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Abstract

Purpose of review—Stroke rehabilitation needs to take major steps forward to reduce
functional disability for survivors. In this article, we suggest that spatial retraining might greatly
increase the efficiency and efficacy of motor rehabilitation, directly addressing the burden and
cost of paralysis after stroke.

Recent findings—Combining motor and cognitive treatment may be practical, as well as
addressing needs after moderate—to-severe stroke. Spatial neglect could suppress motor recovery
and reduce motor learning, even when patients receive appropriate rehabilitation to build strength,
dexterity, and endurance. Spatial neglect rehabilitation acts to promote motor as well as visual-
perceptual recovery. These findings, and previous underemphasized studies, make a strong case
for combining spatial neglect treatment with traditional exercise training. Spatial neglect therapies
might also help people who cannot participate in intensive movement therapies because of limited
strength and endurance after stroke.

Summary—Spatial retraining, currently used selectively after right brain stroke, may be broadly

useful after stroke to promote rapid motor recovery.
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Introduction

Stroke is a major public health problem in the USA, and globally. Annually, about 795,000
people in the United States have a stroke, and stroke costs the nation $38.6 billion, including
the cost of health care services, medications, and lost productivity (1). Of the 15 million
people worldwide who suffer a stroke annually, at least 5 million are permanently disabled,
placing a burden on family and community (2). Stroke incidence is declining in many
developed countries, largely as a result of better blood pressure control and reduced
smoking, and the age-standardized rates of stroke mortality decreased worldwide in the past
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two decades. However, the personal and social cost of stroke is still increasing because of
population aging (2). Thus, year by year, the number of stroke survivors and the overall
global burden of stroke are increasing (3).

When we consider the resources needed to reduce the burden of stroke, it is helpful to
understand impairments that are strongly associated with functional limitations. Certainly,
paralysis is a major reason for activity and social/vocational limitation after stroke. For this
reason, a large research investment has been devoted to studying the mechanisms of motor
recovery, and to scientifically developing interventions to address these mechanisms in
rehabilitation (4). However, this research outlay has not yet resulted in major changes to the
paradigm for stroke rehabilitation to increase return of function after stroke.

In this article, we will provide an overview of articles from recent, emerging literature, as
well as classic studies that are key to understanding innovation in spatial retraining. We will
argue that integrating specific spatial cognition techniques as part of routine rehabilitation
could result in greater, motor-based, functional recovery.

We will first present evidence that combined cognitive and motor rehabilitation may be
beneficial. A knowledge gap may exist between motor and functional recovery after stroke,
and the missing element to consider may be spatial: higher-order, brain-based mental
function that coordinates with, and modulates, the corticospinal tract, motor cortex, basal
ganglia, and other primary motor systems.

Next, we will describe how spatial problems, common after right brain stroke, adversely
affect successful motor and functional recovery. We will lastly present evidence suggesting
that treatments currently used to improve visual-perceptual function in spatial neglect could
be prescribed for post-stroke paralysis, as augmentative or even primary motor rehabilitation
treatment. Using rehabilitation approaches that activate both cognitive and motor systems is
efficient, addresses areas of great need, and could help improve the feasibility of intensive
treatment in stroke rehabilitation.

Motor function and spatial recovery

If cognitive treatments indirectly stimulate the motor system and facilitate motor recovery,
this could be important for several reasons. Stroke survivors too weak to perform repetitive
movements are likely to be excluded from current intensive, exercise-based care options.
These survivors of moderate to severe stroke are more than three times less likely to return
home after stroke, and their care, requiring skilled personnel and inpatient/residential
settings, comes at greatly increased cost (5). Providing treatments to survivors of moderate
to severe stroke not only serves social justice by addressing healthcare disparity, but could
also reduce the social cost of stroke by reducing needs for skilled and caregiver assistance
among some of the most disabled survivors. However, alternate intensive methods of
stimulating the motor system to restore function are not widely available. Spatial cognitive
treatment could “work around” damaged corticospinal systems (6). Visual-motor integration
tasks might be practiced as part of spatial cognitive therapy (7), using different movements
than those affected by stroke, or using unaffected limb(s).
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Another reason for using spatial cognitive approaches to augment motor rehabilitation
concerns the frequency with which cognitive problems affect people with moderate to
severe stroke. These events usually cause both cognitive and motor impairments, which
interact (8). It is widely acknowledged that cognitive problems caused by stroke are strongly
associated with later daily life disability such as limitations to community and social
participation (9,10), and even minor strokes are associated with disabling hidden memory,
spatial and mood disorders (11). Moderate to severe strokes almost always induce symptoms
in both cognitive and motor domains (12-15). In particular, spatial deficits probably occur in
> 50% of moderate-severe right brain stroke survivors (16).

