utilize a behavioral health provider to address psychological aspects of pain and to 
improve adherence to the pain treatment plan. [C] 

5. When appropriate, recommend use of non-pharmacologic modalities for pain control such as 
biofeedback, massage, imaging therapy, and physical therapy. [C] 

6. Recommend that the clinician tailor the pain treatment to the type of pain.  [C] 
7. Musculoskeletal pain syndromes can respond to correcting the underlying condition such as 

reducing spasticity or preventing or correcting joint subluxation.   
8. Non-steroidal anti-inflammatory drugs (NSAIDs) may also be useful in treating musculoskeletal 

pain.   
9. Neuropathic pain can respond to agents that reduce the activity of abnormally excitable peripheral 

or central neurons.   
10. Opioids and other medications that can impair cognition should be used with caution. 
11. Recommend use of lower doses of centrally acting analgesics, which may cause confusion and 

deterioration of cognitive performance and interfere with the rehabilitation process. [C]  
12. Shoulder mobility should be monitored and maintained during rehabilitation. Subluxation can be 

reduced and pain decreased using functional electrical stimulation applied to the shoulder girdle. 
[B] 

DISCUSSION 

Neuropathic pain associated with stroke usually falls into two categories:  a) pain resulting from cerebral 
reorganization following stroke and b) pain resulting from spinal nerve root or peripheral nerve irritation that 
develops as a secondary consequence of motor deficits associated with the stroke.  Pain resulting from cerebral 
injury associated with the stroke often develops due to damage to cerebral pathways involved in processing pain.  
The central nervous system processes pain information, modulates the perceived intensity of pain and enables an 
individual to focus on pain information coming from specific regions of the body.  If a stroke damages the pain 
processing networks, an individual can develop pain in the absence of an ongoing noxious stimulus.  Motor deficits 
resulting from a stroke can cause movement patterns that injure peripheral nerves or nerve roots.  For example, an 
abnormal gait can alter the normal loading of the lumbar spine leading to herniation of a lumbar vertebral disc.  The 
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herniated disc can irritate a lumbar nerve root leading to neuropathic pain.  Abnormal patterns of movement can also 
lead to irritation of peripheral nerves. 

Shoulder pain is a frequent delayed consequence of stroke associated with upper extremity paresis and immobility.  
This complication compromises use of the upper extremity and can evolve into complex regional pain syndrome II 
(also known as reflex sympathetic dystrophy).  

Research has found the following: 

• Electrical stimulation improved pain-free shoulder range of motion (Price & Pandyan, 2001) and reduced 
pain intensity with benefit lasting for at least one year after stimulation stopped (Van Peppen et al., 2004; 
Chae et al., 2005).   

• There was insufficient evidence to draw conclusions on the effect of supportive devices (such as slings, 
wheelchair attachments) in preventing pain (Ada et al., 2005). 

• Strapping delayed the onset of pain but did not decrease the severity of pain (Ada et al., 2005). 

• Intra-articular corticosteroid injections did not significantly improve shoulder pain (Snels et al., 2000).  A 
high percentage of people also reported adverse effects. 

• Ultrasound was not effective in reducing shoulder pain (Inaba & Piorkowski, 1972). 

• Preventing contracture and subluxation should help to prevent pain, and interventions aimed at reducing 
trauma to the shoulder, such as educating all staff, carers and stroke survivors, should also help to prevent 
shoulder pain. Such education may include strategies to care for the shoulder during manual handling and 
transfers and advice regarding positioning (Australian Acute Musculoskeletal Pain Guidelines Group, 
2003).  
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EVIDENCE TABLE 

 Recommendation  Sources  LE  QE SR  

1 Recommend to assess pain intensity 
using a pain scale 

Australian Acute Musculoskeletal 
Pain Guidelines Group, 2003 
Moulin et al., 2007 

II Fair  C  

2 Recommend to assess nature and 
location of pain 

Australian Acute Musculoskeletal 
Pain Guidelines Group, 2003 
Moulin et al., 2007 

II Fair C 

3 Recommend to balance benefits vs. 
Side effects of pain treatment 
interventions 

Australian Acute Musculoskeletal 
Pain Guidelines Group, 2003 
Moulin et al., 2007 
Dworkin et al., 2003, 2007 
Jensen, 2002 

II Good C 

4 Consider use of a health 
psychologist 

Kerns & Habib, 2004 
Turk, 2006 

II Good C 

5 Consider use of non-
pharmacological agents in pain 
management 

Australian Acute Musculoskeletal 
Pain Guidelines Group, 2003 
Moulin et al., 2007  
Kerns & Habib, 2004 
Turk, 2006 

II Good C 

6 Tailor pain management plan to 
patient needs 

Australian Acute Musculoskeletal 
Pain Guidelines Group, 2003 
Moulin et al., 2007  
Kerns & Habib, 2004 
Turk, 2006 
Dworkin et al., 2003, 2007 
Jensen, 2002 

II Good C 

7 Avoid or use with caution centrally 
acting analgesics 

Australian Acute Musculoskeletal 
Pain Guidelines Group, 2003 
Moulin et al., 2007 
Dworkin et al., 2003, 2007 
Jensen, 2002 

II Good C 

8  FES for patients who have shoulder 
subluxation with or without 
shoulder pain  

Price & Pandyan, 2001  
Van Peppen et al., 2004 
Chae et al., 2005 

I  Good  B  

LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; § = Systematic Review (see Appendix A) 

 

2.7 Fall Prevention 

BACKGROUND 

Falls are a leading cause of injury-related death for individuals age 65 and older.  Stroke impacts mobility and places 
patients at higher risk for falls.  Risks for falling while hospitalized include both patient health and institutional 
factors.  Patient characteristics associated with falling include weakness, dizziness, altered mobility, confusion or 
other cognitive deficits, depression, substance abuse history, prolonged hospital stay, lack of exercise, multiple 
medications, visual impairment and incontinence.  After discharge, the risk of falling is related to fear of falling, 
weakness and balance disorders as well as environmental factors.  It is critical to identify patients at high risk for 
falling and institute appropriate interventions to minimize their risk while on an inpatient setting and to provide 
appropriate education and training for safe discharge.  
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RECOMMENDATIONS 

1. Recommend that all patients be assessed for fall risk during the inpatient phase, using an 
established tool. [B] 

2. Recommend that fall prevention precautions be implemented for all patients identified to be at risk 
for falls while they are in the hospital.  

3. Refer to the falls prevention toolkit on the National Center for Patient Safety (NCPS) for specific 
interventions. 

4. Recommend regular reassessments for risk of falling including at discharge, ideally in the patient’s 
discharge environment. [B] 

5. Recommend that patient and family/caregiver be provided education on fall prevention both in the 
hospital setting and in the home environment. [B] 

DISCUSSION 

Studies have shown that 40% or more of stroke survivors will have a fall in the first 6 months post-stroke 
(Andersson, 2006; Belgan, 2006; Kerse, 2008; Mackintosh et al., 2005).  Falls in the community tend to occur when 
patients are walking or transferring, and patients tend to fall to their weaker side (Mackintosh et al., 2005).   

Fall prevention programs such as the one developed by the National Center for Patient Safety (NCPS) are 
comprehensive and are recommended for use with all patients at risk for falling, including those with stroke. 

Education is considered to be an important part of multi-component intervention programs for fall prevention 
(Gillespie, 2004). Specific educational goals have been included in a number of studied programs as fundamental 
components of fall prevention interventions.  These goals include increasing older adults’ activity level, improving 
ability to identify and mitigate fall hazards in the home, and providing information to make good choices about 
footwear. In a large randomized trial (Haines, 2004) a targeted multiple interventions falls prevention program was 
implemented in addition to usual care, compared with usual care alone, and reduced the incidence rate of falls by 
30% in a subacute hospital setting.  

EVIDENCE TABLE 

   Recommendation  Sources  QE  Overall 
Quality  

R  

1  Falls assessment Andersson, 2006 
Mackintosh, 2005 

II-2 Fair B 

2 Falls Reassessment Andersson, 2006 
Mackintosh, 2005 

II-2 Fair B 

3 Patient and family/caregiver 
education 

Haines 2004 
Gillespie, 2004  

I Fair B 

LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; § = Systematic Review (see Appendix A) 

2.8 Osteoporosis 

BACKGROUND 

Osteoporosis, combined with an increased risk of falls, contributes to post-stroke hip fractures which occur in up to 
15% of individuals with hemiparesis due to stroke (Chiu et al., 1992; Mulley & Espley, 1979; Myint et al., 2007; 
Poplinghler & Pillar, 1985).  Fractures are usually on the paretic side because subjects are more likely to fall on their 
paretic sides and osteoporosis is more severe on the paretic side (Beaupre & Lew, 2006; Marsden et al., 2008; Sato, 
2000).  Fractures at other sites on the paretic side are also more common after stroke (Beaupre & Lew, 2006; 
Marsden et al., 2008; Myint et al., 2007).  Early ambulation and movement of the paretic limbs will reduce 
osteoporosis (Beaupre & Lew, 2006; Marsden et al., 2008; Myint et al., 2007).  Medications including vitamin 
D/calcium supplementation, biphosphonate medications and other treatments to reduce bone loss may reduce the 
risk of osteoporosis and fracture (Beaupre & Lew, 2006; Marsden et al., 2008; Myint et al., 2007).  
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RECOMMENDATIONS 

1. Early mobilization and movement of the paretic limbs will reduce the risk of bone fracture after 
stroke. [A] 

2. Consider medications to reduce bone loss which will reduce the development of osteoporosis. [B] 
3. Consider assessing bone density for patients with known osteoporosis who have been mobilized 

for 4 weeks before having the patient bear weight.  
4. Assess for level of Vitamin D and consider supplemental Vitamin D in patients with insufficient 

levels. [B] 

EVIDENCE TABLE 

   Recommendation  Source LE  QE  Benefit SR  
1  Early mobilization and 

movement  
Beaupre & Lew, 2006 
Marsden et al., 2008 
Myint et al., 2007 

II-1  Good  substantial  A  

2  Medications to reduce bone 
loss  

Beaupre & Lew, 2006 
Marsden et al., 2008 
Myint et al., 2007 

II-1  Good  moderate  B  

3 Supplement Vit D  Sato et al., 2005 I  Good  moderate  B  
LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; § = Systematic Review (see Appendix A) 

2.9 Seizures  

BACKGROUND 

The prevention, recognition, and treatment of seizures and epilepsy post-stroke are important components of the 
rehabilitation process.  Epilepsy refers to recurrent seizures.  Stroke is a leading cause of symptomatic epilepsy in 
adults, accounting for up to one-third of newly diagnosed seizures among the elderly.  

RECOMMENDATIONS 

Assessment 

1. Obtain an EEG of individuals who have a clinical seizure or manifest in a prolonged or intermittent 
stage of consciousness.  

Treatment 

2. Treat patients with post-stroke epilepsy with anti-epileptic medications (AEDs). [B]  
3. Consider the side effect profile of AEDs when choosing a chronic anticonvulsant. [B]  
4. Leviteracetam, and lamotrigine are the first-line anticonvulsants for post-stroke seizure and 

epilepsy in elderly patients or in younger patients requiring anticoagulants. [B]  
5. Extended-release carbamazepine might be a reasonable and less expensive option in patients under 

60 years of age with appropriate bone health who do not require anticoagulation. [C]  
6. Prophylactic treatment with an AED is not indicated in patients without a seizure after a stroke. [A]  

DISCUSSION 

About 3% to 5% of stroke patients will have a remote seizure, and 54% to 66% will develop recurrent seizures, 
which are diagnosed as epilepsy (Ryvlin et al., 2006).  The most common seizures following a stroke are focal 
seizures with or without secondary generalization.  There are two temporally and clinically distinct patterns of 
seizures. A seizure that occurs in the first two weeks after a stroke does not strongly portend epilepsy.  
Consequently, a single seizure that occurs in the first two weeks after a stroke does not require sustained 
anticonvulsant treatment (De Reuck et al., 2008).  A seizure at stroke onset is usually associated with a cardio-
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embolic stroke.  In contrast seizures that occur later after a stroke are more likely to be a harbinger of epilepsy.  The 
risk of epilepsy after a stroke depends upon the location, nature, and size of the infarct or hemorrhage.  In general, 
cortical lesions, particularly in epileptogenic zones such as the medial temporal lobe or inferior frontal lobes cause 
seizures more commonly than subcortical, deep white or gray matter cerebral lesions; isolated and uncomplicated 
cerebellar or brainstem lesions rarely cause seizures.  Hemorrhages, particularly lobar hemorrhages, are more 
epileptogenic than ischemic infarctions.  Routine prophylactic pharmacologic treatment with anti-epileptic 
medications is not required in these circumstances (De Reuck et al., 2008).  In patients with recurrent seizures post-
stroke, the choice of AED is usually based upon the efficacy and minimizing anticonvulsant side effects (Ryvlin et 
al., 2006).  At present, low-dose lamotrigine, gabapentin or leviteracetam are the optimal first-line therapy for post-
stroke seizure and epilepsy in elderly patients or in younger patients requiring anticoagulants (Kutlu et al., 2008; 
Ryvlin et al., 2006).  Low-dose extended-release carbamazepine might be a reasonable and less expensive option in 
patients under 60 years of age with appropriate bone health who do not require anticoagulation (Ryvlin et al., 2006).  

3 MEDICAL CO-MORBIDITIES 

3.1  Diabetes/Glycemic Control 

BACKGROUND 

Glycemic control has been studied extensively in hospitalized stroke patients.  The incidence of hypoglycemia is 
low but can mimic stroke.  Hyperglycemia during stroke is common, can adversely affect ischemic damage and is 
associated with poorer outcomes.  Epidemiological data shows an association between hyperglycemia during stroke, 
regardless of a patient’s prior diabetes history, with higher morbidity, higher mortality, longer hospital stays, 
reduced long-term recovery, and diminished ability to return to work. . However, a benefit of tight glycemic control 
upon hospitalized patients has not been confirmed by the NICE_SUGAR study. 

RECOMMENDATIONS 

1. Recommend obtaining clinical information for a history of diabetes or other glycemic disorder and 
including a blood test with admission labs in a patient with suspected stroke. [A] 

2. Recommend monitoring blood glucose levels for a minimum of 72 hours post-stroke. [B] 
3. Insulin should be adjusted to maintain a BG < 180 mg/dl with the goal of achieving a mean 

glucose around 140 mg/dl. Evidence is lacking to support a lower limit of target blood glucose but 
based on a recent trial suggesting that blood glucose < 110 mg/dl may be harmful, we do not 
recommend blood glucose levels < 110 mg/dl. [A]  

4.  Insulin therapy should be guided by local protocols and preferably “dynamic” protocols that 
account for varied and changing insulin requirements. A nurse-driven protocol for the treatment of 
hypoglycemia is highly recommended to ensure prompt and effective correction of hypoglycemia. 
[I]  

5. To minimize the risk of hypoglycemia and severe hyperglycemia after discharge it is reasonable to 
provide hospitalized patients who have DM and knowledge deficits, or patients with newly 
discovered hyperglycemia, basic education in “survival skills”. [I]  

6. Patients who experienced hyperglycemia during hospitalization but who are not known to have 
DM should be re-evaluated for DM after recovery and discharge. [B]  

7. Recommend maintenance of near-normoglycemic levels (80-140 mg/dl) for long-term prevention 
of microvascular and macrovascular complications. [A] 

DISCUSSION 

Glucose management is dependent on local protocols and may be achieved by use of intravenous, subcutaneous, or 
oral medications.  Acutely, insulin infusion is the preferred means.  There is additional evidence that maintaining 
blood sugars to near-normoglycemic levels in diabetic patients with ischemic stroke or TIA may reduce 
macrovascular complications. The target range for glycemic control should be individualized, based on the 
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provider’s appraisal of the risk-benefit ratio and discussion of the target with the individual patient.  For those with 
diabetes and a history of stroke, oral diabetic medications are associated with a reduced risk for recurrent stroke 
(Sacco, 2006; EBRSR).  (See VA/ DoD CPG for management of Diabetes Mellitus.) 

EVIDENCE TABLE 

   Recommendation  Sources  QE  Overall 
Quality  

R  

1  Upon admission for suspected stroke, 
obtain clinical information for a 
history of diabetes or other glycemic 
disorder and include a blood glucose 
with admission labs 

Adams et al., 2007 
Bruno et al., 1999, 2002 
Gentile et al., 2006 
Scott et al., 1999 

I  Good  A  

2  Monitor blood glucose levels for a 
minimum of 72 hours post-stroke 

Allport et al., 2006 
Baird et al., 2003 

II-2  Fair G B  

 Continuous IV insulin infusion 
appears to be the safest and most 
effective method of treating 
hyperglycemia in the ICU. Scheduled 
subcutaneous insulin regimens appear 
to be preferable to sliding scale insulin 
monotherapy. Hypoglycemia may be 
more common when total pre-
hospitalization insulin dose is 
continued in the hospital. 

Meijering,  2006  (SR) 
Umpierrez et al., 2009 
Umpierrez et al.,  2007  
Smiley et al.,  2009 
 

I Fair B 

 Treating hyperglycemia to glucose < 
180 mg/dl is effective in improving 
outcomes in the surgical and medical 
ICU, appears to be effective in those 
with AMI, and may be effective in 
those with acute stroke.  
Hyperglycemia is independently 
associated with increased morbidity 
and mortality in patients with acute 
stroke and in general medical/surgical 
wards.  Blood glucose < 110 mg/dl 
may be harmful. 

Baird et al., 2003 
Bruno et al., 1999, 2002 
Van den Berghe et al., 2001, 2006 
 
Bilotta 2007 

Observational:   

Capes 2001, 

Falciglia 200 

 

I 

 

 

 II-2 

Good A 

4  In diabetic patients with ischemic 
stroke or TIA, maintain blood sugars 
to near-normoglycemic levels to 
reduce microvascular complications 

Reichard, 1993  
Sacco, 2006 

I  Good  A  

LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; § = Systematic Review (see Appendix A) 

3.2 Cardiac 

BACKGROUND 

Cardiac disease is a frequent co-morbidity in stroke patients.  Cardiac diseases commonly seen include coronary 
heart disease (CHD), valvular heart disease, congestive heart failure (CHF) and atrial fibrillation.  CHD has many 
risk factors in common with ischemic stroke including hypertension, dyslipidemia, diabetes, and cigarette smoking.  
Interventions to modify risk factors common to stroke and heart disease should be undertaken.  There is a substantial 
literature on the value of exercise in patients with cardiovascular disease which forms the basis for many of the 
physical aspects of post myocardial infarction (MI) cardiac rehabilitation.  Studies that investigate the benefits and 
risks of physical therapy exercise in the setting of acute and subacute stroke patients undergoing rehabilitation 
therapies have shown the benefit of improved aerobic capacity and cardiovascular fitness without reported increased 
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risk.  Some caution should be exercised in recommending therapy programs that stress the cardiovascular system in 
patients with recent or significant CHD. 

Pharmacologic principles in management of heart disease can be found in the AHA scientific statements and 
guidelines  and the VA/DOD clinical practice guideline for IHD, and are not addressed here.  

RECOMMENDATIONS 

1. Monitor vital signs at the time of physical therapy interventions, particularly in patients with CHD. 
2. Consider modifying or discontinuing therapy for significant changes in heart rate, blood pressure, 

temperature, pulse-oximetry, or if symptoms develop including excessive shortness of breath, 
syncope, or chest pain. 

3. Management of heart disease and cardiac rehabilitation should follow AHA, VA/DoD, and 
AHCPR guidelines. 

3.3 Hypertension 

BACKGROUND 

Control of blood pressure during the initial and subsequent phases of rehabilitation is important: the goal in the first 
weeks after stroke is to bring BP control to recommended levels (see VA/DoD Guideline for Hypertension and JNC-
7).  This must be done in a controlled fashion, avoiding hypotension and the risk of collateral circulation failure to 
the brain early after stroke, and conversely, avoiding undue hypertension, which is a risk factor for stroke.  Risks of 
over-aggressive, early BP lowering include dehydration with renal dysfunction and syncope, whereas risks of 
delayed lowering include persistent negative effects of elevated BP on kidneys, heart, vasculature, and brain.  
Specific classes of medications, such as ACE-Inhibitors and HCTZ (hydrochlorothiazide) have an independent (of 
their BP lowering action) risk reduction for recurrent stroke.  Initiation of proper medications during the initial 
hospitalization lead to greater likelihood of subsequent compliance and an early reduction in the risk of early 
progression of stroke, which is variously estimated at a risk of 10-25% in the first 3 months, much of the risk 
occurring in the first 2 weeks.  Hypertension is the major risk factor for stroke in the population in general, and 
treatment of hypertension reduces the risk of stroke.  

RECOMMENDATIONS 

1. Blood pressure should be carefully monitored following stroke.  
2. The type of stroke (ischemic, hemorrhagic, aneurismal), the clinical situation, and co-morbidities 

must be considered in blood pressure management.  
(See VA/DoD CPG for Management of Hypertension.)  

3.4 Substance Use Disorders (SUD) 

BACKGROUND 

1. Substance abuse increases the risk of stroke and stroke recurrence.  Intravenous substance abuse 
increases the risk of endocarditis and marantic vascular aneurysms.  Agents that increase blood 
pressure can increase the risk of stroke and predispose to intracranial hemorrhage.  Ethanol abuse 
is associated with increased risk of stroke and intracranial hemorrhage.  Tobacco abuse increases 
the risk for stroke and cardiovascular disease. While ethanol use in moderation may have 
beneficial effects on the cardiovascular system, stroke survivors should be educated about the risks 
associated with excessive alcohol usage.  
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RECOMMENDATIONS 

1. People who have survived a stroke should be educated about the risks associated with excessive 
alcohol usage, substance abuse, and the risk for stroke recurrence.  

2. Patients who are smokers should be counseled about the benefits of smoking cessation on reducing 
the risk for a future stroke, and they should be considered for nicotine replacement therapy and 
other interventions that promote smoking cessation. 

DISCUSSION 

Tobacco abuse prolongs hospital stays (Appelros, 2007), impairs recovery, and increases the risk for stroke and 
cardiovascular disease (Hackam & Spence, 2007). 

3.5 Post Stroke Depression 
A variety of neuropsychiatric sequelae are typically seen following stroke. These have the potential to negatively 
impact the patient’s ability to fully participate in rehabilitation, lengthen recovery time, and lower quality of life 
perception.  Post-stroke depression is associated with poor rehabilitation results and ultimately poor outcome. In 
clinical practice, only a minority of depressed patients are diagnosed, and even fewer are treated. Depression has 
been reported in up to 33% of stroke survivors, compared with 13% of age- and sex-matched controls (Paulucci, 
2006), but reliable estimates of the incidence and prevalence of depression in a stroke cohort are limited (Hackett, 
2005). Predictors of post-stroke depression in the rehabilitation setting include increasing physical disability, 
cognitive impairment, and stroke severity (Hackett, 2005). The use of standardized depression screening tools (i.e., 
PHQ-2 and PHQ-9) is recommended for all stroke patients unless it is inappropriate because of aphasia or cognitive 
impairments.  

RECOMMENDATIONS 

1. There are several treatment options for the patient with stroke and mild depression that can be used 
alone or in combination based on the patient’s individual need and preference for services.  Refer 
to VA/DoD guidelines for the management of Major Depression Disorder (MDD). 

2. Patients diagnosed with moderate to severe depression after stroke should be referred to Mental 
Health specialty for evaluation and treatment.  

3. There is conflicting evidence regarding the use of routine pharmacotherapy or psychotherapy to 
prevent depression or other mood disorders following stroke.   

4. Patients with stroke who are suspected of wishing to harm themselves or others (suicidal or 
homicidal ideation) should be referred immediately to Mental Health for evaluation. 

5. Recommend that patients with stroke should be given information, advice, and the opportunity to 
talk about the impact of the illness upon their lives. 

Other Mood Disorders 
6. Patients following stroke exhibiting extreme emotional lability (i.e. pathological 

crying/tearfulness) should be given a trial of antidepressant medication, if no contraindication 
exists. SSRIs are recommended in this patient population. [A]  

7. Patients with stroke who are diagnosed with anxiety related disorders should be evaluated for 
pharmacotherapy options.  Consider psychotherapy intervention for anxiety and panic.  Cognitive 
Behavioral Therapy has been found to be a more efficacious treatment for anxiety and panic 
disorder than other therapeutic interventions.  

8. Recommend skills training regarding Activities of Daily Living (ADL’s), and psychoeducation 
regarding stroke recovery with the family. 

9. Encourage the patient with stroke to become involved in physical and/or other leisure activities. 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
October, 2010  Management of Stroke Rehabilitation  

Annotations  Page - 38 

DISCUSSION 

Mood disorders, especially post-stroke depression, frequently go undertreated due to the overlap of vegetative 
symptoms including sleep disturbance, decreased appetite, fatigue, and feelings of hopelessness. While some 
symptoms, such as emotionalism, are likely to naturally decrease over time without intervention, prolonged presence 
of psychological distress requires intervention by an experienced mental health professional. Various 
pharmacological agents have been evaluated related to the effectiveness of stroke management. A review of the 
findings for specific drugs can be found at www.ebrsr.com. Overall, the most common drugs studied were tricyclic 
antidepressants and SSRIs with SSRIs being preferable due to their rapid effect and few side effects (Bhogal, 2005). 
Heterocyclic antidepressants have demonstrated promising benefit.  Negative side effects such as confusion, 
drowsiness, and agitation were noted in a geriatric sample. A Cochrane review by Hackett (2004) found no evidence 
to support the routine use of pharmacotherapy or psychotherapy treatment for depression after stroke. In a later 
systematic review (Hackett et al., 2008) a small but significant effect of pharmacotherapy (not psychotherapy) on 
treating depression and reducing depressive symptoms was found, as was a significant increase in adverse events. 

Prevention of Depression 

There is no good evidence to recommend psychotherapy for treatment or prevention of post-stroke depression. 
EBRSR suggests that early initiation of antidepressant medication in non-depressed patients is effective in 
preventing post stroke depression. The heterogeneity and methodological shortcomings of psychotherapy studies 
makes it difficult to reach conclusions on interventions to manage and prevent depression after stroke. For example, 
in psychotherapy studies, the sample sizes are often small and there is a lack of operational definition of the 
depression concept. Additionally, there is not a consistent type of therapy used and interpersonal factors tend to 
account for some of the effectiveness/lack of effectiveness. Anderson, Hackett and House (2004) found a small but 
significant effect of psychotherapy improving mood, but no effect of either pharmacotherapy or psychotherapy on 
the prevention of depressive illness, disability, or other outcomes. Khan-Bourne and Brown (2003) also 
demonstrated promising benefit for Cognitive Behavior Therapy (CBT) in neurologically impaired patients, but 
more research is needed in this area.  Smith et al. (2008) found in a meta-analysis of 17 trials that providing 
information improves patient and caregiver knowledge of stroke and aspects of patient satisfaction, and reduces 
patient depression scores. However, the reduction in depression scores was small and probably clinically 
insignificant. 
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EVIDENCE TABLE 

   Recommendation  Sources  QE  Overall 
Quality  

R  

1 Pharmacotherapy for depression  Anderson, 1995 
Bhogal et al., 2005  
Chen et al., 2006  
Cole et al., 2001 
Gill & Hatcher, 2001 
Kimura et al., 2000 
Miyai & Reeding, 1998 
Ried,Tueth, & Jia, 2006  
Robinson et al., 2000 
Van de Meent et al., 2003 
Wiart et al., 2000  

I  Good  A  

2 Pharmacotherapy for emotional 
lability  

Brown et al., 1998 
Burns et al., 1999 
Choi-Kwon et al, 2006  
Cole et al., 2001 
House et al., 2004  
RCP, 2000 
Robinson et al., 1993  

I  Good  A  

3 Psychotherapy  Anderson et al., 2004  
Grober et al., 1993 
Hackett, 2008  
Lincoln & Flannaghan, 2003  
Lincoln et al., 1997  

II  Fair  C 

4 Information/advice  RCP, 2000  
Smith, 2008 

I  Fair  B  

5  Routine use of prophylactic 
antidepressants is not effective 

Anderson, 2004  
Almeida et al., 2006 
Dam et al., 1996 
Palomaki et al., 1999 
Raffaele et al., 1996  
Robinson et al., 2000  

I  Good  D  

LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; § = Systematic Review (see Appendix A) 
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4 ASSESSMENT OF IMPAIRMENTS  

Annotation G.  Determine Nature and Extent of Impairments and Disabilities 

4.1 Global Assessment of Stroke Severity  

BACKGROUND 

The National Institutes of Health Stroke Scale (NIHSS) is a standardized, validated instrument that assesses severity 
of neurological impairment after stroke (See Appendix B).  It is designed so that virtually any stroke will register 
some abnormality on the scale. The scale has an administration time of 5 to 10 minutes.  The NIHSS score is based 
solely on examination and requires no historical information or contributions from surrogates. It can be administered 
at any stage by any trained clinician.  

The original 11 items of the NIHSS do not test distal upper extremity weakness, which is more common in stroke 
patients than proximal arm weakness.  An additional item examining finger extension is often added to the NIHSS. 
Although not contributing to the total NIHSS score, this item should be recorded as part of the NIHSS assessment.  

RECOMMENDATIONS 

1. Strongly recommend the patient be assessed for stroke severity using the NIHSS at the time of 
presentation/hospital admission, or at least within the first 24 hours following presentation. [A]  

2. Strongly recommend that all professionals involved in any aspect of the stroke care be trained and 
certified to perform the NIHSS. [A]   

3. Consider reassessing severity using the NIHSS at the time of acute care discharge to validate the 
first assessment or identify neurological changes.  

4. If the patient is transferred to rehabilitation and there are no NIHSS scores in the record, the 
rehabilitation team should complete an NIHSS.  

DISCUSSION 

The NIHSS is used to guide decisions concerning acute stroke therapy (NINDS tPA Stroke Study Group, 1994). 
Initial scores have been used to stratify patients according to severity and likely outcome. The presentation NIHSS 
score was highly correlated with outcome in retrospective analyses of two randomized clinical trials (Adams et al., 
1999; Frankel et al., 2000). A second assessment serves as a re-check of the initial measurement and may be more 
accurate, as the patient will have been stabilized and may be better able to cooperate with the examiner, thus 
improving the accuracy of scoring.  

Because the severity of stroke as assessed by the NIHSS may influence decisions concerning the acute treatment of 
stroke patients (such as the use of thrombolytic therapy), application of this scale in clinical settings is becoming 
more common (Odderson, 1999).  

The NIHSS score strongly predicts the likelihood of the patient's recovery after stroke. A score of >16 forecasts a 
high probability of death or severe disability, whereas a score of <6 forecasts a good recovery (Adams et al., 1999). 
Patients with a severe neurologic deficit after stroke, as measured by the NIHSS, have a poor prognosis. During the 
first week after acute ischemic stroke, it is possible to identify a subset of patients who are highly likely to have a 
poor outcome (Frankel et al., 2000).  

Potential examiners become certified in the NIHSS by watching a training videotape and passing an examination 
that involves scoring patients shown on a test tape (Lyden et al., 1994). Training is now most commonly taken on-
line, rather than by use of videotape. Certified examiners may be of any background (e.g., physician, nurse, 
therapist, or social worker) (Dewey et al., 1999; Goldstein & Samsa, 1997; Powers, 2001). Inter-rater reliability 
between examiners for most items of the NIHSS is high (Goldstein et al., 1989), making the scale highly 
reproducible. Retrospective estimation of the initial NIHSS score from the admission neurological examination is 
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possible and fairly accurate (Bushnell et al., 2001; Kasner et al., 1999; Williams et al., 2000), although actual testing 
is preferable.  

Continuing validation of the predictive value of the NIHSS within the VA/DoD healthcare system through ongoing 
prospective data collection is encouraged.  

EVIDENCE Table 

 Recommendation  Sources  LE  QE  SR 

1  Assess stroke severity using the NIHSS 
score.  

Adams et al., 1999 
Frankel et al., 2000  

I  Good  A  

4.2 Assessment of Communication Impairment 

BACKGROUND 

Disorders of communication (i.e., problems with speaking, listening, reading, writing, gesturing, and/or pragmatics) 
and related cognitive impairments may occur in as many as 40 percent of post-stroke patients.  The most noticeable 
communication disorders occurring post-stroke are aphasia and dysarthria, while some patients also suffer from 
varying degrees of dementia. 

RECOMMENDATIONS 

1. Assessment of communication ability should address the following areas: listening, speaking, 
reading, writing, gesturing, and pragmatics.  Problems in communication can be language-based 
(as with aphasia), sensory/motor based (as with dysarthria), or cognitive-based (as with dementia). 

2. Assessment should include standardized testing and procedures. [B] 

RATIONALE 

Accurate diagnosis is crucial to identify the various factors affecting communication so that appropriate treatment 
may be administered effectively.  Assessment is also important for determining the patient's capability for 
understanding instructions, expressing his or her wants and needs, and understanding of, and contributing to, their 
plan of care (including consent forms and advance directives). 

Standard testing and procedures provide reliable and valid measures of abilities and degree of 
impairments, allowing for accurate measurement of change over time.  In most cases, standardized testing 
also provides normative group data revealing the patient’s performance relative to others and providing a 
means to predict future change. 
EVIDENCE STATEMENTS 

Standardized testing may be more suitable for patients with acute aphasia, while functional tests are more suitable in 
the subacute/chronic stage (Laska et al., 2007). 

EVIDENCE TABLE 
   Recommendation  Sources  QE  Overall 

Quality  
R  

1  Standardized testing is 
recommended for early 
assessment.  

Laska et al., 2007  II  Fair  B  

LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; § = Systematic Review (see Appendix A) 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
October, 2010  Management of Stroke Rehabilitation  

Annotations  Page - 42 

4.3 Assessment of Motor Impairment and Mobility 

BACKGROUND 

Motor Assessment 

Impairments resulting from stroke (weakness, incoordination, limited endurance, spasticity and sensory deficits, 
balance) limit the ability of a person with stroke to use the paretic upper extremity.  This hemiparesis is one of the 
most common problems experienced after stroke and interferes with the ability to complete daily life tasks and 
contributes to decreased quality of life. There are many components that contribute to motor function.  

Muscle Tone Assessment  

A stroke along the motor pathways of the brain can cause changes in muscle tone (the resting activity of the 
muscles) that could be hypertonic (increased resting muscle activity) or hypotonic (decreased resting muscle 
activity).  In either case, the individual will need to learn to adapt to the different way his/her body now moves. In 
some cases, this change can result in altered movement patterns, changes in functionality and can lead to safety 
issues (e.g., an individual who is too hypotonic to support their weight on a limb) or hygiene issues (e.g., an 
individual’s  tone is so great that bathing becomes difficult).  

Mobility Assessment 

Many patients present with limitations in mobility due to impaired strength, altered tone, impaired endurance, or 
impaired coordination and neuromuscular recruitment.  These deficits may lead to decreased gait speed, increased 
energy expenditure, and decreased safety with mobility (whether it be via ambulation or use of wheelchair).  
Impaired mobility often significantly reduces functional independence level and increases burden of care.  

RECOMMENDATIONS 

Motor Assessment 

1. Motor function should be assessed at the impairment level (ability to move in a coordinated 
manner in designated patterns), and at the activity level (performance in real life or simulated real 
life tasks), using assessments with established psychometric properties.  

2. The following components should be considered in assessment of motor function: muscle strength 
for all muscle groups, active and passive range of motion available, muscle tone, ability to isolate 
the movements of one joint from another, gross and fine motor coordination.  

3. The daily use of the paretic extremity should be assessed using a self-report measure (e.g., the 
Motor Activity Log), and with accelerometry. 

4. Balance should be assessed using a standardized assessment tool (e.g., Berg Balance Scale). 
5. Apraxia should be assessed using an established apraxia measure (e.g., Florida Apraxia Screen).  

Mobility 

6. Stroke survivors with impaired mobility should be referred to a mobility-training program 
(physical therapy and/or occupational therapy) where specific and individualized goals can be 
established.  

4.4 Assessment of Cognitive Function 

OBJECTIVE  

Identify areas of cognitive impairment.  

BACKGROUND 

Impairments in cognitive functioning are common following a stroke. In particular, impairments in attention, 
memory, and executive functioning (i.e., integrating multiple and complex processes) can be especially disabling.  
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These deficits may characteristically change throughout the recovery process. As such, ongoing assessment of 
arousal and cognition is important for determining the patient's capabilities and limitations for coping with his/her 
stroke and assuring success of the rehabilitation process. Psychological distress such as post stroke depression can 
also negatively influence ones cognitive abilities, and as such, test interpretation should be made with this in mind. 
The results of the assessment may impact the choice of treatment and disposition.  

RECOMMENDATIONS 

1. Assessment of arousal, cognition, and attention should address the following areas:  
a. Arousal 
b. Attention deficits  
c. Visual neglect  
d. Learning and Memory deficits  
e. Executive function and problem-solving difficulties  

2. There is insufficient evidence to recommend for the use of any specific tools to assess cognition. 
Several screening and assessment tools exist. (See Appendix B for standard screening instruments 
for cognitive assessment.) 

4.5 Assessment of Sensory Impairment: Touch, Vision and Hearing 

BACKGROUND 

A comprehensive assessment of patients with stroke is necessary for accurate diagnosis and appropriate clinical 
management.  Anatomic localization of lesions can usually be determined through careful delineation of neurologic 
deficits. Sensory deficits following stroke frequently accompany motor impairments in the same anatomic 
distribution. Clinical examination of sensation involves testing for pain, temperature, touch, point position, 
vibration.  A thorough sensory examination should also include an assessment of vision and hearing. 

RECOMMENDATIONS 

3. Recommend that all patients be screened for sensory deficits by appropriately trained clinicians. 
This assessment should include an evaluation of sharp/dull, temperature, light touch, vibratory and 
position sensation.  

4. Consider using Semmes-Weinstein monofilament to assess cutaneous sensation.  
5. Recommend that all individuals with stroke should have a vision exam that includes visual acuity, 

contrast sensitivity (using Pelli chart), perimetry for visual field integrity, eye movements 
(including diplopia) and visual scanning. 

6. Recommend that a careful history related to hearing impairment be elicited from the patient and or 
family and that a hearing evaluation be completed for patients who demonstrate difficulty with 
communication where hearing impairment is suspected. 

4.6 Assessment of Emotional and Behavioral State 

BACKGROUND 

Assessment of one’s emotional state and corresponding behaviors is important to promote adherence to 
rehabilitation, facilitate better adjustment to disability, and improve quality of life.  Behaviors and emotions 
fluctuate as psychological concerns change and may provide evidence that the patient has moved to a new stage of 
recovery.  For example, increasing levels of depression often co-exist with increasing levels of insight into one’s 
deficits.  In general, a patient’s level of psychological adjustment can be viewed as the combination of three 
features: (1) the patient’s pre-morbid psychological status, personality, and coping ability (2) the patient’s 
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psychological response to his or her new deficits and required lifestyle changes, and (3) pathological alterations in 
brain chemistry influencing mood, behavioral control, and insight.  A thorough assessment of psychological status 
beyond general mental status is needed as cognitive deficits typically cloud the clinical picture. 

RECOMMENDATIONS 

1. Initial evaluation of the patient should include a psychosocial history that covers pre-morbid 
personality characteristics, psychological disorders, pre-morbid social roles, and level of available 
social support.  

2. Brief, continual assessments of psychological adjustment should be conducted to quickly identify 
when new problems occur. These assessments should also include ongoing monitoring of suicidal 
ideation and substance abuse. Other psychological factors deserving attention include: level of 
insight, level of self-efficacy/locus of control, loss of identity concerns, social support, sexuality, 
and sleep.  

3. Review all medications and supplements including over the counter (OTC) medications that may 
affect behavior and function. 

4. Inclusion of collateral information (e.g., spouse, children) is recommended to obtain a 
comprehensive picture of the patient’s pre-morbid functioning and psychological changes since the 
stroke. 

5. There is insufficient evidence to recommend the use of any specific tools to assess psychological 
adjustment.  Several screening and assessment tools exist. (See Appendix B for standard 
instruments for psychological assessment.) 

6. Post-stroke patients should be assessed for other psychiatric illnesses, including anxiety, bipolar 
illness, SUD, and nicotine dependence. Refer for further evaluation by mental health if indicated.  
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5 ASSESSMENT OF ACTIVITY AND FUNCTION 

Analysis of function focuses on the measurement of task specific activities that are essential to support the well-
being of an individual.  The assessment of function is accomplished via a test or battery of tests in which the results 
can be used as (1) an information base for setting realistic goals, (2) an indicator to the patient of current abilities 
that documents progression toward more complex functional levels, (3) an index for decisions on admission and 
discharge from a rehabilitation or extended care facility, and (4) a guide for determining the safety of an individual 
in performing a particular task and the risk of injury with continued performance.  The discharge environment must 
support the functional abilities of the patient. 

5.1 ADL, IADL 

BACKGROUND 

Activities of daily living (ADL) are basic self care activities while instrumental activities of daily living (IADL) are 
skills beyond basic self-care skills needed to function independently at home and in the community.  A large number 
of individuals with stroke experience limitations in the ability to complete basic self care, such as bathing and 
dressing even long after rehabilitation.  Such disability may prevent return to community living, contributes to 
reduced participation, and adds to caregiver strain.  Successful performance of complex components of IADL tasks 
(i.e., cooking, cleaning, shopping, and housekeeping) requires higher-level neuropsychological organization than is 
required for performance of basic self-maintenance tasks (i.e., bathing and dressing), and individuals with stroke 
often show  even greater limitations in their ability to complete IADLs than ADLs.  For a patient planning to return 
to an assisted living situation, further independence may not be required or expected.  For many patients, however, 
IADLs are central to independent living.  Cognitive functioning and comprehension are also factors for independent 
living.  

RECOMMENDATIONS 

1. Recommend that a standardized assessment tool be used to assess functional status (ADL/IADL) 
of stroke patients. [B] 

2. Consider the use of the Functional Independence Measure (FIMTM) as the standardized functional 
assessment. (See Appendix B – Functional Independence Measure [FIMTM] Instrument, and a list 
of other standard instruments for assessment of function and impact of stroke) 

DISCUSSION 

Standard measurement tools may be employed to objectively document the over-all functional status of a patient 
who survived a stroke.  The most widely used tool for measuring functional status is the Functional Independence 
Measure (FIMTM), although others exist (e.g., Barthel; Lawton).  VHA Directive 2000-16 (June, 2001) states that all 
VA facilities will complete a FIMTM assessment on all stroke patients with rehabilitation needs.  Assessment of 
function may include, but is not limited to the following: 

• Aerobic capacity and endurance 
• Arousal, attention, and cognition 
• Assistive and adaptive devices 
• Balance 
• Circulation (i.e., cardiovascular signs/symptoms and response to position change) 
• Continence 
• Gait 
• Joint integrity and mobility 
• Locomotion 
• Motor function (i.e., movement patterns, coordination, dexterity, and agility) 
• Muscle performance-strength, power, and endurance 
• Orthotic, protective, and supportive devices 
• Pain 
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• Posture 
• Range of motion 
• Reflex integrity 
• Sexual activity 
• Self care (ADL and IADL) 

EVIDENCE TABLE 

   Recommendation  Sources  QE  Overall 
Quality  

R  

1  Standardized functional assessment 
tool (e.g., FIMTM) 

Lin, 2001 
Ottenbacher et al., 1996 

II-2 Fair B 

LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; § = Systematic Review (see Appendix A) 
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6 ASSESSMENT OF SUPPORT SYSTEMS 

6.1 Patient, Family Support, and Community Resources  

BACKGROUND 

Stroke is a family illness that impacts family roles and dynamics in a variety of ways.  In order for patients to sustain 
the gains made during inpatient care and make further progress in the community, it is essential that the 
rehabilitation team view the patient and family/caregiver as the unit of care.  The rehabilitation team must have a 
comprehensive understanding of the needs and preferences of the family unit and be familiar with the post-discharge 
environment. The team must understand the patient and family/caregiver history, expectations, coping styles, 
resources, emotional support system, and family dynamics.  

