
 

Experts highlight new concepts and
approaches to the rehabilitation of stroke
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Algorithm predicts upper limb functional outcome at three months post-stroke.
The four possible upper limb outcomes are color-coded. The colored dots depict
the proportion of patients expected to achieve each color-coded outcome,
depending on their pathway through the algorithm, based on the results of a
CART analysis. Credit: The Shirley Ryan Ability Lab, Chicago, Ill., USA

Stroke remains a leading cause of adult disability, and the global burden
of stroke continues to grow with devastating consequences for patients,
families, and caregivers. In this special issue of NeuroRehabilitation
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leading international experts on stroke rehabilitation provide theoretical
and practical insights into the steps necessary to push beyond merely
compensatory training and onto a level of recovery that is satisfactory
for patients.

"Stroke rehabilitation is at a crossroads," explains Guest Editor Richard
Harvey, MD, Professor, Physical Medicine and Rehabilitation and
Physical Therapy and Human Movement Sciences, Northwestern
University Feinberg School of Medicine, and Clinical Chair, Brain
Innovation Center, Wesley and Suzanne Dixon Stroke Chair, The Shirley
Ryan Ability Lab, Chicago, IL, USA. "This issue of NeuroRehabilitation
explores novel concepts and approaches to the rehabilitation of stroke
that will help point the direction for the next wave of neurorehabilitation
research."

A promising area of research is the use of biomarkers to predict motor
recovery and outcomes after stroke. Cathy M. Stinear, Ph.D., of the
Department of Medicine, University of Auckland, Auckland, New
Zealand, and colleagues, consider how algorithms to predict motor
recovery and outcomes after stroke might be implemented in clinical
practice.

"Since 2011 there have been eight large randomized controlled trials of
motor rehabilitation that recruited all participants within 30 days of
stroke. However, none were able to detect a benefit of the tested
intervention," notes Dr. Stinear. "Using biomarkers to select and stratify 
patients in rehabilitation trials could increase the sensitivity of trials to
intervention effects, which might be particularly important for detecting
these effects against the background of recovery experienced by most
patients during the initial days and weeks after stroke."

Biomarkers of the functional and structural integrity of the corticomotor
system can predict recovery from motor impairment and motor function
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outcomes in individual patients. There are two broad categories of motor
system biomarkers that have received the most research attention to
date: transcranial magnetic stimulation (TMS) and magnetic resonance
imaging (MRI). Dr. Stinear and colleagues describe the accumulating
evidence for the use of these motor system biomarkers during the initial
days and weeks after stroke and then discusses the potential challenges
and benefits of implementing these biomarkers in clinical practice using
the PREP2 algorithm as an example.

The PREP2 algorithm combines clinical assessment with biomarkers in
an algorithm to predict upper limb functional outcomes for individual
patients. It is the first algorithm to be tested in clinical practice. It is the
standard of care in two Auckland hospitals and is being rolled out in
several other hospitals in New Zealand, North America, Singapore, and
Europe. Other biomarker-based algorithms are likely to follow. The
researchers describe several potential facilitators and barriers to
implementing biomarkers in clinical practice, including characteristics
of the algorithm, the clinical setting, and the clinicians themselves.
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Interface for upper-limb motor rehabilitation. During the BMI therapy, the
patient with upper-limb paralysis would be asked to imagine/attempt to move
his/her paralyzed arm, and those intentions would be translated into the actual
movement of the patient's limb. The activity from the brain is recorded with
noninvasive or invasive electrodes. Then, it is processed in a computer that
extracts relevant features and decodes information from the imagined/attempted
motor task, based on a calibration procedure performed with previously-
recorded examples of movement imaginations/attempts. The information
decoded from the brain activity is translated into control commands for the
robotic or prosthetic device, which mobilizes the paralyzed limb of the patient,
exciting his/her afferent pathways. Credit: The Shirley Ryan Ability Lab,
Chicago, Ill., USA

The researchers conclude that active, theoretically underpinned
implementation strategies are needed to ensure that biomarkers are
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successfully used in clinical practice for predicting motor outcomes after
stroke and should be considered in parallel with biomarker development.

"Implementing biomarkers in stroke rehabilitation practice has been
shown to help patients leave hospital sooner, with no negative effects on
their outcomes or wellbeing," says Dr. Stinear. "Knowing what to expect
for their recovery can also help patients and families adjust more readily
to life after stroke. However, principled strategies for implementing
biomarkers in clinical practice are needed to produce effective and
sustainable improvements in clinical practice."

Although therapies have improved in recent years, traditional
rehabilitation still fails in patients with severe paralysis. Ander Ramos-
Murguialday, Ph.D., MSc, of the Institute of Medical Psychology and
Behavioral Neurobiology, University of Tübingen, Tübingen, Germany,
and TECNALIA Research and Innovation, San Sebastián, Spain, and
colleagues, review brain-machine interfaces (BMIs) that have emerged
as a promising tool to guide motor rehabilitation interventions and
promote recovery because they can be applied to patients with no
residual movement. A BMI is a system that records, decodes, and
ultimately translates brain signals into an effector action or behavior,
without necessarily involving the motor system.

The researchers reviewed a total of 13 studies. Following a pilot study in
2008, the first double-blinded controlled clinical trial using a BMI for
completely paralyzed stroke patients was published in 2013. The
experimental group showed significant motor learning. Subsequent
studies confirmed these positive results. The duration of the
interventions ranged from one to eight weeks and each session lasted
between 30 and 90 minutes. Twelve out of the studies targeted the upper
limb, while only one focused on the lower limb. All the studies reported
improvements of motor function in the experimental group after the use
of the BMI. Six studies demonstrated higher improvements in the
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intervention group than in the control group. Only two of the studies
reported no improvements at all in the control group.

Although significant, Dr. Ramos-Murguialday and colleagues conclude
that functional motor recovery achieved with novel BMI technology
remains modest. "Motor rehabilitation based on BMIs is still in a
preliminary stage, and further improvements are required to boost its
efficacy," comments Dr. Ramos-Murguialday. "Invasive and hybrid
approaches are promising and might set the stage for the next generation
of stroke rehabilitation therapies."

"As we stand at this crossroad, the direction we need to take is becoming
clearer," concludes Dr. Harvey. "Be open to new approaches to care
beyond task-oriented training. Utilize new technology to extend
therapeutic approaches beyond the mat, treadmill, and hi-lo table.
Critique new research based on whether it suggests just another form of
compensatory training versus expansion of functional capacity. Consider
the incorporation of biomarkers into clinical research and bedside care.
We know where we need to go. I hope we can successfully negotiate the
pathways that push beyond merely 70% recovery."
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