Cognitive deficits of all kinds are associated with limitations of intellectual capability, and
also with mobility problems, poor motor recovery, and falls (17). The intimate relationship
between cognitive and motor capability inspired the use of physical exercise to enhance
cognitive function (18-20). However, cognitive therapies are not yet being used to stimulate
the motor system. This is a lost opportunity, since cognitive-motor interactions powerfully
activate and influence motor performance (21-23). When current rehabilitation programs
provide both cognitive and motor training in stroke care, cognitive and motor interventions
are usually separately-administered, based on pragmatic factors such as the availability of
personnel, reimbursement provided by insurers, or convenience. It might also possible for a
single, therapeutic, cognitive-motor intervention to replace two, separately-administered,
cognitive and motor therapies. This could decrease the total time needed for treatment, and
thus the cost of care. It is also possible that using interventions based on scientific
knowledge of how cognitive and motor brain systems interact would improve outcomes of
stroke rehabilitation.

Knowledge gap between motor and functional recovery

Reports suggest that recovering function after stroke requires more than the successful
return of strength, dexterity, and endurance. In Lang et al.’s (24) study examining the extent
to which paralysis explained post-stroke functional variance, although motor dysfunction at
hospital admission was a good predictor of functional recovery at 3 weeks (88% of total
variance), 3 months (80% of total variance) and 6 months (73% of total variance), it did not
account for all of the individual variance in functional recovery. An important factor to
consider is that balance, an important factor in motor performance, is strongly related to
spatial function and body awareness. Fong et al. (25) found that balance on admission
accounts for the greatest total variance of patients’ functional performance at hospital
discharge, as contrasted with poor predictive ability of strength or speed of movements.
These authors reported that a model integrating only balance and cognitive judgment scores
on hospital admission significantly predicted discharge functional ability, accounting for
51% of total variance. Lofgren et al. (26) also found postural stability highly predictive of
return home after stroke, combined in a model with age and perceptual function. Patterson et
al. (27) found that in stroke survivors able to walk, who were more impaired (slower
walkers), spatial, balance and body awareness factors predict mobility over and above
muscle strength. In this study, there was a strong correlation of balance performance with 6-
minute walking performance in slower walkers, but leg strength was not correlated with
walking performance.
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Two studies explicitly examined the relative predictive ability of motor function and neglect
in motor recovery, and found spatial neglect to be a powerful and separate predictor of
stroke outcomes. Giaquinto et al. (28) reported that motor function was not a significant
predictor of functional outcome post-stroke. In this study, spatial neglect, cognitive ability to
performed skilled limb movements (limb apraxia), age, and cognitive and sphincter
performance predicted 72% of total variance of recovery on the Functional Independence
Measure (FIM; 29). The FIM strongly emphasizes the impact of motor recovery, and
assesses the burden of care post-stroke. Oh-Park et al. (30) reported that spatial dysfunction
at admission predicted community mobility at six months after stroke (University of
Alabama at Birmingham Study of Aging Life-Space Assessment), over and above motor
performance of functional activities assessed by the Barthel Index.

Post-stroke spatial neglect

Spatial computations and actions, interacting with strength, deftness, and endurance of
movement systems, give us exactly-specified movements in three-dimensional space. Spatial
function is also critical to make continuous adjustments as we move, relative to a rapidly-
moving world: walking, reading signs while we drive, and avoiding obstacles as we carry
out hundreds of daily-life tasks. Spatial neglect is a disabling post-stroke syndrome causing
failure to report, respond or orient to stimuli on the side of space opposite a brain lesion (31,
32). Evidence suggests that spatial neglect delays motor recovery, even when survivors
receive appropriate strength and exercise training (33-35). Three-dimensional visual-motor
integration is obviously relevant to gait, balance and reaching. Thus, a possible effect of
spatial neglect on balance is not surprising: falls are much more common in people with
spatial neglect (36). However, other components of spatial neglect such as abnormal
sustained visual and auditory attention (37) also strongly influence motor and functional
recovery. In this study, an auditory attention task (a tone-counting procedure) best predicted
hand and arm dexterity performance and functional outcomes at two years. Lastly, spatial
neglect can affect the motor preparatory system, and movement computations, making it
more difficult to move toward the neglected side, or use the neglected arm or leg, a deficit
called “Aiming” motor-intentional spatial neglect (38). Although right brain stroke survivors
are commonly affected by spatial neglect, left brain stroke survivors may also suffer from
this spatial-motor disorder. Coslett (39) reviewed linguistic and motor performance in a
group of patients with left brain stroke, and found that about half of those with parietal
lesions had less-capable motor performance in right-sided, contralesional space, as
compared with their performance in left space. This was true even when they performed
motor tasks with the unaffected left hands, consistent with right-sided “Aiming” spatial
motor neglect.

Jehkonen et al. (40) strongly supported the role of spatial neglect in predicting stroke
recovery, in a review of 26 studies examining the relationship of spatial dysfunction with
functional outcome of stroke. In 25/26 studies, spatial neglect predicted the ability to regain
daily life function, and in 11 studies, spatial neglect was an independent predictor of
functional outcomes. Spatial neglect predicted functional outcome in combination with other
variables in 14 studies: motor function was one of these additional factors in only 4 (41-44).
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In the other 10 studies, other cognitive factors or other variables (e.g. age) combined with
spatial neglect to predict functional disability.