RECOMMENDATIONS 

1. Recommend all stroke patients and family caregivers receive a thorough psychosocial assessment 
with psychosocial intervention and referrals as needed.  

2. The psychosocial assessment of both the patient with stroke and the primary family caregiver 
should include the following areas:  

a. History of pre-stroke functioning of both the patient and the primary family caregiver 
(e.g., demographic information, past physical conditions and response to treatment, 
substance use and abuse, psychiatric, emotional and mental status and history, education 
and employment, military, legal, and coping strategies)  

b. Capabilities and care giving experiences of the person identified as the primary caregiver  
c. Caregiver understanding of the patient’s needs for assistance and caregiver’s ability to 

meet those needs  
d. Family dynamics and relationships  
e. Availability, proximity, and anticipated involvement of other family members  
f. Resources (e.g., income and benefits, housing, and social network)  
g. Spiritual and cultural activities  
h. Leisure time and preferred activities  
i. Patient/family/caregiver understanding of the condition, treatment, and prognosis, as well 

as hopes and expectations for recovery  
j. Patient/family/caregiver expectations of stroke-related outcomes and preferences for 

follow-up care  
3. Recommend a home assessment for all patients who will be discharged home with functional 

impairments.  

Annotation H.  Does the Patient have a Severe Stroke and/or Maximum Dependence and Poor Prognosis For 
Functional Recovery? 

BACKGROUND 

Patients who have had a severe stroke or who are maximally dependent in ADLs and have a poor prognosis for 
functional recovery are not candidates for rehabilitation intervention.  Families and caregivers should be educated in 
the care of these patients.  The family and caregiver education may include; preventing recurrent stroke, signs and 
symptoms of potential complications and psychological dysfunction, medication administration, assisted ADL tasks 
(e.g., transfers, bathing, positioning, dressing, feeding, toileting, and grooming), swallowing techniques, nutrition 
and hydration, care of an indwelling bladder catheter, skin care, contractures, use of a feeding tube, home exercises 
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(range of motion), and sexual functioning.   

RECOMMENDATIONS 

1. Families and caregivers should be educated in the care of patients who have experienced a severe 
stroke, who are maximally dependent in ADL, or have a poor prognosis for functional recovery; as 
these patients are not candidates for rehabilitation intervention. 

2. Families should receive counseling on the benefits of nursing home placement for long-term care. 

DISCUSSION 

Exclusion from rehabilitation on the basis of post-stroke dependence remains a contentious issue. Patients with the 
most severe cognitive or physical impairments have been excluded from most rehabilitation trials, and therefore 
caution is required in extrapolating results to this group (van Peppen, 2007). Limited data suggest that active 
rehabilitation allows severely disabled patients to return home (Kalra, 1995; Schmidt, 1999). For those unable to 
participate actively, passive movements to prevent contractures or pressure sores have been recommended. 
  



Version 2.0  VA/DoD Clinical Practice Guideline for the 
October, 2010  Management of Stroke Rehabilitation  

Annotations  Page - 49 

7 THE REHABILITATION PROGRAM 

Annotation I.  Does the Patient Need Rehabilitation Intervention? 

7.1 Determine Rehabilitation Needs 

OBJECTIVE  

Identify the patient who requires rehabilitation intervention.  

BACKGROUND  

Patients who have had an ischemic or hemorrhagic stroke, with resulting impairments and limitations in activities, as 
identified on the brief assessment, should be referred to rehabilitation services for an assessment of rehabilitation 
needs.  

Patients who have sustained an acute stroke should receive rehabilitation services if their post-stroke functional 
status is below their pre-stroke status and if there is a potential for improvement. If pre- and post-stroke functional 
status is equivalent, or if the prognosis is judged to be poor, rehabilitation services may not be appropriate for the 
patient at the present time. Better clinical outcomes are achieved when post-acute stroke patients who are candidates 
for rehabilitation receive multidisciplinary evaluation and intervention in a setting where rehabilitation care is 
formally coordinated and organized. 

RECOMMENDATIONS  

1. Once the patient is medically stable, the primary physician should consult with rehabilitation 
services (i.e., physical therapy, occupational therapy, speech and language pathology, 
kinesiotherapy, and Physical Medicine) to assess the patient’s impairments as well as activity and 
participation deficiencies to establish the patient's rehabilitation needs and goals. 

2. A multidisciplinary assessment should be undertaken and documented for all patients. [A] 
3. Patients with no residual disability post acute stroke who do not need rehabilitation services may 

be discharged back to home. 
4. Strongly recommend that patients with mild to moderate disability in need of rehabilitation 

services have access to a setting with a coordinated and organized rehabilitation care team that is 
experienced in providing stroke services. [A] 

5. Post-acute stroke care should be delivered in a setting where rehabilitation care is formally 
coordinated and organized.  

6. If an organized rehabilitation team is not available in the facility, patients with moderate or severe 
disability should be offered a referral to a facility with such a team.  Alternately, a physician or 
rehabilitation specialist with some experience in stroke should be involved in the patient's care.  

7. Post-acute stroke care should be delivered by a variety of treatment disciplines which are 
experienced in providing post-stroke care, to ensure consistency and reduce the risk of 
complications.  

8. The multidisciplinary team may consist of a physician, nurse, physical therapist, occupational 
therapist, kinesiotherapist, speech and language pathologist, psychologist, recreational therapist, 
social worker, patient, and family/caregivers.  

9. Patients who are severely disabled and for whom prognosis for recovery is poor may not benefit 
from rehabilitation services and may be discharged to home or nursing home in coordination with 
family/care giver.  



Version 2.0  VA/DoD Clinical Practice Guideline for the 
October, 2010  Management of Stroke Rehabilitation  

Annotations  Page - 50 

DISCUSSION 

Assessment of rehabilitation needs and readiness for rehabilitation participation should, at a minimum, include the 
following: 

Medical Stability 

• Medical work-up and treatment plan  
• Stable vital signs for 24 hours 
• No chest pain within the past 24 hours, with the exception of stable angina or documented non-cardiac 

conditions 
• No significant arrhythmia 
• No evidence of DVT 

 
Rehabilitation needs  

• Cognitive capability of participating in rehabilitation  

• Willingness to participate in rehabilitation services 

• Adequate prior functional status 

• Capacity for improvement 

• Functional deficits 

• Assessment of training needs: family, major equipment, and vocation/leisure 

Standard measurement tools may be employed to objectively document the over-all functional status of a patient 
who has survived a stroke.  The most widely used tool for measuring functional status is the Functional 
Independence Measure (FIMTM), although others exist (e.g., Barthel; Lawton).   

Assessment of impairment and function should include, but is not limited to the following: 

• Communication 

• Motor performance 

• Cognitive function 

• Sensation 

• Emotional status 

• ADL and IADL 

• Mobility 

Need for Rehabilitation Services 

Patients who retain their pre-stroke level of functioning and are independent with ADLs and IADLS typically will 
not require ongoing rehabilitation services. The patient and his/her family should be educated on the risks of 
recurrent stroke and be provided appropriate medical management to reduce risk of recurrent stroke.   

Patients who have had a severe stroke, are maximally dependent in ADL, and have a poor prognosis for functional 
recovery, are not candidates for rehabilitation intervention.   

 

The Advantage of Organized Stroke Services  

There is clear evidence that organized care for selected post-stroke patients is worthwhile to achieve optimal 
outcomes, and the outcomes measured are substantial (i.e., mortality and dependency and return to community 
living.  The Agency for Healthcare Policy and Research Guideline for Post-Stroke Rehabilitation (1995) concluded 
that "A considerable body of evidence, mainly from countries in Western Europe, indicates that better clinical 
outcomes are achieved when patients with acute stroke are treated in a setting that provides coordinated, 
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multidisciplinary stroke-related evaluation and services. Skilled staff, better organization of services, and earlier 
implementation of rehabilitation interventions appear to be important components."  

 In several randomized controlled trials, stroke unit care or organized inpatient multidisciplinary rehabilitation 
showed improved outcomes compared to "standard" care.  

 The Stroke Unit Trialists' Collaboration Cochrane Review (updated in 2001) concluded, "Patients receiving 
organized inpatient stroke unit care were more likely to survive, regain independence, and return home than 
those receiving a less organized service." The Cochrane review further concluded, "Acute stroke patients 
should be offered organized inpatient stroke unit care, typically provided by a coordinated multidisciplinary 
team operating within a discrete stroke ward that can offer a substantial period of rehabilitation, if required. 
There are no firm grounds for restricting access according to a patient's age, gender, or stroke severity." 
However, the reviewers also cautioned that there could be a wide range of results because of varying 
outcome rates and confidence intervals. The most recent update of this systematic review involved 
investigators from nearly all the included trials to try to determine why stroke unit care was superior. They 
found little evidence of differences in staff numbers or mix, although a tendency was shown for assessment 
and therapy to begin earlier in organized settings.  

 Evans and colleagues (1995) compared the effectiveness of multidisciplinary inpatient physical 
rehabilitation programs with standard medical care. Based on 11 studies, the researchers found that 
rehabilitation services improved short-term survival, functional ability, and most independent discharge 
location. However, they did not find long-term benefits. The authors suggested, "The lack of long-term 
benefits of short-term rehabilitation may suggest that therapy should be extended to home or sub-acute care 
settings, rather than being discontinued at discharge."  

 Cifu and Stewart (1999) reviewed studies that investigated the type of inpatient rehabilitation 
(interdisciplinary versus multidisciplinary) as a predictor of outcome following a stroke. The authors 
concluded that an interdisciplinary setting (i.e., services "provided by diverse professionals who constitute 
a team that communicates regularly and uses its varying expertise to work toward common goals") is 
strongly related to improved outcome. A specialized multidisciplinary team (which usually includes similar 
professionals as an interdisciplinary team, but with less consistent "regular communication and common 
goal orientation") appears to be less effective if it lacks the organizational structure provided by regular 
communication. Other predictors for improved outcome at hospital discharge and follow-up were increased 
functional skills on admission to rehabilitation and early initiation of rehabilitation services. Specialized 
therapy and a greater intensity of therapy services had "a weak relationship with improved functional 
outcome at hospital discharge and follow-up" and the authors observed that the "current literature is too 
limited to allow an assessment of the relationship of specific types of non-inpatient rehabilitation services 
after stroke and functional outcome."  

EVIDENCE TABLE 

 Recommendation Source LE QE SR 

1 Better clinical outcomes are achieved 
when post-acute stroke patients 
receive coordinated, multidisciplinary 
evaluation and intervention 

Evans et al., 2001  
Langhorne & Duncan, 2001 (SR) 

I Good A 

2 Interdisciplinary team approach AHCPR, 1995 
Cifu & Stewart, 1999 (SR) 
Evans et al., 1995 (SR)  
Evans et al., 2001  
Stroke Unit Trialists, 2002 (SR) 

I Fair B 

Multidisciplinary rehabilitation 
programs coordinated with the patient 
and family members/caregivers 

Working Group Consensus III Poor I 

LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; § = Systematic Review (see Appendix A) 
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Annotation J:  Are early supportive discharge rehabilitation services appropriate?   

7.2 Determine Rehabilitation Setting 

BACKGROUND 

Once the decision has been made that the post-stroke patient would benefit from rehabilitation services, the team 
must determine the best setting for ongoing rehabilitation.  For many patients, physical and/or cognitive deficits can 
make them unsafe to function in their prior living setting and continued inpatient rehabilitation is the best option.  
For less severely disabled stroke patients, early supported discharge (ESD), or providing interdisciplinary 
rehabilitation in the home instead of in a hospital may be a viable option.   

Early supported discharge is a model of care that links inpatient care with community services and allows the 
patients to be discharged home sooner with support of the rehabilitation team. To be effective, early supported 
discharge should only be considered when adequate community services for rehabilitation and for caregiver support 
are available, and can provide the level of intensity of rehabilitation service needed.  

Rehabilitation Setting 

Inpatient rehabilitation can take many forms ranging from minimal therapy services in a nursing home setting to 
services provided on a specialized rehabilitation unit.  Inpatient rehabilitation can take place in a free standing 
rehabilitation hospital or a rehabilitation unit within a larger facility, and can also refer to programs where the 
patient is in residence during treatment, including nursing homes and chronic care facilities. No study has 
demonstrated the superiority of one type of rehab setting over another. Patient’s individual needs, stamina and 
ability to participate as well as availability of resources must be considered on an individual basis. Regardless of the 
setting, the patient should be cared for by a coordinated, multidisciplinary team. 

Intensity of Rehabilitation Treatment 

There is evidence that higher intensity of physical and occupational therapy results in improved functional 
outcomes, particularly in patients with moderate impairment, however the effect is modest and the effect not 
maintained long term.   

RECOMMENDATIONS  

1. The medical team, including the patient and family, must analyze the patient’s medical and 
functional status, as well as expected prognosis in order to establish the most appropriate rehab 
setting. [I] 

2. The severity of the patient’s impairment, the rehabilitation needs, the availability of family/social 
support and resources, the patient/family goals and preferences and the availability of community 
resources will determine the optimal environment for care. [I] 

3. Where comprehensive interdisciplinary community rehabilitation services and caregiver support 
services are available, early supported discharge services may be provided for people with mild to 
moderate disability.  [B] 

4. Recommend that patients remain in an inpatient setting for their rehabilitation care if they are in 
need of daily professional nursing services, intensive physician care, and/or multiple therapeutic 
interventions. 

5. Inconclusive evidence to recommend the superiority of one type of rehabilitation setting over 
another. 

6. Patients should receive as much therapy as they are able to tolerate in order to adapt, recover, 
and/or reestablish their premorbid or optimal level of functional independence. [B] 
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DISCUSSION 

Early Supported Discharge 

There is a growing body of evidence that for selected stroke patients, early discharge to a community setting for 
ongoing rehabilitation can provide similar outcomes for patients, compared to inpatient rehabilitation.   

Several RCTs and meta-analyses have been published demonstrating that rehabilitation at home is a safe and 
effective alternative form of treatment for patients with mild disability. The efficacy of early supported discharge for 
acute stroke patients, evaluated by the Early Supported Discharge (ESD) Trialists was first published in 2001 and 
updated in 2004. While ESD programs were associated with shorter periods of initial hospitalization, their impact on 
the well-being of caregivers remains unknown. While early supported discharge appears to offer the same benefits 
as in-hospital stroke rehabilitation units for a selected population, this concept has been largely tested in less 
severely disabled stroke patients. 

One meta-analysis conducted by Langhorne (2005) found that ESD services reduce the inpatient length of stay and 
adverse events (e.g., readmission rates), while increasing the likelihood of independence and living at home. A 
meta-analysis conducted by Anderson et al. (2002), reported that programs of early supported discharge reduced 
hospital lengths of stays by an average of 13 days and were associated with an average of 15% cost savings 
compared to in-patient rehabilitation. The Canadian Coordinating Office of Health Technology Assessment 
(CCOHTA) conducted a review of early supported discharge (ESD) compared to usual care. The ESD patients 
showed a significant decrease in length of hospital stay (approximately 10 days) when compared to controls 
(Noorani et al., 2003). 

The results of RCTs from the United Kingdom, Sweden, Norway, Canada and Australia have shown that highly 
selected, mildly impaired stroke patients can be managed successfully at home by an interdisciplinary team with 
similar outcomes compared to inpatient care. Unfortunately, the essential characteristics of an effective ESD 
program remain uncertain, and it is important to note that the stroke patients included in these studies had achieved 
relatively high levels of independence at the time of admission into the study. Nevertheless, patients were more 
satisfied with this type of care when compared to hospitalization and may have been more motivated. 

For patients with moderate and severe strokes, Anderson et al. (2000b) suggested that early supported discharge was 
no longer cost-effective or advantageous, since the benefits were inversely proportional to the severity of the stroke. 
Bautz-Holter et al. (2002) reported non-significant differences in Nottingham Extended ADL scores at both three 
and six months in mildly impaired stroke patients receiving either conventional in-patient rehabilitation or early 
supported discharge.  Kalra et al. (2000) examined the efficacy of stroke  unit care compared to a stroke team  or to 
domiciliary (at home) care for early stroke rehabilitation and  reported that for patients with  moderate to severe 
stroke, stroke unit  care was “more effective in reducing  mortality, the need for institutional  care and dependence. 
Moreover, rehabilitation of patients randomized to domiciliary care proved difficult as one third of the 153 patients 
so randomized were admitted to the stroke unit within two weeks for a variety of care reasons.” 

Risks relating to caregiver strain might be expected with ESD, but there is little evidence to demonstrate whether or 
not this is the case.   

One systematic review by Brady (2005) identified eight trials evaluating the economic implications of ESD 
compared with conventional care. All studies compared ESD using home based services compared to conventional 
services (noted to be either hospital rehabilitation or mix of hospital and community rehabilitation).  These studies 
reported a trend for reduced costs of between 4-30% with ESD, however this cost saving was found to be 
statistically significant in only one of the six studies. The authors concluded that there was “moderate” evidence that 
ESD services provided care at modestly lower total costs than conventional care.  

The Working Group consensus is that patients should remain in an inpatient setting for their rehabilitation care if 
they are in need of skilled nursing services, regular contact by a physician, and/or multiple therapeutic interventions.  

Examples for “need of skilled nursing services” include (but are not limited to): 

• Bowel and bladder impairment 
• Skin breakdown or high risk for skin breakdown 
• Impaired bed mobility 
• Dependence for ADL 
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• Inability to manage medications 
• High risk for nutritional deficits 

 
Examples for “need of regular contact by a physician” include (but are not limited to): 

• Medical comorbidities not optimally managed (e.g., diabetes and hypertension) 
• Complex rehabilitation issues (e.g., orthotics, spasticity, and bowel/bladder) 
• Acute illness (but not severe enough to prevent rehabilitation care) 
• Pain management issues 

 
Examples for “need of multiple therapeutic interventions” include (but are not limited to): 

• Moderate to severe motor/sensory deficits, and/or 
• Cognitive deficits, and/or 
• Communication deficits 

Studies of Care in the Acute and Post-Acute Rehabilitation Settings  

Indreavik et al. (1997&1999) examined the long-term benefits for a combined acute and rehabilitation stroke unit in 
Norway. Starting with 220 patients, the researchers compared outcomes for surviving patients at 5 years (n=77) and 
10 years (n=31) after discharge. Differences in treatment were confined to the first six weeks of treatment. 
Reportedly, there were no differences in the severity of the strokes in the control and experimental groups. The 
investigators used the Frenchay Activities Index (FAI), and the Nottingham Health Profile (NHP) to measure quality 
of life (81 percent of patients), and a visual analog scale fro pain  (86 percent of patients). Functional status was 
measured using the Barthel Index (BI). More patients in the stroke unit group had an FAI score >30 than did patients 
in the general ward. The FAI and visual analog scale scores favored stroke unit patients (34.2 versus 27.2; P=0.01 
for FAI and 72.8 versus 50.7 mm; P=0.002 for the visual analog scale). Patients in both groups who had better 
functional status measured by the BI also had higher quality of life scores. Acute care in a stroke unit improved 
quality of life for patients at 5 years (Indreavik et al., 1998). The researchers also studied survival, proportion of 
patients living at home, and functional status measured by the BI. Intention-to-treat analysis was used. At 5 years, 
the Kaplan-Meier survival curve analysis showed that survival was higher in the stroke unit group than in the ward 
care group (41 versus 29 percent; P=0.04). More patients who received stroke unit care were living at home 
(P=0.006), were independent (BI score >95; P=0.004), or were at least partly independent (BI score >60; P=0.006) 
(Indreavik et al., 1999). The groups did not differ for help or support received at home. Stroke unit care improved 
long-term survival and functional status and increased the number of patients living at home.  

Kalra et al. (2000) in a randomized control trial assigned 457 acute stroke patients to three differing levels of 
treatment (stroke unit, general ward, domiciliary care). Patients who survived without severe disability at 1 year 
post-stroke in the three groups were: 129 (85 percent), 99 (66 percent), and 102 (71 percent) respectively. Stroke 
unit care was significantly better than the two lower levels of care. The net effect of the stroke unit was profoundly 
different for approximately 30 patients (20 percent of sample).  

Studies of Care in the Post-Acute Rehabilitation Setting  
Langhorne and Duncan (2001) conducted a systematic review of studies identified by the Stroke Unit Trialists' 
Collaboration that dealt with post-acute rehabilitation stroke services. They defined intervention as "organized 
inpatient multidisciplinary rehabilitation commencing at least one week after stroke" and sought randomized trials 
that compared this model of care with an alternative. In a heterogeneous group of 9 trials (6 involving stroke 
rehabilitation units and 3 involving general rehabilitation wards) recruiting 1,437 patients, organized inpatient 
multidisciplinary rehabilitation was associated with a reduced odds of death (OR = 0.66; 95% CI, 0.49 to 0.88; 
P<0.01), death or institutionalization (OR = 0.70; 95% CI, 0.56 to 0.88; P<0.001), and death or dependency (OR = 
0.65; 95% CI, 0.50 to 0.85; P<0.001), which was consistent across a variety of trial subgroups. For every 100 
patients receiving organized inpatient multidisciplinary rehabilitation, an extra 5 returned home in an independent 
state. This review of post-acute care concluded that there can be substantial benefit from organized inpatient 
multidisciplinary rehabilitation in the post-acute period, which is both statistically significant and clinically 
important.  
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One RCT by Evans et al. (2001) has been published since the most recent update of the collaboration's work. This 
study, which deals with both acute and rehabilitative care, sought to quantify the differences between staff 
interventions in a stroke unit versus staff interventions on a general ward supported by a stroke specialist team. 
Observations were made daily for the first week of acute care, but only weekly during the post-acute phase. During 
the observation period, the stroke unit patients were monitored more frequently and received better supportive care, 
including early initiation of feeding.  

Due to the heterogeneity of the literature regarding patient samples, structural design, and outcome measures, it is 
difficult to identify a "best practice" that applies to all patients with stroke. The evidence does not indicate the 
specific nature of the intervention or provide explanation of the nature of the team approach or which factor has the 
greatest impact on patient outcome. The very nature of stroke and its complex effects create the need for a flexible 
and multifaceted treatment approach.  
Intensity of Therapy   
Two meta-analyses concluded that greater intensity of therapy produces slightly better outcomes (Langhorne et al., 
1996; Kwakkel et al., 1999).  Langhorne et al. (1996) concluded, “More intensive physiotherapy input was 
associated with a reduction in the combined poor outcome of death or deterioration and may enhance the rate of 
recovery.”  Kwakkel et al. (1999) also reported a small but statistically significant intensity-effect relationship in the 
rehabilitation of stroke patients.  The recent meta-analysis (Van der Lee & Snels, 2001) of trials studying exercise 
therapy for arm function concluded, “The difference in results between studies with and without contrast in the 
amount or duration of exercise therapy between groups suggests that more exercise therapy may be beneficial.” In 
all the reviews, insufficient contrast in the amount of rehabilitation between experimental and control conditions, 
organizational setting of rehabilitation management, lack of blinding procedures, and heterogeneity of patient 
characteristics were major confounding factors.  

Regarding general factors affecting the effectiveness of rehabilitation, Cifu & Stewart (1999) concluded that greater 
intensity of therapy services has “a weak relationship with improved functional outcome.”  Only the early meta-
analysis by Ottenbacher & Jannel (1993) has a neutral conclusion: “The improvement in performance appears 
related to early initiation of treatment, but not to the duration of intervention.”  

Four trials addressed intensity of physiotherapy or general rehabilitation services.  Smith et al. (1981) randomized 
133 discharged patients among intensive, routine, and no outpatient therapy and found a dose-response relationship 
with greater intensity, producing better performance on an index of ADL.  Sivenius et al. (1985) divided 95 patients 
into intensive and normal treatment groups.  Functional recovery, measured by motor function and ADL, was 
slightly better in the intensive treatment group.  Rapoport & Eerd (1989) found that adding weekend physiotherapy 
services reduced length of stay by comparing time periods during which five days per week or everyday therapy 
sessions were provided.  Partridge et al. (2000) did not find any differences in functional and psychological scores at 
six weeks in 104 patients randomized between standard 30 minutes and 60 minutes of physiotherapy. Subgroup 
analyses suggested however, that some subgroups may benefit.  

Four additional trials targeted more specific disabilities of extremity function or gait.  Sunderland et al. (1992) 
assigned 132 consecutive stroke patients to routine or enhanced treatment for arm function, the latter including both 
increased duration and behavioral methods.  At six months, the enhanced group showed a slight but statistically 
significant advantage, particularly for those patients with milder impairment.  Richards et al. (1993) randomized 27 
patients to intensive, gait-focused physical therapy; early, intensive, conventional therapy; and routine conventional 
therapy in a small pilot study.  At six weeks gait velocity was better for the intensive, gait-focused group, but this 
advantage was not sustained at three and six months.  Lincoln et al. (1999) randomized 282 patients with impaired 
arm function to routine physiotherapy, additional treatment by a qualified physiotherapist, or additional treatment by 
the physiotherapy assistant.  There were no differences among the groups on outcome measures of arm function and 
ADL at baseline, five weeks, three months, or six months.  Parry et al. (1999) performed subgroup analyses of the 
same study and noted that patients with severe impairment improved little, but patients with lesser impairment may 
have benefited.  Kwakkel et al. (1999) randomized 101 middle-cerebral-artery (MCA) stroke patients with arm and 
leg impairment to additional arm training emphasis, leg training emphasis, or arm and leg immobilization, each 
treatment lasting 30 minutes, five days a week, for 20 weeks.  At 20 weeks the leg training group scored better for 
ADL, walking, and dexterity than the control, while the arm training group scored better only for dexterity.  

The clinical trials provide weak evidence for a dose response relationship of intensity to functional outcomes.  
Interpretation of these studies is limited because some patients may not be able to tolerate higher-than-normal levels 
of therapy.  Other patients may not benefit because they do not belong to a subset of patients for whom benefit has 
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been demonstrated.  Because of the heterogeneity of the studies, no specific guidelines regarding intensity or 
duration of treatment are justified. 

EVIDENCE TABLE: 

 Recommendation Source LE QE R 

1 Medical team must analyze 
medical/functional status 

Working Group Consensus III  I 

2 Determine optimal environment of 
care 

Working Group Consensus III  I 

3 Early Supported Discharge for 
mildly impaired patients 

Donnelly et al., 2004  
Langhorne et al., 2005 
Teasell et al., 2003 
Anderson et al., 2002 
Brady et al., 2005 
Patel, et al., 2004 
Askim,  Morkved, et al., 2006 
Bautz-Holtert, Sveen, 2002 
Diserens, Michel, et al, 2006 
Fjaertoft, Indredavik, et al., 2004 

I Good B 

4 Referral to a facility with an 
organized rehabilitation team, for 
patients with moderate or severe 
symptoms, or involvement of a 
rehabilitation specialist with some 
experience in stroke 

Evans et al., 2001  
Langhorne & Duncan, 2001 (SR) 

I Fair  B 

6 Intensity of therapy Kwakkel et al., 1999  
Langhorne et al., 1996  
Lincoln et al., 1999 
Parry et al., 1999 
Rapoport & Eerd, 1989 
Richards et al., 1993  
Sivenius et al., 1985  
Smith et al., 1981  
Sunderland et al., 1992 
Van der Lee & Snels, 2001 

I Fair B 

LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; § = Systematic Review (see Appendix A) 
 

 

Annotation K. Discharge Patient from Rehabilitation 

See Section 8 –Discharge  

Annotation  L.  Arrange For Medical Follow-Up  

See Section 8.1 – Follow-up  
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Annotation M.  Post-Stroke Patient in Inpatient Rehabilitation 

Inpatient rehabilitation is defined as rehabilitation performed during an inpatient stay in a free standing rehabilitation 
hospital or a rehabilitation unit of an acute care hospital.  The term inpatient is also used to refer generically to 
programs where the patient is in residence during treatment, whether in an acute care hospital, a rehabilitation 
hospital, or a nursing facility. 

Patients typically require continued inpatient services if they have significant functional deficits and medical and/or 
nursing needs that requires close medical supervision and 24 hour availability of nursing care. Inpatient care may be 
appropriate if the patient requires treatment by multiple other rehabilitation professionals (e.g, physical therapists, 
occupational therapists, speech language pathologists, and psychologists).  

Annotation N.  Educate Patient/Family; Reach Shared Decision Regarding Rehabilitation Program; 
Determine and Document Treatment Plan  

7.3 Treatment Plan 

OBJECTIVE  

Assure the understanding of common goals among staff, family, and caregivers in the stroke rehabilitation process, 
and therefore, optimize the patient's functional recovery and community re-integration.  

BACKGROUND  

Fundamental education for patients, families, and caregivers is essential to the creation of realistic and appropriate 
goals. Goals are central to the process of rehabilitation because rehabilitation involves behavioral change (Wade, 
1998). The use of patient goals that transcend treating disciplines is a common method of creating consistency in the 
delivery of rehabilitation services; however, not all rehabilitation settings subscribe to their use. The setting of goals 
is a mechanism for active patient involvement and cooptation of the patient into the "rehabilitation team." Goal 
setting should use both short-term and long-term perspectives.   

RECOMMENDATIONS  

1. Patients and/or their family members should be educated in order to make informed decisions and 
become good advocates.   

2. The patient/family member’s learning style must be assessed (through questioning or observation) 
and supplemental materials (including handouts) must be available when appropriate. 

3. The following list includes topics that (at a minimum) must be addressed during a patient’s 
rehabilitation program: 

a. Etiology of stroke 
b. Patient’s diagnosis and any complications/co-morbidities 
c. Prognosis 
d. Expectations for what to expect during recovery and rehabilitation 
e. Secondary prevention 
f. Discharge plan 
g. Follow-up care including medications. 

4. The clinical team and family/caregiver should reach a shared decision regarding the rehabilitation 
program.   

5. The rehabilitation program should be guided by specific goals developed in consensus with the 
patient, family, and rehabilitation team.  
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6. Document the detailed treatment plan in the patient's record to provide integrated rehabilitation 
care.  

7. The patient's family/caregiver should participate in the rehabilitation sessions, and should be 
trained to assist patient with functional activities, when needed.  

8. As patients progress, additional important educational topics include subjects such as the 
resumption of driving, sexual activity, adjustment and adaptation to disability, patient 
rights/responsibilities, and support group information. 

 

The treatment plan should include documentation of the following: 

• Patient’s strengths, impairments, and current level of functioning 
• Psychosocial resources and needs, including caregiver capacity and availability 
• Goals: 

 personal goals (e.g., I want to play baseball with my grandson) 
 functional goals (e.g., ADL, IADL, mobility) 
 short term and long term goals 

• Strategies for achieving these goals including : 
 resources and disciplines required 
 estimations of time for goal achievement 
 educational needs for patient/family 

• Plans and timeline for re-evaluation 

DISCUSSION  

Education 
Patients who have had a stroke and their family members are faced with making many decisions regarding 
immediate medical care, short-term and long-term follow-up, prognosis and expectations for recovery, as well as 
their overall medical picture. As health care providers, faced with these situations on a daily basis, it is easy to 
become somewhat numbed to the impact that a stroke has upon and individual and a family.  It is imperative to 
provide appropriate education and counseling to help patients and their family members/caregivers make informed 
decisions about their care and to assist them in adjusting to any new roles that are emerging.   

Shared Decision Making 
Ideally, the patient and family/caregiver should be actively engaged members of the rehabilitation team.  As such, 
they should participate in decision-making in order to facilitate the setting of personally-relevant goals and 
individually realistic strategies for reaching them.   

Goal of Therapy 
The post-stroke rehabilitation guideline published by the AHCPR (1995) does not address whether or not goals 
should be set, but rather how goals should be used. There is insufficient evidence to evaluate the value of consensus 
goal development in stroke rehabilitation. However, it is best common practice to develop comprehensive goals that 
cover the level of disability and include psychosocial needs. The guideline recommends that: "Both short-term and 
longer term goals need to be realistic as relates to current levels of disability and the potential for recovery."  

The use of goal setting as a targeted outcome and subsequent outcome measure (e.g., Goal Attainment Scaling) has 
exhibited positive results in several clinical trials involving geriatric rehabilitation, brain injury rehabilitation, and 
mixed rehabilitation patients (Joyce et al., 1994; Smith et al., 1998; Stolle et al., 1999).  

Setting patient goals has multiple utilities. Goals should be realistic targets for use by the patient, family, and staff. 
They can also serve in the capacity of a "self-fulfilling prophecy." Goals can create an environment of treatment 
consistency among treating disciplines, serve as benchmarks for response and recovery, and provide a basis for team 
meetings.  
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Treatment Plan 
The treatment plan is determined on an individual basis for each patient, taking into account the patient/family's 
discharge goals and needs. The patient and family ultimately determine their treatment plan and establish short term 
and long-term goals.  

Annotation O. Initiate/Continue Rehabilitation Programs and Interventions 

7.4 Treatment Interventions 

RECOMMENDATIONS 

1. Initiate/continue rehabilitation program and interventions indicated by patient status, impairment, 
function, activity level and participation. 

See Section 9: Rehabilitation Interventions 

Impairments 

a. Dysphagia  
b. Muscle Tone  
c. Emotional, Behavioral  
d.  Cognitive  
e.  Communication  
f.  Motor  
g. Sensory  

Activity 
a. ADL/IADL 
b. Mobility 
c. Sexuality 
d. Fitness endurance 

Support System 

a. Psychosocial needs/resources  
b. Family/Community Support 
c. Caregiver   
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Annotation P.  Reassess Progress, Future Needs and Risks.  Refer/Consult Rehabilitation Team  

7.5 Assessment of Progress and Adherence 

OBJECTIVE 

Evaluate progress toward the common goals of patient, family, and staff, and care-givers using both formal and 
informal measures as indicated.  Continue or modify treatment plans and goals based upon these assessments. 

BACKGROUND 

It is important to continue to monitor a patient as he/she participates in rehabilitation.  The frequency of re-
evaluation is often determined by the policy of the institution and/or setting in which services are provided.  
However, in the absence of such a scheduled re-evaluation, it is important to periodically reassess the patient, 
particularly when there is some change of status. Goals may be met or require modification.  Patients may improve 
and be ready for discharge from rehabilitation services.  In some cases, patients may improve to a level where new 
goals become apparent (e.g. improving to a level in which returning to work may be a possibility thus altering 
therapy needs).  A patient’s functional status may deteriorate or a patient may have stabilized functionally but fall 
short of the anticipated goals.  In these situations, re-evaluation provides an opportunity for education, repeated 
psychosocial evaluation, and community resource needs re-assessment. 

RECOMMENDATIONS 

1. Patients should be re-evaluated intermittently during their rehabilitation progress. Particular 
attention should be paid to interval change and progress towards stated goals. 

2. Patients who show a decline in functional status may no longer be candidates for rehabilitation 
interventions.  Considerations about the etiology of the decline and its prognosis can help guide 
decisions about when/if further rehabilitation evaluation should occur. 

3. Psychosocial status and community integration needs should be re-assessed, particularly for 
patients who’ve experienced a functional decline or reached a plateau. 

DISCUSSION 

Triggers for an additional or “unscheduled” rehabilitation re-evaluation can include: 

• Change in medical status 
• Change in social situation  
• Change in rehabilitation setting 
• Change in goals 

Assessments may include both formal and informal measures.  When available, collaborative information from 
families and caregivers is often helpful. 

Goals should be re-evaluated periodically for attainability, appropriateness, and relevance.  Documentation of 
attained and met goals should be made.  At this point, some patients may present with new goals and others may be 
ready for discharge from rehabilitation services. 

Patients who are improving and for whom further improvement is expected should continue their rehabilitation 
program. 

Patients for whom no further improvement is expected (i.e. those who’ve reached a ‘plateau’) should be educated 
about their role in maintaining the current level of function (e.g. home exercise program).   

Some patients may show a decline in functional status.  The etiology(ies) of this decline should be sought and may 
include  

• Recurrent stroke 
• Medical complications/co-morbidities 
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• Mental health complications/co-morbidities 
• Change in social situation 

Annotation Q.  Is Patient Ready for Community Living?  

7.6 Transfer to Community Living 

OBJECTIVE  

Determine if patient is ready for discharge to a community setting.  

BACKGROUND  

Successful transition from inpatient care to the community requires careful assessment of the match between patient 
needs and the availability of formal and informal resources and support systems.  The degree of impairment the 
patient has when discharged and the amount of family support that is available and capable of meeting the patients’ 
needs directly impacts the degree of success of the transition back to the community.  Systematic and thorough 
discharge planning which takes into account the needs of both the patient and the caregiver is key to successful 
transition and re-adjustment to community living. 

Many individuals with stroke experience limitations in the ability to complete basic self care, such as bathing and 
dressing even long after rehabilitation.  Such disability may prevent return to community living, contributes to 
reduced participation, and adds to caregiver strain.   

RECOMMENDATIONS  

1. Recommend that all patients planning to return to independent community living should be 
assessed for mobility, ADL and IADL prior to discharge (including a community skills evaluation 
and home assessment). 

2. Recommend that the patient, family, and caregivers are fully informed about, prepared for, and 
involved in all aspects of healthcare and safety needs. [I] 

3. Recommend that case management be put in place for complex patient and family situations. [I] 
4. Recommend that acute care hospitals and rehabilitation facilities maintain up-to-date inventories of 

community resources, provide this information to stroke patients and their families and caregivers, 
and offer assistance in obtaining needed services. Patients should be given information about, and 
offered contact with, appropriate local statutory and voluntary agencies. [I] 

DISCUSSION 

Discharge planning should begin immediately when the patient is admitted to the inpatient facility and involve the 
patient, family, primary care provider, social services and rehabilitation team. 

A patient is ready for discharge from an inpatient setting when:  

• He/she has no skilled nursing needs or, if needs are present (e.g. wound care), can be met by caregiver or 
community support services  

• Does not require regular physician care  

• Has an environment available that is supportive of, or can be modified to, support the individual's specific 
functional deficits. 

• Is functionally independent, or if requires some assistance, can be assisted by family or caregiver  

• If additional rehabilitation services are required, they are available and accessible in the community 

Successful performance of complex activities of instrumental activities of daily living (IADL) tasks (i.e., cooking, 
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cleaning, shopping, and housekeeping) requires higher-level neurophysiological organization than is required for 
performance of self-maintenance tasks (i.e., bathing and dressing) and individuals with stroke show often even 
greater limitations in their ability to complete IADLs than ADLs.  For a patient planning to return to an assisted 
living situation, further independence may not be required or expected.  For many patients, however, IADLs are 
central to independent living.  Cognitive functioning and comprehension are also factors for independent living.  

Minimal IADL skills required to stay at home alone include the ability to: (1) prepare or retrieve a simple meal, (2) 
employ safety precautions and exhibit good judgment, (3) take medication, and (4) get emergency aid, if needed.  
Refer to Table 1: Section 9: Intervention -ADL/IADL as a guide to differentiate between ADL and IADL. 

EVIDENCE 

 Recommendation  Sources  LE  QE R  
1 Assess prior to discharge for 

mobility, ADL, IADL, community 
skills and home assessment 

Working Group Consensus III Poor I 

2 Patient and family/caregiver:  
Education and information  
 

Working Group Consensus  III  Poor  I  

3 Assign case management in 
complex situations. 

Working Group Consensus III  Poor  I  

4 Maintain resource listing Working Group Consensus III  Poor  I  
LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; (see Appendix A) 

7.7 Function/Social Support 

BACKGROUND 

Stroke is a family illness. In the aftermath of stroke, roles and responsibilities among the patient, family caregivers, 
and other family members often have to be re-negotiated.  Family caregivers often become overwhelmed by the 
added responsibilities and role changes.  These changes can lead to post-stroke co-morbidities and safety issues for 
both patients and caregivers.  Upon discharge the patient and family lose the intensive support and services that they 
relied upon while the patient was in rehabilitation.  Stroke patients and family caregivers often need long-term 
practical, emotional, psychosocial, and financial information and support to manage long-term stroke-related 
problems. 

RECOMMENDATIONS 

1. Patients and family caregivers should have their individual psychosocial and support needs 
reviewed on a regular basis post-discharge.  

2. Referrals to family counseling should be offered.  Counseling should focus on psychosocial and 
emotional issues and role adjustment.  

3. Caregivers should be screened for high levels of burden and counseled in problem solving and 
adaptation skills as needed.  

4. Caregivers and patients should be screened for depressive symptoms and referred to appropriate 
treatment resources as needed.  

5. Health and social services professionals should ensure that patients and their families have 
information about the community resources available specific to these needs.  

6. Provide advocacy and outreach to patients and families living in the community to help them adapt 
to changes and access community resources. 
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7.8 Recreational and leisure Activity  

BACKGROUND 

Individuals with stroke can reduce involvement in physical activity and leisure pursuits. The body function 
impairments experienced as a result of stroke may make it difficult or impossible to engage independently in 
physical activity and previous leisure pursuits.  Minimal physical activity is a health risk and engagement in leisure 
activities is necessary for a healthy quality of life. 

RECOMMENDATIONS 

1. Recommend that leisure activities should be identified and encouraged and the patient enabled to 
participate in these activities. [I] 

2. Therapy for individuals with stroke should include the development of problem solving skills for 
overcoming the barriers to engagement in physical activity and leisure pursuits. 

3. Individuals with stroke and their caregivers should be provided with a list of resources for 
engaging in aerobic and leisure activities in the community prior to discharge  

4. Recommend that the patient participates in a regular strengthening and aerobic exercise program at 
home or in an appropriate community program that is designed with consideration of the patient's 
co-morbidities and functional limitations. (See Intervention – Physical Activity) [B] 

DISCUSSION 

Participation in leisure activities is closely related to both health status and quality of life (Drummond, 1990; 
Jongbloed & Morgan, 1991; Krefting & Krefting, 1991; Shank, 1992; Sjogren, 1982). Interest in leisure and 
recreational activities may provide motivation to resume an active life.  Muscle weakness and decreased endurance 
are common impairments following stroke and may persist after completion of formal rehabilitation. Stroke patients 
can make improvements in strength and endurance after formal rehabilitation is completed, which may improve 
function and decrease risk of further disease and disability.  

EVIDENCE 

 Recommendation  Sources  LE  QE SR  
1 Patient and family/caregiver:  

Encourage leisure activities  
Working Group Consensus  III  Poor  I  

LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; (see Appendix A) 

7.9 Return to Work  

BACKGROUND  

The AHCPR (1995) states, "Stroke survivors who worked prior to their strokes should, if their condition permits, be 
encouraged to be evaluated for the potential to return to work. Vocational counseling should be offered when 
appropriate." A meeting report by the American Stroke Association's 26th International Stroke Conference (2001) 
stated, "…the risk of stroke increases dramatically with age and the average age of workers is increasing." Because 
of the Social Security Administration's change in mandatory retirement age "…more people will be working at the 
time of stroke and as more treatments are developed, more survivors will be facing the possibility of re-
employment."  

RECOMMENDATIONS  

1. Recommend that all patients, if interested and their condition permits, be evaluated for the 
potential of returning to work. [C] 

2. Recommend that all patients who were previously employed, be referred to vocational counseling 
for assistance in returning to work.  [C] 
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3. Recommend that all patients who are considering a return to work, but who may have psychosocial 
barriers (e.g. motivation, emotional, and psychological concerns) be referred for supportive 
services, such as vocational counseling or psychological services.  [C] 

DISCUSSION  

There are many barriers to vocational reintegration that must be addressed if the stoke patient is to return to work. 
The type of work to which the patient is considering returning may be the single most significant determinant to 
successful reemployment. Re-training, or returning to school for alternative employment, requires a high level of 
motivation. Studies have indicated that successful reemployment may be dependent on support from family, return 
to work specialists, and employers.  

EVIDENCE  

 Recommendation  Sources  LE  QE  SR  
1 Evaluate for the potential of 

returning to work  
AHCPR, 1995 III  Poor  C  

2 Refer previously employed patients 
to vocational counseling  

AHCPR, 1995 
American Stroke 
Association 

III  Poor  C  

3 Refer patients with psychosocial 
barriers who are considering 
returning to work to supportive 
services 

AHCPR, 1995 
American Stroke 
Association  

III  Poor  C  

LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; (see Appendix A) 

7.10 Return to Driving  

BACKGROUND  

The question of if, or when, a person can resume driving after a stroke can be difficult to answer. The family and 
medical staff will need to balance the patient's desire for independence with safety concerns. Safe operation of a 
vehicle requires multi-level functions (e.g., physical, cognitive, psycho-motor, perceptual-motor, and behavioral). 
Legal requirements vary from state to state.  

RECOMMENDATIONS  

1. Recommend all patients be given a clinical assessment of their physical, cognitive, and behavioral 
functions to determine their readiness to resume driving. In individual cases, where concerns are 
identified by the family or medical staff, the patient should be required to pass the state road test as 
administered by the licensing department. Each medical facility should be familiar with their state 
laws regarding driving after a stroke. [I] 

2. Consider referring patients with residual deficits to adaptive driving instruction programs to 
minimize the deficits, eliminate safety concerns, and optimize the chances that the patient will be 
able to pass the state driving test. [I] 

DISCUSSION  

There are no incidence rates for motor vehicle accidents for post-stroke patients as a group. However, since most 
stoke patients are also older drivers, they should be considered at greater risk for motor vehicle accidents since older 
drivers (without stroke) are involved in more fatal motor vehicle accidents per miles driven (National Highway 
Safety and Traffic Administration [NHSTA]). Many factors contribute to this statistic; therefore, caution should be 
exercised not to over generalize. Currently there is only mild to moderate correlation of clinical exams to the 
pass/failure rate of post-stroke patients on state driving road tests.  
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EVIDENCE  

 Recommendation  Sources  LE  QE  SR  
1 Clinical assessment of the patient's 

physical, cognitive and behavioral 
functions to determine readiness for 
return to driving 

Working Group Consensus III  Poor  I  

2 Referral to an adaptive driving 
program for individuals with 
residual deficits 

Working Group Consensus III  Poor  I  

LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; (see Appendix A) 

7.11 Sexual Function  

BACKGROUND  

Sexual issues relate both to sexual function and to changes in body image as a result of the stroke. Sexual activity 
usually diminishes and sometimes ceases after stroke, but sex remains an important issue to the majority of post-
stroke patients. Sexual issues are often not adequately addressed, despite evidence that patients and their partners 
welcome frank discussions.  

RECOMMENDATIONS  

1. Sexual issues should be discussed during rehabilitation and addressed again after transition to the 
community when the post-stroke patient and partner are ready.  

DISCUSSION  

The most important message is that sexual activity is not contraindicated after stroke. However, both parties need to 
recognize and adjust for the potential effects of motor, sensory, and self-esteem difficulties. Interventions that stress 
the importance of effective communication, sharing of concerns, and development of adaptive strategies to avoid 
fatigue, such as positioning, foreplay, and timing, are often helpful.  

 

Annotation R. Address Adherence to Treatments and Barriers to Improvement: 
  If Medically Unstable, Refer to Acute Services 

 If There Are Mental Health Factors, Refer to Mental Health Services  

BACKGROUND  

During the rehabilitation process, patients will occasionally experience unexpected barriers to their continued 
progress or to their ability to adhere to the treatment plan. These include medical complications and mental health 
factors that make it difficult to participate/adhere to treatment goals. Lack of or incorrect information about 
diagnosis, prognosis, treatment rationale, and need for behavioral change may also become barriers to improvement.  

RECOMMENDATIONS 

1. When an encountered barrier, such as a medical illness, makes participation difficult, referral to the 
appropriate service for treatment is warranted.  

2. When the issue is related to mental health factors, assessment of these factors by a 
psychiatrist/psychologist and intervention/treatment is appropriate. 
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DISCUSSION 

Most often, assessment and treatment of medical complications can occur in the rehabilitation setting and will not 
require a transfer to another service. Once the barriers have been successfully addressed, re-examination of 
treatment goals may be helpful.  

Psychosocial status and community integration needs should be re-assessed, particularly for patients who have 
experienced a functional decline or reached a plateau.  Reassessment following a change in psychosocial status may 
result in new rehabilitation needs and goals. For example, a caregiver returns to work or the family moves from one 
home to another:  now, the patient may need new strategies for managing toileting or a mid-day meal, accessing 
transportation, and getting around in a new environment. Assessments may include both formal and informal 
measures, and collaborative information from family and caregivers is often helpful.   

 

8 DISCHARGE FROM REHABILITATION 

Annotation K. Discharge Patient from Rehabilitation 

OBJECTIVE  

Ensure that the patient’s medical and functional needs are addressed after discharge from rehabilitation services.  

RECOMMENDATIONS  

1. Recommend that the rehabilitation team ensure that a discharge plan is complete for the patient’s 
continued medical and functional needs prior to discharge from rehabilitation services.  

2. Recommend that every patient participate in a secondary prevention program (see Annotation D). 
[A] 

3. Recommend post-acute stroke patients be followed by a primary care provider to address stroke 
risk factors and continue treatment of co-morbidities.  

4. Recommend patient and family are educated regarding pertinent risk factors for stroke.  
5. Recommend that the family and caregivers receive all necessary equipment and training prior to 

discharge from rehabilitation services. [I] 
6. Family counseling focusing on psychosocial and emotional issues and role adjustment should be 

encouraged and made available to patients and their family members upon discharge.  

DISCUSSION  

The time of discharge from inpatient care to home (or to residential living or nursing home) constitutes an important 
watershed. Living with disabilities after a stroke is a lifelong challenge during which people continue to seek and 
find ways to compensate for or adapt to persisting neurological deficits. For many stroke patients and their families, 
the real work of recovery begins after formal rehabilitation.  

The first few weeks after discharge from an inpatient stay following a stroke are difficult as the patient attempts to 
use newly learned skills without the support of the rehabilitation environment or team. The full impact of the stroke 
may not become apparent until the patient has been home a few weeks and tries to continue with his/her life. 
Adequate support from family and caregivers is critical to a successful outcome. It is also important to assure that all 
necessary equipment and support services are in place.  

Patients who receive rehabilitation services require follow-up with their primary care provider within one month of 
discharge. They also require follow-up with the rehabilitation professional at a point in time 3 to 6 months after 
discharge.  

Evans et al. (1995) after noting that rehabilitation services are effective in improving short-term survival, functional 
ability, and the most independent discharge location, have suggested that "the lack of long-term benefits of short-
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term rehabilitation may suggest that therapy should be extended to home or sub-acute care settings, rather than being 
discontinued at discharge. These services should be organized and in place at the time of discharge."  

Caregiving can be extremely taxing, both physically and emotionally. Adverse health effects on caregivers include 
increased risk of depression (Blazer et al., 1987; Kramer et al., 1985; Lichtenberg & Barth, 1990; Schultz et al., 
1990), increased use of health services, and the self-administration of medications prescribed originally for the 
stroke patient (Lichtenberg & Gibbons, 1992). Depression has been associated with physical abuse of the patient 
(Joslin et al., 1991) and a greater likelihood of nursing home placement (Stephens et al., 1991). Clinicians need to be 
sensitive to the potential adverse effects of care giving on family functioning and the health of the caregiver. 
Opportunities for respites may be extremely important.  Clinicians should work with the patient and caregivers to 
avoid negative effects, promote problem solving, and facilitate reintegration of the patient into valued family and 
social roles. Preexisting organizational and functional characteristics of the family may have important effects on a 
successful transition to community living. A caregiver is more likely to give adequate support if he/she is a spouse 
who is knowledgeable about stroke and its disabilities, is not depressed, and lives in an otherwise well-functioning 
family unit (Evans et al., 1992).  

Community supports can help buffer the effects of disabilities on the patient, family and caregivers. Educational 
support can be provided through printed materials, videos, computer programs, information on support groups etc. 
The availability of emotional support and physical services such as homemaker home health, Meals-on-Wheels, 
devices (e.g., ramps), and equipment may also be crucial to a successful outcome.  

EVIDENCE 

 Recommendation  Sources  QE  Overall 
Quality  

R  

1 Patient and family/caregiver:  
Education and information  
Equipment and training  
  

Working Group 
Consensus  

III  Poor  I  

1 Secondary prevention program See Annotation D 
 

I  Good  A  

LE = Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; § = Systematic Review (see Appendix A) 

Annotation  L.  Arrange For Medical Follow-Up  

8.1 Long-Term Management  

BACKGROUND 

For many stroke patients and their caregivers, access to community resources and formal support services post-
stroke is limited and for those living in rural areas, may not exist.  Telephone, telehealth, and web-based support 
services can provide important links to primary care providers, specialty care, and other services, for patients and 
their family caregivers who are unable to travel to a facility for care.  These technologies can be used for distance 
counseling, problem solving, and educational sessions; transmission of critical data, such as blood pressure, pulse, 
and weight readings and International Normalized Ration (INR) values; and for providing in-home tele-
rehabilitation. While much of the current technology provides an asynchronous connection, technology that provides 
real-time video encounters with a health care professional is an option that many patients and caregivers may prefer. 

Following a stroke, patients are at increased risk for additional cerebrovascular events. Specific therapy and risk 
factor reduction must be an integral part of any plan for stroke rehabilitation and recovery. The need for secondary 
prevention of stroke is life-long, and continues beyond the period of rehabilitation.  (See AHA Guideline for 
Secondary Prevention, 2009) 
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RECOMMENDATIONS 

1. Recommend post-discharge telephone follow-up with patients and caregivers be initiated and 
include problem solving and educational information.  

2. If available, asynchronous and real-time tele-health, video, and web-based technologies, (e.g., web-
based support groups, tele-rehabilitation), should be considered for patients who are unable to 
travel into the facility for care and services.  

Follow-up 

3. Ongoing monitoring of anticoagulant or antiplatelet therapy, treatment of hypertension and 
hypercholesterolemia, and other secondary prevention strategies are lifelong needs of patients after 
stroke and should normally be performed by the patient's primary healthcare provider. 

4. Recommend post-acute stroke patients be followed up by a primary care provider to address stroke 
risk factors and continue treatment of co-morbidities.  

5. Patient and family should be educated regarding pertinent risk factors for stroke.  
6. Provide patient information about, and access to community based resources.  

DISCUSSION  

Patients who do not require any additional rehabilitation services and are discharged to home (or in the case of 
profoundly disabled patients, to a nursing home), require follow-up with their primary care provider within one 
month of discharge.  

Patients who receive rehabilitation services also require follow-up with the rehabilitation professional at a point in 
time 3 to 6 months after discharge.  
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REHABILITATION INTERVENTION 

This section includes recommendations for intervention and treatment that address possible impairments in patients 
recovering from stroke.  In general, patients should receive the intensity and duration of clinically relevant therapy 
defined in their individualized rehabilitation plan and appropriate to their needs and tolerance levels.  All patients 
with stroke should begin rehabilitation therapy as early as possible once medical stability is reached.  The 
rehabilitation interventions described in this section should apply regardless of the specific rehabilitation setting and 
may be applicable during inpatient as well as after discharge and follow-up in community outpatient rehabilitation. 

9 DYSPHAGIA MANAGEMENT 

BACKGROUND 

The management goals of dysphagia in the stroke patient are prevention of aspiration, malnutrition, and dehydration 
and restoration of normal swallow.  Therapeutic management or intervention concerning the method of nutritional 
intake should be based on the physiologic findings of the dynamic instrumental assessment.  Treatment is 
compensatory or rehabilitative in nature and focuses on pathophysiology identified during dynamic assessment. 
Compensatory strategies provide immediate benefit through the elimination of symptoms.  Compensatory strategies 
involve various postural changes to facilitate safe swallowing or modifying volume and viscosity of food and fluids 
which alter swallowing biomechanics and physiology.  Rehabilitative strategies focus on changing swallowing 
physiology. Rehabilitative therapy techniques can be direct (performed during the swallow) or indirect (performed 
without a bolus) and include swallowing maneuvers designed to exert voluntary control over specific components of 
the swallow, physiotherapeutic exercise, or utilization of thermal-tactile application to improve motor or sensory 
functioning.  Compensatory strategies may be combined with swallowing maneuvers to facilitate return to oral 
intake. 

Comprehensive evaluation and discussion of risks and benefits of enteral feeding should be conducted to guide 
patient, family, and team decision-making process and support. Standardized diets and diet terminology should be 
utilized.  

RECOMMENDATIONS 

1. An oral care protocol should be implemented for patients with dysphagia and dentures to promote 
oral health and patient comfort. 

2. Patients with persistent dysphagia should be offered an individualized treatment program guided 
by a dynamic instrumental swallowing assessment.  The treatment program may include: 

a. Modification of food texture and fluids to address swallowing on an individual basis  
b. Education regarding swallowing postures and maneuvers on an individual basis following 

instrumental assessment to verify the treatment effect   
c. Addressing appropriate method of medication administration for patients with evidence 

of pill dysphagia on clinical or instrumental assessment  
d. Training patients and care givers, in feeding techniques and the use of thickening agents 
e. Patients with chronic oropharyngeal dysphagia should be seen for regular reassessment to 

ensure effectiveness and appropriateness of long-standing diet, continued need for 
compensations, and/or modification of rehabilitative techniques. 

DISCUSSION 

Stroke that is affecting the hemisphere with the dominant swallowing projection results in dysphagia. The recovery 
has been correlated with compensatory changes in the previously non-dominant, unaffected hemisphere.  This 
asymmetric bilaterality may explain why up to half of stroke patients are dysphagic and why many will regain a safe 
swallow over a comparatively short period. The rehabilitation treatment program should be individualized (Singh 
and Hamdy, 2005). 
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Examination of treatment strategies by x-ray can impact diet and recovery from dysphagia. About 83 percent of 
patients in VFSS may receive changes in at least one of five important clinical variables: referrals to other 
specialists, swallowing therapy, compensatory strategies that improve swallowing, changes in mode of nutritional 
intake, and diet (Martin-Harris et al., 2000). 

A systematic review of two RCTs found there was inconclusive evidence for the effectiveness of direct methods 
(Bath, 1999).  A study by Elmstahl (1999) found that the use of swallowing therapy (including direct and indirect 
methods) resulted in improved swallowing functions and improved nutritional conditions. 

Exercise that collectively recruited the supra-hyoid, infra-hyoid and sternocleidomastoid muscles had a positive 
effect for people with specific dysphagia (Shaker, 2002).  

Electrical stimulation and thermal tactile stimulation reduced the severity of swallow impairment (Freed, 2001; 
Leelamanit, 2002). Possible contraindications to this therapy must be assessed (e.g., pregnant, presence of 
pacemaker) and only be considered by providers experienced with this intervention and applied according to 
published parameters.  

There are no quality studies evaluating the intensity and frequency of dysphagia therapy. A systematic review of 
clinical trials concluded that “despite the newly published RCTs, few utilize the same treatment and outcomes 
thereby limiting the evidence to support the medical effectiveness of common dysphagia treatments used for patients 
recovering from stroke” (Foley, 2008). 

The EBSRS (2009) summary of evidence concluded, “There is moderate evidence that a short course (two weeks) of 
formal dysphagia therapy does not improve clinical outcomes. There is moderate evidence that a one-month 
dysphagia intervention program does not improve the likelihood of returning to a normal diet by six months. 
However, there is also moderate evidence that such a program may reduce the likelihood of chest infections and 
death or institutionalization. There is consensus opinion that if dysphagia is severe and expected to last more than 6 
weeks, a gastrostomy or jejunostomy feeding tube may be indicated.” 

10 NUTRITION MANAGEMENT  

BACKGROUND 

 Malnutrition is a relatively common problem post stroke because patients’ intake of calories and protein is low 
following stroke. The major effect on the gastrointestinal tract following stroke is impairment of oral, pharyngeal 
and esophageal functions, manifested as dysphagia.  The nutritional status following stroke can have an impact on 
functional recovery and mortality. Poor nutrition has been found to predict lower functional status following stroke. 

Patients with dysphagia after stroke should be provided with an appropriate modified diet, after consultation with a 
dietitian and considered for alternative feeding using feeding tubes.  Oral supplementation may be considered for 
patients who are safe with oral intake, but do not receive sufficient quantities to meet their nutritional requirements. 
(See Section 9 – Dysphagia) 

RECOMMENDATIONS 

1. The nutritional and hydration status of stroke patients should be assessed within the first 48 hours 
of admission. 

2. Stroke patients with suspected nutritional and/or hydration deficits, including dysphagia, should be 
referred to a dietitian. 

3. Consider the use of feeding tubes to prevent or reverse the effects of malnutrition in patients who 
are unable to safely eat and those who may be unwilling to eat. 

4. Oral supplementation may be considered for patients who are safe with oral intake, but do not 
receive sufficient quantities to meet their nutritional requirements. 

DISUCSSION 

Finestone et al., (2003) found that stroke patients may be particularly vulnerable to protein-energy malnutrition due 
to a variety of factors that affect their willingness or ability to self-feed, such as loss of appetite associated with 
depression, cognitive deficits, dysphagia (difficulty swallowing), visual neglect, upper extremity paresis, and apraxia 
(an inability to use objects correctly) The Post-Stroke Rehabilitation Outcomes Project (James et al., 2005), studied 
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the outcomes of 919 patients from six inpatient rehabilitation sites and demonstrated that tube feeding is an effective 
intervention. Patients with both moderate and severe stroke who had received tube feeding during hospital stay but 
who were not discharged with a feeding tube in place achieved greater increases in total FIM gains and experienced 
greater improvement in severity of illness by the time of discharge.   

The FOOD trial (Teasell and Foley, 2005) was a randomized control trial evaluating 3 distinct nutritional 
interventions. 859 acute stroke patients with dysphagia were randomized to receive early enteral feeding vs. delayed. 
The outcome of death or disability was evaluated at 6 months.  Early tube feeding was associated with an absolute 
reduction in risk of death of 5.8% (95% CI -0.8 to 12.5, p=0.09) and a reduction in death or poor outcome of 1.2% (-
4.2 to 6.6, p=0.7). Most results however were not statistically significant. The group of patients with dysphagia in 
this trial (n-321) was randomized to receive a nasogastric (NG) tube or a percutaneous endoscopic gastrostomy 
(PEG) tube for enteral feeding. PEG feeding was associated with an absolute increase in risk of death of 1.0% (-10.0 
to 11.9, p=0.9) and an increased risk of death or poor outcome of 7.8% (0.0 to 15.5, p=0.05).  

EBRSR (2009) conclusion regarding the use of enteric feeding tubes is that there is strong  evidence that intragastric 
feeding is associated with fewer mechanical complications compared to nasogastric feeding for stroke patients who 
require long term (>28 days) non-oral feeding. 

Oral supplementation was evaluated in one branch of the FOOD study. Acute stroke patients without dysphagia 
(n=4,023) were randomized to receive an oral nutritional supplement (540 Kcals) in addition to a hospital diet, 
provided for the duration of their entire hospital stay. The outcome of death or disability was evaluated at 6 months. 
Supplemented diet was associated with an absolute reduction in risk of death of 0.7% (95% CI -1.4 to 2.7) and an 
increased risk of death or poor outcome of 0.7% (-2.3 to 3.8). The result was compatible with a 1% or 2% absolute 
benefit or harm from oral supplements.  

Rabadi et al. (2008) conducted a randomized trial of 102 stroke patients admitted for inpatient rehabilitation who 
had lost 2.5% of their pre-stroke weight during the acute admission period.  Subjects were randomized to receive a 
either a regular supplement (381 Kcals, 15g protein) or intensive supplement (720 Kcals, 33g protein) daily 
throughout their hospital stay. The results showed that patients receiving intensive nutritional supplementation 
improved more than those on standard nutritional supplements on measures of motor function (total FIM, FIM 
motor subscore, 2-minute and 6-minute timed walk tests, were all significant (p < 0.002). The difference in FIM 
change scores was 31.5 (intensive group) vs. 22.9 (regular group). They did not, however, improve on measures of 
cognition (FIM cognition score). A higher proportion of patients who received the intensive nutritional 
supplementation went home compared to those on standard supplementation (43% vs. 63%, p = 0.05).  

In pooled analyses of the results of 4 trials, EBRSR conclusion was that Oral supplementation in patient post stroke 
improves energy and protein intake although it may not necessarily improve functional outcomes. 
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11 COGNITIVE REHABILITATION 

11.1 Non-Drug Therapies for Cognitive Impairment 

BACKGROUND 

Impairments in cognitive functioning are common following a stroke. In particular, impairments in attention, 
memory, and executive functioning (i.e., integrating multiple and complex processes) can be especially disabling. 
The treatment of cognitive deficits through cognitive remediation designed to reduce deficits can be approached in a 
variety of ways. Cicerone and colleagues (2005) completed a comprehensive review of the evidence-based literature 
for cognitive remediation for both traumatic brain injury (TBI) and stroke. The review revealed a large number of 
RCTs in a variety of areas of cognitive functioning and provided comprehensive guidelines for cognitive 
rehabilitation specific to these populations. There is support for cognitive remediation of deficits in both the acute 
and post-acute phases of recovery from stroke and TBI, although some of the improvements were relatively small 
and task specific. Some benefits were specific to the TBI population, although it seems reasonable to extend some of 
these results to the stroke population. 

RECOMMENDATIONS 
1. Recommend that patients be given cognitive re-training, if any of the following conditions are 

present:  
a. Attention deficits [A] 
b. Visual neglect [B] 
c. Memory deficits [B] 
d. Executive function and problem-solving difficulties [C] 

2. Patients with multiple areas of cognitive impairment may benefit from a variety of cognitive re-
training approaches that may involve multiple disciplines. [C] 

3. Recommend the use of training to develop compensatory strategies for memory deficits in post-
stroke patients who have mild short term memory deficits. [B] 

DISCUSSION 

Two RCTs and two Level II studies demonstrated improved attention in post-acute stroke rehabilitation patients 
through utilization of a variety of treatment approaches with differing levels of complexity and response demands. 
The interaction and monitoring of activities by therapists were also considered important aspects of these treatments. 
The results seen were fairly small and task specific and the ability to generalize these to stroke patients is unclear. 
There was insufficient evidence to distinguish between spontaneous recovery and interventions in moderate to 
severe patients in the acute recovery phase.  

Evidence from six Level I studies and eight Level II studies exists to support the utilization of visual spatial 
rehabilitation for visual neglect after a right CVA.  

Four RCTs utilizing TBI patients demonstrated some benefit for memory functioning. Three of these studies 
reported an increase in memory function based on neuropsychological measures and decreased subjective 
complaints of memory. The fourth study showed similar benefits when patients were stratified by severity of initial 
memory impairments. The use of training to develop compensatory strategies for memory deficits has been found 
beneficial in stroke patients who have mild impairments and who are fairly independent in daily function, actively 
involved in identifying their memory problems, and are capable and motivated to incorporate use of the strategy. No 
data specifically utilizing stroke patients was identified.  

A Cochrane review (Cicerone et al., 2005) with one RCT (n=12) showed no significant improvement for memory 
functioning or subjective memory complaints.  

Three studies with various non-RTC designs and relatively small sample sizes (n=43) looked at executive 
functioning in stroke and TBI patients. Benefit from formal problem-solving strategies and the ability to apply these 
strategies to everyday situations and functional activities was found for patients with executive function and 
problem-solving dysfunction. There is some evidence that the promotion of awareness and self-regulation through 
verbal instruction, questioning and monitoring can improve problem-solving skills.  
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EVIDENCE TABLE 

   Recommendation  Sources  LE  QE SR  
1  Use of training to improve attention 

in post-acute stroke 
Cicerone et al., 2005 
Gray et al., 1992 
Nieman et al., 1990 
Sohlberg et al., 1987 
Strache, 1987  

I 
I 
I 
II 
II  

Good  A  

2  Use of training to compensate for 
visual neglect following a right 
CVA 

Cicerone et al., 2005  I  Good  B  

3  Use of training to develop 
compensatory strategies for a mild 
short-term memory deficit  

Cicerone et al., 2005 
Ryan & Ruff, 1988  

I  Good  B  

4  Use of formal problem solving 
strategies  

Cicerone et al., 2005 II  Fair  C  

5  Multimodal intervention for 
multiple cognitive deficits 

Cicerone et al., 2005 III  Fair  C  

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
 

11.2 Use of Drugs to Improve Cognitive Impairment 

BACKGROUND 

Vascular cognitive impairment affects up to 60% of stroke survivors and is associated with decreased function, 
increased dependence and higher mortality. Post-stroke dementia is estimated to occur in 26% of stroke patients 
(Black, 2007).  Patients with vascular cognitive impairment may benefit from the same pharmacologic interventions 
used in Alzheimer’s disease. Further study is needed before definitive recommendations can be made.  

Evidence no longer supports the use of central nervous system stimulants to improve participation in stroke 
rehabilitation or to enhance motor recovery.  

While undergoing rehabilitation for stroke, patients may receive a variety of medications to treat complications of 
the stroke or other unrelated medical conditions.  Medications that cross the blood brain barrier and have central 
nervous system effects may have potentially deleterious or beneficial effects on stroke recovery and should be used 
with caution. 

RECOMMENDATIONS 

1. Consider using acetylcholinesterase inhibitors (AChEIs), specifically galantamine, donepezil, and 
rivastigmine, in patients with vascular dementia or vascular cognitive impairment in the doses and 
frequency used for Alzheimer’s disease.  

2. Consider using the NMDA receptor inhibitor memantine (Namenda) for patients with vascular 
dementia (VaD) or vascular cognitive impairment (VCI). [B] 

3. The use of conventional or atypical antipsychotics for dementia-related psychosis or behavioral 
disturbance should be used with caution for short term, acute changes.  

4. Recommend against centrally acting a2-adrenergic receptor agonists (such as clonidine and others) 
and a1-receptor antagonists (such as prazosin and others) as antihypertensive medications for 
stroke patients because of their potential to impair recovery. [D]  

5. Recommend against the use of amphetamines to enhance motor recovery following stroke. [D] 

DISCUSSION 

Vascular dementia (VaD) is an impairment of memory and other cognitive domains in patients with ischemic 
cerebrovascular disease. VaD is the second most common dementia, following Alzheimer’s disease; and the 
combination of Alzheimer’s and cerebrovascular disease is the most common neuropathologic finding in population 
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autopsy studies (Black, 2007) 

11.2.1 Cholinesterase Inhibitors 

AChEIs include galantamine (Razadyne), donepezil (Aricept), and rivastigmine (Exelon). The evidence support for 
the use of AChEIs in VaD and VCI is much less robust than for Alzheimer’s disease, nevertheless, modest benefits 
seem to accrue in patients with VaD and vascular cognitive impairment (VCI) (Craig & Birks, 2005).  Long term 
studies have not been done, with most trials lasting 24 to 28 weeks. The memantine benefit appears to accrue from 
worsening of the control group. Galantamine, a reversible, competitive acetylcholinesteraseinhibitor (AChEI), is 
approved for the treatment of mild-to-moderate Alzheimer disease (AD).  

11.2.2 NMDA Receptor Inhibitor Memantine  

Numerous good quality studies have examined the effects of amphetamine on motor recovery following stroke 
(Martinsson, 2003; Platz, 2005; Sonde, 2007; Treig, 2003). Overall, there did not appear to be a significant treatment 
effect, despite positive animal studies and a physiologically based mechanism of action.  

Limited data support the use of other neurotransmitter-releasing agents to promote stroke recovery, including 
methylphenidate (Grade et al., 1998), levodopa (Scheidtmann et al., 2001) and norepinephrine precursor L-threo-
3,4-dihydroxyphenylserine [L-DOPS] (Nishino et al., 2001).  

The Cochrane Review evaluated pharmacological treatment following stroke with aphasia (Greener et al., 2001). A 
total of 10 trials were identified as suitable for review. The drugs reviewed included piracetam, bifemalane, 
piribedil, bromocriptine, idebenone, and Dextran-40. Weak evidence supported piracetam, a drug currently not 
available in the United States, for use in aphasia recovery. Insufficient safety data and the lack of adequately 
designed clinical trials to fully evaluate the efficacy of the listed pharmaceutical agents were noted. 
Dextroamphetamine in a recent trial was tested in a small, randomized trial in aphasia not evaluated in the Cochrane 
review (Walker-Batson et al., 2001). The drug was beneficial for aphasic patients, but the beneficial effects did not 
appear to be sustained at six months. There is insufficient data on optimal dosing and safety precludes routine use of 
these medications for aphasia.  

In retrospective analyses of data collected during stroke clinical trials (Goldstein, 1995; Troisi et al., 2002), CNS 
depressants such as neuroleptics, barbiturates, benzodiazepines, and anticonvulsants have been associated with 
poorer outcomes. In the human studies, it is difficult to separate cause and effect, since the conditions treated by 
these medications, when occurring after stroke, may themselves be associated with more severe brain injury and 
worse outcome. In the absence of additional data, clinicians should limit the use of these medications in patients 
recovering from stroke as much as is practical. Routine use of these medications for minor indications (e.g., use of 
benzodiazepines for mild insomnia during inpatient rehabilitation) is discouraged.  

11.2.3 α2-adrenergic Receptor Agonists  

BACKGROUND 

Centrally acting α2-adrenergic receptor agonists (such as clonidine and others) and a1-receptor antagonists (such as 
prazosin and others) have been associated with poorer outcomes in at least one retrospective analysis (Goldstein, 
1995; Trosi et al., 2002)  Data support the beneficial effects of other classes of antihypertensives (ACE inhibitors, 
angiotensin receptor blockers, and diuretics) for secondary stroke prevention, and these drugs are generally preferred 
as first line agents for hypertension control in patients following stroke. 
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EVIDENCE TABLE 

   Recommendation  Sources  LE QE Benefit R  

1  doneprezil taken for 24 weeks 
improves cognitive function in 
patients with probable or possible 
vascular dementia 

Craig & Birks, 2005 I Good Subst A 

2  rivastigmine is associated with 
more stable cognitive performance 
and improved behavioral outcomes 
among patients with subcortical 
vascular dementia 

Craig & Birks, 2005 I Good Subst B 

3  galantamine is associated with 
improvements in cognitive and 
functional ability 

Craig & Birks, 2005 I Good Subst C 

 Treatment with memantine is 
associated with stabilization or 
improvement of cognitive function 

Martinsson et al., 2003 
Platz et al., 2005 
Sonde et al., 2007 
Treig et al., 2003 

I Good Mod B 

4  a2-adrenergic receptor agonists are 
associated with poorer outcomes 
and should be avoided 

Goldstein et al., 1995 
Trosi et al., 2002 

I-2 Fair None D 

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 

11.3 Apraxia   

BACKGROUND 

Apraxia is neurological deficit that often occurs following stroke in which the patient demonstrates difficulty 
performing learned purposeful movement regardless of the intent and physical capability to perform to specific task.  
This motor planning difficulty significantly impacts performance of daily activities and return of independence 
following stroke. Utilizing task-specific training to address motor deficits following stroke may be important. 

RECOMMENDATIONS 

1. Insufficient evidence to support specific therapeutic interventions for apraxia following stroke. [I] 

EVIDENCE STATEMENTS 

A systematic review (West, 2008) of 3 randomized trials that assessed various interventions (strategy planning for 
ADLs, sensory stimulation, proprioceptive stimulation, verbal or physical cuing and motor facilitation concludes 
that there is insufficient evidence to support specific therapeutic interventions to effect apraxia following stroke. 
Further research in this area is warranted.  

EVIDENCE TABLE 

   Recommendation  Sources  LE QE SR  
1  Interventions to address apraxia West, 2008 [§]  I  Poor  I  
LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
 

11.4 Hemispatial Neglect / Hemi-inattention   

BACKGROUND 

Stroke, especially within the right hemisphere, may affect a person’s awareness of the space around them (usually 
on the left), and the space occupied by their body.  For example, they may not be fully aware of (or ‘neglect’) their 
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left arm, fail to move into the neglected hemispace, or fail to attend to things that are positioned in space on their left 
(e.g., a dining fork).  These patients often fatigue easily.  The presence of a unilateral spatial neglect (USN) has 
deleterious effects on all aspects of a person’s daily activities and negative impact on functional recovery, length of 
rehabilitation stay, and need for assistance after discharge.  

RECOMMENDATIONS 

1. Recommend cognitive rehabilitation for patients with unilateral spatial neglect such as cueing, 
scanning, limb activation, aids and environmental adaptations.  [B] 

2. Nursing and therapy sessions (e.g., for shoulder pain, postural control, feeding) need to be 
modified to cue attention to the impaired side in patient with impaired spatial awareness.  [I] 

DISCUSSION 

Evidence for interventions in this area is wide ranging.  Reported incidence of USN ranges from 8% to 95%, 
however, sample selection, definitions of USN and methods used to assess USN are not consistent in all studies that 
report its incidence.  Interventions to improve neglect may be classified into a) those which attempt to increase the 
patient's awareness of or attention to the neglected space or b) those which focus on the remediation of deficits of 
position sense or body orientation. 

A systematic review (Bowen et al., 2007) examined 15 controlled trials of cognitive rehabilitation for neglect and 
found that, overall, there was some evidence that cognitive rehabilitation for neglect improves performance on 
neuropsychological tests, but evidence of little or no effect of intervention on increased activity.  

Cognitive rehabilitation was defined as therapeutic activities designed to reduce directly the level of cognitive 
deficits or the resulting disability, and could include structured therapy sessions, computerized therapy, prescription 
of aids and modification of the patient's environment (Bowen et al., 2007). 

In addition to the studies examined in this review, three further controlled trials have been identified and the findings 
are mixed (Hajek et al., 1993; Niemeier et al., 2001; Zeloni et al., 2002). 

Of the various types of intervention studies, visual-scanning training appeared to reduce symptoms of spatial neglect 
and associated disability Niemeier et al., 2001).  There were insufficient quality studies for the use of Fresnel 
prisms, half visual field eye patches, mirror therapy, activation treatments, caloric stimulation, TENS, and computer-
based rehabilitation. 

EVIDENCE TABLE 

   Evidence  Sources  LE  QE Net Ben SR  
1  Cognitive rehabilitation for patients 

with unilateral spatial neglect such as 
cueing, scanning, limb activation, 
aids and environmental adaptations 

Bowen, et al., 2007 
Neimeier, et al., 2001 

I Poor  None/Small C 

2 Modified nursing and therapy 
sessions (e.g., for shoulder pain, 
postural  control, feeding) to cue 
attention to the impaired side in 
patient with impaired spatial 
awareness 

Work Group Consensus III Poor  I 

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
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12 COMMUNICATION 

BACKGROUND 

Rates of spontaneous improvement of speech, language, and cognition impairments secondary to stroke decrease 
with time post-stroke, making early treatment of communication disorders an important step towards achieving 
independence and improving quality of life.  Goals of treatment are to: 1) facilitate recovery from communication 
difficulties; 2) assist patients in developing strategies to compensate for residual communication impairments; and 
3) counsel and educate people in the patient's environment to facilitate communication, decrease isolation, and meet 
the patient's wants and needs.  Specific approaches to treatment depend on numerous factors, including the subtype 
and severity of the disorder; co-existing communication and cognitive problems; and pre-morbid variables such as 
education, vocation, and learning style. 

RECOMMENDATIONS 

1. If the communication assessment indicates impairment in speech, language, and/or cognition, 
treatment should be considered for those affected components. Treatment can be provided 
individually, in groups, or by computer or trained volunteer under the supervision of a clinician.  

2. Maximum restoration of the impaired ability should initially be considered:  
• For dysarthria (and other impairments of speech), treatment can include techniques to 

improve articulation, phonation, fluency, resonance, and/or respiration  
• For aphasia (and other impairments of language), treatment can include models 

designed to improve comprehension (e.g., stimulation/facilitation) and/or expression 
(e.g., word retrieval strategies) of language. It is recommended that the rate of 
treatment (“intensity”, “dosage”) should be higher rather than lower 

• For dementia (and other impairments of cognitive aspects of communication), 
treatment can include techniques to maximize attention, memory, problem-solving, 
and executive functions  

3. Once maximum restoration is achieved, compensation of the remaining impairment should be 
considered:  
• For dysarthria, compensatory approaches include prostheses (e.g., palatal lift for 

hypernasality), alternate modalities (e.g., writing or gesturing), and 
augmentative/alternative communication (AAC) devices (e.g., a portable typing 
device that generates synthesized speech) 

• For aphasia, compensatory approaches include alternate modalities (e.g., gesturing) 
and AAC devices (e.g., a portable electronic pointing board) 

• For dementia, compensatory approaches include memory books, portable alarms, 
Personal Digital Assistants (PDA’s), and similar devices to provide reminders and 
other information as needed.  

4. Once maximum restoration and maximum benefits of compensation are achieved, counsel and 
educate those closest to the patient to modify the patient’s environment to minimize and eliminate 
obstacles to communication, assisting them in such activities as helping them pay their bills or 
recording a message on their phone answering machine instructing callers to leave a message. 

EVIDENCE STATEMENTS 

Six systematic reviews (five general, one constraint-induced) indicated that aphasia treatment is effective (Cherney 
et al., 2008; Cicerone et al., 2005; Pedersen et al., 2001; Robey, 1994 & 1998; Whurr et al., 1997).  

Two meta-analyses (Robey, 1994 & 1998) that included observational and quasi-experimental studies addressing 
treatment outcomes of adults with aphasia at different recovery periods concluded:  

• Recovery of treated individuals was nearly two times that of untreated individuals when treatment was 
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begun in the acute stage (less than four months from insult). Furthermore, treatment brought about an 
appreciable, but smaller, improvement when begun after the acute period (Robey, 1994)  

• Outcomes for treated individuals are superior to those for untreated individuals in all stages of 
recovery. Outcomes are greatest when begun in the acute stage of recovery (Robey, 1998) 

• Four RCT treatment studies demonstrated statistically significant improvement for stroke patients with 
chronic aphasia when compared to untreated stroke patients (Cicerone et al., 2005; Doesborgh et al., 
2004; Elman & Bernstein-Ellis, 1999; Katz & Wertz, 1997). Treatment provided in the studies 
included computerized stimulation/facilitation (Katz & Wertz, 1997), computerized compensatory 
strategies (Doesborgh et al., 2004), group treatment (Elman & Bernstein-Ellis, 1999), and constraint-
induced (Cicerone et al., 2005). 

• Two RCT treatment studies (Katz & Wertz, 1997; Doesborgh et al., 2004) and two small group studies 
(Fink et al., 2002; Pedersen et al., 2001) support the use of computerized treatment for aphasia under 
the supervision of a clinician  

• Two systematic reviews (one apraxia of speech, one dysarthria) of single-case and small studies 
investigating various treatments indicated positive outcomes for non-stroke neurological adults with 
motor speech problems (Wambaugh et al., 2006; Yorkston et al., 2007)  

• One systematic review investigating various treatments indicated that treatment of cognitive-
communication problems is effective (Cicerone et al., 2005)  

• Insufficient evidence exists to support pharmacological intervention and the safety of its use for 
patients with aphasia (Greener et al., 2001; Ricci et al., 2002; Walker-Batson et al., 2001)  

• Benefit of trained volunteers incorporated into a treatment program to improve communication has 
been demonstrated (Greener et al., 1999; Kagan et al., 2001; Marshall et al., 1989)  

• Positive outcomes from group treatment have been demonstrated in randomized group studies although 
the existence of benefits is not clearly known (Greener et al., 1999; Worrall & Yiu, 2000)  

• Benefits of augmentative/alternative communication (AAC) devices are evident for non-verbal patients 
suffering from dysarthria, but not clearly demonstrated for severely-impaired adults with aphasia 
(Aftonomos et al., 1997)  

• Rate of treatment should be higher rather than lower (Denes et al., 1996; Hinckley et al., 1998; 
Pulvermuller et al., 2001)  
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EVIDENCE TABLE 

   Recommendation  Sources  LE  QE  SR  
1  Language treatment is effective Cherney et al., 2008 

Cicerone et al., 2005 
Robey, 1994, 1998 
Whurr et al., 1997 

I  Good  A  

2  Early treatment is more effective 
than later 

Robey, 1994, 1998 I  Good  A  

3  Language treatment is efficacious Doesborgh et al., 2004 
Elman & Bernstein-Ellis, 1999 
Katz & Wertz, 1997 
Pulvermuller et al., 2001 

I  Good A 

4  Computerized language treatment is 
efficacious 

Doesborgh et al., 2004 
Fink et al., 2002 
Katz & Wertz, 1997 
Pedersen et al., 2001 

I  Good  A  

5  Treatment of motor speech (apraxia 
of speech, dysarthria) is supported 

Wambaugh et al., 2006 
Yorkston et al., 2007  

II  Poor  I  

6  Treatment of cognitive problems is 
effective 

Cicerone et al., 2005 I  Good  A  

7  Insufficient evidence for 
pharmaceutical intervention 

Greener et al., 2001 
Ricci et al., 2002 
Walker-Batson et al., 2001 

I  Poor  I  

8  Incorporation of trained volunteers 
is supported 

Green et al, 1999 
Kagan et al., 2001 
Marshall et al., 1989 

II  Fair  B  

9  Group treatment is supported.  Elman et al., 1999 
Greener et al., 1999 
Wertz et al., 1981 
Worrall et al., 2000 

II  Fair  B  

10  Augmentative/Alternative 
Communication devices may 
improve functional communication 

Aftononmos et al., 1997 II  Fair  B  

11  High rate of treatment is supported  Denes et al., 1996 
Hinkley et al., 1998 

I  Good  B  

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
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13 MOTOR IMPAIRMENT and RECOVERY 

13.1 Treatment Approach   

BACKGROUND 

Several theoretical models of motor behavior exist.  These models serve as the foundation for treatment approaches 
for central nervous system (CNS) dysfunction. Traditional approaches to CNS dysfunction are based on reflex or 
hierarchical models of motor control.  Contemporary models of motor control and learning focus on the interaction 
of higher and lower centers of control and view the nervous system as one system among many that influence motor 
behavior.  Contemporary task oriented approaches focus on the interaction of multiple systems and assume that 
motor control and behavior are organized around goal directed and functional activities, rather than on muscles or 
movement patterns.  

Unilateral muscle dysfunction post stroke is well defined. Recovery of affected muscle groups is essential to regain 
function.  Many approaches to motor recovery such as NDT/Bobath, Brunnstrom, PNF, conventional strengthening 
strategies (PREs, isometrics, isokinetics), and others have been shown useful as adjuncts to rehabilitation, however 
no one approach has proven more useful than the others.  The best approach to rehab will incorporate a combination 
of these techniques throughout the recovery process. 

RECOMMENDATIONS 

1. Strongly recommend a comprehensive motor recovery program early on in stroke rehab.  
2. There is insufficient evidence to recommend for or against using NDT in comparison to other 

treatment approaches for motor retraining following an acute stroke. [I] 
3. Recommend that motor recovery program should incorporate multiple interventions, emphasizing 

progressive difficulties, repetition, and functional task practice,  [B] 
4. Interventions for motor recovery (including improving ambulation) should include cardiovascular 

exercise fitness and strengthening.  [A] (see Sections 13.1.5, and 13.7)  

DISCUSSION 

13.1.1 Multimodal Approach 

The synthesis of the evidence suggests that a multimodal approach can lead to improved outcomes. Improving 
balance and mobility requires adequate practice of the activity, a progression in the difficulty of the tasks, sufficient 
intensity, frequency and duration of practice sessions, and functional task specific activities.  These interventions are 
best provided by several different modes, i.e. multi-modal interventions. Combining specific interventions that have 
been shown to be efficacious, repetition, and practice as well as engaging the patients will lead to better outcome. 