Nijboer et al. (45) recently performed a careful study examining the longitudinal relationship
between arm/hand paralysis and spatial neglect, over the first post-stroke year (101
survivors). They found that spatial neglect appeared to suppress arm/hand motor recovery
over the first 10 weeks post-stroke. In the 51 patients with evidence of spatial neglect (42
right-sided and 9 left-sided stroke), the time over which motor gains occurred was also
delayed in people with spatial neglect. Oh-Park et al. (30) also emphasized the long-term
impact of spatial neglect. In their study of 31 right brain stroke survivors, greater spatial
neglect severity within 2 months of stroke predicted less community mobility at six months
post-stroke. Spatial neglect severity accounted for about 56% of the total variance in
reported community mobility (area of daily life movement in the home, neighborhood,
community and region). This was true regardless of the degree of spatial neglect recovery
that occurred between initial neglect assessment and six months post-stroke.

Toward a new paradigm for stroke treatment: spatial retraining

Spatial retraining is not currently part of routine stroke rehabilitation; its potential value to
activate motor brain systems and stimulate motor learning has not been fully explored. In
this section we will discuss several studies that support the use of spatial cognitive
treatments to promote better three-dimensional perceptual-motor integration. These
treatments are generally prescribed to improve visual and perceptual function in people with
post-stroke spatial neglect. However, here we advocate the use of spatial retraining to
promote motor recovery: spatial cognitive stimulation may improve dexterity and movement
coordination, increase strength, and help develop adaptive body movements during
ambulation, transfers, self-care, and other functional activities.

Vallar et al. (46) and Paolucci et al (47) reported that interventions to improve visual-
perceptual orienting in spatial neglect also improved post-stroke paralysis and motor
recovery. Vallar et al. (46) had two patients with left-sided weakness and spatial neglect
after right brain stroke view dots moving 45 degrees/second leftward. These optokinetic
stimuli induce an illusory sensation of body movement, previously demonstrated to reduce
left spatial neglect, via asymmetric vestibular-spatial stimulation (48). The investigators
demonstrated that during the period the patients with left neglect viewed optikinetic stimuli,
grip strength in the left, paretic hand improved; there was no change in left grip strength
with a control stimulus, however (rightward optikinetic movement; see Figure 1). Paolucci
et al (47) demonstrated that stroke patients randomly assigned to spatial retraining with
visual scanning, reading/copying, drawing and visual scene description demonstrated more
improvement of motor impairment than did patients assigned to slightly fewer hours (3
hours versus 5 hours weekly) of general cognitive stimulation (puzzles, games,
conversation).

Two additional, recent studies specifically demonstrated that optical prism treatment with
intensive visual-motor training, to improve spatial neglect (prism adaptation training; 7)
resulted in motor gains. In both Goedert et al. (49) and Mizuno et al. (35), patients with
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spatial neglect demonstrated significant motor improvement (FIM) after 10 days (two
weeks, 5 sessions/week) of prism adaptation treatment. Mizuno et al. observed greater
improvement in motor functional ability after prism adaptation treatment in patients with
milder stroke syndromes. Goedert et al. (49) observed no difference based on stroke or
neglect severity, but observed that patients with Aiming, motor-intentional spatial deficits
responded better than those with spatial neglect restricted to perceptual-attentional, Where
spatial systems.

Spatial retraining has been reported to improve motor function in patients who have no
spatial neglect (50), although this may not be uniform across stroke patients or spatial
interventions (46). Even if spatial retraining only improves motor recovery in patients with
spatial neglect, it still has significant potential, because spatial neglect is likely under-
identified (51; Figure 2). It is not surprising that spatial stimulation affects motor systems;
visual-motor, integrative brain activity stimulates beneficial reorganization (52). Thus,
routine augmentative spatial retraining as part of motor therapy could result in a sharp
improvement in the efficacy of in-hospital stroke rehabilitation.

Conclusion

In this article, we discussed how combining cognitive and motor treatment could save time
and address patient needs. We reviewed key studies suggesting that spatial neglect
influences motor recovery after stroke. Spatial retraining could reduce the burden of care in
patients having both spatial neglect and hemiparesis, by stimulating beneficial brain network
interaction and reorganization. Further research evaluating short- and long-term benefits of
routine spatial retraining as part of motor rehabilitation after acute stroke, is needed.
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Figure 1.
Results of Vallar et al. (1997), based on Figures 2 and 3 of that publication. Two patients

with right brain stroke and spatial neglect (x axis, left hand group of bars = patient 1, right
hand group of bars = patient 2) performed a hand grip before (white bar), during (black bar)
and after (gray bar) optokinetic stimulation with leftward-moving dots, intended to reduce
left neglect. In both patients, grip strength (in kg, y axis) increased during optokinetic
stimulation.
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Figure 2.
Results of Chen et al. (2013), revised based on Figure 2 in that publication. Under-

documentation of spatial neglect occurred across disciplines, including failure to document
neglect in ¥ of patients by occupational therapists (striped bar), with nurses (black bar) and
physicians (white bar) documenting the diagnosis of spatial neglect at even lower levels.
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