The current level of evidence for multi-modal interventions is limited, because most trials are small with design 
limitations, with inadequate control groups.  The studies are inconsistent in comparing levels of intensity of therapy 
received, the timing of treatment in relation to the onset of stroke, and have inadequate monitoring of adverse 
events. The evaluation of the sum of these studies suggests high intensity therapy, usually physical therapy, and 
repetitive task training, improves walking (Langhorne et al., 2009). Although the existing evidence is limited by 
poor trial designs, some studies of sufficient sample size and homogeneity show that improvement of walking 
improves ADLs, participation and quality of life (QOL). 

A meta-analysis of RCTs conducted by Langhorne (2009) demonstrates that “cardiovascular fitness training, 
incorporating a mixture of cardio-respiratory and strength training, high intensity physiotherapy and repetitive task 
training showed a consistent pattern of improvement in walking speed.”  Other modalities, like treadmill training 
motor approaches, and electro-mechanical assisted gait training devices, show a trend towards a positive effect, but 
are compromised by few studies and small numbers. 
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13.1.2 Repetitive Movement 

One systematic review of repetitive movement practice has indicated that such practice is not beneficial for 
facilitating motor recovery after stroke.  Multiple RCTs of therapies in which actual tasks are practiced have shown 
to facilitate motor skill gains (Volpe, 2008; Woldag et al., 2003; Wolf, et al., 2006).  French et al. (2008), in a 
systematic review, summarized fourteen trials with 17 intervention-control pairs that included 659 patients assessing 
repetitive task training after stroke. The results showed statistically significant for walking distance (mean difference 
(MD) 54.6, 95% CI 17.5 to 91.7); walking speed (standardised mean difference (SMD) 0.29, 95% CI 0.04 to 0.53); 
sit-to-stand (standard effect estimate 0.35, 95% CI 0.13 to 0.56); and of borderline statistical significance for 
functional ambulation (SMD 0.25, 95% CI 0.00 to 0.51), and global motor function (SMD 0.32, 95% CI -0.01 to 
0.66). There were no statistically significant differences for hand/arm function, or sitting balance/reach. The author 
concluded that repetitive task training resulted in modest improvement in lower limb function, but not upper limb 
function. Training may be sufficient to have an impact on daily living function. However, there is no evidence that 
improvements are sustained once training has ended. 

13.1.3 Neurophysiological Approaches (Neurodevelopmental Therapy/Bobath, Brunnstrum, PNF) 

Three RCTs were found from the literature review (Brunham & Snow, 1992; Mulder et al., 1986; Wagenaar et al., 
1990); however, the studies were too small or poorly designed to serve as models for the use of NDT for motor 
retraining following stroke. These studies have also produced conflicting results. Brunham & Snow (1992) 
compared NDT to "conventional physiotherapy" and found "the results favored conventional therapy over NDT, 
although all patients attained their goals regardless of treatment type." Mulder and colleagues (1986) compared 
"electromyographic (EMG) feedback in the re-learning of motor control to the effects of a conventional physical 
therapy procedure (i.e., NDT)" and results of the study found no significant differences. Wagenaar and colleagues 
(1990) found that there were no significant differences between patients treated with NDT versus the Brunstrom 
method.  

A systematic review by Eng (2007) concluded that Neurodevelopmental approaches were equivalent or inferior to 
other approaches to improve walking ability. 

Two systematic reviews (Luke et al., 2004; Langhammer et al., 2010) and 9 small RCTs (Gelber, et al., 1995; 
Langhammer, et al., 2000; Platz, Eickhof et al., 2005a; Dickstein, et al., 1986; Wagenaar, et al., 1990; van der Lee, 
et al., 1999; Basmajian, et al., 1987; Van Vliet, et al., 2005) that tested the efficacy of the neurophysiological 
approaches.  While in each case, there were improvements in motor function with these therapies, no trial showed 
that these approaches were superior to the respective comparison therapies.  Some trials (e.g., Langhammer, et al., 
2000; van der Lee, et al., 1999; Platz, et al, 2005) showed an advantage of the comparison therapy over the 
neurophysiological approach. 
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EVIDENCE TABLE 

 Recommendation  Sources  LE  QE  SR  
1 Comprehensive motor recovery program 

early on in stroke rehabilitation 
Group Consensus III Poor I 

2 Insufficient evidence to recommend for or 
against using NDT in comparison to other 
treatment approaches 

Group Consensus III Poor I 

3 Motor recovery program should include 
multiple interventions emphasizing 
progressive difficulties, repetition, and 
functional task practice 

Langhorne, 2009  [SR] I Fair B 

4 NDT for motor retraining following 
acute stroke as compared to other 
treatment approaches 

Bruhnam & Snow, 1992 
Mulder et al., 1986 
Wagenaar et al., 1990  

I  Fair  C  

5  NDT(Bobath), Brunnstrom, and PNF - 
utilizing Proprioceptive Neuromuscular 
Facilitation techniques are not superior 
in improving  motor impairments post 
stroke  

Luke et al., 2004 [§] 
Langhammer, et al., 2010)  [§]  
Gleber, et al., 1995  
Langhammer, et al., 2000 
Platz, et al., 2005 
 Dickstein, et al., 1986  
Wagenaar, et al., 1990  
van der Lee  et al., 1999  
Basmajian, et al., 1987  
Van Vliet, et al., 2005 

1  Fair C 

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 

13.1.4 Task Specific Approach 

There is strong evidence that task-specific training improves motor recovery.   

• Sullivan (2007) demonstrated improved walking speed in BWSTT vs. cycling. 
• Ada (2003) in a randomized trial with follow-up in 3 months conducted a 4-week treadmill training (30 min 

3 times per week) program combined with overground walking which increased walking speed and 
walking capacity.  

• Richards (2004) compared one group walking with technology (TDM/kinetron) and another group walking 
only; both groups improved, neither one did better than the other. 

• Blennerhassett & Dite (2004) demonstrated that task related practice in a circuit class format was a 
practical and effective means to provide supervised additional practice that led to significant and 
meaningful functional gains. 

• Salbach et al. (2004) conducted a task oriented intervention comprised of 10 functional tasks designed to 
strengthen the lower extremities and enhance walking balance, speed and distance. They found enhanced 
walking competence compared to the control group in the first year post stroke, particularly in people with 
moderate walking deficits. 

• Marigold (2005) conducted a study in which community dwellers (chronic stroke) were randomized to 
stretching and weight shifting group and an agility group. Although exercise led to improvements in all 
clinical outcome measures for both groups, the agility group demonstrated greater improvement in step 
reaction time and paretic rectus femoris postural reflex onset latency than the stretching/weight-shifting 
group. Fewer falls in platform translation were also reported. 

• Dean (2007) investigated the effect of sitting training protocol in people early after stroke on sitting ability. 
Sitting training protocol that involved practicing reaching tasks beyond arm's length were compared to 
sham sitting training protocol that involved practicing cognitive-manipulative tasks within arm's length. 
After two weeks of training, the experimental group had increased their maximum reach distance, 
decreased their movement time, increased their peak vertical force through the affected foot and increased 
their peak vertical force through the affected foot during standing up. Improvement was maintained at 6 
month follow-up assessment. 
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• Yang (2005) demonstrated that asymmetric gait pattern in patients post stroke could be improved by 
receiving additional backward walking therapy.  Subjects participated in 40 min of conventional training 
program three times a week for three weeks. Subjects in experimental group received additional 30 min of 
backward walking training for three weeks at a frequency of three times per week that resulted in increased 
speed, stride length and symmetry index compared to the control. 

• Yang (2006) in a study which included four-week task-oriented progressive resistance strength training 
compared to no treatment demonstrated significant improvement in muscle strength for strong side muscle 
groups and paretic side muscle groups. The experimental group showed significant improvement in 
functional performance except for the step test. In the control group, the number of repetitions of the step 
test significantly decreased (-20.3%) with no change in other functional tests.  

EVIDENCE TABLE 

   Evidence Sources  LE  QE SR  
1  Task Specific Training – improved 

function dependent on activity 
tested (reach, gait, and other 
outcomes) 

Ada, 2003  
Dean, 2008  
Marigold, 2005  
Richards, 2004  
Blennerhassett & Dite, 2004  
Salbach et al., 2004  
Sullivan, 2007  
Yang, 2005, 2006 

I  Fair  B  

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
 

13.1.5 Strengthening and Exercise 

BACKGROUND 

Paresis or weakness of the lower extremities is a common impairment after a stroke.  Weakness in the lower 
extremities causes difficulty with mobility and walking.  Stroke damages upper motor neurons, depriving lower 
motor neurons of descending excitatory input, leading to weakness and atrophy of muscle cell bulk. Strengthening 
exercises seek to increase the amount of force generated by muscle contraction.  Exercise does not bring back upper 
motor neuron input, but works at the level of skeletal muscle using remaining innervation. Physiologically the 
increased force achieved with repetitive resistance exercise is due to hypertrophy of muscle cells.  Strengthening 
exercises may include progressive resistive exercises (weight lifting), weight bearing, and isokinetic exercise. 
Exercise may also include tasks that incorporate sequencing and motor control, in addition to strengthening.   

RECOMMENDATIONS 

1. Consider using strength training as a component of the therapeutic approach in paretic patients. [B] 

DISCUSSION 

There is mixed evidence on the value of strengthening exercise post-stroke.  Using a variety of interventions, some 
mixed with functional tasks, many small studies have shown positive outcomes, but others have not found 
significant changes. Many different functional outcomes have been measured including walking speed, FIMs, health 
profile measures, 6 minute walk, timed up and go (TUG), and muscle strength itself.  Control groups have received 
usual care, upper limb exercises, therapeutic exercise, relaxation, and no specific treatment.  Given the variety of 
intervention designs and outcome measures, it is difficult to combine these in a meta-analysis.  Historically, strength 
training was avoided in stroke because of concern that this would increase spasticity, though these fears are 
unfounded.  (Morris, 2004) 

Studies have examined, progressive resistance training, weight bearing on the leg extensors [Nugent] isokinetic 
exercise, circuit training, free weights, weight machines, isometric exercise. 

A meta analysis of 21 RCTs conducted by van de Port et al. (2007) showed that programs focusing on 
cardiorespiratory and gait oriented training are more beneficial in improving walking competency than programs 
centered on strengthening. Cardiorespiratory fitness programs had a nonsignificant medium effect size on gait speed. 
No significant effects were found for programs targeting lower-limb strengthening. In the best-evidence synthesis, 
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strong evidence was found to support cardiorespiratory training for stair-climbing performance. Although functional 
mobility was positively affected, there was no significant effect of gait training on activities of daily living, 
instrumental activities of daily living, or health-related quality of life. 

Eng et al. (2007) found that strengthening exercises improve muscle strength, but not transfer to improved walking 
ability. 

Evidence Table 

   Evidence Sources  LE QE SR  
1  Strength training of weakened 

muscles post stroke  
Cramp, 2006 § 
Mead et al., 2007   
Moreland et al., 2003 
Ouellette et al., 2004 
Tihanyi et al., 2007 

I  Poor  I  

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
 
 
13.2 Range of Motion (ROM) 

BACKGROUND 

Hemiparesis following stroke commonly contributes to decreased active and passive range of motion (ROM) of the 
involved joints.  Profound hemiparesis can lead to joint contractures which predispose a patient to problems such as 
impaired mobility and pressure ulcers.  Passive (PROM) and active (AROM) exercise are frequently employed to 
help reduce the risk of secondary musculoskeletal impairment from decreased joint ROM.  

Stroke can worsen pre-existing osteoarthritis or lead to the genesis of osteoarthritis by producing muscle imbalances 
that result in inappropriate forces/torques across joints.  Maladaptive activity patterns or postures can develop in 
upper or lower extremities after stroke as individual attempt to reacquire function.  For example hyperextension of 
the knee in a paretic leg is a maladaptive activity pattern for weight bearing on a paretic lower extremity.  
Osteoarthritis can be painful and limit joint range of motion. 

RECOMMENDATIONS 

1. Consider active and passive ROM prolonged stretching program to decrease risk of contracture 
development (night splints, tilt table) in early period following stroke. [C] 

2. Joint movement and positioning needs to be carefully monitored during rehabilitation to prevent 
the development of maladaptive activity patterns.  

DISCUSSION 

The majority of research on PROM following stroke has not demonstrated impact on contracture development.  
Most recent research (Robinson, 2008) suggests early prolonged PROM (weight bearing on tilt table and night 
splints) may prevent contracture development. 

EVIDENCE TABLE 

   Recommendation  Sources  L
E 

QE  R  

1  Prolonged PROM and AROM prevent contractures,  
improves safety and independence with functional 
activities 

Robinson, 2008  I
  

Poor C 

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 

13.3 Spasticity 

BACKGROUND 

Stroke patients with hemiplegia often develop abnormal patterns of increased muscle tone that are usually associated 
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with hyperactive stretch reflex.  The combination of increased motor tone and reflex hyperactivity is spasticity.  
Spasticity may lead to muscle shortening, abnormal postures, pain and contracture.  Contractures that restrict 
movement of the involved joint or are painful will impede rehabilitation and limit a patient's potential for recovery.  
Early treatment is key to managing this disabling complication.  It is generally accepted to combine interventions 
that reduce spasticity with aggressive physical therapy in order to increase active and passive ranges of motion.  
Without physical therapy, an intervention may transiently reduce spasticity, but will not result in functional gains. 

RECOMMENDATIONS 

1. Consider deterring spasticity with antispastic positioning, range of motion exercises, stretching and 
splinting.  Contractures may need to be treated using splinting, serial casting, or surgical 
correction. [C] 

2. Consider use of oral agents such as tizanidine and oral baclofen for spasticity especially if the 
spasticity is associated with pain, poor skin hygiene, or decreased function. Tizanidine should be 
used specifically for chronic stroke patients. [B]  

3. Diazepam and other benzodiazepines should be avoided during the stroke recovery period because 
this class of medication may interfere with cerebral functions associated with recovery of function 
after stroke, and these agents are likely to produce sedation which will compromise an individual’s 
ability to participate effectively in rehabilitation. [D] 

4. Consider use of botulinum toxin, on its own, or in conjunction with oral medication for patients 
with spasticity that is painful, impairs function, reduces the ability to participate in rehabilitation or 
compromises proper positioning or skin care. [B] 

5. Intrathecal baclofen treatments may be considered for stroke patients with chronic lower extremity 
spasticity that cannot be effectively managed by oral medication or botulinum toxin. [B] 

6. Consider neurosurgical procedures, such as selective dorsal rhizotomy or dorsal root entry zone 
lesion, for spasticity that cannot be managed by non-surgical modalities. [I] 

DISCUSSION 

Spasticity is defined as velocity-dependent hyperactivity of tonic stretch reflexes.  It impairs motor performance 
following stroke and can result in significant pain and functional disturbances.  The most impairing state from 
spasticity may be contractures, affecting or limiting limb function. Skin hygiene may also be a problem with 
spasticity.  

Non-pharmacologic Treatment 
Spasticity is typically treated in a stepwise approach, beginning with the least invasive modalities and progressing to 
more invasive.  Positioning, passive stretching, and range of motion exercise may provide relief and should be done 
several times daily in persons with spasticity.  Corrective measures for contractures that interfere with function 
include splinting, serial casting, or surgical correction.  No reliable data exist to compare different physical therapy 
interventions, with or without antispastic medications.  It is generally accepted that physical therapy can be used 
alone or to enhance the functional benefits of other treatments for spasticity. 

Oral Medication 
Tizanidine, baclofen, dantrolene, and diazepam are FDA approved oral medications in the United States for the 
treatment of spasticity.  There is limited evidence from controlled trials of spasticity treatment in stroke patients, and 
the conclusions of the majority of these trials found that spasticity and pain may be reduced, but no significant 
functional gains were made.  Tizanidine has been shown to have efficacy in chronic stroke patients with 
improvement in spasticity and pain without loss of motor strength, in an open label dose titration study (Gelber et 
al., 2001).  Dantrolene has limited trial data to support its use in stroke and cited benefits of no cognitive side effects 
(Ketel & Kolb, 1984).  Katrak et al. (1992) found that starting patients on Dantrolene Sodium early after a stroke, 
before the onset of disabling spasticity, produced no change in clinical tone or functional outcome.  Oral baclofen 
has some data to support its use in stroke (Milanov, 1992).  Reportedly, oral baclofen may cause significant sedation 
and have less impact on spasticity in stroke victims, in comparison to other disease conditions (Pedersen et al., 
1974).   
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 Botulinum Toxin 
A systematic review (Francis et al., 2004) noted that patients with upper limb spasticity receiving botulinum toxin-A 
had reduced muscle tone and increased passive range of motion.  One study also noted increased active range of 
motion in patients with upper limb spasticity.  In patients with lower extremity spasticity resulting from stroke, the 
use of botulinum toxin-A resulted in decreased muscle tone and improved active and passive range of motion 
compared to functional electrical stimulation and physiotherapy.  Injections of phenol were found to be more painful 
than those of botox-a.  There is strong evidence that a combination of physiotherapy and Botulinum Toxin Injection 
is associated with improved upper extremity function.  

Intrathecal baclofen  
Intrathecal baclofen has been demonstrated to reduce spasticity in a small trial of chronic stroke patients (with stroke 
onset >6 months previous).  There are several neurosurgical procedures for the treatment of spasticity, but they lack 
any clinical trial evidence.  Of these, the most common are selective dorsal rhizotomy or dorsal root entry zone 
lesions.  Significant risks are involved with these invasive procedures, to include operative complications and 
unintended spinal cord damage. 

EVIDENCE TABLE 

 Evidence Source LE QE SR 
1 Use of antispastic positioning, range of 

motion exercises, stretching, splinting, 
serial casting, or surgical correction for 
spasticity 

AHCPR, 1995 § 
RCP, 2000 § 
Working Group Consensus 

III Fair C 

2 Use of tizanidine (in chronic stroke 
patients), dantrolene, and oral baclofen 
for spasticity  

Gelber et al., 2001, 
Ketel & Kolb, 1984 
Milanov, 1992 

II-1 Fair B 

3  Avoid drugs with central nervous 
system effects that may impair recovery  

Goldstein, 1995 & 1998 
Graham, 1999 
Troisi et al. 2002 

II-2 Fair D 

4 Use of botulinum toxin al improves 
spasticity 

Francis. 2004 
Bhakta et al., 2008 
Brashear et al., 2002 
Childers et al., 2004 

I Good B 

5 Use of intrathecal baclofen for chronic 
stroke patient 

Meythaler et al., 2001  
Francisco & Boake. 2003 

II-1 Good B 

6 Use of certain neurosurgical procedures  Working Group Consensus III Poor I 
LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
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13.4  Balance and Posture 

BACKGROUND 

Balance control, which requires the integration of visual, somatosensory, and vestibular input, is often impaired after 
stroke.  Balance deficits have been implicated in the poor recovery of activities of daily living and functional 
mobility, as well as an increase in risk of falls.   

Studies have shown conflicting results regarding the benefit of balance training through a variety of approaches 
including visual feedback, task specific methods, platform training, additional strength training and cycle training, 
aquatic therapy or tai chi Chuan training.  The working group recommends that the best approach to rehab will 
incorporate a combination of these techniques throughout the recovery process. 

RECOMMENDATIONS 

1. Recommend that patients demonstrating balance impairments following stroke should be provided 
a balance training program.  [C]  

DISCUSSION 

It is difficult to draw significant conclusions from the data reported in the literature.  There have been several 
randomized controlled trials looking at balance.  However, there is a significant lack of standardization of variables 
across studies. With the exception of task-specific training, most studies failed to identify significant differences 
between experimental and control groups with regards to balance measures.  Pollock (2007) found no evidence that 
physiotherapy (single modality or combination) yielded improved postural control or functional independence. 
Marigold (2005) demonstrated that group exercise programs, including agility or stretching/weight shifting 
exercises, improve functional balance and mobility and may lead to a reduction of falls. In a randomized controlled 
trial, Cheng (2001) also demonstrated a significant decrease in percent of falls for the task-specific trained group 
compared to controls. 
A 2005 Cochrane review and an RCT by Eser (2008) showed no significant difference in postural sway with 
platform training.  Hart (2004) suggested that Tai Chi yields improved balance post stroke and in a study of cycling, 
Katz-Leurer (2006) demonstrated that the cycling group showed improved balance after early duration of cycling 
program in addition to PT.  Noh (2008) found that postural balance and knee flexor strength were improved after 
aquatic therapy. 

EVIDENCE TABLE 
   Recommendation  Sources  LE  QE SR  

1  Force platform biofeedback training 
leads to possible improvement in 
balance 

Barclay-Goddard, 2004 
Chen, 2002 
Eser, 2008 

I Poor C 

2   Tai Chi improved socialization Possible 
improvement in balance 

Hart, 2004 I Poor C 

3  Aquatic therapy possible improvement 
in functional balance 

Noh, 2008 I Fair B 

4  Task specific training possible 
improvement in specific activity training 

Marigold, 2008 
Cheng, 2001 

I Poor C 

5  Cycling  possible increase in functional 
balance 

Katz-Leurer, 2006 I Poor C 

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
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13.5 Lower Extremities 

Gait Training Strategies  

BACKGROUND 

Following stroke, patients may presents with decreased motor control, weakness, incoordination, limited endurance, 
spasticity, poor balance and sensory deficits.  These impairments often manifest themselves in impaired gait and 
decreased ambulatory independence. Impaired gait leads to an increase in falls risk and fractures, cardiovascular 
deconditioning, and social isolation. 

Strength training, high intensity physiotherapy and repetitive task training showed a consistent pattern of 
improvement in walking speed.  Modalities, like treadmill training motor approaches, rhythm auditory, electro-
mechanical assisted gait training devices, show a trend towards a positive effect, but are compromised by few 
studies and small numbers. 

RECOMMENDATIONS 

1. Consider using treadmill training in conjunction with other task specific practice and exercise 
training techniques in individuals with gait impairments post stroke without known cardiac risks 
for treadmill exercise. [B] 

2. Consider the use of partial bodyweight support for treadmill training (partial BWSTT) (up to 40% 
of individuals’ weight) in conjunction with other task specific and exercise training techniques for 
individuals with gait impairments post stroke without known cardiac risks for treadmill exercise. 
[B]  

3. Recommend for patient with foot drop, ankle foot orthoses (AFO) to prevent foot drop and 
improve knee stability during walking. [B] 

4. Recommend Functional electrical stimulation (FES) as an adjunctive treatment for patients with 
impaired muscle contraction, specifically for patients with impaired gait due to ankle/knee motor 
impairment. FES can be utilized for individuals with acute or chronic deficits after stroke. [B] 

5. Consider Transcutaneous electrical nerve stimulation (TNS or TENS) as an adjunctive treatment 
for enhancing recovery of gait function after stroke. [C] 

6. Consider rhythmic auditory cueing as a modality to include in multimodal interventions to improve 
walking speed  [B] 

7. There is no sufficient evidence supporting use of robotic devices during gait training in patients 
post stroke [D]  

8. Consider using Virtual Reality (VRT) to enhance gait recovery following stroke. [B]  
 

13.5.1 Treadmill Training With and Without Body Weight Support 

Treadmill training is a modality to improve walking recovery after stroke. It provides repetitive stepping, which may 
affect timing and sequence of lower extremity motor control, strength, and cardiovascular fitness.  Treadmill 
training may be used with and without bodyweight support or the assistance of therapists for stepping.  The 
development of treadmill as a modality was based on neurophysiologic studies in animals.  

A Cochrane Review of body weight supported treadmill training by Moseley, (2005) reported that body weight 
supported treadmill training had no statistically significant benefit on walking speed.  There was a trend toward 
more improvement in individuals who were already independent ambulators. A more recent systematic review by 
Dickenstein (2008) analyzed published studies by timing of intervention post stroke and with and without 
bodyweight support.  The review demonstrated that individuals do improve walking speed with treadmill training. 
However no studies demonstrated an upgrade in functional walking level.  The author (Dickenstein, 2008) 
concluded that treadmill training may not be superior to other training programs which encourage walking and are 
repetitive and intense. French et al. (2008) evaluated treadmill trials as a modality of repetitive functional task 
practice and demonstrated that repetitive functional task practice may improve walking, activities of daily living and 
be sustained for six months.  Ada et al. (Stroke 2010) published the results of the MOBILIZE trial which compared 
bodyweight supported training with overground training in non-ambulatory patients who were within 4 weeks post 
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stroke  The results of this trial demonstrated that the individuals receiving BSWT as an adjunct to usual  care were 
more likely to become independent in ambulation in less time.  The LEAPS (Duncan et al., 2007) trial and the 
AMBULATE (Ada, 2007) trial are large randomized clinical trials that are currently underway.  These trials include 
treadmill training as a modality for walking recovery in stroke patients discharged to the community. These trials 
may provide more conclusive evidence for practice. 

Treadmill training is equivalent to overground gait training in subacute rehabilitation, but beneficial effects 
compared with low intensity control groups in chronic stroke.  A combination of treadmill with task-specific 
practice may be optimal (Eng et al., 2007). 

Treadmill training has been investigated in a number of randomized trials as a single modality to improve walking 
or in combination with other interventions (e.g., overground training or usual care).  The control comparisons have 
also been highly variable, including usual care, attention controls, and over ground training.  It has been evaluated in 
acute, subacute and chronic patients and in individuals who are non-ambulatory as well as those with different levels 
of ambulatory capacity.  The dosing levels (intensity, frequency, and duration) of training have been highly variable. 
The primary outcome for the treadmill training studies has been walking speed and secondary measures have 
assessed community, walking endurance, ambulation or stroke specific quality of life as an outcome. More recent 
studies have also investigated the sustainability of walking gains after completion of therapy.  Adverse effects of 
treadmill training programs are not consistently reported.  Given the small sample sizes, the heterogeneity of the 
trials, and the variability in control comparisons, the results of trials are conflicting but a synthesis of the evidence 
suggests that treadmill training may be a modality that should be considered as a part of multimodal interventions to 
improve walking.  However, treadmill training may not be superior to interventions that are matched for practice and 
repetitive functional training. The use of this modality will be dependent on the individual patient, cardiac risk 
factors, and available resources. 

• Ada (2003) in a randomized trial with follow-up in 3 month, 4-week treadmill training (30 min 3 times per 
week) combined with overground walking increased walking speed and walking capacity.  

• Laufer (2001) tolerated TDM early on, improved functional ambulation, stride length and percent paretic 
stance time, and gastrocenemius muscle activity compared to conventional PT.  

• Liston (2000) found no significant differences in chronic stroke patients who underwent treadmill 
retraining, compared to conventional rehabilitation. 

• Pohl (2002) found speed dependent treadmill training (with the use of an interval paradigm to increase the 
treadmill speed stepwise according to principles of sport physiology) showed improvements in speed, 
cadence, stride length and functional ambulation compared to progressing treadmill training and 
conventional gait training. 

• Richards (1993) observed that treadmill training combined with other gait-specific task improved gait 
velocity. 

• Suputtitada (2004) compared the effect of Partial Body Weight Support Treadmill Training (PBWSTT) 
technique and floor walking training, on floor walking velocities and functional balance. PBWSTT was not 
statistically different than floor walking. 

• Van Peppen (2004) systematic review of all physical therapy interventions post stroke found treadmill 
training without body weight support improved walking ability, but not speed. 

• Barbeau (2003) Retraining gait in severely impaired stroke subjects with a percentage of their body weight 
supported resulted in better walking and postural abilities than did gait training in patients bearing their full 
weight. It appears that subjects with greater gait impairments benefited the most from training with BWS, 
as did the older patients with stroke. There is evidence of transfer from treadmill training to overground 
locomotion 

• Author (year) Severely impaired patients 1-3 months post stroke demonstrated improvements in walking 
speed, endurance, Berg Balance Score and Motor Recovery (STREAM)  

• Sullivan (2002) Training at speeds comparable with normal walking velocity was more effective in 
improving self-selected walking velocity (SSV) than training at speeds at or below the patient's typical 
overground walking velocity. 

• Sullivan (2007) demonstrated improved walking speed in BWSTT compared to cycling. Task-specific 
training during treadmill walking with body-weight support was more effective in improving walking speed 
and maintaining these gains at 6 months. 

• Duncan et al. (2007) have initiated a phase III, 5-year trial to compare BWSTT to home-exercise in 
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individuals with gait difficulties one-year post-stroke  

EVIDENCE TABLE 

   Recommendation  Sources  LE  QE SR  
1 Recommend using treadmill 

training in conjunction with 
conventional gait training 
techniques  

Ada et al., 2003  
Laufer et al., 2001  
Liston et al., 2002  
Pohl  et al., 2002  
Richards, 1993  
Suputtitada, 2004 

I  Fair  B  

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
 

13.5.2 Functional Electrical Stimulation  

Functional electrical stimulation (FES) is electrical stimulation applied to a muscle, causing it to contract.  FES has 
been used for several years as a therapy modality for post-stroke patients, but has not been a routine standard of 
care.  FES is a time-limited intervention, generally used during the first several weeks after the acute stroke.  
 
Several randomized controlled clinical trials reported that FES improved recovery of gait function after stroke when 
FES was compared to conventional therapy or added to a therapeutic modality.  Daly et al. (2006) reported that 
subjects who received lower extremity FES via implanted percutaneous electrodes in conjunction with partial weight 
support treadmill training had larger gains improvement in gait compared with subject who received partial-weight 
supported treadmill training alone.  The improvement in gait attained with FES was associated with functional 
recovery of life skills such as being able to attend religious services.  Daly et al. (2007) reported that subjects treated 
with FES combined with body weight supported treadmill training had larger gains in walking speed and distance 
(on a six minute walk test) compared with subjects treated only with body weight supported treadmill training. 
Sheffler et al. (2006) compared an external FES device vs. an ankle-foot orthosis (AFO) for recovery of gait for 
subjects with foot-drop.  The functional results were similar for subjects treated with an AFO vs. FES.  Subjects 
preferred FES.  Kottink et al. (2007) compared a two-channel FES device to conventional therapy for treating foot 
drop and found that walking speed improvement was greater for subjects treated with FES.  In a subsequent study, 
Kottink et al. (2008) found that the benefits of the FES on walking speed were seen only if the device was active.  
Ng et al. (2008) reported that subacute stroke subjects treated with FES combined with partial weight supported 
treadmill training had greater recover of gait speed compared to subjects treated with overground gait training. 
McCabe et al. (2008) discussed the advantages of combining FES with robotic gait training.   

Ng & Hui-Chan (2007) performed a RCT of gait rehabilitation in chronic stroke subjects.  The subjects were divided 
into 4 treatment groups.  The 4 treatment groups were: TNS alone, task-related therapy with sham TNS, TNS plus 
task-related therapy or no treatment.  The subjects who received TNS plus task related therapy had greater 
improvements in gait speed compared to any of the other treatment groups. 

EVIDENCE TABLE 

   Recommendation  Sources  LE  QE SR  
1 Recommend FES for gait 

rehabilitation  
Daly et al., 2006 
Sheffler et al., 2006 
Daly et al., 2007 
Kottink et al., 2007 
Ng et al., 2008 
Kottink et al., 2008  
McCabe et al., 2008 

I  Good B  

2 Consider FNS gait rehabilitation Ng & Hui-Chan. 2007 I  Good  B  
LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
 

13.5.3 Rhythmic Auditory Cueing 

A therapy approach to improve gait uses rhythmic auditory cues to synchronize movement and gait. The rhythm 
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serves as an anticipatory and continuous time reference on which movements are mapped within a stable temporal 
plate (Thaut et al., 2007). There is strong evidence that rhythmic auditory stimulation, in conjunction with physical 
therapy, results in a significant improvement in gait. 

There is good evidence that rhythmic auditory cueing in conjunction with other physical therapy interventions may 
improve gait. 

• Thaut et al. (1997) randomized 20 patients to receive either twice-daily gait training with the addition of 
rhythmic auditory stimulation (RAS) or to receive twice-daily gait training.  Both groups improved stride 
parameters over 6 weeks of therapy with significant increase in velocity, stride length, and reduction in 
EMG amplitude of gastrocronemius muscle in favor of the RAS-training group. A large degree of 
restoration of swing symmetry in gait was noted.  

• Schauer et al. (2003) conducted a small study of 23 stroke patients who were randomly assigned to receive 
either 15 sessions of conventional gait therapy or therapy sessions with musical motor feedback. Gait 
velocity, stride length, gait symmetry, foot rollover path length, and gait cadence significantly improved in 
the experimental group.  

• Jeong et al. (2007) found no significant differences between community-dwelling subjects in an 8-week 
program of RAS-muscle movement program compared to usual care.  

• Thaut et al. (2007) conducted a study in which stroke patients were randomized to receive a 3-week 
program of rhythmic auditory stimulation (RAS) (n=43) or neurodevelopmental therapy (NDT)/Bobath-
based training (n=35).  The differences from pre-to-post measurements were statistically significant for 
most outcomes, favouring RAS therapy.  Effect sizes for RAS over NDT/Bobath training were 13.1 m/min 
for velocity, 0.18 m for stride length, and 19 steps/min for cadence.  

EVIDENCE TABLE 

   Recommendation  Sources  LE QE  SR  
1 Recommend RAS therapy for gait 

rehabilitation  
Taut et al., 1997, 2007 
Jeong et al., 2007 
Shauer et al., 2003 

I  Fair B  

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
 

13.5.4 Ankle Foot Orthoses 

It is common practice to use splints in the hemiplegic lower extremity in an attempt to prevent foot drop and control 
knee instability. In order to facilitate the swing phase of gait, an ankle foot orthosis (AFO) is often used to 
compensate for excessive ankle plantarflexion and a lack of knee flexion. The brace (usually plastic) is worn on the 
lower leg and foot to support the ankle, hold the foot and ankle in the correct position, and correct foot-drop.  There 
is limited evidence that AFOs improve elements of gait. 

There is limited evidence to guide practice in selection of different types of orthotic devices. Studies have shown 
that ankle foot orthoses (AFO’s) improve gait in those with foot drop and unstable knee control. 

Splinting of Lower Extremity in Stroke [Ankle Foot Orthosis (AFO), EBRSR, 2009] 
 Author, Year, 
Country 

Methods  Outcomes  

Miyazaki et al., 1997 
Japan  
 

In the 1st session, both anterior and 
posterior springs of the experimental AFO 
were used with 20 patients walking initially 
without the AFO and then walking using 
the AFO. In the 2nd session, only the 
anterior springs were used 

Active ankle movement in the direction of 
plantarflexion varies significantly with changes in 
the rigidity and initial angle of AFOs in 11 of the 
20 patients 
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Chen et al., 1999  
China  
 

24 patients took the postural stability test 
while wearing an AFO and not wearing 
AFO. Patients were randomized to first one 
treatment and then the other and tested for 
both  

When wearing the AFO, there was no 
significant difference with small effect size in 
postural sway index, postural symmetry and 
maximal balance range in the anterior-posterior 
direction. There was a significant improvement 
and a large effect size in lateral weight shifting 
and weight bearing through the affected leg 
after weight shifted to the affected side  

Hesse et al., 1999  
Germany  
 

21 patients were assessed when walking 
barefoot and then again when using a 
Valens caliper and a firm shoe. 
  

Use of the caliper resulted in a significant 
increase of the relative single-stance period of the 
affected lower limb and of the relative terminal 
double-support duration. Swing symmetry 
significantly improved with the orthosis. Gait line 
of the affected lower limb significantly increased 
with caliper use and the loading rate of the 
nonparetic limb was greater. Ankle dorsifexion 
became larger and the plantar flexion during 
swing phase was significantly less. Paretic tibialis 
anterior activity decreased and the affected vastus 
lateralis increased with caliper use  

Kosak et al., 2000  
USA  
 

56 patients were randomized to receive 
partial body weight-supported treadmill 
training (PBWSTT) or to receive 
aggressive bracing assisted walking 
(ABAW). Treatment sessions of up to 45 
minutes, 5 days per week given as tolerated 
for the duration of the inpatient stay or 
until the patient could walk over-ground 
unassisted  
 

No significant differences between groups were 
noted on any of the outcome measures. Both 
groups showed progress, more than tripling their 
walking endurance and doubling their walking 
speed  

de Wit et al.,  
2004  
Netherlands  
 

20 chronic stroke patients who had been 
wearing an AFO for at least six months 
were assessed with and without their AFO 
included, the order of which was 
randomized  
 

The mean differences between groups were 
significant in favour of the AFO condition in the 
cores on the timed up and go(TUG) test 3.6 sec 
(95% CI 2.4-4.8) and in the stairs test 8.6 sec 
(95% CI 3.1-14.1), although the differences were 
not clinically significant. 70% of the patients 
reported feeling more self-confident while 
wearing the AFO  

Pohl & Mehrholz, 
2006  
Germany  
 

20 stroke patients (with an additional 8 
traumatic brain injury patients) were 
randomly assigned to wearing ankle-foot 
othoses (AFO) for varying sequences or 
wearing only footwear  

There was a significant reduction of postural 
sway with eyes opened and greater improvement 
of stance symmetry for the AFO group compared 
with the no AFO group. 
Significant between-group differences were seen 
for 3 gait parameters: stance duration at 90% 
body-weight (vertical ground reaction forces), 
deceleration forces (horizontal ground reaction 
forces and double stance duration 

Wang et al., 2007  
Taiwan  
 

58 stroke patients with hemiparesis of (< 6 
months) were evaluated for the balance and 
gait performance with and without an 
ankle-foot orthosis (AFO) on the affected 
side. Assessments took place 2 hrs apart  

Measures of balance (% weight bearing 
difference, movement velocity, measured in 
degrees per sec and % maximal excursion) were 
all significantly better when patients were 
wearing the AFO. Gait parameters, speed, step 
length, stride length and base width were also 
significantly better when patients wore the AFO  
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Tyson & Rogerson, 2009  
UK  
 

20 stroke rehabilitation inpatients were 
fitted with, and given the opportunity to 
practice walking with several assistive 
devices. Their walking ability was assessed 
in random order: (1) with no device 
(control condition), (2) with a walking 
cane, (3) ankle foot orthosis, (4) slider 
shoe, and (5) a combination of all 3 devices  

Functional mobility (functional ambulation 
categories-FAC) improved with all assistive 
devices relative to the control condition. The 
effect sizes associated with the treatments were:  
Cane: 1.68 (64% change), AFO: 1.04 (44% 
change), slider shoe (0.52 (18% change) and 1.65 
(68% change) when all 3 devices were used 
simultaneously.  
There was no significant treatment effect with 
any of the devices in terms of walking 
impairments (speed, step length of the weak leg) 

EVIDENCE TABLE 

   Recommendation  Sources  LE QE  SR  
1 Ankle foot orthoses (AFO’s) 

improve gait in those with foot drop 
and unstable knee controlled 

Taut et al., 1997, 2007 
Jeong et al., 2007 
Shauer et al., 2003 

I  Fair B  

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
 

 

13.5.5 Mechanical-Assisted Training Devices (Robotics)   

Electromechanical-assisted training devices have been tested for gait training. Most of these devices incorporate 
body-weight-support. Their main advantage over conventional gait training is that they reduce the need for intensive 
therapist involvement. These devices include the Lokomat, the Gait Trainer GT 1, and the AutoAmbulator 

There is strong evidence that robotic devices are no more effective than therapist assistance in the improvement of 
functional walking performance. 

• A Cochrane review (Mehrolz et al., 2007) including the results from 8 trials (414 participants) concluded 
that electromechanical-assisted training devices were associated with an increased odds of becoming an 
independent ambulator (OR: 3.06, 95% CI 1.85 to 5.06) and increased walking capacity, but were not 
associated with increases in gait velocity.  The authors noted that their results should be interpreted with 
caution since the duration, intensity and frequency of treatments differed among studies and the use of an 
additional therapy (electrical stimulation) in some of the included trials may have resulted in an inflated 
treatment effect. 

• Husemann et al. (2007) patients in both groups improved over the four-week treatment period from a 
median score of 0 at baseline to 1 at the end of treatment, but there was no statistically significant 
difference between groups.  

• Hornby et al. (2008) greater improvement in speed and stance time in therapist driven facilitation compared 
to robots on lokomat.  

• Mayr et al. (2008) Lokomat phases of ABA BAB study showed improved gait speed conventional. 

• In a recent publication researchers have demonstrated that robot-assisted therapy improved outcomes in 
patients with long-term upper-limb deficits after stroke when therapy lasted over 36 weeks as compared 
with usual care.  Robot-assisted therapy did not significantly improve motor function at 12 weeks, as 
compared with usual care or intensive therapy.  

13.5.6 Virtual Reality  

Virtual reality (VR) is the use of computerized technology to allow patients to experience and interact with three-
dimensional environments.  Simulated environments (“virtual environments”) can be displayed on desktops screens, 
larger screens, 3D projection walls (“caves”), or with head mounted displays to allow increasing degrees of 
immersion in the environment. (Sisto, 2002)  These interactions are designed to allow task specific practice that is 
engaging for the patient and realistic enough to create motor learning.   

The field of VR in rehabilitation is a rapidly developing field.  There are many reasons to consider its potential 
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benefits.  An environment that creates a task specific practice environment that may be more stimulating or 
interesting to patients, is reproducible, and allows for measurement of progress has clear attraction.  The progress in 
computer applications and technology is unlikely to abate soon. 

It is difficult to compare studies with significant heterogeneity of the interventions, the sample populations and the 
outcome measurements.  As of this writing the field consists of relatively small RCTs and case reports showing 
positive trends in most cases, and therefore a recommendation to consider these strategies is made. 

The use of VR systems for improvement of gait, balance, and lower limb rehabilitation has been increasingly 
studied.  A recent systematic review of VR in the stroke rehabilitation literature though February of 2005 found 3 
studies on gait and balance and one on lower limb rehabilitation (Crosbie, 2007).  Three subsequent studies (Yang, 
2008; Kim, 2009; Mirelman, 2009) consist of RCTs evaluating gait.  A study by You (2005), using fMRI, suggests 
that VR may help with cortical reorganization as the basis improved motor recovery. 

A variety of other VR systems and tasks have been examined in recent studies including 3D immersive street 
crossing in patients with neglect (Kim, 2010), the effect of multi-tasking while walking and shopping in a virtual 
aisle (Kizony, 2010), VR programs at home (Tele-VR) (Piron, 2008), and training patients in using mass transit with 
a 2-D VR program (Lam, 2006).  VR has also been used for upper extremity tasks. (See Upper extremity). 

• Kim et al. (2009) 24 chronic, hemiparetic stroke patients were randomly assigned to either an experimental 
group (n = 12) or a control group. Both groups underwent conventional physical therapy. The experimental 
group received an additional 30 minutes of virtual reality therapy each session. Subjects in the experimental 
group showed significantly greater improvement in the Berg Balance Scale, gait velocity, cadence, step 
time, step length, and stride length.  

• Yang et al. (2007)  20 subjects at least 6-months post stroke were assigned randomly to either the control 
group (n=9) or the experimental group (n=11). Subjects in the control group received the virtual reality-
based treadmill training. Subjects in the experimental group improved more significantly in walking speed 
and community. At follow-up, the experimental group maintained a significantly faster community walking 
speed. There were no other significant differences between the groups. 

• Mirelman (2009) examined 18 stroke patients in a single blinded RCT using a robot alone or robot with a 
virtual environment.  The robot was a platform force feedback system, and the virtual environment coupled 
this with a desktop computer display, and required the patient to navigate a virtual plane or boat through a 
virtual environment and a series of targets.  The patients with combined robot and VR made improvements 
in gait velocity, distance, and community ambulation, with results maintained at 3 month follow-up. 

• Jaffe (2004) studied patients with virtual versus real stepping paradigms and found significant improvement 
in the fast gait velocities of the patients randomized to the virtual training intervention, though both groups 
improved in many aspects of gait functioning. 

 EVIDENCE TABLE 

   Recommendation  Sources  LE  QE  SR  
1 Consider VR for gait rehabilitation  Yang et al., 2008 

Kim et al., 2009 
Mirelman et al., 2009 
Jaffe, 2004 

I Fair B 

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
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13.6 Upper Extremities 

BACKGROUND 

Impairments resulting from stroke (weakness, loss of range of motion, spasticity, sensory deficits, incoordination, 
and learned non-use) limit the ability of a person with stroke to use the paretic upper extremity. This hemiparesis is 
one of the most common problems experienced after stroke, interferes with the ability to complete daily life tasks 
and contributes to decreased quality of life. Summarizing the evidence is complicated by the paucity of large 
randomized clinical trials, the heterogeneity of the stroke population across and within studies, the lack of many 
studies comparing interventions of equal intensity, duration, and progression.  Evidence has shown that 
improvements in the use of the paretic extremity in daily life can be improved both through increased ability to use 
the limb and through the amelioration of learned non- use, by therapy that is intensive, of sufficient duration, and 
progressive. 

RECOMMENDATIONS 

1. Recommend that UE functional recovery should consist of the practice of functional tasks, 
emphasizing progressive difficulty and repetition.  

2. Recommend that treatment should be tailored to the individual patients considering the 
intervention that are most appropriate, engaging the patient, and are accessible and available. 

3. Recommend Constraint-Induced Movement Therapy (CIMT) for individuals with at least 10 
degrees of extension in two fingers, the thumb and the wrist.  [A] 

4. Recommend robot-assisted movement therapy as an adjunct to conventional therapy in patients 
with deficits in arm function to improve motor skill at the joints trained. [B] 

5. Recommend bilateral practice to improve UE function.  [B ] 
6. Recommend treatment with FES for patients who have impaired upper extremity muscle 

contraction, specifically with patients with elbow/wrist motor impairment. [B] 
7. Recommend FES for patients who have shoulder subluxation.[B]  
8. Consider FES and mental practice combined with repetitive and intense motor practice of 

functional tasks. [B] 
9. Consider strengthening exercises in addition to functional task practice. [C] 
10. Consider virtual reality as practice context. [C] 
11. Insufficient evidence to recommend Mirror therapy. (I) 
12. Do NOT use repetitive practice of movements in rehabilitation of upper extremity. 

DISCUSSION 

13.6.1 Constraint-Induced Movement Therapy 

Constraint-Induced Movement Therapy is a multi-component therapy consisting of constraint of the non-paretic UE 
to prevent its use in daily activities, task practice with the paretic UE, and techniques to assist with transfer of 
recovering motor abilities into daily life use of the paretic UE. It was designed to overcome learned non-use and to 
reduce motor impairment. 

Two systematic reviews and multiple RCTs (1 large sample) have demonstrated that CIMT is efficacious in 
improving motor function and use in individuals with at least 10 degrees of extension in 2 fingers and thumb 
extension. (Hakkennes, et al., 2005;Wolf et al., 2006, 2007; Taub et al., 2007; Page et al., 2008; Boake, et al., 2007; 
Brogardh et al., 2006; Lin,et al., 2007; Wu, et al., 2007a and b). There is little evidence to recommend a particular 
amount of CIMT, although several small RCT’s have shown that modified CIMT protocols (1/2 hour to 1 hour per 
day of task practice plus 5-6 hours of mitt-wearing) have facilitated motor gains in individuals in acute rehabilitation 
(Page et al., 2008, 2005). Gains in functional use of the paretic extremity are larger than gains in motor skill. 

13.6.2 Strengthening 

Strengthening programs consist of requiring movements through progressively higher resistances. There are many 
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methods for strengthening, both low tech (elastic bands) and high tech (isokinetic machines such as the biodex). 
Despite fears that strengthening would increase abnormal movement patterns due to increasing spasticity, there is 
strong evidence that strengthening does not increase spasticity or abnormal movement patterns (Ada et al., 2006; 
Winstein, et al., 2004; Stein et al., 2004).  In a systematic review of 21 RCTs, Ada et al. (2006) concluded that UE 
strengthening interventions slightly improved strength and activity. However, Stein et al. (2004) found that adding 
progressive resistance to robot-assisted UE training did not facilitate greater motor function gains than robot-assisted 
training without the resistance training. Similarly, Winstein and colleagues (2004) found that acutely, strength 
training through elastic band exercises resulted in equivalent motor gains as functional task training; the functional 
task training group, however, continued to improve at 9 months while the strength trained group did not. 
Importantly, both of these studies also showed that strength training did not increase spasticity. As Pak and Patton 
(2008) noted, it is not clear whether the strength training programs of either of these studies were of sufficient 
intensity to optimally induce strength gains in stroke survivors. Regardless, the current data support strengthening 
programs as an integral part of stroke rehabilitation for the UE. 

13.6.3 Functional Electrical Stimulation/Neuromuscular Electrical Stimulation 

Functional electrical stimulation (FES) also called functional neuromuscular stimulation (FNS) is electrical 
stimulation applied to a motor nerve to stimulate a muscle or muscle group to contract.  FES has been used for 
several years as a therapy modality for post-stroke patients, but has not been a routine standard of care. 

FES can be used in two ways.  As a neuroprosthesis, FES can be used chronically to enable a paretic and non-
trainable limb to function.  The most common use for FES is as neurorehabilitation tool to assist in retraining a limb 
to perform functional voluntary tasks.  FES can be used in conjunction with other techniques such as robotics and 
treadmill training and it has been used to reduce acute and chronic post-stroke deficits in upper or lower extremities. 

It is believed that enhanced contractions provide the proprioceptive feedback to the brain to enhance the recovery of 
motor skills. It can be provided passively, where the individual is not asked to voluntarily contract the muscle, 
actively where the person is asked to contract the muscle but there is no check to see that he or she has done so, and 
in an EMG-triggered manner in which the person first contracts the muscle and only then sufficient contraction is 
achieved does the electrical stimulation is given to enhance the contraction. Electrodes can be surface applied or 
indwelling, the latter requiring the assistance of a professional who is able to surgically implant the electrodes. 

Transcutaneous electrical nerve stimulation (TENS or TNS) is a technology that is related to FES. TENS is low 
level electrical stimulation applied to the skin.  The stimulation is usually below the level that would produce muscle 
contraction.  The mechanism of action of TENS for stroke rehabilitation is uncertain.  

There is evidence from one systematic review (Pomeroy, 2006) and several small RCTs (Cauraugh and colleagues, 
2002, 2003a,b,c, 2008; Kimberley, 2004; McDonnell et al., 2007) that FES/NMES may improve some aspects of UE 
motor skill and function. The intensity and duty cycle of the stimulation may be important parameters of this therapy 
that have not been well studied (Cauraugh, & Kim, 2003; Kowalczewski et al., 2007). 

FES for improving upper extremity function has been done using surface electrodes.  A small randomized controlled 
study comparing FES combined with task-specific upper extremity training to task specific training alone found that 
patients who received FES combined with task specific training had greater functional recovery (Alon et al., 2007).  
Rehabilitation training was done at home after discharge from hospital following the acute stroke.  There are two 
small randomized controlled studies of FES for upper extremity deficits in chronic stroke patients.  Hara et al. 
(2008) reported that a home program of upper extremity FES was able to improve wrist and finger extension and 
shoulder flexion. Daly et al. (2005) compared motor learning combined with FES to motor learning combined with 
upper extremity robotic training.  Both groups demonstrated improvements in functional ability.  The robot, which 
trained shoulder and elbow movements, was superior for improving shoulder function.  FES which was applied to 
elbow, wrist and hand movements was superior for improving wrist and hand functions.   

FES for shoulder subluxation uses implanted electrodes.  A Cochrane report concluded that FES was effective in 
reducing shoulder subluxation (Price & Pandyan, 2001).  A summary study of clinical trials (Van Peppen et al., 
2004) also reported that FES was effective in reducing shoulder subluxation.  A multicenter randomized clinical trial 
of FES for post-stroke shoulder subluxation reported that FES was more effective than using an arm sling in 
reducing shoulder pain due to subluxation (Chae et al., 2005).  Pain reduction was maintained for more than one 
year after completion of the FES treatment.   
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13.6.4 EMG Biofeedback 

Surface and computerized electromyographic (EMG) biofeedback have been used and documented in the treatment 
of stroke patients since the 1970s for improvement of arm function, gait, and swallowing. Biofeedback has been 
used primarily as an adjunct to conventional therapies.  

Four meta-analyses have addressed biofeedback (Glanz et al., 1995; Moreland & Thomas, 1994; Moreland et al., 
1998; Schleenbaker & Mainous, 1993). All four reviews showed trends toward improvements with biofeedback, but 
only two showed any statistically significant differences (Moreland et al., 1998; Schleenbaker & Mainous, 1993). 
The limited number of studies and small sample sizes may have led to a type II error. One small RCT, published 
since these meta-analyses, found no improvements in gait with the use of EMG biofeedback for post-stroke patients 
(Bradley et al., 1998). In addition, two small RCTs, published since the meta-analyses, showed no benefit when 
patients received balance training with a biofeedback apparatus that provided cues regarding their center of gravity 
(Geiger et al., 2001; Walker et al., 2000).  

Due to methodological flaws in current studies, further research is indicated to assess the efficacy of biofeedback as 
an adjunct to conventional therapy for post-stroke patients 

13.6.5 Mental Practice 

Mental practice refers to the use of motor imagery (imaging oneself performing the requested tasks). It is considered 
that this imagery be from the first person perspective rather than mentally watching someone else doing the task and 
includes the imagining of both the normal proprioceptive sensations and visual sensations experienced during actual 
physical performance of the task. 

Two systematic reviews and 7 RCTs investigated the efficacy of mental practice in improving UE function (Braun, 
et al, 2006; Zimmerman-Schlatter et al., 2008; Liu, et al., 2004; Page et al., 2001; Page et al., 2006; Page et al., 
2007; Butler et al., 2006; Dijkeman et al., 2004). In general, these studies indicate that mental practice may be a 
beneficial intervention. Combining mental practice with physical practice is superior to mental practice alone 
(Dijkeman et al., 2004; Butler et al., 2006). Mental practice added to CIMT did not facilitate greater gains than 
Constraint-Induced Movement alone (Butler et al., 2006). 

13.6.6 Bilateral Training 

Bilateral training is the practice of simultaneous symmetrical movements (as in rolling a rolling pin with both 
hands). The rationale most often given for this kind of practice is the natural coupling of the limbs under 
symmetrical movements may facilitate the paretic limb and that simultaneous symmetrical movements may reduce 
inhibition from the healthy to the lesioned hemisphere, thereby increasing the lesioned hemisphere’s potential for 
neuroplastic changes. 

One systematic review (Cauraugh et al., 2006) and at least 1 small RCT (Hesse, et al., 2005) have shown that 
practicing symmetrical movements or tasks with both the paretic and nonparetic UE simultaneously(bilateral 
practice) improves motor skill in the paretic UE. There is conflicting evidence (1 small RCT; several non-
randomized studies) whether or not bilateral practice is better than unilateral practice (Mudie, Mudie & Matyas, 
Cauraugh & Kim, 2002; Lewis, Byblow et al., 2000). 

13.6.7 Robotic-assisted Therapy – Upper Extremity 

Robot-assisted therapy applies forces to the affected limb during movement provided by a robot manipulator. The 
robot enables patients of any level of impairment to repetitively practice movement and functional tasks. Robots can 
operate from passive modes where the robot monitors activity to active modes where the robot corrects and assists in 
performing tasks. The robot can be programmed to give visual and auditory feedback during therapy. 

Robotic-assisted therapy is the use of robots during the performance of practice tasks. The robots can assist the 
movement when the person is unable to initiate or complete the movements, can assist with the production of proper 
movement patterns, and, in some cases, provide resistance to the movements. The rationale for their use is that they 
may allow the ability to motor practice for those individuals who lack sufficient motor recruitment to produce 
movement and to allow the amount of practice that may be optimal for facilitating motor recovery in a cheaper 
manner than is possible with therapist-provided therapy. 

There is evidence from 1 systematic review and multiple small RCTs that robot-assisted therapy may improve motor 
control of those UE areas trained. (Prange, 2006; Daly, 2005; Hesse, 2005; Lum, 2002; Lum, 2006; Masiero, 2006, 
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2007; Volpe 2008 a & b) It is not clear whether robotic therapy improves function at the activity or participation 
level (Volpe, 2008; Prange 2006). This may be a function that most robotic studies have used robots that exercise 
only the shoulder and elbow rather than the hand. Because few studies have compared robotic therapy to 
conventional therapy at comparable dose levels, it is unclear whether robotic therapy offers greater benefit to UE 
motor recovery than conventional therapy. Robotic therapy may be a cost effective way to achieve a greater amount 
of UE motor practice than can be provided with direct therapy. 

 
• Volpe et al. (2000); Lum et al. (2002) Robot-assisted shoulder-elbow movement improved reaching. The 

evidence is not strong and there may be major resource implications for this intervention. 

• Volpe (2008) Robotic training and an intensive movement protocol provided by physiotherapist improved 
upper extremity impairment measures of motor outcome significantly and comparably; there were no 
significant changes in disability measures. Motor gains were maintained at the 3-month evaluation after 
training 

• EBRSR:  There is strong evidence that sensorimotor training with robotic devices improves upper 
extremity functional outcomes, and motor outcomes of the shoulder and elbow. There is strong evidence 
that robotic devices do not improve motor outcomes of the wrist and hand. 

• Bareca et al. (2003) included four studies in their review of sensorimotor training for the upper extremity 
(Feys et al., 1998; Jongbloed et al., 1989; Volpe et al., 1999, 2000). The authors concluded that stroke 
survivors who obtained sensorimotor stimulation showed more improvement at the end of the treatment 
phase compared to the control group. This improvement was still seen at follow-up 12 months later. 

13.6.8 Mirror Therapy 

In mirror therapy, the patient watches the reflection of his/her non-paretic UE in a mirror. The mirror is positioned 
such that the reflection is on the paretic side of the body. The patient is asked to perform a bilateral task, which is 
performed well with the non-paretic limb. The visual feedback of the reflection on the paretic side of the body also 
performing the task well matches the goal of the paretic arm performing the task well. In addition, this type of 
therapy may activate the mirror neuron system enhancing learning.  

There are 2 RCTs that examined the efficacy of mirror therapy on the upper extremity after stroke. Altschuler et al. 
(1999) found that mirror therapy enhanced UE recovery.  Yavuza and colleagues (2008) showed that mirror therapy 
was no better than conventional therapy in reducing spasticity in the upper extremity. 

13.6.9 Virtual Reality 

“Virtual reality is a computer based, interactive, multi-sensory environment that occurs in real time.” (Henderson et 
al., 2007). Virtual reality ranges from interaction with a computer screen from outside the environment, such as with 
simple computer games, to completely immersive environments where the person has a strong sense of being within 
the virtual environment.  Individuals perform different activities within these computer environments that have 
many characteristics of real world activities. 

One systematic review was found (Henderson, et al., 2007). This review found one good quality RCT investigating 
immersive VR and 1 poor quality RCT investigating non-immersive VR. These studies indicated that motor practice 
within immersive VR is more effective than no therapy, but that non-immersive VR may be no better than 
conventional therapy, although the low quality of the latter RCT precludes definitive conclusions. There have been 
no studies comparing immersive VR to conventional therapy.  The authors concluded that there was limited but 
encouraging evidence that VR is effective in post-stroke rehabilitation of the upper limb. 
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EVIDENCE TABLE  

   Recommendation  Sources  LE  QE Benefit SR 
1  Constraint Induced 

Movement Therapy improves 
use and motor skills in the 
paretic UE 

Boake et al., 2007 
Brogardh et al., 2006 
Hakkennes et al., 2005 
Lin et al., 2007 
Page et al., 2008 
Taub et al., 2007 
Wolf et al., 2006, 2008 
Wu et al., 2007a and b 

I Good Substantial A 

2 Strength Ada et al., 2006 [SR] 
Winstein et al., 2004  
Stein et al., 2004 
Pack et al., 2008 

I Fair Mod B 

3 FES may improve aspects of 
UE function 

Cauraugh et al., 2002, 2003a,b,c, 
2008 
Hara, 2008, 2006 
Kimberley, 2004 
McDonnell et al., 2007 
Pomeroy, 2006 
Daly et al., 2005 
Alon et al., 2007 

I Fair Moderate B 

4 FES for patients who have 
shoulder subluxation with or 
without shoulder pain 

Price & Pandyan, 2001  
Van Peppen et al., 2004 
Chae et al., 2005 

I Good Mod B 

5 EMG biofeedback Glanz et al., 1995 [SR] 
Moreland & Thomas, 1994[MA] 
 Moreland et al., 1998; [MA] 
Schleenbaker, 1993[SR] 
Bradley et al., 1998 

I Poor Small I 

6 Bilateral practice improves 
UE function, but may not be 
better than unilateral practice 

Lewis, Byblow Whitall, et al., 2000 
Mudie; Mudie & Matyas, Cauraugh 
& Kim, 2002 

I Fair Moderate B 

7  Robotic-assisted therapy 
improves motor skill at the 
joints trained 

Daly, 2005 
Hesse, 2005 
Lum, 2002 
Lum ,2006 
Masiero, 2006, 2007 
Prange, 2006 
Volpe, 2008a & b  

I Fair Moderate B 

8 Mirror therapy Altschuler, et al., 1999 
Yavuza et al., 2008 

I Poor Small I 

9 Virtual reality Henderson et al., 207 I Poor Small C 
LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
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13.7 Cardiovascular Conditioning and Fitness 

BACKGROUND 

Activity intolerance is common post stroke, and may contribute to a decrease in aerobic capacity.  Aerobic exercise 
training has been shown to benefit patients with a variety of diagnoses. However, this type of training has not 
traditionally been incorporated in stroke rehabilitation due to concerns of stroke recurrence or increases in spasticity.  
Recent studies and systematic reviews indicate that cardiovascular training post stroke leads to improved aerobic 
capacity and walking performance without untoward side effects. 

RECOMMENDATIONS 

1. Strongly recommend that patients participate in a regular aerobic exercise program at home or in 
an appropriate community program that is designed with consideration of the patient's co-
morbidities and functional limitations. [A] 

DISCUSSION 

EBRSR (2009) provides the following summary of the evidence (Mobility and the Lower Extremity: p 64): 

Several studies have demonstrated that exercise training can be effective for stroke patients (e.g., Brown and 
DeBacher ,1987; Monga et al., 1988; Potempa et al., 1995). Holt et al. (2001) demonstrated on a single patient that 
aerobic exercise training, on a static bicycle, enabled the patient to increase his walking speed, endurance and 
walking symmetry.  

The American Heart Association (AHA) (Gordon et al., 2004) published exercise recommendations for stroke 
survivors. The recommendations include a regimen of aerobic exercises, strength training (including circuit training, 
weights and isometric exercises), flexibility (stretching), and coordination and balance activities. The guidelines are 
aimed at preventing the recurrence of a subsequent stroke and the improvement of sensorimotor function. 

Pang et al. (2006) conducted a systematic review of aerobic exercise following stroke, which included 7 RCTs, 
evaluating patients in the acute (da Cunha et al., 2001; Katz-Leurer et al., 2003) subacute (Duncan et al., 2003) and 
chronic stages of stroke (Potempa et al., 1995; Chu et al., 2004) as well as one study which included 157 subjects 
with any form of brain injury (Bateman et al., 2001). Standardized effect sizes for the main outcomes of peak VO2 
and peak workload were calculated. Exercise intensity ranged from 50% to 80% heart rate reserve, while duration 
varied from 20-40 min for 3-5 days a week. Regardless of the stage of stroke recovery, there was a significant 
benefit of therapy. Improvements were noted in the parameters of peak VO2, peak workload, walking speed and 
endurance. 

A Cochrane review that examined the effects of physical training on reductions in death, dependency of disablement 
determined that definitive conclusions of efficacy could not be made due to the small body of literature (Saunders et 
al., 2004).  Based on 11 published RCTs the authors concluded that there was no benefit of treatment on any of the 
primary outcomes assessed.  However, EBRSR, based on reviewing all the individual studies, found strong evidence 
that while cardiovascular training post stroke improves level of physical fitness and gait performance; it does not 
result in additional improvement in ADL performance. 

EVIDENCE TABLE 

   Recommendation  Sources  QE  Overall 
Quality  

R  

1  Cardiovascular training improves 
level of physical fitness and gait 
performance 

Saunders et al., 2004 
Pang et al., 2006 
Macko et al., 1997 
Potempa et al., 1996 
Rimmer et al., 2000b 
Teixeira-Salmela et al., 1999 
Gordon et al., 2004 

I  Good  A 

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
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13.8 Adaptive Equipment, Durable Medical Devices, Orthotics, and Wheelchairs  

OBJECTIVE 

Minimally necessary assistive technology and training in its use should be available for individuals recovering from 
stroke to facilitate maximum independence in activity and participation.  

BACKGROUND  

Many patients require assistive devices, adaptive equipment, mobility aids, wheelchairs, and orthoses to maximize 
independent functioning following stroke. Many types of adaptive devices and durable medical devices (DME) are 
available. Type and level of functional deficit, degree of achieved adaptation, and the structural characteristics of the 
living environment determine the need for a particular item.  

Walking devices are helpful for patients with mild gait impairments. These devices increase the base of support 
around a patient's center of gravity and reduce the balance and effort needed to walk. Walking aids include (but are 
not limited to) the following:  

• Single point canes: Need to be fit to the patient and have rubber tips to improve traction.  
• Tripod or quad canes: Have 3 to 4 points of contact and offer more stability than a single point cane; 

however, they are heavier, bulkier, and more awkward to use.  
• Walkers: Support more body weight than canes; should be lightweight and foldable if the patient is 

planning to use it outside the home.  
• Rolling walkers: Allow for more energy efficient ambulation. The two-wheeled walker is the most 

commonly used walker, because 4-wheeled walkers are less stable and require greater coordination.  
Wheelchairs should be provided for patients with severe motor weakness or who easily fatigue. Wheelchair designs 
vary greatly and a wheelchair prescription should be specific to the patient's needs and environment and patient and 
family/caregiver preferences.  

RECOMMENDATIONS  

1. Recommend adaptive devices be used for safety and function if other methods of performing the 
task are not available or cannot be learned or if the patient's safety is a concern. [C] 

2. Recommend lower extremity orthotic devices be considered, if ankle or knee stabilization is 
needed to improve the patient's gait and prevent falls. [C] 

3. Recommend that a prefabricated brace be initially used and only patients who demonstrate long-
term need for bracing have customized orthoses made. [C] 

4. Recommend wheelchair prescriptions be based on careful assessment of the patient and the 
environment in which the wheelchair will be used. [C] 

5. Recommend walking assistive devices be used to help with mobility efficiency and safety, when 
needed. [C] 

DISCUSSION  

There is a vast array of adaptive devices available, including devices to make eating, bathing, grooming, and 
dressing easier for patients with functional limitations. These devices should only serve as a supplement and should 
not be expected to take the place of the patient mastering the task in question. Additionally, many patients may need 
to use adaptive devices early during the rehabilitation following a stroke, but will not require long-term use. This 
should be taken into account when considering providing a device. Examples of adaptive devices include (but are 
not limited to) eating utensils with built-up handles, rocker knives, plate guards, non-skid place mats, long handled 
sponges for bathing, hand held showers, tub and shower chairs, grab bars for bathrooms, and elevated toilet seats.  

Lower extremity orthoses, such as ankle-foot-orthoses (AFO) and knee-ankle foot-orthoses (KAFO), may be 
required if the patient has persistent weakness and instability at the ankle and/or knee joint following a stroke. 
Proper timing for using an orthosis can facilitate gait training and should be considered early on in the rehabilitation 
process to permit gait training to occur as early as possible. An orthosis should not be used as a substitute for 
functional exercise directed at regaining muscle strength and control, particularly if the prognosis for motor recovery 
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is good. Pre-fabricated orthoses can be used in the early stages of gait training, but a custom-fit device should be 
provided if it is determined that the patient may require long-term use of the orthosis.  

Assistive devices - There is moderate evidence that a quad cane is more effective than a standard cane for reducing 
postural sway. There is limited evidence that walking with a cane can improve hemiplegic gait. There is limited 
evidence that use of canes is associated with improved functional mobility. 

EVIDENCE  

 Recommendation  Sources  LE QE  SR 

1 Use of adaptive equipment AHCPR, 1995 
Working Group Consensus 

III  Poor  C  

2 Use of lower extremity orthotic 
devices. 

AHCPR, 1995 
Working Group Consensus 

III  Poor  C  

3 Use of prefabricated braces  AHCPR, 1995 
Working Group Consensus 

III  Poor  C  

4 Wheelchair prescriptions  AHCPR, 1995 
Working Group Consensus 

III  Poor  C  

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
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14 SENSORY IMPAIRMENT 

14.1 Sensory Impairment - Touch 

BACKGROUND 
Sensory impairment is common following stroke, and can interfere with functional activities.  There is some 
evidence that tactile and kinesthetic sensation can be improved by sensory-specific training and that improvement in 
sensation may also improve activity.  There is conflicting evidence for the effect of non-specific cutaneous 
stimulations when used in conjunction with conventional therapy. 

RECOMMENDATIONS 

1. Consider that all patients with sensory impairments be provided sensory-specific training  
2. Consider that patients with sensory impairments be provided a trial of cutaneous electrical 

stimulation in conjunction with conventional therapy when appropriate.  

14.2 Sensory impairment - Vision (Seeing) 

BACKGROUND 
Humans are visual creatures.  The ability to accurately intake and perceive visual information is critical to successful 
completion of daily life tasks.  After stroke, many of these processes can be impaired.  Two of the most common 
visual impairments are visual field cuts and motility impairments (e.g. diplopia).  The type of visual impairments 
experienced depends on lesion location. Many of these visual impairments are associated with increased disability. 

RECOMMENDATIONS 

1. Patient who have visual field cuts/hemianopsia or eye motility impairments after stroke should be 
provided with an intervention program for that visual impairment or compensatory strategies. [I] 

2. Consider scanning training, visual field stimulation, prisms, and eye exercises as restorative 
intervention strategies.  

3. Consider prisms and/or patching as compensatory intervention strategies. 

DISCUSSION 

While recently, it has been found that visual impairments are common after stroke, there is little evidence for how to 
ameliorate these problems. Studies for hemianopsia have suffered from either weakness in methods used to measure 
visual field changes and a lack of measuring generalization to everyday function. Studies have been small and often 
nonrandomized. Outcomes have been mixed. There are few studies regarding ocular motility interventions in stroke. 
The majority of this literature is in traumatic brain injury. 

EVIDENCE TABLE 

   Recommendation  Sources  LE  QE  SR 
1  Interventions for visual field cuts / 

hemianopsia 
Khan, 2008 
Pellak, 2007 
Poggel, 2004 

I  Fair  I  

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 

14.3 Sensory Impairment - Hearing  

BACKGROUND 
While hearing is not typically affected in stroke, many older stroke patients suffer from hearing loss which can 
interfere with their ability to participate in rehabilitation. 

RECOMMENDATIONS 

1. Recommend appropriate hearing aids be obtained and used, for patients with known hearing loss.  
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15  ACTIVITIES (ADL, IADL) 

BACKGROUND 

A large portion of time (19-43%) in inpatient stroke rehabilitation is spent on ADL training (Richards et al., 2005) 
because the ability to perform these activities is often necessary to move to levels of less structured care, particularly 
the ability to return to community living. Despite this, few studies have examined the most efficacious methods for 
facilitating improvements in ADL skills. Typically, ADLs are addressed with a mixture of restorative (e.g., motor 
training for the paretic UE) and compensatory interventions (e.g., one-handed techniques, adaptive equipment).  In 
the U.S., much less time is spent on IADL training during inpatient rehabilitation because of the short lengths of 
stays. (Richards et al., 2005) As with ADLs, IADL training is a mixture of restorative and compensatory 
intervention. Compared to the ADL treatment literature there are even fewer studies examining the efficacy of IADL 
training. 

RECOMMENDATIONS 

1. Recommend all patients receive ADL training  [A] 
2. Recommend all patients receive IADL training in areas of need  [C] 
3. Recommend those individuals with stroke who exhibit ADL /IADL deficits should be given a 

training program that is tailored to the individual needs and anticipated discharge setting. [I] 

DISCUSSION 

Many of the studies reviewed in the motor recovery section have documented that improving motor, swallowing, 
cognitive, and psychosocial components is an important part of stroke rehabilitation (Studenski, 2005; Pohl, 2007; 
Donkervoort, 2005). The complexity of IADL and leisure activities often limits the impact of addressing just one or 
two Body Functions on engagement in these activities (Mead, 2007).  Most studies of traditional inpatient 
rehabilitation, however, show that, in general, stroke survivors improve their ability to complete ADLs from 
admission to discharge (Ng, 2007; Teasell, 2006). Although level of ADL independence is linked to initial stroke 
severity, overall level of dependency, (Suzuki, 2006) and factors such as depression (Lai, 2002) play a part in the 
recovery process.   

A large percentage of Occupational Therapy treatment is ADL and IADL focused. Teasell and colleagues (2005) 
reported that even severely impaired individuals can make gains in ADL performance with extended rehabilitation 
designed for their tolerance levels.  

Collectively the evidence suggests that ADL and IADL training results in greater ADL and IADL independence 
than no ADL or IADL training (Landi, 2006; Leg, 2006; Trombly, 2002; Soderstrom, 2006; and Akinwuntan, 2005).  
Further, Liu and colleagues (2004) reported that training stroke patients to mentally rehearse ADL sequences and 
related problem solving resulted in even greater ADL gains than ADL training alone. Yet, some studies have found 
that ADL performance deteriorates within the first year after discharge from stroke rehabilitation (Grimby, 1998).   

Two factors that may moderate ADL/IADL training gains are the amount and the type of rehabilitation received.  
For example, functional gains were less in individuals who received shortened lengths of stay in post-stroke 
inpatient rehabilitation due to the prospective payment system (Gillen, 2007). In a study comparing rehabilitation 
outcomes among four rehabilitation facilities in four different European countries (De Wit, 2007) stroke survivors in 
the United Kingdom facility had more favorable ADL outcomes than those in the three other facilities. The United 
Kingdom facility provided much more nursing care focused on practicing compensatory ADL techniques than the 
other facilities. In contrast, stroke survivors in the Swiss facility had better IADL outcomes compared to the other 
facilities; possibly due to the larger number of hours of OT they received. Even for individuals requiring chronic 
care, ADL training, environment adaptation, and remediation of impairments may at least retard deterioration of 
self-care abilities (Sackley, 2006).  Jette and colleagues (2005) showed that higher intensities of therapy were 
associated with greater ADL recovery. 
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EVIDENCE TABLE 

   Recommendation  Sources  LE  QE  SR  
1  ADL/IADL training improves 

function 
Landi, 2006 
Leg, 2006  
Trombly, 2002 
Soderstrom, 2006  
Akinwuntan, 2005 
Teasell, 2005 
Liu and colleagues, 2004 

I Good A 

 IADL training improves function   Poor C 
LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 

 
Table 15-1: Activities in ADL and IADL 

ADL  IADL  
Mobility 

• Bed mobility 
• Wheelchair mobility 
• Transfers 
• Ambulation  
• Stair climbing  

Home Management 
• Shopping 
• Meal planning 
• Meal preparation 
• Cleaning 
• Laundry 
• Child care  

Self-Care 
• Dressing 
• Self-feeding 
• Toileting 
• Bathing 
• Grooming  

Community Living Skills 
• Money/financial management 
• Use of public transportation 
• Driving 
• Shopping 
• Access to recreation activities  

Communication 
• Writing 
• Typing/computer use 
• Telephoning 
• Using special communication devices  

Health Management 
• Handling medication 
• Knowing health risks 
• Making medical appointments  

Environmental Hardware 
• Keys 
• Faucets 
• Light switches 
• Windows/doors  

Safety Management  
• Fire safety awareness 
• Ability to call 911 
• Response to smoke detector 
• Identification of dangerous situations  

Modified from: Pedretti LW. Occupational Therapy: Practice Skills for Physical Dysfunction. 4th ed. St. Louis: Mosby; 1996.  
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16 ADJUNCTIVE TREATMENT  

16.1 Complementary Alternative Medicine (CAM) - Acupuncture  

BACKGROUND 

Acupuncture has been a Traditional Chinese Medicine treatment for thousands of years, and it has now gained the 
attention of Western medicine.  There have been a number of evidence-based reviews on the use of acupuncture 
following stroke. Studies have examined various outcomes including death, institutionalization, functional 
independence, motor recovery, swallowing, spasticity, and pain.  Most of these studies have been small, and the 
majority has methodological flaws (e.g. lack of a control group).  There is no clear evidence as to the effect of 
acupuncture on stroke rehabilitation outcomes.   

However, since complementary medicine may relate to particular cultural backgrounds or other belief systems, 
health professionals should be aware of and sensitive to the needs and desires of the stroke survivor and the family. 
Health professionals should be willing to discuss the effectiveness of therapy and different options of care within the 
context of the current health care system. 

RECOMMENDATIONS 

1. There is insufficient evidence to recommend acupuncture to improve stroke rehabilitation 
outcomes.  [D] 

DISCUSSION 

Complementary and alternative therapies cover a range of practices including acupuncture, homoeopathy, traditional 
Chinese medicine, aromatherapy, music therapy, Reiki therapy and others. Although there have been a number of 
trials, primarily for acupuncture, there remains no evidence for the overall efficacy of complementary and 
alternative therapies (Park, 2001; Sze, 2002).  Acupuncture may be useful in some situations for sensory 
stimulations to improve standing ability, as measured by using clinical scales (Johansson et al., 1993) 

Homoeopathic interventions, however, may develop harmful interactions with certain medications and should be 
discussed with relevant health professionals. 

• Sze et al. (2002)  - This meta-analysis of  14 controlled trials concluded that in patients recovering 
from stroke, acupuncture has no additional effect on motor recovery but has a small positive effect on 
disability, which may be due to a true placebo effect and varied study quality. The efficacy of 
acupuncture without stroke rehabilitation remains uncertain, mainly because of the poor quality of such 
studies. 

• Park et al. (2005) conducted a randomized trial of 116 patients (56 in the real acupuncture group and 
60 in the sham group) evaluating the effect on function (ADL) and NIHSS scores and quality of life.  
The finding, consistent with those from other randomized trials of acupuncture in stroke rehabilitation, 
indicated no beneficial effect of acupuncture on recovery in ADL and health-related quality of life. 

• Wu et al. (2006), in a Cochrane Report systematically reviewed the existing clinical evidence on 
traditional Chinese patent medicine (TCPM) for ischemic stroke. The review found insufficient good 
quality evidence on the effects of TCPM in ischemic stroke on the primary outcome (death or 
dependency). Some apparent benefit on neurological impairment was attributed to bias from poor 
methodology as to a real treatment effect.  

EVIDENCE TABLE 

 Recommendation  Sources  LE  QE  SR 
1 Acupuncture  Sze et al., 2002 §  

Park et al., 2005 
Wu et al., 2006 
Johansson et al., 1993 

I Fair D 

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
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16.2 Hyperbaric oxygen (HBO) 

Hyperbaric oxygen therapy (HBOT) is a controversial intervention that entails the therapeutic administration of 
100% oxygen in a compression chambers using pressures greater than 1.0 atmosphere absolute (ATA). HBOT 
induces a state of increased partial pressure to the tissues and is suggested to provide several benefits as a result of 
protecting the area of the ischemic penumbra from further damage on reperfusion and may stimulate them to 
function normally. However HBOT has not been shown in research to be effective for post stroke rehabilitation and  
high dose oxygen therapy may be potentially toxic.  Adverse events include damage to the ears or sinuses, oxygen 
toxicity, and claustrophobia.  

RECOMMENDATIONS  

1. The use of hyperbaric oxygen therapy is not recommended. [D] 

DISCUSSION         

There is strong evidence that hyperbaric oxygen therapy does not improve neurological status (EBSRS). 

A Cochrane review (Bennett et al., 2005) identified only 3 small trials, involving a total of 106 patients, suitable for 
inclusion (Anderson et al., 1991; Nighoghossian et al., 1995; Rusyniak et al., 2003). The relative risk of death  
associated with HBOT at 3 and 6 months was not significantly reduced (RR =0.61, 0.17, 2.20). This was the only 
outcome with sufficient data to pool.  

Carson et al. (2005) conducted a meta-analysis to investigate the risks and benefits of hyperbaric oxygen therapy in 
the treatment of stroke patients. They reviewed only 4 randomized controlled trials and one controlled trial, which 
included 218 patients plus an additional 17 observational studies. The evidence showed no effectiveness for 
hyperbaric oxygen therapy in post-stroke patients. The study concluded that, “the overall evidence is insufficient to 
determine the effectiveness of hyperbaric oxygen therapy in any subgroup of stroke patients.”  

EVIDENCE 

 Recommendation  Sources  QE  Overall 
Quality  R  

1 Hyperbaric oxygen Therapy  Bennett et al., 2005 
Carson et al., 2005 

I Good D 

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
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17 FAMILY/COMMUNITY SUPPORT   

BACKGROUND 

The patient and family/caregivers should be given information and provided with an opportunity to learn about the 
causes and consequences of stroke, potential complications, and the goals, process, and prognosis of rehabilitation. 

Training caregivers and patients with stroke improves mood and quality of life and reduces costs but does not affect 
patient mortality, institutionalization, or functioning.  The presence and effectiveness of large social support 
networks can have a positive influence on the physical recovery and quality of life of the stroke survivor.  

RECOMMENDATIONS 

1. Patients and caregivers should be educated throughout the rehabilitation process to address 
patient’s rehabilitation needs, expected outcomes, procedures and treatment as well as appropriate 
follow-up in the home/ community. [B] 

2. Patient and caregiver education should be provided in both interactive and written formats. [B] 
3. Caregivers should be provided in a variety of methods of training based on their specific needs, 

cognitive capability, and local resources; Training may be provided in individual or group format, 
and in community-based programs. [B] 

DISCUSSION 

A National Stroke Association survey (Jones, 2006) found that stroke survivors often do not reach their 
rehabilitation goals, and lack of information is a major barrier to continued recovery:  38% of 523 long-term stroke 
survivors reported a lack of information about community and rehabilitation resources.   

Inadequate provision of information is predictive of poor quality of life in stroke patients and their families 
(O’Mahoney, 1997). There is some evidence that combining information with educational sessions improves 
knowledge and is more effective than providing information alone (Forster, 2001). 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 reduces personal costs and improves quality of life 
(Kalra, 2004). 

Forster and colleagues (2001) reviewed nine studies of educational intervention.  The authors excluded trials in 
which information giving was only one component of a more complex rehabilitation intervention (e.g., family 
support worker trials).  They found that in two good-quality trials (Evans et al., 1988; Rodgers et al., 1999) 
information-plus-education improved knowledge.  Information-plus-education, however, had no effect on perceived 
health status and quality of life or on the Caregiver Hassles scale.  One of the two relevant trials found an 
association between education provision and 4 of 7 subscales of a family functioning scale.  However, 58 percent of 
the patients in that study did not attend 3 or more of the 6 classes offered.  The authors wrote that "There is a 
suggestion that information provided in an educational context is more effective than the simple provision of a 
booklet or leaflet.  However, the success of such strategies is limited if they are unacceptable to the patient."  The 
authors concluded “The results of the review are limited by the variable quality of the trials and the wide range of 
outcome measures used.  The general 'effectiveness' of information provision has not been conclusively 
demonstrated.” 

One systematic review (Bhogal, 2003) and one meta-analysis (Smith, 2008) looked at caregiver support 
interventions and found that social support improved patient outcomes and family functioning.  A comparison of 
passive versus active information intervention determined that there was no significant effect on the number of cases 
of anxiety or depression in patients, carer mood or satisfaction or death.  A qualitative analysis found no strong 
evidence of an effect on other outcomes.  Meta-analyses showed a significant effect from information therapy on 
patient and carer knowledge, one aspect of patient satisfaction, and patient depression scores. 

Six randomized controlled trials (2002 to 2007) that provide some evidence of the impact of caregiver support were 
identified.  Sample sizes ranged from 62 to 127 patients and caregivers. Interventions consisted of counseling in the 
home setting, information packages, education, group program and services as part of an early supportive discharge 
program. Significant correlations were found with counseling in the home and activity level.  Information packages 
modestly improved functional status and improved family functioning.  Caregiver training produced a modest 
impact on caregiver burden, moderately high impact on quality of life, but social services support did not predict 
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caregiver outcomes. Education did not provide statistical support for effect on knowledge, though there was a trend 
in favor of the educational intervention.  An early supported discharge program lowered burden scores for caregivers 
in comparison with usual care, even when the patients had major functional limitations. 

An evidence-based educational program for stroke survivors after discharge home (Ostwald et al, 2008) described 
39 comprehensive educational guidelines.  The program recommended that educational programs provided to stroke 
survivors and their families be interactive, interdisciplinary, and focused on identified needs.  

EVIDENCE TABLE 
 Recommendation  Sources  LE  QE  SR  
1  Patient and Caregiver Education Bhogal et al., 2003 (§) 

Smith et al., 2008 (§) 
Kalra, 2004 
Bjorkdahl et al., 2007  

I Fair  B 

2  Education should be provided in an 
interactive and written format  

Smith et al., 2008 (§) 
Forster, 2001 (§) 
Clark et al., 2003  

I Fair  B 

3  Caregiver training should be 
provided in a variety of methods  

Ostwald et al., 2008  II Fair  B 

LE=Level of Evidence; QE = Quality of Evidence; SR = Strength of Recommendation; §=Systematic Review (see Appendix A) 
 
 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
October, 2010  Management of Stroke Rehabilitation  

Appendices Page - 111 

 

 

APPENDICES 

 

 

 

 

 

 

APPENDIX A  Guideline Development Process 112 

APPENDIX B Standard Instruments for Post-Stroke Assessment 121 

APPENDIX C  Acronym List 127 

APPENDIX D Participant List 129 

APPENDIX E Bibliography 131 
 

 

 

 

 

 

 

 

 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
October, 2010  Management of Stroke Rehabilitation  

Appendix A: Guideline Development Process Page - 112 

APPENDIX A  
Guideline Development Process 

The update of the  VA/DoD Clinical Practice Guideline for Management of  Stroke Rehabilitation was 
developed following  the steps described in “Guideline for Guidelines,” an internal working document of 
the VA/DoD Evidence Based Practice Working Group, that requires an ongoing review of guideline works 
in progress.   

The Offices of Quality and Performance and Patient Care Services of the VA, and the Army Medical 
Command of the DoD identified clinical leaders to champion the guideline development process. During a 
preplanning conference call, the clinical leaders defined the scope of the guideline and identified a group of 
clinical experts from the VA and DoD to form the Management of Stroke Rehabilitation Working Group 
(WG). For this guideline these WG participants were drawn from the fields of physical medicine & 
rehabilitation, internal medicine, primary care, neurology, geriatric medicine, social work, and 
rehabilitation (physical therapy, exercise physiology, occupational therapy, speech/language therapy, 
nursing, recreation therapy, and exercise therapy) who were also from diverse geographic regions, and 
selected from both VA and DoD health care systems. Experts representing the American Health association 
(AHA) were also part of the WG.  

The WG participated in 3 face-to-face meetings to reach consensus about the guideline algorithm and 
evidence-based recommendations and to prepare a draft update document. The draft continued to be revised 
by the Working Group through numerous conference calls and individual contributions to the document.  

Recommendations for the management of stroke rehabilitation were derived through a rigorous 
methodological approach that included the following:  

• Determining appropriate criteria such as effectiveness, efficacy, population benefit, or patient 
satisfaction 

• Reviewing literature to determine the strength of the evidence in relation to these criteria 

• Formulating the recommendations and grading the level of evidence supporting the 
recommendation 

After orientation to the guideline scope and to goals that had been identified, the WG developed a set of 35 
researchable questions within the focus area of the guideline and identified associated key terms. This 
ensured that the guideline development work outside of meetings focused on issues that practitioners 
considered important.  This also produced criteria for the literature search and selection of included studies 
that formed the body of evidence for this guideline update.   

 

All questions specified (adapted from the Evidence-Based Medicine toolbox, Center for Evidence-Based 
Medicine, [http://www.cebm.net ]): 

• Population – Characteristics of the target patient population  
• Intervention – Exposure, diagnostic, or prognosis  
• Comparison – Intervention, exposure, or control used for comparison  
• Outcome – Outcomes of interest 

These specifications served as the preliminary criteria for selecting studies.  See PICO Questions to Guide 
Literature Search (page 118) for a complete listing and categorization of the questions.   

Literature Search 
An initial global literature search (using cerebrovascular disorders as a mesh term crossed with stroke as a 
text term) yielded 5, 612 abstracts which were reviewed, resulting in 832 references being selected for 
further analysis (199 Randomized clinical trials (RCTs), 19 Meta-analyses (MAs), 58 Systematic reviews 
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(SRs), 541 Reviews/observational studies, and 5 guidelines).  Refinement of the review process with input 
from the WG members resulted in 301 studies being identified that met the baseline criteria for inclusion, 
addressed one or more of the researchable questions,  and covered topic areas that had either not been 
addressed in the previous version of this guideline or had been included but not fully developed .  A more 
detailed (full) search was conducted on each question, supplemented by hand searches and cross-
referencing to search for relevant articles.  The searches for these questions covered the period since the 
last VA/DoD CPG on Stroke (published after January 1, 2003 and before March, 2008 but ran in Pub Med 
most recently on March 2009).   

Selection of Evidence 
The evidence selection process was designed to identify the best available evidence to address each key 
question and ensure maximum coverage of studies at the top of the hierarchy of study types.  Published, 
peer-reviewed RCTs, as well as meta-analyses and systematic reviews that included randomized controlled 
studies, were considered to constitute the strongest level of evidence in support of guideline 
recommendations.  This decision was based on the judgment that RCTs provide the clearest, most 
scientifically sound basis for judging comparative efficacy.  The WG also recognized the limitations of 
RCTs, particularly considerations of generalizability with respect to patient selection and treatment quality.  
When available, the search sought out critical appraisals already performed by others that described explicit 
criteria for deciding what evidence was selected and how it was determined to be valid.  The sources that 
have already undergone rigorous critical appraisal include Cochrane Reviews, Best Evidence, Technology 
Assessment, AHRQ systematic evidence reports, and other published Evidence-based Clinical Practice 
Guidelines.  

In addition to Medline/PubMed, the following databases were searched: Database of Abstracts of Reviews 
of Effectiveness (DARE), Cinahl/Medline/Embase/PsycINFO (OVID), and Cochrane Central Register of 
Controlled Trials.  For Medline/PubMed searches, limits were set for language (English), and type of 
research (RCT, systematic reviews and meta-analysis). For prognostic and diagnostic questions (e.g., does 
test improve outcome?); cohort or other prospective non-RCT designs were considered. 

The following inclusion criteria were used to select the articles identified in the literature search for 
possible inclusion:  

• Published in United States, United Kingdom, Europe, Australia, Japan, New Zealand  
• Full articles only published in English 
• Study populations: age limited to adults 18 years of age or older; all races, ethnicities, and cultural 

groups  
• Relevant outcomes able to be abstracted from the data presented in the articles 
• Sample sizes appropriate for the study question addressed in the paper. RCTs were included if they 

were initiated with 30 or more participants 
Preparation of Evidence Tables (Reports) and Evidence Rating 

The results of the searches were organized in evidence reports, and copies of the original studies were 
provided to the WG for further analysis.  Each reference was appraised for scientific merit, clinical 
relevance, and applicability to the populations served by the VA and DoD health care systems.  

Recommendation and Quality Rating 
Evidence-based practice involves integrating clinical expertise with the best available clinical evidence 
derived from systematic research. 

A group of research analysts read and coded each article that met inclusion criteria.  The articles were 
assessed for methodological rigor and clinical importance. Clinical experts from the VA and DoD WG 
reviewed the results and evaluated the strength of the evidence, considering quality of the body of evidence 
(made up of the individual studies) and the significance of the net benefit (potential benefit minus possible 
harm) for each intervention.  

 The overall strength of each body of evidence that addresses a particular Key Question was assessed using 
methods adapted from the U.S. Preventive Services Task Force (Harris, 2001).  To assign an overall quality 
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[QE] (see Table A-2) of the evidence (good, fair, or poor), the number, quality, and size of the studies; 
consistency of results between studies; and directness of the evidence were considered. Consistent results 
from a number of higher-quality studies [LE] (see Table A-1) across a broad range of populations; supports 
with a high degree of certainty that the results of the studies are true and therefore the entire body of 
evidence would be considered ‘‘good” quality.  A ‘‘fair” quality was assigned to the body of evidence 
indicating that the results could be due to true effects or to biases present across some or all of the studies.  
For a ‘‘poor” quality body of evidence, any conclusion is uncertain due to serious methodological 
shortcomings, sparse data, or inconsistent results. 

 The Strength of Recommendation [SR] was then determined based on the Quality of the Evidence [QE], 
and the clinical significance of the net benefit [NE] (see Table A-3) for each intervention, as demonstrated 
by the body of evidence. Thus, the grade (i.e., A, B, C, D or I) assigned to guideline recommendations 
reflect both variables; the Quality of the evidence and the potential clinical benefit that the intervention 
may provide to patients (see Table A4). 

 

Table A-1: Level of Evidence (LE) 

I At least one properly done RCT 

II-1 Well-designed controlled trial without randomization 

II-2 Well-designed cohort or case-control analytic study, preferably from more than one source 

II-3 Multiple time series evidence with/without intervention, dramatic results of uncontrolled 
experiment 

III Opinion of respected authorities, descriptive studies, case reports, and expert committees 

 

Table A-2: Overall Quality [QE] 

Good High grade evidence (I or II-1) directly linked to health outcome 

Fair 
High grade evidence (I or II-1) linked to intermediate outcome; 
or 
Moderate grade evidence (II-2 or II-3) directly linked to health outcome 

Poor Level III evidence or no linkage of evidence to health outcome 
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Table A-3: Net Effect of the Intervention [NE] 

Substantial 
More than a small relative impact on a frequent condition with a substantial burden of suffering;  

or 

A large impact on an infrequent condition with a significant impact on the individual patient level. 

Moderate 

A small relative impact on a frequent condition with a substantial burden of suffering;  
or 

A moderate impact on an infrequent condition with a significant impact on the individual patient 
level. 

Small 
A negligible relative impact on a frequent condition with a substantial burden of suffering;  

or 

A small impact on an infrequent condition with a significant impact at the individual patient level. 

Zero or 
Negative 

Negative impact on patients;  

or 

No relative impact on either a frequent condition with a substantial burden of suffering, or an 
infrequent condition with a significant impact on the individual patient level. 

 

 

Table A-4: Final Grade of Recommendation  [SR] 

 The net benefit of the intervention 

Quality of Evidence Substantial Moderate Small Zero or Negative 

Good A B C D 

Fair B B C D 

Poor I I I I 

 

Strength of Recommendation Rating [SR] 

A A strong recommendation that the clinicians provide the intervention to eligible 
patients.  

Good evidence was found that the intervention improves important health outcomes 
and concludes that benefits substantially outweigh harm.  

B A recommendation that clinicians provide (the service) to eligible patients. 

At least fair evidence was found that the intervention improves health outcomes and 
concludes that benefits outweigh harm. 

C No recommendation for or against the routine provision of the intervention is made. 

At least fair evidence was found that the intervention can improve health outcomes, 
but concludes that the balance of benefits and harms is too close to justify a general 
recommendation. 

D Recommendation is made against routinely providing the intervention to 
asymptomatic patients. 

At least fair evidence was found that the intervention is ineffective or that harms 
outweigh benefits. 
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I The conclusion is that the evidence is insufficient to recommend for or against 
routinely providing the intervention. 

Evidence that the intervention is effective is lacking, of poor quality, or conflicting, 
and the balance of benefits and harms cannot be determined. 

Lack of Evidence – Consensus of Experts 
Where existing literature was ambiguous or conflicting, or where scientific data was lacking on an issue, 
recommendations were based on the clinical experience of the Working Group.   

This update of the Stroke Rehabilitation Guideline is the product of many months of diligent effort and 
consensus building among knowledgeable individuals from the VA, DoD, and academia, as well as 
guideline facilitators from the private sector.  An experienced moderator facilitated the multidisciplinary 
Working Group.  The list of participants is included in Appendix D 

Algorithm Format 
The clinical algorithm incorporates the information presented in the guideline in a format which maximally 
facilitates clinical decision-making. The use of the algorithmic format was chosen because of evidence 
showing that such a format improves data collection, facilitates diagnostic and therapeutic decision-
making, and changes patterns of resource use.   

The algorithmic format allows the provider to follow a linear approach to critical information needed at the 
major decision points in the clinical process and includes: 

– An ordered sequence of steps of care  
– Recommended observations  
– Decisions to be considered  
– Actions to be taken 

A clinical algorithm diagrams a guideline into a step-by-step decision tree.  Standardized symbols are used 
to display each step in the algorithm (Society for Medical Decision-Making Committee, 1992).  Arrows 
connect the numbered boxes indicating the order in which the steps should be followed. 
 

 Rounded rectangles represent a clinical state or condition. 

 

Hexagons represent a decision point in the guideline, formulated as 
a question that can be answered Yes or No. A horizontal arrow 
points to the next step if the answer is YES. A vertical arrow 
continues to the next step for a negative answer. 

 
Rectangles represent an action in the process of care. 

 
Ovals represent a link to another section within the guideline. 

 

A letter within a box of an algorithm refers the reader to the corresponding annotation.  The annotations 
elaborate on the recommendations and statements that are found within each box of the algorithm.  
Included in the annotations are brief discussions that provide the underlying rationale and specific evidence 
tables.  Annotations indicate whether each recommendation is based on scientific data or expert opinion.  A 
complete bibliography is included in the guideline. 
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Management of Stroke Rehabilitation – PICO Questions to guide literature search 

Assessment: Diagnosis 
 

1. In patients with acute stroke, is there evidence that non-instrumental 
dysphagia assessment/screening tests identify aspiration? 

2. In patients with acute stroke, is there evidence that screening by nurses is 
comparable to screening by speech language pathologists in identifying 
aspiration? 

Prognosis 
3. Is home-based rehabilitation as effective as hospital based rehabilitation 

post-stroke?  
4. Is early supported discharge as effective as standard customary rehabilitation 

post stroke?  
5. In patients with stroke, is location of care as a proxy for intensity of 

service (skilled nursing facility vs. acute rehabilitation unit) indicative of better 
outcomes? 

Management 
6. In patients with aphasia, is impairment-based treatment (linguistic) more 

effective than functional treatment or no treatment?  
7. In patients with acquired articulation disorders and/or voice disorders 

(apraxia of speech, dysarthria, dysphonia) post-stroke, does treatment vs no 
treatment lead to better outcome? 

8. In patients with aphasia, is group therapy as effective as individual therapy 
for aphasia? 

9. In patients with aphasia, is computerized treatment as effective as 
clinician-provided treatment for aphasia? 

10. In patients with stroke and dypsphagia, what dietary modifications, 
positional maneuvers, and exercises are effective in maintaining adequate 
hydration and nutrition?  OR 
In adult patients with stroke and dysphagia, what compensatory and 
rehabilitation treatments are effective in maintaining adequate hydration 
and nutrition?  In patients with aphasia, does impairment-based treatment 
or functional treatment compared with no treatment improve quality of life? 

11. Does robot-assisted therapy improve the ability to use the paretic upper 
extremity (UE) (or improve UE function) in daily activities in: 

a. Patients with acute stroke? 
b. Patients with mild-moderate UE motor impairment? 
c. Patients with severe UE motor impairment? 

12. Does robot-assisted therapy improve the ability to use the paretic UE (or 
improve UE function) in daily activities better than traditional care or better 
than any other treatment of the same intensity and duration in: 

a. Patients with acute stroke? 
b. Patients with mild-moderate UE motor impairment? 
c. Patients with severe UE motor impairment? 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
October, 2010  Management of Stroke Rehabilitation  

Appendix A: Guideline Development Process Page - 119 

13. Does strengthening the arm post-stroke improve patient’s ability to engage 
in desired activities and/or improve UE function in: 

a. Patients with acute stroke? 
b. Patients with mild-moderate UE motor impairment? 
c. Patients with severe UE motor impairment? 

14. Does reducing spasticity in the UE result in increases in UE function and the 
ability to complete ADLs, IADLs in: 

a. Patients with acute stroke? 
b. Patients with mild-moderate UE motor impairment? 
c. Patients with severe UE motor impairment? 

15. Does cortical stimulation, either through repetitive Transcranial Magnetic 
Stimulation (rTMS) or electrically (implanted electrodes or intercranial), in 
addition to motor therapy improve UE function in daily life activities and/or 
complete ADLs/IADL: 

a. Patients with acute stroke? 
b. Patients with mild-moderate UE motor impairment? 
c. Patients with severe UE motor impairment? 

16. In patients post-stroke with upper extremity motor impairment, does the use of 
constraint-induced (or modified constraint-induced) treatment vs standard care 
improve UE functioning? 

17. In patients with subacute stroke, does mirror therapy improve hand function 
better than standard care? 

18. In patients post-stroke, can supported treadmill training assist walking ability 
better than standard techniques? 

19. In patients post-stroke, is locomotor treadmill training with partial body-
weight support before overground gait more efficacious than standard care?  

20. In patients post-stroke, which gait training strategies are the most effective?  
21. In patients post-stroke, are ankle joint mobilizations more effective in 

increasing ankle joint range of motion than standard care? 
22. In patients post-stroke, does mirror therapy improve lower extremity motor 

recovery as compared to sham therapy? 
23. In patients post-stroke, can exercise training improve cardiometabolic 

adaptation? 
24. In patients post-stroke, does progressive resistance training improve muscle 

strength, tone, gait performance and perceived participation? 
25. In patients post-stroke, do strengthening interventions vs standard care 

increase strength and activity? 
26. In patients post-stroke, do virtual reality-based approaches enable walking 

compared to standard care? 
27. In patients post-stroke, is whole body vibration more effective than standard 

care for improving balance recovery? 
28. Do patients with chronic stroke benefit from an aerobic exercise program? 
29. In patients post-stroke, is exercise more effective than relaxation in 

improving quality of life and physical function? 
30. In patients post-stroke, does community exercise improve outcome for patient  

recovering at home? 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
October, 2010  Management of Stroke Rehabilitation  

Appendix A: Guideline Development Process Page - 120 

Telemedicine 
31. In patients post-stroke, does remote/distance monitoring (telemedicine) 

result in the same/better outcomes (utilization, comorbidity, functional 
independence, patient satisfaction) than treatment as usual follow-up 

Medications 
32. In patients post-stroke with mild cognitive impairment, do anti-cholinesterase 

inhibitors (donepezil, rivastigmine, galantamine) or memantine vs no specific 
pharmacologic treatment improve outcomes (raise scores on MMSE/other 
measures; reduce burden of care)? 

33. In patients post-stroke with motor impairment, does treatment with 
amphetamines, detroamphetamines, dopamine or dopamine agonists vs 
pharmacologic treatment improve outcome (e.g., recovery time; walking speed)? 

Depression 
34. In patient post-stroke, does screening for and treatment of depression compare 

dot no screening or no treatment lead to better rehabilitation outcomes? 
35. In patient post-stroke, does cognitive rehabilitation strategies aimed at spatial 

neglect lead to better outcome in reducing disability and improving 
independence? 
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APPENDIX B 
Standard Instruments for Post-Stroke Assessment 

Preferred Standard Instruments for Patient Assessment in Stroke (AHCPR, 1995) 

Type Name and Source 
Approximate 

Time to 
Administer 

Strengths Weaknesses 

Level-of-
consciousness scale 

Glasgow Coma 
Scale[a] 

2 minutes Simple, valid, reliable. None observed. 

Stroke deficit 
scales 

NIH Stroke Scale 
[b] 

2 minutes Brief, reliable. Can be 
administered by non-
neurologists. 

Low sensitivity. 

Canadian 
Neurological Scale 
[c] 

5 minutes Brief, valid, reliable. Some useful measures 
omitted. 

Global disability 
scale 

Rankin Scale [d,e] 5 minutes Good for overall assessment of 
disability. 

Walking is the only 
explicit assessment 
criterion. Low 
sensitivity. 

Measures of 
disability/activities 
of daily living 
(ADL) 

Barthel Index [f] 5-10 minutes Widely used for stroke. 
Excellent validity and 
reliability. 

Low sensitivity for 
high-level functioning. 

Functional 
Independence 
Measure (FIMTM) 
[g] 

40 minutes Widely used for stroke. 
Measures mobility, ADL, 
cognition, functional 
communication. 

“Ceiling” and “floor” 
effects. 

Mental status 
screening 

Folstein Mini-
Mental State 
Examination [h] 

10 minutes Widely used for screening. Several functions with 
summed score. May 
misclassify patients 
with aphasia. 

Neurobehavioral 
Cognition Status 
Exam (NCSE) [i] 

10 minutes Predicts gain in Barthel Index 
scores. Unrelated to age. 

Does not distinguish 
right from left 
hemisphere. No 
reliability studies in 
stroke. No studies of 
factorial structure. 
Correlates with 
education. 

Assessment of 
motor function 

Fugl-Meyer [j] 30-40 minutes Extensively evaluated 
measure. Good validity and 
reliability for assessing 
sensorimotor function and 
balance. 

Considered too complex 
and time-consuming by 
many. 

Motor Assessment 
Scale [k] 

15 minutes Good, brief assessment of 
movement and physical 
mobility. 

Reliability assessed 
only in stable patients. 
Sensitivity not tested. 

Motricity Index [l] 5 minutes Brief assessment of motor 
function of arm, leg, and 
trunk. 

Sensitivity not tested. 

Balance assessment Berg Balance 
Assessment [m] 

10 minutes Simple, well established with 
stroke patients; sensitive to 

None observed. 
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Type Name and Source 
Approximate 

Time to 
Administer 

Strengths Weaknesses 

change. 
Mobility 
assessment 
 

 

Rivermead 
Mobility Index [n] 

5 minutes Valid, brief, reliable test of 
physical mobility. 

Sensitivity not tested. 

Assessment of 
speech and 
language functions 

Boston Diagnostic 
Aphasia 
Examination [o] 

1-4 hours Widely used. Comprehensive, 
good standardization data. 
Sound theoretical rationale. 

Time to administer 
long. Half of patients 
cannot be classified. 

Porch Index of 
Communicative 
Ability (PICA) [p] 

1/2-2 hours Widely used. Comprehensive, 
careful test development and 
standardization. 

Time to administer 
long. Special training 
required to administer. 
Inadequate sampling of 
language other than one 
word and single 
sentences. 

Western Aphasia 
Battery [q] 

1-4 hours Widely used. Comprehensive. Time to administer 
long. “Aphasia 
quotients” and 
“taxonomy” of aphasia 
not well validated. 

Depression scales Beck Depression 
Inventory (BDI) [r] 

10 minutes Widely used. Easily 
administered. Norms 
available. Good with somatic 
symptoms. 

Less useful in elderly 
and in patients with 
aphasia or neglect. High 
rate of false positives. 
Somatic items may not 
be due to depression. 

Center for 
Epidemiologic 
Studies Depression 
(CES-D) [s] 

<15 minutes Brief, easily administered, 
useful in elderly. Effective for 
screening in stroke population. 

Not appropriate for 
aphasic patients. 

Geriatric 
Depression Scale 
(GDS) [t] 

10 minutes Brief, easy to use with elderly, 
cognitively impaired, and 
those with visual or physical 
problems or low motivation. 

High false negative 
rates in minor 
depression. 

Hamilton 
Depression Scale 
[u] 

<30 minutes Observer rated. Frequently 
used in stroke patients. 

Multiple differing 
versions compromise 
interobserver reliability. 

Measures of 
instrumental ADL 

PGC Instrumental 
Activities of Daily 
Living [v] 

5-10 minutes Measures broad base of 
information necessary for 
independent living. 

Has not been tested in 
stroke patients. 

Frenchay Activities 
Index [w] 

10-15 minutes Developed specifically for 
stroke patients. Assesses broad 
array of activities. 

Sensitivity and 
interobserver reliability 
not tested; sensitivity 
probably limited. 

 
Family assessment Family Assessment 

Device (FAD) [x] 
30 minutes Widely used in stroke. 

Computer scoring available. 
Excellent validity and 
reliability. Available in 

Assessment subjective; 
sensitivity not tested; 
“ceiling” and “floor” 
effects. 
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Type Name and Source 
Approximate 

Time to 
Administer 

Strengths Weaknesses 

multiple languages. 
Health status/ 
quality of life 
measures 

Medical Outcomes 
Study (MOS) 36-
Item Short-Form 
Health Survey [y] 

10-15 minutes Generic health status scale 
SF36 is improved version of 
SF20. Brief, can be self – 
administered or administered 
by phone or interview. Widely 
used in the United States. 

Possible “floor” effect 
in seriously ill patients 
(especially for physical 
functioning), suggests it 
should be supplemented 
by an ADL scale in 
stroke patients. 

Sickness Impact 
Profile (SIP) [z] 

20-30 minutes Comprehensive and well-
evaluated. Broad range of 
items reduces “floor” or 
“ceiling” effects. 

Time to administer 
somewhat long. 
Evaluates behavior 
rather than subjective 
health; needs questions 
on well-being, 
happiness, and 
satisfaction. 

Note: ADL=activities of daily living.  IADL=instrumental activities of daily living. 
 

[a] Teasdale G, Murray G, Parker L, Jennett B. 
Assessment of coma and impaired consciousness: a practical scale. Lancet 1974;2:81-3. Adding up the Glasgow Coma 

Scale. Acta Neurochir 1979; Suppl 28:13-6. 
[b] Brott T, Adams HP, Olinger CP, Marler JR, Barsan WG, Biller J, Spilker J, Holleran R, Eberle R, Hertzberg V, Rorick 

M, Moomaw CJ, Walker M. Measurements of acute cerebral infarction: a clinical examination scale. Stroke 
1989;20:864-70. 

[c] Cote R, Hachinski VC, Shurvell BL, Norris JW, Wolfson C.  
The Canadian Neurological Scale: a preliminary study in acute stroke. Stroke 1986; 17:731-7.  
[d] Rankin J.  
Cerebral vascular accidents in patients over the age of 60. Scott Med J 1957;2:200-15.  
[e] Modification of Rankin Scale: Bonita R, Beaglehole R.  
Recovery of motor function after stroke. Stroke 1988 Dec;19(12):1497-1500. Van Swieten JC, Koudstaal PJ, Visser MC, 

Schouten HJ, van Gijn J. Interobserver agreement for the assessment of handicap in stroke patients. Stroke 
1988;19(5):604-7.  

[f] Mahoney FI, Barthel DW.  
Functional evaluation: the Barthel Index. Maryland State Med J 1965;14:61-5. Wade DT, Collin C. The Barthel ADL Index: 

a standard measure of physical disability? Int Disabil Stud 1988;10(2):64-7.  
[g] Guide for the uniform data set for medical rehabilitation (Adult FIMTM), version 4.0 Buffalo, NY 14214: State 

University of New York at Buffalo; 1993. Granger CV, Hamilton BB, Keith RA, Zielezny M, Sherwin FS. Advances 
in functional assessment for medical rehabilitation. Top Geriatr Rehabil 1986;1(3):59-74. Granger CV, Hamilton BB, 
Sherwin FS. Guide for the use of the uniform data set for medical rehabilitation. Uniform Data System for Medical 
Rehabilitation Project Office, Buffalo General Hospital, NY; 1986. Keith RA, Granger CV, Hamilton BB, Sherwin 
FS. The functional independence measure: a new tool for rehabilitation. In: Eisenberg MG, Grzesiak RC (ed.). 
Advances in clinical rehabilitation volume 1. New York: Springer-Verlag; 1987. p. 6-18.  

[h] Folstein MF, Folstein SE, McHugh PR.  
“Mini-mental state.” A practical method for grading the cognitive state of patients for the clinician. J Psychiatr Res 1975 

Nov;12(3):189-98.  
[i] Kiernan RJ, Mueller J, Langston JW, Van Dyke C.  
The Neurobehavioral Cognitive Status Examination: a brief but differentiated approach to cognitive assessment. Ann Intern 

Med 1987;107:481-5.  
[j] Fugl-Meyer AR, Jaasko L, Leyman I, Olsson S, Steglind S.  
The post-stroke hemiplegic patient. I. A method for evaluation of physical performance. Scand J Rehabil Med 1975;7:13-31.  
[k] Carr JH, Shepherd RB, Nordholm L, Lynne D.  
Investigation of a new motor assessment scale for stroke patients. Phys Ther 1985 Feb;65(2):175-80. Poole JL, Whitney SL. 

Motor assessment scale for stroke patients: concurrent validity and interrater reliability. Arch Phys Med Rehabil 1988 
Mar;69(3 Pt 1):195-7.  

[l] Collin C, Wade D.  
Assessing motor impairment after stroke: a pilot reliability study. J Neurol Neurosurg Psychiatry 1990 Jul;53(7):576-9. 
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Demeurisse G, Demol O, Robaye E. Motor evaluation in vascular hemiplegia. Eur Neurol 1980;19(6):382-9.  
[m] Berg K, Maki B, Williams JI, Holliday P, Wood-Dauphinee S.  
Clinical and laboratory measures of postural balance in an elderly population. Arch Phys Med Rehabil 1992;73:1073-83. 

Berg K, Wood- Dauphinee S, Williams JI, Gayton D. Measuring balance in the elderly: preliminary development of 
an instrument. Physiother Can 1989;41:304-11.  

[n] Collen FM, Wade DT, Robb GF, Bradshaw CM.  
The Rivermead Mobility Index: a further development of the Rivermead Motor Assessment. Int Disabil Stud 1991;13:50-4. 

Wade DT, Collen FM, Robb GP, Warlow CP. Physiotherapy intervention late after stroke and mobility. BMJ 1992 
Mar 7;304(6827):609-13.  

[o] Goodglass H, Kaplan E.  
The assessment of aphasia and related disorders. Philadelphia: Lea and Febiger; 1972. Chapter 4, Test procedures and 

rationale. Manual for the BDAE. Goodglass H, Kaplan E. Boston Diagnostic Aphasia Examination (BDAE). 
Philadelphia: Lea and Febiger; 1983.  

[p] Porch B.  
Porch Index of Communicative Ability (PICA). Palo Alto: Consulting Psychologists Press; 1981.  
[q] Kertesz A.  
Western Aphasia Battery. New York: Grune & Stratton; 1982.  
[r] Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J.  
An inventory for measuring depression. Arch Gen Psychiatry 1961 June;4:561-71. Beck AT, Steer RA. Beck Depression 

Inventory: manual (revised edition). NY Psychological Corporation; 1987.  
[s] Radloff LS.  
The CES-D scale: a self-report depression scale for research in the general population. J Appl Psychol Meas 1977;1:385-

401.  
[t] Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, Leirer VO.  
Development and validation of a geriatric depression screening scale: a preliminary report. J Psychiatr Res 1982-

83;17(1):37-49.  
[u] Hamilton M.  
A rating scale for depression. J Neurol Neurosurg Psychiatry 1960;23:56-62. Hamilton M. Development of a rating scale for 

primary depressive illness. Br J Soc Clin Psychol 1967;6:278- 96.  
[v] Lawton MP.  
Assessing the competence of older people. In: Kent D, Kastenbaum R, Sherwood S (ed.). Research planning and action for 

the elderly, New York: Behavioral Publications;1972.  
[w] Holbrook M, Skilbeck CE.  
An activities index for use with stroke patients. Age Ageing 1983 May;12(2):166-70.  
[x] Epstein NB, Baldwin LM, Bishop DS.  
The McMaster Family Assessment Device. J Marital and Fam Ther 1983 Apr;9(2):171-80.  
[y] Ware JE, Sherbourne CD.  
The MOS 36-Item short-form health survey (SF-36): I. Conceptual framework and item selection. Med Care 1992 

Jun;30(6):473-83.  
[z] Bergner M, Bobbitt RA, Carter WB, et al.  
The Sickness Impact Profile: development and final revision of a health status measure. Med Care 1981; 19:787-805. 

Instrument is available from the Health Services Research and Development Center, The Johns Hopkins School of 
Hygiene and Public Health, 624 North Broadway, Baltimore, MD 21205. 
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Global Stroke Severity Assessment 

National Institutes of Health Stroke Scale (NIHSS):  
http://www.strokeassociation.org/downloadable/stroke/5153_HosScale.pdf 

 
Disability/ADL Assessment  
Katz Index of ADL. Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW.  

Studies of illness in the aged. The index of ADL: a standardized measure of biological and psychosocial 
function. JAMA 1963 Sep 21:914-9.  

Kenny Self-Care Evaluation. Schoening HA, Iversen IA.  

Numerical scoring of self-care status: a study of the Kenny Self-Care Evaluation. Arch Phys Med Rehabil 
1968 Apr;49(94):221-9.  

LORS/LAD. Carey RG, Posavac EJ.  

Program evaluation of a physical medicine and rehabilitation unit: a new approach. Arch Phys Med Rehabil 
1978 Jul;59(7):330-7.  

PECS. Harvey RF, Jellinek HM.  

Functional performance assessment: a program approach. Arch Phys Med Rehabil 1981;62:456-61.  

 

Mental Status Assessment  

Ben-Yishay Y, Diller L, Gerstman L, Haas A.  

The relationship between impersistence, intellectual function and outcome of rehabilitation in patients with 
left hemiplegia. Neurology 1968 Sep;18(9):852-61.  

The Stroke Center at http://www.strokecenter.org/trials/scales/index.htm 

 

Depression Assessment 

The Zung Scale. Zung WK. 

A self-rating depression scale. Arch Gen Psychiatry 1965 Jan;12:63-70.  

 

IADL Assessment 

OARS: Instrumental ADL. Duke University Center for the Study of Aging and Human Development.  

Multidimensional functional assessment: the OARS methodology. Durham, NC: Duke University; 1978.  

Functional Health Status. Rosow I, Breslau N.  

A Guttman health scale for the aged. J Gerontol 1966;21(4):556-9. 

 

Stroke Impact Assessment 

The Stroke Impact Scale (SIS). Web site: http://www2.kumc.edu/coa/. 
Duncan PW, Lai SM, Bode RK, et al. Rasch analysis of a new stroke specific outcome scale: The stroke impact 

scale. Submitted to Archives of Physical Medicine and Rehabilitation. Accepted 2002. 

Duncan PW, Lai SM, Tyler D, et al. Evaluation of Proxy Responses to the Stroke Impact Scale. Accepted 
Stroke 2002. 

Duncan PW, Lai, SM, Bode RK, et al. Development of the SIS-16 and comparison with the Barthel Index. 
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Accepted Neurology. August 2002. 

Duncan PW, Wallace D, Lai SM, et al. The Stroke Impact Scale Version 2.0: Evaluation of reliability, validity, 
and sensitivity to change. Stroke 1999; 30:2131-2140. 

Lai SM, Studenski S, Duncan PW, et al. Persisting consequences of stroke measured by the Stroke Impact 
Scale. Accepted Stroke 2002. 

 

Assessment of Communication: 

Websites: 

American Speech-Language-Hearing Association:  http://www.asha.org 

National Aphasia Association:  http://www.aphasia.org 

Academy of Neurological Communication Disorders and Sciences:  http://www.ancds.duq.edu/ 

University of Minnesota Duluth:  http://www.d.umn.edu/~mmizuko/3411/may11.htm 

Neuropsychology Central:  
http://www.neuropsychologycentral.com/interface/content/resources/page_material/resources_general
_materials_pages/resources_document_pages/aphasia_assessment.pdf 
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APPENDIX C  
Acronym List 

 

ACE Angiotensin-Converting-Enzyme 

ADL Activities of Daily Living 

AFO Ankle-Foot-Orthoses 

AHCPR Agency for Healthcare Policy and Research 

ASHA American Speech and Hearing Association 

BI Barthel Index 

CAD Coronary Artery Disease 

CEA Carotid Endarterectomy 

CHD coronary heart disease 

CI Constraint Induced 

CNS Central Nervous System 

CRPS Complex Regional Pain Syndrome 

CSE clinical swallowing exam 

CVA Cerebrovascular Accident 

DME Durable Medical Devices 

DoD Department of Defense 

DVT Deep Vein Thrombosis 

EMG Electromyographic 

ESD Early Supported Discharge 

FAI Frenchay Activities Index 

FDA Federal Drug Administration 

FEES Fiberoptic Endoscopic Examination of Swallowing 

FEESST Fiberoptic Endoscopic Examination of Swallowing with Sensory Testing 

FES Functional Electrical Stimulation 

FIMTM Functional Independence Measure 

GAD Generalized Anxiety Disorder 

HDL High-Density Lipoproteins 

IADL Instrumental Activities of Daily Living 

KAFO Knee-Ankle Foot-Orthoses 

LDL Low-Density-Lipoproteins 

LDUH Low-Dose Unfractionated Heparin 

LMWH Low Molecular Weight Heparin 

MCA Middle-Cerebral-Artery 
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NDT Neuro Developmental Training 

NHP Nottingham Health Profile 

NHSTA National Highway Safety and Traffic Administration 

NIH  National Institutes of Health 

NIHSS National Institutes of Health Stroke Scale 

NOMS National Outcomes Measurement System 

PE Pulmonary Embolism 

PSD Post-Stroke Depression 

RBU Rehabilitation Bed Units 

RCP Royal College of Physicians 

RCT Randomized Controlled Trial 

ROM Range of Motion 

SIGN Scottish Intercollegiate Guidelines Network 

SLP Speech and Language Pathologist 

SSRI Selective Serotonin Reuptake Inhibitor 

TBI Traumatic Brain Injury 

USPSTF U.S. Preventive Services Task Force 

VFSS Videofluoroscopy Swallowing Study 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix D: Participants List Page - 129 

APPENDIX D 
Participant List 

 

David N. Alexander, MD 
Medical Director, Neurological Rehabilitation and 
Research Unit 
Reed Neurological Research Center, Room 1-146 
UCLA School of Medicine 
710 Westwood Blvd 
Los Angeles, CA 90095-1769 
Phone: 310-825-3527 
Email: alexdn@ucla.edu 
 

Barbara E. Bates, MD, MBA 
Lead Physician, PM&R 
ACOS, Quality Management 
Albany, VAMC 
113 Holland Avenue 
Albany, NY 12208 
Phone: 518-626-5817 
Email: Barbara.bates@va.gov 
 

Amy Bowles, MD  
Chief, Traumatic Brain Injury Service 
Brooke Army Medical Center  
Fort Sam Houston, Texas 78234 
Phone:  210-916-8693  
Email: Amy.Bowles@amedd.army.mil  
 
Carla Cassidy, RN, MSN, NP 
Director, Evidence Based Practice Program 
Department of Veterans Affairs 
810 Vermont Avenue 
Washington, DC 20420 
Phone: (202) 266-4502 
Email: Carla.cassidy@va.gov 
 
Shannon Crumpton, M.Ed., HFI, CSCS 
Exercise Physiologist 
ESS/UFPM 
325 Chennault Circle 
Maxwell AFB, AL  36112 
Phone:  334-953-4288  DSN 493-4288 
Email: shannon.crumpton@maxwell.af.mil 

Ernest Degenhardt, COL USA (Ret) 
Chief, Evidence-Based Practice  
Quality Management Division  
US Army Medical Command 
2050 Worth Road, Suite 26 
Fort Sam Houston, TX 78234 
Phone: 210-221-6527 
Email: Ernest.Degenhardt@amedd.army.mil  
 

Martha D’Erasmo MPH 
Independent Consultant 
4550 North Park Ave, Apt. 505 
Chevy Chase, MD 20815 
Phone: (301) 654-3152 
Cell: (240) 731-9749 
Email: Marty@hqiinc.com 
 
Pamela Woods Duncan PhD, PT, FAPTA, 
FAHA 
Professor and Bette Busch Maniscalco Research 
Fellow 
Doctor of Physical Therapy Division 
Department of Community and Family Medicine 
Duke Center for Aging 
DUMC Box 104002 
Durham NC 27710 
Telephone:  919 681-2060 
Email: pamela.duncan@duke.edu 

 

Rosalie Fishman, RN, MSN, CPHQ 
President 
Healthcare Quality Informatics, Inc. 
15200 Shady Grove Rd, Suite 350 
Rockville, MD 20850 
Phone: (301) 296-4542 
Email:Rosalie@hqiinc.com 
 

Jonathan J. Glasberg MA, PT 
Physical Therapist, Chair, VHA PT Advisory 
Council 
VA New York Harbor Healthcare System 
423 E. 23th Street 
New York, NY 10010 
Phone: 212-686-7500 
Email; Jonathan.glasberg@va.gov 
 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix D: Participants List Page - 130 

Karen Hughes, BS, PT 
Physical Therapy Supervisor 
Syracuse VAMC 
800 Irving Avenue 
Syracuse, NY 13210 
Phone: 315-425-4400x52385 
Email: Karen.hughes@va.gov 
 

Richard Katz, Ph.D. BC-NCD 
Chief, Audiology and Speech Pathology Svc 
Phoenix VA Health Care System  
650 E Indian School Road 
Phoenix, AZ 85012 
Phone: 602-277-5551 ext. 7043 
E-mail: richard.katz@va.gov 
 

Angela V. Klar, RN, MSN, ANP-CS 
Chronic Disease CPG Coordinator 
US Army Medical Command 
2050 Worth Road, Suite 26 
Fort Sam Houston, TX 78234 
Phone: 210-221-8740 
Email: Angela.Klar@amedd.army.mil  
 

Barbara J. Lutz, PhD, RN, CRRN, FAHA 
Associate Professor 
University of Florida, College of Nursing 
P.O. Box 100197 
Gainesville, FL 32610 
Phone: 352-273-6350 
Email: bjlutz@ufl.edu 
 
Karen H. Lambert, CPT 
Inpatient Physical Therapy 
OIC Traumatic Brain Injury Program/ 
Acting Chief of Inpatient Services 
Walter Reed Army Medical Center 
6900 Georgia Ave NW 
Washington DC 20307 
Phone: 202-782-3065 
Email: karen.l.heide@us.army.mil 
 
Linda J. Lux, MPA 
RTI International 
2064 Cornwallis Road 
Raleigh, NC 27709 
Phone: 919-541-6421 
Email: lux@RTI.org 

Lorie Gage Richards, PhD, OTR/L 
Associate Professor 
Occupational Therapy Department 
College of Public Health and Health Professions 
University of Florida 
PO Box 100164 
Gainesville, FL 32610-0164 
352-376-1611 x-5508 
Email: lrichards@phhp.ufl.edu 
 

Robert L. Ruff,  MD, PhD 
Neurology Director 
Cleveland VA Medical Center 
10701 East Blvd 
Cleveland, OH 44106 
Phone: 216-791-3800x5230 
Email: robert.ruff1@va.gov 
 

Paula A. Sullivan, MS, CCC-SLP, BRS-S 
North Florida/South Georgia Veterans Health 
System Malcolm Randall VA  
Medical Center Neurology/Speech Pathology (127) 
1601 SW Archer Road 
Gainesville, FL  32608 
 Phone: 352-376-1611 Ext. 5607 
paula.sullivan@va.gov 
 

Oded Susskind, MPH 
Facilitator 
Medical Education Consultant 
Brookline MA 02446 
Phone: 617- 232-3558 
Email: Oded@tiac.net 
 

Andrea L. Zartman, Ph.D 
Clinical Neuropsychologist 
VA North Texas healthcare System 
4500 South Lancaster Road 
Dallas, Texas 75216 
Phone: 214-857-0534 
Email: Andrea.zartman@va.gov 
 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 131 

 

APPENDIX E 
Bibliography 

Ada L, Dean CM, Hall JM, Bampton J, Cromptom S. A treadmill and overground walking program improves 
walking in persons residing in the community after stroke: a placebo-controlled, randomized trial. 
Arch Phys Med Rehabi; 2003; 84: 1486-91. 

Ada L, Dean CM, Morris ME, Simpson JM, Katrak P. Randomized trial of treadmill walking with body weight 
support to establish walking in subacute stroke: the MOBILISE trial. Stroke 2010;41:1237-42. 

Ada L, Dean CM, Morris ME. Supported treadmill training to establish walking in non-ambulatory patients 
early after stroke. BMC Neurol 2007;7:29. 

Ada L, Dorsch S, Canning C. Strengthening interventions increase strength and improve activity after stroke: a 
systematic review. Aust J Physiother. 2006; 52:241-248. 

Ada L, Foongchomcheay A, Canning CG. Supportive devices for preventing and treating subluxation of the 
shoulder after stroke. Cochrane Database of Systematic Reviews 2005, Issue 1. 

Adams HP, Jr. Is enoxaparin superior to unfractionated heparin for the prevention of thromboembolism after 
ischemic stroke? Nat Clin Pract Cardiovasc Med 2007;4:528-9. 

Adams HP, Jr., Davis PH, Leira EC et al. Baseline NIH Stroke Scale score strongly predicts outcome after 
stroke: A report of the Trial of Org 10172 in Acute Stroke Treatment (TOAST). Neurology 1999; 53 
(1):126-31. 

Aftonomos, L.B., Steele, R.D. & Wertz, R.T. (1997). Promoting recovery in chronic aphasia with an interactive 
technology. Archives of Physical Medicine and Rehabilitation, 78(8), 841-846.  

AHA/ASA, 2006  - Sacco MD, et al., Guidelines for Prevention of Stroke in Patients With Ischemic Stroke or 
Transient Ischemic Attack . A Statement for Healthcare Professionals From the American Heart 
Association/American Stroke Association Council on Stroke: Co-Sponsored by the Council on 
Cardiovascular Radiology and Intervention: The American Academy of Neurology affirms the value of 
this guideline.  Stroke, 2006: 37, 577 

AHCPR, 1995 - Agency for Health Care Policy and Research (AHCPR). Gresham GE, Duncan PW et al. Post-
Stroke Rehabilitation (Clinical Practice Guideline, no. 16; publication no. 95-0662). Rockville, MD: 
U.S. Department of Health and Human Services, Public Health Service.  AHCPR, 1995 

Aisen ML, Krebs HI, Hogan N, McDowell F, Volpe BT. The effect of robot-assisted therapy and rehabilitative 
training on motor recovery following stroke. Arch Neurol 1997;54(4):443-6. 

Akinwuntan A, De Weerdt W, Fays H, et al. Effect of simulator training on driving after stroke: a randomized 
controlled trial. Neurology. 2005; 65:843-850. 

Alexander DN, Cen S, Sullivan KJ, Bhavnani G, Ma X, Azen SP. Effects of acupuncture treatment on 
poststroke motor recovery and physical function: a pilot study. Neurorehabil Neural Repair 
2004;18:259-67. 

Allport L, Baird T, Butcher K, Macgregor L, Prosser J, Colman P, et al. Frequency and temporal profile of 
poststroke hyperglycemia using continuous glucose monitoring. Diabetes Care. 2006;29(8):1839-44. 

 Almeida OP, Waterreus A, Hankey GJ. Preventing depression after stroke: Results from a randomized placebo-
controlled trial. J Clin Psychiatry 2006;67:1104-9. 

Altschuler EL, Wisdom SB, Stone L, Foster C, Galasko D, Llewellyn DME, et al. Rehabilitation of hemiparesis 
after stroke with a mirror. Lancet (1999) 353:2035–6 

Andersen G. Treatment of uncontrolled crying after stroke. Drugs Aging 1995; 6 (2):105-11. 
Anderson C, Ni Mhurchu C, Brown PM, Carter K. Stroke rehabilitation services to accelerate hospital discharge 

and provide home-based care: an overview and cost analysis. Pharmacoeconomics 2002;20:537-52. 
Anderson CS, Hackett ML, House AO: Interventions for preventing depression after stroke. Cochrane Database 

Syst Rev 2004:CD003689.  
Anderson DC, Bottini AG, Jagiella WM, Westphal B, Ford S, Rockswold GL, Loewenson RB. A pilot study of 

hyperbaric oxygen in the treatment of human stroke. Stroke. 1991 Sep;22(9):1137-42. 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 132 

 

Andersson AG, Kamwendo K, Appelros P. Fear of falling in stroke patients: relationship with previous falls and 
functional characteristics. Int J Rehabil Res 2008;31:261-4. 

Appelros P. Prediction of length of stay for stroke patients. Acta Neurol Scand. 116(1):15-9, 2007.  
Askim T, Morkved S, Indredavik B. Does an extended stroke unit service with early supported discharge have 

any effect on balance or walking speed? J Rehabil Med 2006;38:368-74. 
Australian Acute Musculoskeletal Pain Guidelines Group. Evidence-based management of acute 

musculoskeletal pain. A guide for physicians. Bowen Hills, Queensland: Australian Academic Press 
Pty Ltd; 2003. Available from: 
http://www.nhmrc.gov.au/_files_nhmrc/file/publications/synopses/cp95.pdf 

Aviv JE. Prospective, randomized outcome study of endoscopy versus modified barium swallow in patients 
with dysphagia. Laryngoscope 2000; 110 (4):563-74. 

Bach DB, Pouget S, Belle K, Kilfoil M, Alfieri M, McEvoy J, Jackson G. An integrated team approach to the 
management of patients. J Allied Health 1989; p. 459-468.  

Baird TA, Parsons MW, Phanh T, Butcher KS, Desmond PM, Tress BM, Colman PG, Chambers BR, Davis 
SM. Persistent poststroke hyperglycemia is independently associated with infarct expansion and worse 
clinical outcome. Stroke. 2003 Sep;34(9):2208-14. 

Barbeau H, Visintin M. Optimal outcomes obtained with body-weight support combined with treadmill training 
in stroke subjects. Arch Phys Med Rehabil 2003;84:1458-65. 

Barclay-Goddard R, Stevenson T, Poluha W, Moffatt MEK, Taback SP. Force platform feedback for standing 
balance training after stroke. The Cochrane Database of Systematic Reviews 2004, Issue 3. Art. No.: 
CD004129.  

Basmajian JV, Gowland CA, Finlayson MA, Hall AL, Swanson LR, Stratford PW, Trotter JE, Brandstater ME. 
Stroke treatment: comparison of integrated behavioral-physical therapy vs traditional physical therapy 
programs. Arch Phys Med Rehabil 1987;68:267-72. 

Bateman A, Culpan J, Pickering AD, Powell JH, Scott OM, Greenwood RJ. The Effect of Aerobic Training on 
Rehabilitation Outcomes After Recent Severe Brain Injury: A Randomized Controlled Evaluation. 
Arch Phys Med Rehabil 2001;82:174-182. 

Bath PM, Bath FJ, Smithard DG. Interventions for dysphagia in acute stroke. Cochrane Database Syst Rev. 
2000;(2):CD000323.  

Bath PM, Iddenden R, Bath FJ. Low-molecular-weight heparins and heparinoids in acute ischemic stroke : a 
meta-analysis of randomized controlled trials. Stroke 2000; 31 (7):1770-8. 

Bautz-Holtert E, Sveen U, Rygh J, Rodgers H, Wyller TB. Early supported discharge of patients with acute 
stroke: a randomized controlled trial. Disabil Rehabil 2002;24:348-55. 

Beaupre GS, Lew HL. Bone-density changes after stroke. Am J Phys Med Rehabil 85:464-472, 2006  
Belgen B, Beninato M, Sullivan PE, Narielwalla K. The association of balance capacity and falls self-efficacy 

with history of falling in community-dwelling people with chronic stroke. Arch Phys Med Rehabil 
2006;87:554-61. 

Berlowitz DR, Brandeis GH, Anderson JJ et al. Evaluation of a risk-adjustment model for pressure ulcer 
development using the Minimum Data Set. J Am Geriatr Soc 2001a; 49 (7):872-6. 

Berlowitz DR, Brandeis GH, Morris JN et al. Deriving a risk-adjustment model for pressure ulcer development 
using the Minimum Data Set. J Am Geriatr Soc 2001b; 49 (7):866-71 

Bhakta BB, O'Connor RJ, Cozens JA. Associated reactions after stroke: a randomized controlled trial of the 
effect of botulinum toxin type A. J Rehabil Med 2008;40:36-41. 

Bhogal SK, Teasell R, Foley N, Speechley M. Heterocyclics and selective serotonin reuptake inhibitors in the 
treatment and prevention of poststroke depression. J Am Geriatr Soc 2005;53:1051-7. 

Bhogal SK, Teasell RW, Foley NC, Speechley MR. Community reintegration after stroke. Top Stroke Rehabil 
2003;10:107-29. 

Bijsterveld NR, Hettiarachchi R, Peters R, Prins MH, Levi M, Buller HR. Low-molecular weight heparins in 
venous and arterial thrombotic disease. Thromb Haemost 1999;82 Suppl 1:139-47. 

Bilotta F, Spinelli A, Giovannini F et al. The effect of intensive insulin therapy on infection rate, vasospasm, 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 133 

 

neurologic outcome, and mortality in neurointensive care unit after intracranial aneurysm clipping in 
patients with acute subarachnoid hemorrhage: a randomized prospective pilot trial. J Neurosurg 
Anesthesiol 2007; 19(3): 156-60.  

Capes SE, Hunt D, Malmberg K et al. Stress hyperglycemia and prognosis of stroke in nondiabetic and diabetic 
patients: a systematic overview. Stroke 2001; 32(10): 2426-32.  

Bjork DT, Pelletier LL, Tight RR. Urinary tract infections with antibiotic resistant organisms in catheterized 
nursing home patients. Infect Control 1984; 5 (4):173-6. 

Black SE. Therapeutic issues in vascular dementia: studies, designs and approaches. Can J Neurol Sci 2007;34 
Suppl 1:S125-30.]  

Blazer D, Hughes DC, George LK. The epidemiology of depression in an elderly community population. 
Gerontologist 1987; 27 (3):281-7. 

Blennerhassett J, Dite W. Additional task-related practice improves mobility and upper limb function early after 
stroke: a randomised controlled trial. Aust J Physiother 2004;50:219-24. 

Bowen A, Lincoln NB. Cognitive rehabilitation for spatial neglect following stroke. Cochrane Database of 
Systematic Reviews 2007;18 April:1-43 

Brady BK, McGahan L, Skidmore B. Systematic review of economic evidence on stroke rehabilitation services. 
Int J Technol Assess Health Care 2005;21(1):15-21. 

Brashear A, Gordon MF, Elovic E et al. Intramuscular injection of botulinum toxin for the treatment of wrist 
and finger spasticity after a stroke. N Engl J Med 2002; 347(6):395-400. 

Brocklehurst JC, Andrews K, Richards B et al. Incidence and correlates of incontinence in stroke patients. J Am 
Geriatr Soc 1985; 33 (8):540-2. 

Broeren J, Claesson L, Goude D, Rydmark M, Sunnerhagen KS. Virtual rehabilitation in an activity centre for 
community-dwelling persons with stroke. The possibilities of 3-dimensional computer games.  
Cerebrovasc Dis. 2008;26(3):289-96. Epub 2008 Jul 31. 

Brown DA, DeBacher GA. Bicycle ergometer and electromyographic feedback for treatment of muscle 
imbalance in  patients with spastic hemiparesis. Suggestion from the field. Phys Ther 1987 
Nov;67(11):1715-9 

Brown KW, Sloan RL, Pentland B. Fluoxetine as a treatment for post-stroke emotionalism. Acta Psychiatr 
Scand 1998; 98 (6):455-8. 

Brunham S, Snow CJ. The effectiveness of neurodevelopmental treatment in adults with neurological 
conditions: A single-subject study. Physiother. Theory Pract 1992; 8 (4):215-22. 

Bruno A, Biller J, Adams HP, Jr., Clarke WR, Woolson RF, Williams LS, Hansen MD. Acute blood glucose 
level and outcome from ischemic stroke. Trial of ORG 10172 in Acute Stroke Treatment (TOAST) 
Investigators. Neurology 1999;52:280-4. 

Bruno A, Levine SR, Frankel MR, Brott TG, Lin Y, Tilley BC, Lyden PD, Broderick JP, Kwiatkowski TG, 
Fineberg SE. Admission glucose level and clinical outcomes in the NINDS rt-PA Stroke Trial. 
Neurology 2002;59:669-74. 

Burns A, Russell E, Stratton-Powell H et al. Sertraline in stroke-associated lability of mood. Int J Geriatr 
Psychiatry 1999; 14 (8):681-5. 

Burridge JH, Taylor PN, Hagan SA, Wood DE, Swain ID. The effects of common peroneal stimulation on the 
effort and speed of walking: A randomized controlled trial with chronic hemiplegic patients. Clin 
Rehabil 1997;11(3):201-10. 

Bushnell CD, Johnston DC, Goldstein LB. Retrospective assessment of initial stroke severity: comparison of 
the NIH Stroke Scale and the Canadian Neurological Scale. Stroke 2001; 32 (3):656-60. 

Canadian Stroke Network; Heart and Stroke Foundation of Canada. Canadian best practice recommendations 
for stroke care: 2006. Ottawa (ON): Canadian Stroke Strategy; (Update 2008). Available: 
http://www.cmaj.ca/cgi/content/full/179/12/S1 

Carson S, McDonagh M, Russman B, Helfand M. Hyperbaric oxygen therapy for stroke: a systematic review of 
the evidence. Clin Rehabil. 2005 Dec;19(8):819-33.  

Chae J, Yu DT, Walker ME, Kirsteins A, Elovic EP, Flanagan SR, Harvey RL, Zorowitz RD, Frost FS, Grill 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 134 

 

JH, Fang ZP.  Intramuscular electrical stimulation for hemiplegic shoulder pain: a 12-month follow-up 
of a multiple-center, randomized clinical trial.  Am J Phys Med Rehabil. 2005 Nov;84(11):832-42. 

Chan KL, Campayo A, Moser DJ, Arndt S, Robinson RG. Aggressive behavior in patients with stroke: 
association with psychopathology and results of antidepressant treatment on aggression. Arch Phys 
Med Rehabil 2006;87:793-8. 

Chen CL, Yeung KT, Wang CH, Chu HT, Yeh CY. Anterior ankle-foot orthosis effects on postural stability in 
hemiplegic patients. Arch Phys Med Rehabil 1999;80:1587-1592  

Cheng PT, Wu SH, Liaw MY, Wong AM, Tang FT. Symmetrical body-weight distribution training in stroke 
patients and its effect on fall prevention. Arch Phys Med Rehabil 2001;82:1650-1654.  

Cherney, L. R., Patterson, J. P., Raymer, A., Frymark, T. & Schooling, T. (2008) Evidence-based systematic 
review effects of intensity of treatment and constraint-induced language therapy for individuals with 
stroke-induced aphasia. Journal of Speech, Language, and Hearing Research, 51, 1282-1299.  

Childers MK, Brashear A, Jozefczyk P, Reding M, Alexander D, Good D, Walcott JM, Jenkins SW, Turkel C, 
Molloy PT. Dose-dependent response to intramuscular botulinum toxin type A for upper-limb 
spasticity in patients after a stroke. Arch Phys Med Rehabil 2004;85:1063-9. 

Chiu KY, Pun WK, Luk KD, Chow SP. A prospective study on hip fractures in patients with previous 
cerebrovascular accidents. Injury. 23(5):297-9, 1992  

Choi-Kwon S, Choi J, Kwon SU, Kang DW, Kim JS. Fluoxetine is not effective in the treatment of post-stroke 
fatigue: a double-blind, placebo-controlled study. Cerebrovasc Dis 2007;23:103-8. 

Chu KS, Eng JJ, Dawson AS, Harris JE, Ozkaplan A, Gylfadottir S. Water-based exercise for cardiovascular 
fitness in people with chronic stroke: a randomized controlled trial. Arch Phys Med Rehabil 
2004;85:870-874. 

Cicerone KD, Dahlberg C, Kalmar K et al. Evidence-based cognitive rehabilitation: recommendations for 
clinical practice. Arch Phys Med Rehabil 2000; 81 (12):1596-615. 

Cicerone KD, Dahlberg C, Malec JF, Langenbahn DM, Felicetti T, Kneipp S, Ellmo W, Kalmar K, Giacino JT, 
Harley JP, Laatsch L, Morse PA, Catanese J. Evidence-based cognitive rehabilitation: updated review 
of the literature from 1998 through 2002. Arch Phys Med Rehabil 2005;86:1681-92. 

Cifu DX, Stewart DG. Factors affecting functional outcome after stroke: a critical review of rehabilitation 
interventions. Arch Phys Med Rehabil 1999; 80 (5 Suppl 1):S35-9. 

Cole MG, Elie LM, McCusker J et al. Feasibility and effectiveness of treatments for post-stroke depression in 
elderly inpatients: systematic review. J Geriatr Psychiatry Neurol 2001; 14 (1):37-41. 

Craig D, Birks J. Rivastigmine for vascular cognitive impairment. The Cochrane Database of Systematic 
Reviews 2005;Art. no. CD004744. 

Cramp MC, Greenwood RJ, Gill M, Rothwell JC, Scott OM. Low intensity strength training for ambulatory 
stroke patients. Disabil Rehabil 2006; 28(13):883-889. 

Crosbie JH, Lennon S, Basford JR, McDonough SM. Virtual reality in stroke rehabilitation: still more virtual 
than real. Disabil Rehabil. 2007 Jul 30;29(14):1139-46 

Daly JJ, Roenigk K, Holcomb J, Rogers JM, Butler K, Gansen J, McCabe J, Frederickson E, Marsolais EB, 
Ruff RL. A Randomized Controlled Trial of Functional Neuromuscular Stimulation in Chronic Stroke 
Subjects. Stroke 2006;37:172-178. 

Dam M, Tonin P, De Boni A et al. Effects of fluoxetine and maprotiline on functional recovery in poststroke 
hemiplegic patients undergoing rehabilitation therapy. Stroke 1996; 27 (7):1211-4. 

De Reuck J, De Groote L, Van Maele G. Single seizure and epilepsy in patients with a cerebral territorial 
infarct. J Neurol Sci.2008;271, 127-130.  

de Wit DC, Buurke JH, Nijlant JM, IJzerman MJ, Hermens HJ. The effect of an ankle-foot orthosis on walking 
ability in chronic stroke patients: a randomized controlled trial. Clin Rehabil 2004;18:550-557.  

De Wit L, Putman K, Schuback B, et al. Motor and functional recovery after stroke: A comparison of 4 
European rehabilitation centers. Stroke. 2007; 38:2101-2107 

Dean CM, Channon EF, Hall JM. Sitting training early after stroke improves sitting ability and quality and 
carries over to standing up but not to walking: a randomised trial. Aust J Physiother 2007;53:97-102. 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 135 

 

Denes G, Perazzola, C, Piani A, Piccione F. Intensity versus regular speech therapy in global aphasia: A 
controlled study. Aphasiology 1996; 10: 385-394.  

Desrosiers J, Bourbonnais D, Corriveau H, Gosselin S, Bravo G. Effectiveness of unilateral and symmetrical 
bilateral task training for arm during the subacute phase after stroke: a randomized controlled trial. 
Clin Rehabil. 2005; 19:581-593 

Dewey HM, Donnan GA, Freeman EJ et al. Interrater reliability of the National Institutes of Health Stroke 
Scale: rating by neurologists and nurses in a community-based stroke incidence study. Cerebrovasc Dis 
1999; 9 (6):323-7. 

Dickstein R, Hocherman S, Pillar T, Shaham R. Stroke rehabilitation. Three exercise therapy approaches. Phys 
Ther 1986;66:1233-8. 

Dickstein R. Rehabilitation of gait speed after stroke: a critical review of intervention approaches. Neurorehabil 
Neural Repair. 2008 Nov-Dec;22(6):649-60. 

Diniz PB, Vanin G, Xavier R, Parente MA. Reduced incidence of aspiration with spoon-thick consistency in 
stroke patients. Nutr Clin Pract 2009;24:414-418  

Diserens K, Michel P, Bogousslavsky J. Early mobilisation after stroke: Review of the literature. Cerebrovasc 
Dis. 2006;22(2-3):183-90. 

Doesborgh, S., Van de Sandt-Koudstaal, M., Dippel, D., Harskamp, F., Koudstaal, P., & Visch-Brink, E. 
(2004). Cues on request: the efficacy of Multicue, a computer program for wordfinding. Aphasiology, 
18(3), 213-222.  

Donkervoort M, Dekker J, Deelman B. The course of apraxia and ADL functioning in left hemisphere stroke 
patients treated in rehabilitation centres and nursing homes. Clin Rehabil. 2006; 20:1085-1093 

Donnelly M, Power M, Russell M, Fullerton K. Randomized controlled trial of an early discharge rehabilitation 
service: The Belfast Community Stroke Trial. Stroke 2004;35(1):127-133.  

Duncan P, Studenski S, Richards L, et al. Randomized clinical trial of therapeutic exercise in subacute stroke. 
Stroke 2003;34:2173-2180. 

Duncan PW, Horner RD, Reker DM, Samsa GP, Hoenig H, Hamilton B, LaClair BJ, Dudley TK. Adherence to 
postacute rehabilitation guidelines is associated with functional recovery in stroke. Stroke 
2002;33:167-77. 

Duncan PW, Reker DM, Horner RD, Samsa GP, Hoenig H, LaClair BJ, Dudley TK. Performance of a mail-
administered version of a stroke-specific outcome measure, the Stroke Impact Scale. Clin Rehabil 
2002;16:493-505. 

Duncan PW, Sullivan KJ, Behrman AL, Azen SP, Wu SS, Nadeau SE, Dobkin BH, Rose DK, Tilson JK. 
Protocol for the Locomotor Experience Applied Post-stroke (LEAPS) trial: a randomized controlled 
trial. BMC Neurol 2007;7:39. 

Dworkin RH, Backonja M, Rowbotham MC, Allen RR, Argoff CR, Bennett GJ, Bushnell MC, Farrar JT, Galer 
BS, Haythornthwaite JA, Hewitt DJ, Loeser JD, Max MB, Saltarelli M, Schmader KE, Stein C, 
Thompson D, Turk DC, Wallace MS, Watkins LR, Weinstein SM. Advances in neuropathic pain: 
diagnosis, mechanisms, and treatment recommendations. Arch Neurol 2003;60:1524-34. 

Dworkin RH, O'Connor AB, Backonja M, Farrar JT, Finnerup NB, Jensen TS, Kalso EA, Loeser JD, 
Miaskowski C, Nurmikko TJ, Portenoy RK, Rice AS, Stacey BR, Treede RD, Turk DC, Wallace MS. 
Pharmacologic management of neuropathic pain: evidence-based recommendations. Pain 
2007;132:237-51. 

EBRSR 2009 - The Evidence-Based Review of Stroke Rehabilitation – (www.ebrsr.com) – Update 2009 
ECRI. Diagnosis and treatment of swallowing disorders (dysphagia) in acute-care stroke patients 1999:1-373 
Effect of hyperglycemia on stroke outcomes. Levetan CS. Endocr Pract. 2004 Mar-Apr:10 Suppl 2:34-9. 

Review. PMID 15251638  
Elman RJ, Bernstein-Ellis E. The efficacy of group communication treatment in adults with chronic aphasia. J 

Speech Lang Hear Res 1999;42:411-9. 
Elmstahl S, Bulow M, Ekberg O, Petersson M, Tegner H. Treatment of dysphagia improves nutritional 

conditions in stroke patients. Dysphagia 1999;14(2):61-6. 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 136 

 

Eng JJ, Tang PF. Gait training strategies to optimize walking ability in people with stroke: a synthesis of the 
evidence. Expert Rev Neurother 2007;7:1417-36. 

Eser F, Yavuzer G, Karakus D, Karaoglan B. The effect of balance training on motor recovery and ambulation 
after stroke: a randomized controlled trial. Eur J Phys Rehabil Med 2008;44:19-25.  

Evans A, Perez I, Harraf F, et al. Can differences in management processes explain different outcomes between 
stroke unit and stroke-team care? Lancet. 2001;358(9293):1586-1592. 

Evans RL, Bishop DS, Ousley RT. Providing care to persons with physical disability. Effect on family 
caregivers. Am J Phys Med Rehabil 1992; 71 (3):140-4. 

Evans RL, Connis RT, Hendricks RD et al. Multidisciplinary rehabilitation versus medical care: a meta-
analysis. Soc Sci Med 1995; 40 (12):1699-706 

Falciglia M, Freyberg RW, Almenoff PL et al. Hyperglycemia-related mortality in critically ill patients varies 
with admission diagnosis. Crit Care Med 2009; 37(12): 3001-9.  

Fasoli SE, Krebs HI, Stein J, Frontera WR, Hughes R, Hogan N. Robotic therapy for chronic motor 
impairments after stroke: follow-up results. Arch Phys Med Rehabil 2004;85(7):1106-11. 

Finestone HM, Foley NC, Woodbury MG, Greene-Finestone L. Quantifying fluid intake in dysphagic stroke 
patients: A preliminary comparison of oral and nonoral strategies. Arch Phys Med Rehabil 
2001;82:1744-1746.  

Finestone HM, Greene-Finestone LS. Rehabilitation medicine: 2. Diagnosis of dysphagia and its nutritional 
management for stroke patients. CMAJ. 2003 Nov 11;169(10):1041-4.  

Fink RB, Brecher A, Schwartz MF, Robey RR. A computer-implemented protocol for treatment of naming 
disorders: evaluation of clinician-guided and partially self-guided instruction. Aphasiology 2002; 16: 
1061-1086.  

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;18:580-6. 

Foley N, Teasell R, Salter K, Kruger E, Martino R. Dysphagia treatment post stroke: a systematic review of 
randomised controlled trials. Age Ageing 2008;37:258-264  

FOOD Trial Collaboration. Poor nutritional status on admission predicts poor outcomes after stroke: 
observational data from the FOOD trial. Stroke 2003;34:1450-1456 

Forster A, Smith J, Young J, Knapp P, House A, Wright J. Information provision for stroke patients and their 
caregivers. Cochrane Database Syst Rev 2001:CD001919. 

Francis HP, Wade DT, Turner-Stokes L, Kingswell RS, Dott CS, Coxon EA. Does reducing spasticity translate 
into functional benefit? An exploratory meta-analysis. J Neurol Neurosurg Psychiatry 2004;75:1547-
51. 

Francisco GE, Boake C. Improvement in walking speed in poststroke spastic hemiplegia after intrathecal 
baclofen therapy: a preliminary study. Arch Phys Med Rehabil. 2003 Aug;84(8):1194-9. 

Frankel MR, Morgenstern LB, Kwiatkowski T et al. Predicting prognosis after stroke: a placebo group analysis 
from the National Institute of Neurological Disorders and Stroke rt-PA Stroke Trial. Neurology 2000; 
55 (7):952-9. 

Freed M, Christian MO, Beytas EM, Tucker H, Kotton B. Electrical stimulation of the neck: A new effective 
treatment for dysphagia. Respir Care 2001;46:466-474. 

French B, Leathley M, Sutton C, McAdam J, Thomas L, Forster A, Langhorne P,Price C, Walker A, Watkins C. 
A systematic review of repetitive functional task practice with modelling of resource use, costs and 
effectiveness. Health Technol  Assess. 2008 Jul;12(30):iii, ix-x, 1-117. 

French B, Thomas LH, Leathley MJ, Sutton CJ, McAdam J, Forster A, Langhorne P, Price CI, Walker A, 
Watkins CL. Repetitive task training for improving functional ability after stroke. Cochrane Database 
Syst Rev. 2007;(4):CD006073 

Gelber DA, Good DC, Dromerick A, Sergay S, Richardson M. Open-label dose-titration safety and efficacy 
study of tizanidine hydrochloride in the treatment of spasticity associated with chronic stroke. Stroke 
2001;32:1841-6. 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 137 

 

Gelber DA, Josefczyk PB, Herman D, Good D, Verhulst SJ. Comparison of two therapy approaches in the 
rehabilitation of the pure motor hemiparetic stroke patient. J Neuro Rehab 1995;9:191-196. 

Gentile NT, Seftchick MW, Huynh T, Kruus LK, Gaughan J. Decreased mortality by normalizing blood glucose 
after acute ischemic stroke. Acad Emerg Med 2006;13:174-80. 

Gill D, Hatcher S. Antidepressants for depression in medical illness. Cochrane Database Syst Rev 
2000:CD001312. 

Gillen R, Tennen H, McKee T. The impact of the inpatient rehabilitation facility prospective payment system 
on stroke program outcomes. Am J Phys Med Rehabil. 2007; 86:356-363. 

Gillespie L. Preventing falls in elderly people. BMJ 2004;328:653-4. 
Goldstein LB, Bertels C, Davis JN. Interrater reliability of the NIH stroke scale. Arch Neurol 1989; 46 (6):660-

2. 
Goldstein LB, Samsa GP. Reliability of the National Institutes of Health Stroke Scale. Extension to non-

neurologists in the context of a clinical trial. Stroke 1997; 28 (2):307-10. 
Goldstein LB. Common drugs may influence motor recovery after stroke. The Sygen In Acute Stroke Study 

Investigators. Neurology. 1995 May;45(5):865-71. 
Goldstein LB. Potential effects of common drugs on stroke recovery. Arch Neurol 1998; 55 (4):454-6. 
Gordon NF, Gulanick M, Costa F, Fletcher G, Franklin BA, Roth EJ, Shephard T. Physical activity and exercise 

recommendations for stroke survivors: an American Heart Association scientific statement from the 
Council on Clinical Cardiology, Subcommittee on Exercise, Cardiac Rehabilitation, and Prevention; 
the Council on Cardiovascular Nursing; the Council on Nutrition, Physical Activity, and Metabolism; 
and the Stroke Council. Circulation 2004;109:2031-41. 

Grade C, Redford B, Chrostowski J, Toussaint L, Blackwell B. Methylphenidate in early poststroke recovery: a 
double-blind, placebo-controlled study. Arch Phys Med Rehabil. 1998 Sep;79(9):1047-50.  

Graham GD, Ahmed W, Davis LE et al. Effects of commonly prescribed medications on stroke recovery: A 
TOAST study analysis [abstract]. Stroke 1999; 30:236. 

Granat MH, Maxwell DJ, Ferguson AC, Lees KR, Barbenel JC. Peroneal stimulator; evaluation for the 
correction of spastic drop foot in hemiplegia. Arch Phys Med Rehabil 1996;77(1):19-24. 

Gray JM, Robertson I, Pentland B et al. Microcomputer-based attentional retraining after brain damage: a 
randomized group controlled trial. Neuropsychol Rehabil 1992; 2 (2):97-115. 

Greener J, Enderby P, Whurr R. Pharmacological treatment for aphasia following stroke. Cochrane Database 
Syst Rev. 2001;(4):CD000424. 

Greener, J., Enderby, P. & Whurr, R. Speech and language therapy for aphasia following stroke. Cochrane 
Database Syst Rev 1999:Cd000425 

Grimby G, Daving Y, Wright B. Dependence and perceived difficulty in daily activities in community-living 
stroke survivors 2 years after stroke: a study of instrumental structures. Stroke. 1998; 29:1843-1849. 

Grober S, Hibbard M, Gordon WA et al. The psychotherapeutic treatment of post-stroke depression with 
cognitive behavioral therapy. In: WA Gordon, editor, Advances in stroke rehabilitation. Andover, MA: 
Andover Medical; 1993; p. 215-41. 

Hackam DG, Spence JD. Combining multiple approaches for the secondary prevention of vascular events after 
stroke: a quantitative modeling study. Stroke 38(6):1726, 2007  

Hackett ML, Anderson CS, House A, Xia J. Interventions for treating depression after stroke. Cochrane 
Database Syst Rev 2008:CD003437. 

Hackett ML, Anderson CS, House AO: Management of depression after stroke: a systematic review of 
pharmacological therapies. Stroke 2005;36:1098-1103.  

Hackett ML, Anderson CS: Predictors of depression after stroke: a systematic review of observational studies. 
Stroke 2005;36:2296-2301.  

Haines T, Bennell K, Osborne, R. Effectiveness of targeted falls prevention programme in subacute hospital 
setting: randomised controlled trial BMJ 2004;328:676  

Hajek VE, Kates MH, Donnelly R, McGree S. The effect of visuospatial training in patients with right 
hemisphere stroke. Canadian Journal of Rehabilitation 1993(3):175-186.  



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 138 

 

Hart J, Kanner H, Gilboa-Mayo R, Haroeh-Peer O, Rozenthul-Sorokin N, Eldar R. Tai Chi Chuan practice in 
community-dwelling persons after stroke. Int J Rehabil Res 2004;27:303-4. 

Heckert Kimberly D, Komaroff Eugene, Adler Uri, and Barrett Anna M. Postacute reevaluation may prevent 
dysphagoa-associated morbidity.  Stroke, 2009:40:1381-1385. 

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 Mar-Apr;14(2):52-61. Review. 

Hesse S, Konrad M, Uhlenbrock D. Treadmill walking with partial body weight support versus floor walking in 
hemiparetic subjects. Arch Phys Med Rehabil 1999;80:421-427.  

Hesse S, WerneIr C, Pohl M, Rueckriem S, Mehrholz J, Lingnau ML. Computerized arm training improves the 
motor control of the severely affected arm after stroke: a single-blinded randomized trial in two 
centers. Stroke. 2005 Sep;36(9):1960-6. Epub 2005 Aug 18. 

Hinchey JA, Shephard T, Furie K, Smith D, Wang D, Tonn S. Formal dysphagia screening protocols prevent 
pneumonia. Stroke 2005; 36(9):1972-1976. 

Hinckley JJ, Craig HK. Influence of rate of treatment on the naming abilities of adults with chronic aphasia. 
Aphasiology 1998; 12: 989-1006.  

Holt R, Kendrick C, MacGlashan K, Kirker S, Jenner J. Static bicycle training for functional mobility in chronic 
stroke. Physiotherapy 2001; 87(5): 257-260. 

Hornby TG, Campbell DD, Kahn JH, Demott T, Moore JL, Roth HR. Enhanced gait-related improvements after 
therapist- versus robotic-assisted locomotor training in subjects with chronic stroke: a randomized 
controlled study. Stroke 2008;39:1786-1792.  

Horner J, Massey EW, Riski JE, Lathrop DL, Chase KN: Aspiration following stroke: clinical correlates and 
outcome. Neurology 1988;38:1359-1362 

House AO, Hackett ML, Anderson CS, Horrocks JA: Pharmaceutical interventions for emotionalism after 
stroke. Cochrane Database Syst Rev 2004:CD003690. 

Husemann B, Muller F, Krewer C, Heller S, Koenig E. Effects of locomotion training with assistance of a 
robot-driven gait orthosis in hemiparetic patients after stroke: a randomized controlled pilot study. 
Stroke 2007;38:349-354.  

Inaba MK, Piorkowski M. Ultrasound in treatment of painful shoulders in patients with hemiplegia. Phys Ther 
1972;52(7):737-42.  

Indredavik B, Bakke F, Slordahl SA et al. Stroke unit treatment. 10-year follow-up. Stroke 1999; 30 (8):1524-7. 
Indredavik B, Bakke F, Slordahl SA et al. Treatment in a combined acute and rehabilitation stroke unit: which 

aspects are most important? Stroke 1999; 30 (5):917-23. 
Indredavik B, Slordahl SA, Bakke F et al. Stroke unit treatment. Long-term effects. Stroke 1997; 28 (10):1861-

6. 
James R, Gines D, Menlove A et al. Nutrition support (tube feeding) as a rehabilitation intervention. Arch Phys 

Med Rehabil. 2005;86:S82-S92. 
Jensen TS. An improved understanding of neuropathic pain. Eur J Pain 2002;6:3-11. 
Jeong S, Kim MT. Effects of a theory-driven music and movement program for stroke survivors in a 

community setting. Appl Nurs Res 2007;20:125-131.  
Jette DU, Warren RL, Wirtalla C.  The relation between therapy intensity and outcomes of rehabilitation in 

skilled nursing facilities. Arch Phys Med Rehabil. 2005 Mar;86(3):373-9. 
Johansson K, Lindgren I, Widner H, Wiklund I, Johansson BB. Can sensory stimulation improve the functional 

outcome in stroke patients? Neurology 1993;43:2189-92. 
Jones F. Strategies to enhance chronic disease self-management: how can we apply this to stroke? Disabil 

Rehabil. 2006 Jul 15-30;28(13-14):841-7. 
Joslin BL, Coyne AC, Johnson TW et al. Dementia and elder abuse: are caregivers victims or villains? In The 

44th Annual Meeting of the Gerontological Society of America, Nov 1991. San Francisco, CA; 1991. 
Joyce BM, Rockwood KJ, Mate-Kole CC. Use of goal attainment scaling in brain injury in a rehabilitation 

hospital. Am J Phys Med Rehabil 1994; 73 (1):10-4. 
JRRD (2009) – Special issue of Journal of Rehabilitation Research and Development, Vol. 46(2), 2009. 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 139 

 

Kagan A, Black SE, Duchan FJ, Simmons-Mackie N, Square P. Training volunteers as conversation partners 
using "Supported Conversation for Adults with Aphasia" (SCA): a controlled trial. J Speech Lang Hear 
Res 2001;44:624-38. 

Kalra L, Eade J: Role of stroke rehabilitation units in managing severe disability after stroke. Stroke 
1995;26:2031-2034.  

Kalra L, Evans A, Perez I, Knapp M, Donaldson N, Swift CG. Alternative strategies for stroke care: a 
prospective randomised controlled trial. Lancet 2000;356(9233):894-899. 

Kalra L, Evans A, Perez I, Melbourn A, Patel A, Knapp M, Donaldson N: Training carers of stroke patients: 
randomised controlled trial. BMJ 2004;328:1099. 

Kalra L, Eade J. Role of stroke rehabilitation units in managing severe disability after stroke. Stroke 
1995;26:2031-4. 

Kamran SI, Downey D, Ruff RL. Pneumatic sequential compression reduces the risk of deep vein thrombosis in 
stroke patients. Neurology 1998; 50 (6):1683-8. 

Kasner SE, Chalela JA, Luciano JM et al. Reliability and validity of estimating the NIH stroke scale score from 
medical records. Stroke 1999; 30 (8):1534-7. 

Katrak PH, Cole AMD, Poulos CJ, McCauley JCK. Objective assessment of spasticity, strength, and function 
wieth early exhibition of dantrolene sodium after cerebrovascular accident: A randomized double-blind 
study. Arch Phys Med Rehabil 1992;73:4-9.  

Katz-Leurer M, Sender I, Ofer K, Zeevi D. The influence of early cycling training on balance in stroke patients 
at the subacute stage. Results of a preliminary trial. Clin Rehabil 2006; 20(5):398-405.  

Katz-Leurer M, Shochina M, Carmeli E, Friedlander Y. The influence of early aerobic training on the functional 
capacity in patients with cerebrovascular accident at the subacute stage. Arch Phys Med rehabil 2003 
Nov;84(11):1609-14. 

Katz RC, Wertz RT. The efficacy of computer-provided reading treatment for chronic aphasic adults.  Journal 
of Speech, Language, and Hearing Research, 1997; 40: 493-507.  

Kerns RD, Habib S. A critical review of the pain readiness to change model. J Pain 2004;5(7):357-367. 
Kerse N, Parag V, Feigin VL, et al. Falls after stroke: results from the Auckland Regional Community Stroke 

(ARCOS) Study, 2002 to 2003. Stroke 2008;39:1890-3. 
Ketel WB and Kolb ME. Long-term treatment with dantrolene sodium of stroke patients with spasticity limiting 

the return of function. Curr Med Res Opin 1984; 9:161-169.  
Khan S, Leung E, Jay WM. Stroke and visual rehabilitation. Top Stroke Rehabil. 2008 Jan-Feb;15(1):27-36. 
Khedr E, Abo-Elfetoh N. Therapeutic role of rTMS on recovery of dysphagia in patients with lateral medullary 

syndrome and brain stem infarction. J Neurol Neurosurg Psychiatry. 2009 Dec 3 
Kim JH, Jang SH, Kim CS, Jung JH, You JH. Use of virtual reality to enhance balance and ambulation in 

chronic stroke: a double-blind, randomized controlled study. Am J Phys Med Rehabil 2009;88:693-
701.  

Kimura M, Robinson RG, Kosier JT. Treatment of cognitive impairment after poststroke depression : a double-
blind treatment trial. Stroke 2000; 31 (7):1482-6. 

Kosak MC, Reding MJ. Comparison of partial body weight-supported treadmill gait training versus aggressive 
bracing assisted walking post stroke. Neurorehabil Neural Repair 2000;14:13-19.  

Kottink AI, Hermens HJ, Nene AV, et al. A randomized controlled trial of an implantable 2-channel peroneal 
nerve stimulator on walking speed and activity in poststroke hemiplegia. Arch Phys Med Rehabil 
2007;88:971-978.  

Kramer M, German PS, Anthony JC et al. Patterns of mental disorders among the elderly residents of eastern 
Baltimore. J Am Geriatr Soc 1985; 33 (4):236-45. 

Kutlu G, Gomecli YB, Unal Y, Inan LE. Levetiracetam monotherapy for late poststroke seizures in the elderly. 
Epilepsy Behav 2008;June 5 Epub.  

Kwakkel G, Wagenaar RC, Twisk JW et al. Intensity of leg and arm training after primary middle-cerebral-
artery stroke: a randomised trial. Lancet 1999; 354 (9174):191-6. 

Lai S, Duncan P, Keighley J, Johnson D. Depressive symptoms and independence in BADL and IADL. J 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 140 

 

Rehabil Res Dev. 2002; 39:589-596. 
Landi F, Cesari M, Onder G, Tafani A, Zamboni VAC. Effects of an occupational therapy program on 

functional outcomes in older stroke patients. Gerontology. 2006; 52:85-91. 
Langhammer B, Stanghelle JK. Bobath or motor relearning programme? A comparison of two different 

approach of physiotherapy in stroke rehabilitation: a randomized controlled study. Clinical 
Rehabilitation 2000;14:361-369.  

Langhorne P, Coupar F, Pollock A. Motor recovery after stroke: a systematic review. Lancet Neurol 
2009;8:741-54. 

Langhorne P, Duncan P. Does the organization of postacute stroke care really matter? Stroke 2001; 32 (1):268-
74. 

Langhorne P, Taylor G, Murray G, Dennis M, Anderson C, Bautz-Holter E, Dey P, Indredavik B, Mayo N, 
Power M, Rodgers H, Ronning OM, Rudd A, Suwanwela N, Widen-Holmqvist L, Wolfe C. Early 
supported discharge services for stroke patients: a meta-analysis of individual patients' data. Lancet 
2005;365:501-6. 

Langhorne P, Wagenaar R, Partridge C. Physiotherapy after stroke: more is better? Physiotherapy Research 
International 1996; 1 (2):75-88. 

Laska AC, Martensson B, Kahan T, von Arbin M, Murray V. Recognition of depression in aphasic stroke 
patients. Cerebrovasc Dis 2007;24:74-9. 

Laufer Y. Effects of one-point and four-point canes on balance and weight distribution in patients with 
hemiparesis. Clinical Rehabilitation 2002;16:141-148. 

Leder SB, Suiter DM. Effect of nasogastric tubes on incidence of aspiration. Arch Phys Med Rehabil 
2008;89:648-651  

Leelamanit V, Limsakul C, Geater A. Synchronized electrical stimulation in treating pharyngeal dysphagia. 
Laryngoscope 2002;112(12):2204-10. 

Legg L, Drummond A, Langhorne P. Occupational Therapy for patients with problems in activities of daily 
living after stroke. Cochrane Database of Systematic Reviews. 2006; 4; CD003585.  

Lichtenberg P, Barth J. Depression in elderly caregivers: a longitudinal study to test Lewinsohn's model of 
depression. Med Psychother 1990; 3:147-56. 

Lichtenberg PA, Gibbons TA. Geriatric rehabilitation and the older adult family caregiver. Neurorehabilitation 
1992; 3 (1):62-71. 

Lim SH, Lieu PK, Phua SY, Seshadri R, Venketasubramanian N, Lee SH, Choo PW. Accuracy of bedside 
clinical methods compared with fiberoptic endoscopic examination of swallowing (FEES) in 
determining the risk of aspiration in acute stroke patients. Dysphagia 2001;16:1-6. 

Lin JH. Influence of admission functional status on functional gain and efficiency of rehabilitation in first time 
stroke patients. Kaohsiung J Med Sci 2001; 17 (6):312-8. 

Lincoln NB, Flannaghan T, Sutcliffe L et al. Evaluation of cognitive behavioural treatment for depression after 
stroke: a pilot study. Clin Rehabil 1997; 11 (2):114-22. 

Lincoln NB, Nicholl CR, Flannaghan T, Leonard M, Van der Gucht E. The validity of questionnaire measures 
for assessing depression after stroke. Clin Rehabil 2003;17:840-6. 

Lincoln NB, Parry RH, Vass CD. Randomized, controlled trial to evaluate increased intensity of physiotherapy 
treatment of arm function after stroke. Stroke 1999; 30 (3):573-9. 

Liston R, Mickelborough J, Harris B, Hann AW, Tallis RC. Conventional physiotherapy and treadmill re-
training for higher-level gait disorders in cerebrovascular disease. Age Ageing 2000;29:311-318.  

Liu K, Chan C, Lee T, Hui-Chan C. mental imagery for promoting relearning for people after stroke: A 
randomized controlled trial. Arch Phys Med Rehabil. 2004; 85:1403-1408. 

Logan P, Gladman J, Drummond A, Radford K. A study of interventions and related outcomes in a randomized 
controlled trial of occupational therapy and leisure therapy for community stroke patients. Clin 
Rehabil. 2003; 7:249-255. 

Logemann et al. A screening procedutre pf oropharyngeal dysphagia. Dysphagia, 1999;14(1): 44-51. 
Logemann JA. Evaluation and treatment of swallowing disorders. San Diego, CA: College-Hill Press, 1983.  



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 141 

 

Luke C, Dodd KJ, Brock K. Outcomes of the Bobath concept on upper limb recovery following stroke. Clin 
Rehabil. 2004 Dec;18(8):888-98. 

Lum PS, Burgar CG, Shor PC, Majmundar M, Van der Loos M. Robot-assisted movement training compared 
with conventional therapy techniques for the rehabilitation of upper-limb motor function after stroke. 
Arch Phys Med Rehabil 2002;83(7):952-9. 

Lyden P, Brott T, Tilley B et al. Improved reliability of the NIH Stroke Scale using video training. NINDS TPA 
Stroke Study Group. Stroke 1994; 25 (11):2220-6. 

Lyder CH. Pressure ulcer prevention and management. JAMA 2003;289:223-6. 
Macdonell R, Triggs W, Leikauskas J, Bourque M, Robb K, Day B, et al. Functional electrical stimulation to 

the affected lower limb and recovery after cerebral infarction. J Stroke Cerebrovasc Dis 1994;4:155-
160. 

Mackintosh SF, Hill K, Dodd KJ, Goldie P, Culham E. Falls and injury prevention should be part of every 
stroke rehabilitation plan. Clin Rehabil. 2005 Jun;19(4):441-51. 

Mackintosh SF, Hill KD, Dodd KJ, Goldie PA, Culham EG. Balance score and a history of falls in hospital 
predict recurrent falls in the 6 months following stroke rehabilitation. Arch Phys Med Rehabil 
2006;87:1583-9. 

Macko RF, DeSouza CA, Tretter LD et al. Treadmill aerobic exercise training reduces the energy expenditure 
and cardiovascular demands of hemiparetic gait in chronic stroke patients. A preliminary report. Stroke 
1997; 28 (2):326-30. 

Malezic M, Kljajic M, Acimovic-Janezic R, Gros N, Krajnik J, Stanic U. Therapeutic effects of multisite 
electric stimulation of gait in motor-disabled patients. Arch Phys Med Rehabil 1987;68(9):553- 60. 

Mari F, Matei M, Ceravolo MG, Pisani A, Montesi A, Provinciali L. Predictive value of clinical indices in 
detecting aspiration in patients with neurological disorders. J Neurol Neurosurg Psychiatry 
1997;63:456-60. 

Marigold DS, Eng JJ, Dawson AS, Inglis JT, Harris JE, Gylfadottir S. Exercise leads to faster postural reflexes, 
improved balance and mobility, and fewer falls in older persons with chronic stroke. J Am Geriatr Soc 
2005; 53(3):416-423.  

Marsden J, Gibson LM, Lightbody CE, Sharma AK, Siddiqi M, Watkins C. Can early onset bone loss be 
effectively managed in post-stroke patients? An integrative review of the evidence. Age Ageing. 
37(2):142-50, 2008.  

Marshall RC, Wertz RTl, Weiss DG, Aten JA, Brookshire RH, Garcia-Bunuel L, Holland AL, Kurtzke JF, 
LaPointe LL, Milianti FJ, Brannegan R, Greenbaum H, Vogel D, Carter J, Barnes NS, Goodman R. 
Home Treatment for Aphasic Patients by Trained Nonprofessionals. Journal of Speech and Hearing 
Disorders, 1989; 54: 462-470.  

Martin-Harris B, Logemann JA, McMahon S, Schleicher M, Sandidge J. Clinical utility of modified barium 
swallow. Dysphagia 2000 Summer;12:136-41. 

Martino R, Pron G, Diamant NE. Screening for  oropharyngeal dysphagia in stroke patients: Insufficient 
evidence for guidelines. Dysphagia 2000;15:19-30. 

Martino R, Silver F, Teasell R, et al. The Toronto Bedside Swallowing Screening Test (TOR-BSST): 
development and validation of a dysphagia screening tool for patients with stroke. Stroke 2009;40:555-
561. 

Martinsson L, Hårdemark HG, Wahlgren NG. Amphetamines for improving stroke recovery: a systematic 
cochrane review. Stroke. 2003 Nov;34(11):2766. Epub 2003 Oct 16. Review. 

Masiero S, Celia A, Rosati G, Armani M.  Robotic-assisted rehabilitation of the upper limb after acute stroke. 
Arch Phys Med Rehabil. 2007 Feb;88(2):142-9. 

Maulden SA, Gassaway J, Horn SD, Smout RJ, DeJong G.  Timing of Initiation of Rehabilitation after Stroke. 
Arch Phys Med Rehabil 2005;86(12 Suppl 2):S34-40. 

Mayr A, Kofler M, Saltuari L. [ARMOR: an electromechanical robot for upper limb training following stroke. 
A prospective randomised controlled pilot study]. Handchir Mikrochir Plast Chir 2008;40:66-73. 

McCabe JP, Dohring ME, Marsolais EB, Rogers J, Burdsall R, Roenigk K, Pundik S, Daly JJ. Feasibility of 
combining gait robot and multichannel functional electrical stimulation with intramuscular electrodes. 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 142 

 

J Rehabil Res Dev 2008;45:997-1006. 
McCallum SL. The National Dysphagia Diet: implementation at a regional rehabilitation center, J Am Diet 

Assoc 2003 Mar;103(3):381-4.  
McCullough G, Rosenbek JC, Wertz RT, McCoy S, Mann G.  Utility of Clinical Swallowing Examination 

Measures for Detecting Aspiration Post-Stroke. Journal of Speech, Language, and Hearing Research 
Vol.48 1280-1293 December 2005. 

Mead GE, Greig CA, Cunningham I, et al. Stroke: a randomized trial of exercise or relaxation. J Am Geriatr 
Soc 2007;55:892-899 

Mehrholz J, Werner C, Kugler J, Pohl M. Electromechanical-assisted training for walking after stroke. 
Cochrane Database Syst Rev 2007;CD006185. 

Meijering S, Corstjens AM, Tulleken JE et al. Towards a feasible algorithm for tight glycaemic control in 
critically ill patients: a systematic review of the literature. Crit Care 2006; 10(1): R1.  

Meythaler JM, Guin-Renfroe S, Brunner RC, Hadley MN. Intrathecal baclofen for spastic hypertonia from 
stroke. Stroke 2001;32:2099-109. 

Milanov IG. Mechanisms of baclofen action on spasticity. Acta Neurol Scand 1992; 85 (5):305-10. 
Mirelman A, Bonato P, Deutsch JE.  Effects of training with a robot-virtual reality system compared with a 

robot alone on the gait of individuals after stroke. Stroke. 2009 Jan;40(1):169-74. 
Miyai I, Reeding MJ. Effects of antidepressants on functional recovery following stroke: A double-blind study. 

Journal of Neurologic Rehabilitation 1998; 12 (1):5-13. 
Miyazaki S, Yamamoto S, Kubota T. Effect of ankle-foot orthosis on active ankle moment in patients with 

hemiparesis. Med Biol Eng Comput 1997;35:381-385. 
Monga TN, Deforge DA, Williams J, Wolfe LA. Cardiovascular responses to acute exercises in patients with 

 cerebrovascular accidents. Arch Phys Med Rehabil 1988 Nov;69(11):937-40. 
Moreland JD, Goldsmith CH, Huijbregts MP, Anderson RE, Prentice DM, Brunton KB, O’Brien A, Torresin 

WD. Progressive resistance strengthening exercises after stroke: a single-blind randomized controlled 
trial. Arch Phys Med Rehabil 2003; 84: 1433-40.  

Morris SL, Dodd KJ, Morris ME. Outcomes of progressive resistance strength training following stroke: a 
systematic review. Clin Rehabil 2004;18:27-39.  

Moseley A. Treadmill training more effective than Bobath training in improving walking following stroke. Aust 
J Physiother 2005;51:192. 

Moulin DE, Clark AJ, Gilron I, Ware MA, Watson CP, Sessle BJ, Coderre T, Morley-Forster PK, Stinson J, 
Boulanger A, Peng P, Finley GA, Taenzer P, Squire P, Dion D, Cholkan A, Gilani A, Gordon A, 
Henry J, Jovey R, Lynch M, Mailis-Gagnon A, Panju A, Rollman GB, Velly A, Canadian Pain 
Society: Pharmacological management of chronic neuropathic pain - consensus statement and 
guidelines from the Canadian Pain Society. Pain Res Manag 2007;13-21.(1):13-21. 

Muir KW. The PREVAIL trial and low-molecular-weight heparin for prevention of venous thromboembolism. 
Stroke 2008;39:2174-6. 

Mulder T, Hulstijn W, van der Meer J. EMG feedback and the restoration of motor control. A controlled group 
study of 12 hemiparetic patients. Am J Phys Med 1986; 65 (4):173-88. 

Mulley G, Espley AJ. Hip fracture after hemiplegia. Postgrad Med J. 55(642):264-5, 1979  
Musicco M, Emberti L, Nappi G, Caltagirone C. Early and Long-Term Outcome of Rehabilitation in Stroke 

Patients: The Role of Patient Characteristics, Time of Initiation, and Duration of Interventions. Arch 
Phys Med Rehabil 2003;84:551-8. 

Myint PK, Poole K.E.S. and E.A. Warburton. Hip fractures after stroke and their prevention. Q J Med 100:539–
54, 2007  

Ng MF, Tong RK, Li LS. A pilot study of randomized clinical controlled trial of gait training in subacute stroke 
patients with partial body-weight support electromechanical gait trainer and functional electrical 
stimulation: six-month follow-up. Stroke 2008;39:154-160.  

Ng SS, Hui-Chan CW. Transcutaneous electrical nerve stimulation combined with task-related training 
improves lower limb functions in subjects with chronic stroke. Stroke 2007;38:2953-2959.  



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 143 

 

Ng Y, Jung H, Tay S, Bok C, Chiong Y, Lim P. Results from a prospective acute inpatient rehabilitation 
database: clinical characteristics and functional outcomes using the Functional Independence Measure. 
Ann Acad Med Singapore. 2007; 36:3-10. 

Niemann H, Ruff RM, Baser CA. Computer-assisted attention retraining in head-injured individuals: a 
controlled efficacy study of an outpatient program. J Consult Clin Psychol 1990; 58 (6):811-7 

Niemeier JP, Cifu DX, Kishore R. The lighthouse strategy: Improving the functional status of patients with 
unilateral neglect after stroke and brain injury using a visual imagery intervention. Top Stroke Rehabil 
2001;8(2):10-8. 

Nighoghossian N, Trouillas P, Adeleine P, Salord F. Hyperbaric oxygen in the treatment of acute ischemic 
stroke. A double-blind pilot. Stroke 1995 Aug;26(8):1369-72. 

Nishino K, Sasaki T, Takahashi K, Chiba M, Ito T. The norepinephrine precursor L-threo-3,4-
dihydroxyphenylserine facilitates motor recovery in chronic stroke patients. J Clin Neurosci. 2001 
Nov;8(6):547-50.  

Noh DK, Lim JY, Shin HI, Paik NJ. The effect of aquatic therapy on postural balance and muscle strength in 
stroke survivors--a randomized controlled pilot trial. Clin Rehabil 2008;22:966-976.  

Noorani HZ, Brady B, McGahan L, Teasell R, Skidmore B, Doherty TJ. A clinical and economic review of 
stroke rehabilitation services. Ottawa: Canadian Coordinating Office for Health Technology 
Assessment; 2003. Technology overview no 10 

O’Mahoney, P. G., Rodgers, H. Thomson, R. G., Dobson, R. G., & James, O. W. Satisfaction with information 
and advice received by stroke patients. Clinical Rehabilitation 1997;11;168-172. 

Odderson IR. The National Institutes of Health Stroke Scale and its importance in acute stroke management. 
Phys Med Rehabil Clin N Am 1999; 10 (4):787-800, vii. 

Orken DN, Kenangil G, Ozkurt H, Guner C, Gundogdu L, Basak M, Forta H. Neurologist. 2009 Nov;15:329-
31. 

Ostwald, K., Davis, S.,  Hersch, G., Kellet C., Godwin K. Evidence-Based Educational Guidelines for Stroke 
Survivors After Discharge Home J Neurosci Nurs. 2008;40(3):173-179,191. 

Ottenbacher KJ, Hsu Y, Granger CV et al. The reliability of the functional independence measure: a 
quantitative review. Arch Phys Med Rehabil 1996; 77 (12):1226-32. 

Ottenbacher KJ, Jannell S. The results of clinical trials in stroke rehabilitation research. Arch Neurol 1993; 50 
(1):37-44. 

Ouellette MM, LeBrasseur NK, Bean JF, et al. High-intensity resistance training improves muscle strength, 
self-reported function, and disability in long-term stroke survivors. Stroke 2004;35:1404-1409. 

Pak S, Patten C. Strengthening to promote functional recovery poststroke: an evidence-based review. Top 
Stroke Rehabil. 2008; 15:177-199. 

Palomaki H, Kaste M, Berg A et al. Prevention of poststroke depression: 1 year randomised placebo controlled 
double blind trial of mianserin with 6 month follow up after therapy. J Neurol Neurosurg Psychiatry 
1999; 66 (4):490-4. 

Pang MY, Ashe MC, Eng JJ, McKay HA, Dawson AS. A 19-week exercise program for people with chronic 
stroke enhances bone geometry at the tibia: a peripheral quantitative computed tomography study. 
Osteoporos Int 2006;17:1615-25. 

Pang MY, Eng JJ, Dawson AS, Gylfadóttir S. The use of aerobic exercise training in improving aerobic 
capacity in individuals with stroke: a meta-analysis. Clin Rehabil. 2006 Feb;20(2):97-111. 

Pang MY, Harris JE, Eng JJ. A community-based upper-extremity group exercise program improves motor 
function and performance of functional activities in chronic stroke: a randomized controlled trial. Arch 
Phys Med Rehabil 2006;87:1-9. 

Paolucci S, Antonucci G, Grasso MG et al. Early versus delayed inpatient stroke rehabilitation: a matched -
comparison conducted in Italy. Arch Phys Med Rehabil 2000; 81 (6):695-700. 

Paolucci S, Gandolfo C, Provinciali L, Torta R, Toso V: The Italian multicenter observational study on post-
stroke depression (DESTRO). J Neurol 2006;253:556-562.  

Park J, Hopwood V, White AR, Ernst E. Effectiveness of acupuncture for stroke: A systematic review. J Neurol 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 144 

 

2001;248(7):558-563. 
Park J, White AR, James MA, et al. Acupuncture for subacute stroke rehabilitation: a Sham-controlled, subject- 

and assessor-blind, randomized trial. Arch Intern Med 2005;165:2026-31. 
Parry RH, Lincoln NB, Vass CD. Effect of severity of arm impairment on response to additional physiotherapy 

early after stroke. Clin Rehabil 1999; 13 (3):187-98. 
Partridge C, Mackenzie M, Edwards S et al. Is dosage of physiotherapy a critical factor in deciding patterns of 

recovery from stroke: a pragmatic randomized controlled trial. Physiother Res Int 2000; 5 (4):230-40. 
Patel A, Knapp M, Perez I, Evans A, Kalra L. Alternative strategies for  stroke care: cost-effectiveness and cost-

utility analyses from a prospective randomized controlled trial. Stroke 2004;35(1):196-203 
Pedersen E, Arlien-Soborg P, Mai J. The mode of action of the gaba derivative baclofen in human spasticy. 

Acta Neurol Scand 1974;50:665-80. 
Pedersen, P.M., Vinter, K. & Olsen, T.S. (2001). Improvement of oral naming by unsupervised computerized 

rehabilitation. Aphasiology, 15, 151-170.  
Pelak VS, Dubin M, Whitney E. Homonymous Hemianopia: A Critical Analysis of Optical Devices, 

Compensatory Training, and NovaVision. Curr Treat Options Neurol. 2007 Jan;9(1):41-7. 
Perlman PW, Cohen MA, Setzen M, et al. The risk of aspiration of pureed food as determined by flexible 

endoscopic evaluation of swallowing with sensory testing. Otolaryngol Head Neck Surg 2004;130:80-
83. 

Perry L, Love CP. Screening for dysphagia and aspiration in acute stroke: a systematic review. Dysphagia 2001; 
16 (1):7-18. 

Piron L, Turolla A, Agostini M, Zucconi C, Cortese F, Zampolini M, Zannini M, Dam M, Ventura L, Battauz 
M, Tonin P. Exercises for paretic upper limb after stroke: a combined virtual-reality and telemedicine 
approach. J Rehabil Med. 2009 Nov;41(12):1016-102. 

Platz T, Kim IH, Engel U, Pinkowski C, Eickhof C, Kutzner M. Amphetamine fails to facilitate motor 
performance and to enhance motor recovery among stroke patients with mild arm paresis: interim 
analysis and termination of a double blind, randomised, placebo-controlled trial. Restor Neurol 
Neurosci. 2005;23(5-6):271-80. 

Poggel DA, Kasten E, Sabel BA. Attentional cueing improves vision restoration therapy in patients with visual 
field defects. Neurology. 2004 Dec 14;63(11):2069-76. 

Pohl M, Mehrholz J, Ritschel C, Ruckriem S. Speed-dependent treadmill training in ambulatory hemiparetic 
stroke patients: a randomized controlled trial. Stroke 2002;33:553-8. 

Pohl M, Mehtholz J. Immediate effects of an individually designed functional ankle-foot orthosis on stance and 
gait in hemiparetic patients. Clinical Rehabilitation 2006;20:324-330.  

Pohl M, Werner C, Holzgraefe M, et al. Repetitive locomotor training and physiotherapy improve walking and 
basic activities of daily living after stroke: a single-blind, randomized multicentre trial (Deutsche 
GAngtrainerStudie, DEGAS). Clin Rehabil. 2007; 21:17-27. 

Poplingher AR, Pillar T. Hip fracture in stroke patients. Epidemiology and rehabilitation. Acta Orthop Scand. 
56(3):226-7, 1985.  

Potempa K, Braun LT, Tinknell T et al. Benefits of aerobic exercise after stroke. Sports Med 1996; 21 (5):337-
46. 

Potempa K, Lopez M, Braum LT, Sizidon JP, Fogg L, Tincknell T. Physiological outcomes of aerobic exercise 
training in hemiparetic stroke. Stroke 1995; 26: 101-105. 

Powers DW. Assessment of the stroke patient using the NIH stroke scale. Emerg Med Serv 2001; 30 (6):52-6. 
Price CI, Pandyan AD. Electrical stimulation for preventing and treating post-stroke shoulder pain: a systematic 

Cochrane review. Clin Rehabil. 2001;15(1):5-19. 
 Pulvermuller, F., Neininger, B., Elbert, T., Mohr, B., Rockstroh, B., Koebbel, P., & Taub, E.  (2001). 

Constraint-induced therapy of chronic aphasia after stroke.  Stroke, 32, 1621-1626.  
Rabadi MH, Coar PL, Lukin M, Lesser M, Blass JP. Intensive nutritional supplements can improve outcomes in 

stroke rehabilitation. Neurology 2008;71:1856-1861. 
Raffaele R, Rampello L, Vecchio I et al. Trazodone therapy of the post-stroke depression. Arch Gerontol 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 145 

 

Geriatr 1996; S5:217-20. 
Rapoport J, Judd-Van Eerd M. Impact of physical therapy weekend coverage on length of stay in an acute care 

community hospital. Phys Ther 1989; 69 (1):32-7. 
RCP, 2000 - Royal College of Physicians. National Clinical Guidelines for Stroke.  Web-site: 

http://www.rcplondon.ac.ak/pubs/books/stroke/ceeu_stroke_service02.htm 2000. 
RCP, 2004 - Royal College of Physicians. National clinical guidelines for stroke: second edition. June 2004. 
Reddy M, Gill SS, Rochon PA. Preventing pressure ulcers: a systematic review. JAMA. 2006;296(8):974-84. 
Reding MJ, Potes E. Rehabilitation outcome following initial unilateral hemispheric stroke. Life table analysis 

approach. Stroke 1988; 19 (11):1354-8. 
Reichard P, Nilsson BY, Rosenqvist U. The effect of long-term intensified insulin treatment on the development 

of microvascular complications of diabetes mellitus. N Engl J Med 1993;329:304-9. 
Ricci S, Celani MG, Cantisani AT, Righetti E. Piracetam for acute ischemic stroke. The Cochrane Database of 

Systematic Reviews 2002. Issue 4, Art. No. Cd000419.  
Richards CL, Malouin F, Bravo G, Dumas F, Wood-Dauphinee S. The role of technology in task-oriented 

training in persons with subacute stroke: a randomized controlled trial. Neurorehabil Neural Repair 
2004;18:199-211.  

Richards CL, Malouin F, Wood-Dauphinee S et al. Task-specific physical therapy for optimization of gait 
recovery in acute stroke patients. Arch Phys Med Rehabil 1993; 74 (6):612-20. 

Richards L, Latham N, Jette D, Rosenberg L, Smout R, DeJong G. Characterizing occupational therapy practice 
in stroke rehabilitation. Arch Phys Med Rehabil. 2005; 86:S51-S60. 

Ried LD, Tueth MJ, Jia H. A pilot study to describe antidepressant prescriptions dispensed to veterans after 
stroke. Res Social Adm Pharm 2006;2:96-109. 

Rimmer JH, Riley B, Creviston T et al. Exercise training in a predominantly African-American group of stroke 
survivors. Med Sci Sports Exerc 2000b; 32 (12):1990-6. 

Robertson I, McMillan T, MacLeod E, Edgeworth J, Brock D. Rehabilitation by limb activation training (LAT) 
reduces impairment in unilateral neglect patients: a single blind RCT. Neuropsychological 
Rehabilitation 2002;12: 439–454.  

Robey RR. A meta-analysis of clinical outcomes in the treatment of aphasia. Journal of Speech, Language, and 
Hearing Research 1998; 41:172-187.  

Robey RR. The Efficacy of Treatment for Aphasic Persons: A Meta-Analysis. Brain and 
Language,1994;47:582-608.  

Robinson RG, Parikh RM, Lipsey JR et al. Pathological laughing and crying following stroke: validation of a 
measurement scale and a double-blind treatment study. Am J Psychiatry 1993; 150 (2):286-93. 

Robinson RG, Schultz SK, Castillo C et al. Nortriptyline versus fluoxetine in the treatment of depression and in 
short-term recovery after stroke: a placebo-controlled, double-blind study. Am J Psychiatry 2000; 157 
(3):351-9. 

Robinson W, Smith R, Aung O, Ada L. No difference between wearing a night splint and standing on a tilt table 
in preventing ankle contracture early after stroke: a randomised trial. Aust J Physiother 2008;54:33-38.  

Rusyniak DE, Kirk MA, May JD, Kao LW, Brizendine EJ, Welch JL, Cordell WH, Alonso RJ; Hyperbaric 
Oxygen in Acute Ischemic Stroke Trial Pilot Study. Hyperbaric oxygen therapy in acute ischemic 
stroke: results of the Hyperbaric Oxygen in Acute Ischemic Stroke Trial Pilot Study. Stroke 2003 
Feb;34(2):571-4. 

Ryan TV, Ruff RM. The efficacy of structured memory retraining in a group comparison of head trauma 
patients. Arch Clin Neuropsychol 1988; 3:165-79. 

Ryvlin P, Montavont A, Nighoghossian N. Optimizing therapy of seizures in stroke patients. Neurology 
2006;67, S3-9.  

Sabanathan K, Castleden CM, Mitchell CJ. The problem of bacteriuria with indwelling urethral catheterization. 
Age Ageing 1985; 14 (2):85-90. 

Sacco RL, Adams R, Albers G, Alberts MJ, Benavente O, Furie K, et al. Guidelines for prevention of stroke in 
patients with ischemic stroke or transient ischemic attack: a statement for healthcare professionals 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 146 

 

from the American Heart Association/American Stroke Association Council on Stroke: co-sponsored 
by the Council on Cardiovascular Radiology and Intervention: the American Academy of Neurology 
affirms the value of this guideline. Circulation. 2006;113(10):e409-49. 

Sackley C, Wade D, Mant D, 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. 

Saint S, Elmore JG, Sullivan SD et al. The efficacy of silver alloy-coated urinary catheters in preventing urinary 
tract infection: a meta-analysis. Am J Med 1998; 105 (3):236-41. 

Salbach NM, Mayo NE, Wood-Dauphinee S, Hanley JA, Richards CL, Cote R. A task-orientated intervention 
enhances walking distance and speed in the first year post stroke: a randomized controlled trial. Clin 
Rehabil 2004;18:509-19. 

Sato Y, Iwamoto J, Kanoko T, Satoh K. Low-dose vitamin D prevents muscular atrophy and reduces falls and 
hip fractures in women after stroke: a randomized controlled trial. Cerebrovasc Dis 2005;20:187-192. 

Sato Y. Abnormal bone and calcium metabolism in patients after stroke. Arch Phys Med Rehabil 81:117-21, 
2000.  

Saunders DH, Greig CA, Young A, Mead GE. Physical fitness training for stroke patients.  The Cochrane 
Database of Systematic Reviews 2004, Issue 1. Art. No.: CD003316.pub2. 

Schauer M, Mauritz KH. Musical motor feedback (MMF) in walking hemiparetic stroke patients: randomized 
trials of gait improvement. Clinical Rehabilitation 2003; 17: 713-722.  

Scheidtmann K, Fries W, Müller F, Koenig E. Effect of levodopa in combination with physiotherapy on 
functional motor recovery after stroke: a prospective, randomised, double-blind study. Lancet. 2001 
Sep 8;358(9284):787-90.  

Schmidt JG, Drew-Cates J, Dombovy ML: Severe Disability After Stroke: Outcome after inpatient 
rehabilitation. Neurorehab Neural Repair 1999;13:199-203 

Schmidt SM, Guo L, Scheer S, Boydston J, Pelino C, Berger SK. Epidemiologic determination of community-
based nursing case management for stroke. J Nurs Adm 1999;29:40-7. 

Schultz R, Visintainer P, Williamson G. Psychiatric and physical morbidity effects of caregiving. Journal of 
Gerentology 1990; 45:181-91. 

Scott JF, Robinson GM, French JM, O'Connell JE, Alberti KG, Gray CS. Prevalence of admission 
hyperglycaemia across clinical subtypes of acute stroke. Lancet 1999;353:376-7. 

Shaker R, Easterling C, Kern M, Nitschke T, Massey B, Daniels S, et al. Rehabilitation of swallowing by 
exercise in tube-fed patients with pharyngeal dysphagia secondary to abnormal UES opening. 
Gastroenterology 2002;122(5):1314-21  

Sheffler LR, Hennessey MT, Naples GG, Chae J. Peroneal nerve stimulation versus an ankle foot orthosis for 
correction of footdrop in stroke: impact on functional ambulation. Neurorehabil Neural Repair 
2006;20:355-360 

Sherman DG, Albers GW, Bladin C, et al. The efficacy and safety of enoxaparin versus unfractionated heparin 
for the prevention of venous thromboembolism after acute ischaemic stroke (PREVAIL Study): an 
open-label randomised comparison. Lancet 2007;369:1347-55. 

SIGN, 1997 - Scottish Intercollegiate Guidelines Network (SIGN). Management of patients with stroke.  Web-
site: http://www.sign.ac.uk/guidelines/published/index.html 1997. 

Singh S, Hamdy S.  Dysphagia in stroke patients.  Psotgraduate Medicine Journal, 2006; 82:383-91 
Sivenius J, Pyorala K, Heinonen OP et al. The significance of intensity of rehabilitation of stroke--a controlled 

trial. Stroke 1985; 16 (6):928-31. 
Smith A, Cardillo JE, Smith SC et al. Improvement scaling (rehabilitation version). A new approach to 

measuring progress of patients in achieving their individual rehabilitation goals. Med Care 1998; 36 
(3):333-47. 

Smith DS, Goldenberg E, Ashburn A et al. Remedial therapy after stroke: a randomised controlled trial. Br Med 
J (Clin Res Ed) 1981; 282 (6263):517-20. 

Smith J, Forster A, House A, Knapp P, Wright J, Young J. Information provision for stroke patients and their 
caregivers. Cochrane Database Syst Rev 2008:CD001919. 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 147 

 

Snels IAK, Beckerman H, Twisk JWR, Dekker JHM, de Koning P,Koppe PA, et al. Effect of triamcinolone 
acetonide injections onhemiplegic shoulder pain: A randomized clinical trial. Stroke2000;31(10):2396-
401.  

Soderstrom S, Pettersson R, Leppert J. Prediction of driving ability after stroke and the effect of behind-the-
wheel training. Scand J of Psychol. 2006; 47:419-429. 

Sohlberg MM, Mateer CA. Effectiveness of an attention-training program. J Clin Exp Neuropsychol 1987; 9 
(2):117-30. 

Sonde L, Lökk J. Effects of amphetamine and/or L-dopa and physiotherapy after stroke - a blinded randomized 
study. Acta Neurol Scand. 2007 Jan;115(1):55-9. 

Stein J, Krebs HI, Frontera WR, Fasoli SE, Hughes R, Hogan N. Comparison of two techniques of robot-aided 
upper limb exercise training after stroke. Am J Phys Med Rehabil. 2004;83:720-8 

Stephens MA, Kinney JM, Ogrocki PK. Stressors and well-being among caregivers to older adults with 
dementia: the in-home versus nursing home experience. Gerontologist 1991; 31 (2):217-23. 

Stolee P, Stadnyk K, Myers AM et al. An individualized approach to outcome measurement in geriatric 
rehabilitation. J Gerontol A Biol Sci Med Sci 1999; 54 (12):M641-7. 

Strache W. Effectiveness of two modes of training to overcome deficits of concentration. Int J Rehabil Res 
1987; 10 (4 Suppl 5):141-5. 

Stroke Unit Trialists’ Collaboration, 2002  - Organised inpatient (stroke unit) care for stroke. Stroke Unit 
Trialists’ Collaboration. Cochrane Database Syst Rev 2002; CD000197. 

Studenski S, Duncan P, Perera S, Reker D, Lai S, Richards L. Daily functioning and quality of life in a 
randomized controlled trial of therapeutic exercise for subacute stroke survivors. Stroke. 2005; 
36:1764-1770 

Sullivan KJ, Brown DA, Klassen T, et al. Effects of task-specific locomotor and strength training in adults who 
were ambulatory after stroke: results of the STEPS randomized clinical trial. Phys Ther 2007;87:1580-
1602.  

Sullivan KJ, Knowlton BJ, Dobkin BH. Step training with body weight support: effect of treadmill speed and 
practice paradigms on poststroke locomotor recovery. Arch Phys Med Rehabil 2002;83:683-91. 

Sunderland A, Tinson DJ, Bradley EL et al. Enhanced physical therapy improves recovery of arm function after 
stroke. A randomised controlled trial. J Neurol Neurosurg Psychiatry 1992; 55 (7):530-5. 

Suputtitada A, Yooktanan P, Rarerng-Ying T. Effect of partial body weight support treadmill training in chronic 
stroke patients. J Med Assoc Thai 2004;87 Suppl 2:S107-11. 

Sussman C, Bates-Jensen BM, editors. Wound Care: A collaborative practice manual for physical therapists and 
nurses. Gaithersburg, Maryland: Aspen Publishers; 1998. 

Suzuki M, Omori M, Hatakeyama M, Yamada S, Matsushita K, Lijima S. Predicting recovery of upper-body 
dressing ability after stroke. Arch Phys Med Rehabil. 2006; 87:1496-1502. 

Sze FK, Wong E, Or KK, Lau J, Woo J. Does acupuncture improve motor recovery after stroke? A meta-
analysis of randomized controlled trials. Stroke 2002;33(11):2604-19. 

Teasell R, Foley N, Bhogal S, Bagg S, Jutai J.  Evidence-based practice and setting basic standards for stroke 
rehabilitation in Canada. Top Stroke Rehabil. 2006; 13:59-65. 

Teasell R, Foley N, Bhogal S, Chakravertty R, Bluvol A. A rehabilitation program for patients recovering from 
severe stroke. Can J Neurol Sci. 2005; 32:512-517. 

Teasell RW, Foley NC, Bhogal SK, Speechley MR. Early supported discharge in stroke rehabilitation. Top 
Stroke Rehabil 2003;10(2):19-33. 

Teixeira da Cunha I, Lim PAC, Qureshy H, Henson H, Long T, Protas E. A comparison of regular rehabilitation 
and regular rehabilitation with supported treadmill training for acute stroke patients. Journal of 
Rehabilitation Research and Development 2001;38:1-14. 

Teixeira-Salmela LF, Olney SJ, Nadeau S et al. Muscle strengthening and physical conditioning to reduce 
impairment and disability in chronic stroke survivors. Arch Phys Med Rehabil 1999; 80 (10):1211-8. 

Tetri S, Hakala J, Juvela S, Saloheimo P, Pyhtinen J, Rusanen H, Savolainen ER, Hillbom M.  Safety of low-
dose subcutaneous enoxaparin for the prevention of venous thromboembolism after primary 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 148 

 

intracerebral haemorrhage.Thromb Res 2008;123(2):206-12.  
Thaut MH, Leins AK, Rice RR, et al. Rhythmic auditory stimulation improves gait more than NDT/Bobath 

training in near-ambulatory patients early poststroke: a single-blind, randomized trial. Neurorehabil 
Neural Repair 2007;21:455-459.  

Thaut MH, McIntosh GC, Rice RR. Rhythmic facilitation of gait training in hemiparetic stroke rehabilitation. J 
Neurol Sci 1997;151:207-212. 

The International Stroke Trial (IST): a randomised trial of aspirin,subcutaneous heparin, both, or neither among 
19435 patients with acute ischaemic stroke. International Stroke Trial Collaborative Group. Lancet. 
1997 May 31;349(9065):1569-81. 

Thomas LH, Cross S, Barrett J, et al. Treatment of urinary incontinence after stroke in adults. Cochrane 
Database Syst Rev 2008:CD004462. 

Tihanyi TK, Horvath M, Fazekas G, Hortobagyi T, Tihanyi J. One session of whole body vibration increases 
voluntary muscle strength transiently in patients with stroke. Clin Rehabil 2007;21:782-793.  

TOAST Study. Low molecular weight heparinoid, ORG 10172 (danaparoid), and outcome after acute ischemic 
stroke: a randomized controlled trial. The Publications Committee for the Trial of ORG 10172 in 
Acute Stroke Treatment (TOAST) Investigators. Jama 1998; 279 (16):1265-72. 

Treig T, Werner C, Sachse M, Hesse S. No benefit from D-amphetamine when added to physiotherapy after 
stroke: a randomized, placebo-controlled study. Clin Rehabil. 2003 Sep;17(6):590-9. 

Troisi E, Paolucci S, Silvestrini M, Matteis M, Vernieri F, Grasso MG, Caltagirone C. Prognostic factors in 
stroke rehabilitation: the possible role of pharmacological treatment. Acta Neurol Scand. 2002 
Feb;105(2):100-6. 

Trombly C, Ma H. A synthesis of the effects of occupational therapy for persons with stroke, Part I: Restoration 
of roles, tasks, and activities. Am J Occup Ther. 2002; 56:250-259. 

Turk DC, Winter F. The Pain Survival Guide. How to Reclaim Your Life. Washington, DC: American 
Psychological Association, 2006: 

Tyson SF, Rogerson L. Assistive walking devices in nonambulant patients undergoing rehabilitation after 
stroke: the effects on functional mobility, walking impairments, and patients' opinion. Arch Phys Med 
Rehabil 2009;90:475-479.  

UDSMR, 1997 - Fiedler RC, Granger CV, Russell CF. Uniform Data System for Medical Rehabilitation: report 
of first admissions for 1997. Am J Phys Med Rehabil. 1998 Sep-Oct;77(5):444-50. 

Umpierrez GE, Hor T, Smiley D, Temponi A, Umpierrez D, Ceron M, Munoz C, Newton C, Peng L, Baldwin 
D. Comparison of inpatient insulin regimens with detemir plus aspart versus neutral protamine 
hagedorn plus regular in medical patients with type 2 diabetes. J Clin Endocrinol Metab. 2009 
Feb;94(2):564-9.  

Umpierrez GE, Smiley D, Zisman A et al. Randomized study of basal-bolus insulin therapy in the inpatient 
management of patients with type 2 diabetes (RABBIT 2 trial). Diabetes Care 2007; 30(9): 2181-6. 
Smiley et al.,  2009 

van de Meent H, Geurts AC, Van Limbeek J: Pharmacologic treatment of poststroke depression: a systematic 
review of the literature. Top Stroke Rehabil 2003;10:79-92.  

van de Port I, Wood-Dauphinee S, Lindeman E, Kwakkel G. Effects of exercise training programs on walking 
competency after stroke: a systematic review. Am J Phys Med Rehabil 2007;86:935-951. 

van den Berghe G,  Wilmer A, Hermans G, Meersseman W, Wouters PJ, Milants I, Van Wijngaerden E, 
Bobbaers H, Bouillon R. Intensive insulin therapy in the medical ICU. N Engl J Med. 2006:354(5):49-
61.  

van den Berghe G, Wouters P, Weekers F, Verwaest C, Bruyninckx F, Schetz M, Vlasselaers D, Ferdinande P, 
Lauwers P, Bouillon R. Intensive insulin therapy in the critically ill patients. N Engl J Med 2001 Nov 
8; 345(19):1359-67.  

van der Lee JH, Snels IA, Beckerman H et al. Exercise therapy for arm function in stroke patients: a systematic 
review of randomized controlled trials. Clin Rehabil 2001; 15 (1):20-31. 

van der Lee JH, Wagenaar RC, Lankhorst GJ et al. Forced use of the upper extremity in chronic stroke patients: 
results from a single-blind randomized clinical trial. Stroke 1999; 30 (11):2369-75. 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 149 

 

van Peppen RP, Hendriks HJ, van Meeteren NL, Helders PJ, Kwakkel G. The development of a clinical practice 
stroke guideline for physiotherapists in The Netherlands: a systematic review of available evidence. 
Disabil Rehabil. 2007 May 30;29(10):767-83. 

Van Peppen RPS, Kwakkel G, Wood-Dauphinee S, Hendriks HJM, Van Der Wees PJ, Dekker J. The impact of 
physical therapy on functional outcomes after stroke: What's the evidence? Clin Rehabil 2004;18:833-
62. 

van Vliet PM, Lincoln NB, Foxall A. Comparison of Bobath based and movement science based treatment for 
stroke: a randomised controlled trial. J Neurol Neurosurg Psychiatry 2005;76:503-508.  

Venn MR, Taft L, Carpentier B et al. The influence of timing and suppository use on efficiency and 
effectiveness of bowel training after a stroke. Rehabil Nurs 1992; 17 (3):116-20. 

Verin E, Leroi AM. Poststroke dysphagia rehabilitation by repetitive transcranial magnetic stimulation: a 
noncontrolled pilot study. Dysphagia. 2009 Jun;24(2):204-10. Epub 2008 Oct 28. 

Volpe BT, Krebs HI, Hogan N, Edelstein OL, Diels C, Aisen M. A novel approach to stroke rehabilitation: 
Robot-aided sensorimotor stimulation. Neurology 2000;54(10):1938-44. 

Volpe BT, Lynch D, Rykman-Berland A, Ferraro M, Galgano M, Hogan N, Krebs HI. Intensive sensorimotor 
arm training mediated by therapist or robot improves hemiparesis in patients with chronic stroke. 
Neurorehabil Neural Repair 2008;22:305-10. 

Wade DT. Evidence relating to goal planning in rehabilitation. Clin Rehabil 1998; 12 (4):273-5. 
Wagenaar RC, Meijer OG, Van WCW et al. The functional recovery of stroke: A comparison between Neuro-

Developmental Treatment and the Brunnstrom method. Scandinavian Journal of Rehabilitation 
Medicine 1990; 22 (1):1-8. 

Walker-Batson D, Curtis S, Natarajan R, Ford J, Dronkers N, Salmeron E, Lai J, Unwin DH. A double-blind, 
placebo-controlled study of the use of amphetamine in the treatment of aphasia. Stroke. 2001 
Sep;32(9):2093-8.  

Wambaugh JL, Duffy JR, McNeil MR, Robin DA, Rogers MA. Treatment Guidelines for acquired apraxia of 
speech: A synthesis and evaluation of the evidence.  Journal of Medical Speech-Language Pathology, 
2006;14: xv-xxxiii.  

Wang RY, Lin PY, Lee CC, Yang YR. Gait and balance performance improvements attributable to ankle-foot 
orthosis in subjects with hemiparesis. Am J Phys Med Rehabil 2007;86:556-562.  

Warren JW, Tenney JH, Hoopes JM et al. A prospective microbiologic study of bacteriuria in patients with 
chronic indwelling urethral catheters. J Infect Dis 1982; 146 (6):719-23. 

Weimar C, Roth MP, Zillessen G, Glahn J, Wimmer ML, Busse O, Haberl RL, Diener HC: Complications 
following acute ischemic stroke. Eur Neurol 2002;48:133-140.  

Wertz RT, Collins, MJ, Weiss, D, Kurtzke JF, Friden T, Brookshire, RH, Pierce J, Holtzapple P, Hubbard DJ, 
Porch BE, West JA, Davis L, Matovitch V, Morley GK, Resurreccion E. Veterans Administration 
Cooperative Study on Aphasia. Journal of Speech and Hearing Research,1981; 24; 580-594.  

West C, Bowen A, Hesketh A, Vail A. Interventions for motor apraxia following stroke. Cochrane Database 
Syst Rev 2008:CD004132. 

Whurr R, Lorch MP, Nye C. Efficacy of speech and language therapy for aphasia: A meta-analytic review. 
Neurology Reviews International, 1997;1:9-13.  

Wiart L, Petit H, Joseph PA et al. Fluoxetine in early poststroke depression: a double-blind placebo-controlled 
study. Stroke 2000; 31 (8):1829-32. 

Williams LS, Yilmaz EY, Lopez-Yunez AM. Retrospective assessment of initial stroke severity with the NIH 
Stroke Scale. Stroke 2000; 31 (4):858-62. 

Winstein CJ, Rose DK, Tan SM, Lewthwaite R, Chui HC, Azen SP. A randomized controlled comparison of 
upper extremity rehabilitation strategies in acute stroke: a pilot study of immediate and long-term 
outcomes. Arch Phys Med Rehabil. 2004;85:620-628 

Woldag H, Waldmann G, Heuschkel G, Hummelsheim H. Is the repetitive training of complex hand and arm 
movements beneficial for motor recovery in stroke patients? Clin Rehabil 2003;17:723-30. 

Wolf SL, Winstein CJ, Miller JP, Taub E, Uswatte G, Morris D, Giuliani C, Light KE, Nichols-Larsen D. Effect 



Version 2.0  VA/DoD Clinical Practice Guideline for the 
FINAL DRAFT  Management of Stroke Rehabilitation  
 

Appendix E: Bibliography Page G - 150 

 

of constraint-induced movement therapy on upper extremity function 3 to 9 months after stroke: the 
EXCITE randomized clinical trial. JAMA 2006;296:2095-104. 

Worrall, L. & Yiu, E. (2000). Effectiveness of functional communication therapy by volunteers for people with 
aphasia following stroke. Aphasiology, 14, 911-924.  

Wu HM, Tang JL, Lin XP, Lau J, Leung PC, Woo J, Li YP. Acupuncture for stroke rehabilitation. Cochrane 
Database Syst Rev. 2006 Jul 19;3:CD004131. 

Yang YR, Tsai MP, Chuang TY, Sung WH, Wang RY. Virtual reality-based training improves community 
ambulation in individuals with stroke: A randomized controlled trial.  Gait Posture. 2008 
Aug;28(2):201-6. 

Yang YR, Wang RY, Chen YC, Kao MJ. Dual-task exercise improves walking ability in chronic stroke: a 
randomized controlled trial. Arch Phys Med Rehabil 2007;88:1236-40. 

Yang YR, Wang RY, Lin KH, Chu MY, Chan RC. Task-oriented progressive resistance strength training 
improves muscle strength and functional performance in individuals with stroke. Clin Rehabil 
2006;20:860-70. 

Yang YR, Yen JG, Wang RY, Yen LL, Lieu FK. Gait outcomes after additional backward walking training in 
patients with stroke: a randomized controlled trial. Clin Rehabil 2005;19:264-73. 

Yavuzer G, Selles R, Sezer N, Sütbeyaz S, Bussmann JB, Köseolu F, et al. Mirror therapy improves hand 
function in subacute stroke: a randomized controlled trial. Arch Phys Med Rehabil (2008) 89:393–8. 

Yorkston, K. M., Hakel, M., Beukelman, D. R. & Fager, S. (2007). Evidence for effectiveness of treatment of 
loudness, rate, or prosody in dysarthria: A systematic review.  Journal of Medical Speech-Language 
Pathology, 15, xi-xxxvi.  

Zeloni G, Farne A, Baccini M. Viewing less to see better. J Neurol 2002(2):195-198. 
 


