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Role of Visuospatial Cognition Assessment

in the Diagnosis and Research of Atypical
Parkinsonian Disorders

Paolo Nichelli and Anna Magherini

INTRODUCTION

Visuospatial abilities play a pivotal role in our daily living. Indeed, our survival depends, to a
great extent, on our ability to navigate sensory space. This means our ability to use spatial maps
dependent on visual, tactile, and auditory information to form and guide motor programs. Visuospatial
abilities are complex brain operations requiring integration of occipital, parietal, and frontal lobe
function, as well as the contribution of subcortical structures. Consequently, it is not surprising that
visuospatial skills are often impaired in diseases with movement disorders—an impairment that
depends both on the type and on the stage of the disease in question.

Investigating visuospatial skills is helpful not only for differentiating among various diseases with
movement disorders, but also for analyzing the source of patients’ everyday life impairment, as this
can, in turn, generate useful pointers for the development of remedial strategies.

Also, in the detailed analysis of visuospatial performance in patients with movement disorders,
particular care must be taken to separate motor from cognitive components. In the devising of neu-
ropsychological tools that can help us to gain a new insight into cortical and subcortical contributions
to these activities, this represents a constant challenge.

The aim of this chapter is to review the contribution of visuospatial assessment in the differential
diagnosis of movement disorders. After presenting a classification of visuospatial skills, we will
discuss the evidence of visuospatial dysfunction in Parkinson’s disease (PD) and in the various atypi-
cal parkinsonian disorders. We will then advance our own proposal for visuospatial assessment in
this group of patients.

CLASSIFICATION OF VISUOSPATIAL DISORDERS

Visuospatial activities have been classified according to different criteria. O’Keefe and Nadel (1)
divided them on the basis of the sensorimotor responses of persons moving in their own environment,
classifying them as “position (or egocentric) responses” when subjects use their body as a reference,
as “cued responses” when movements are guided by external cues, and as “place responses” when
movements are guided by relationships between external references. Grüsser (2) classified the space
around the subject as consisting of three functionally different “subspaces”: the body surface, the
grasping space, and the distal space. It seems that different brain regions are responsible for direct-
ing attention to different regions of space. For example, experimental studies on monkeys have local-
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ized the representation of personal space to parietal area 7a and postarcuate frontal area 6. Peripersonal
space seems to be encoded by parietal areas 7a and 7b and frontal areas 6 and 8. Extrapersonal space
is represented in frontal area 8, parietal area 7a, and the superior colliculus (3).

For the purpose of this review we present a classification of visuospatial abilities that divides them
into spatial perception, visuomotor coordination, visuospatial attention, perception of size, spatial
memory, and visuospatial imagery. Although any classification of this sort is somewhat arbitrary, we
believe it is useful to list the different domains to be examined during neuropsychological testing.
Furthermore, the various parkinsonian disorders can affect some of these skills while leaving others
intact.

Spatial Perception
Spatial perception is the ability to analyze the spatial relationships both between the stimulus and

the observer and between different stimuli. Visual, tactile, and auditory information can contribute to
spatial perception. However, visual-perceptual skills predominate disproportionately over the other
perceptual skills. According to current theories (4,5) visual information is processed by two distinct
pathways: the occipito-temporal (ventral) pathway, which conveys information about shape and pat-
terns, and the occipito-parietal (dorsal) pathway, which is involved in spatial analysis. Three funda-
mental aspects of spatial perception are stimulus localization, perception of line orientation, and
depth perception. All can be impaired after brain damage.

Stimulus Localization
Different methods have been proposed to examine stimulus localization. Warrington and Rabin

(6) presented two cards, either simultaneously or in succession, and asked subjects to evaluate whether
the position of a point was the same or different on the two cards. Hannay et al. (7) projected onto a
screen one or two dots for 300 ms, then, after a 2-s delay, they presented a display showing 25
numbers in different positions: the subject’s task was to read aloud the numbers corresponding to the
correct dot positions. The performances of right-posterior brain-damaged patients are typically
impaired.

Perception of Line Orientation
The most widely used instrument in the assessment of this component of visuospatial perception is

the Benton’s Judgement of Line Orientation Test (8). This test requires subjects to identify the orien-
tation of a pair of lines on an 11-line multiple-choice display. A number of studies have used this test
to assess visuospatial abilities in PD patients, and given varying results. Boller et al. (9) demonstrated
that PD patients with a normal IQ are impaired in line orientation judgement. Similar results were
obtained by Goldenberg et al. (10). However, Richards, Cote, and Stern (11) did not find differences
between 14 patients with idiopathic PD and 12 normal controls matched for age and education. Simi-
larly Levin and colleagues (12,13) did not identify line orientation abnormalities in their mildly and
moderately affected PD patients. In a large sample (76 patients and an equal number of matched
normal controls), Montse et al. (14) demonstrated that, in line orientation judgment, PD patients
make proportionally more complex intraquadrant and horizontal line errors, but fewer simple
intraquadrant errors than controls. Girotti et al. (15) reported that when PD patients were divided into
those with and those without dementia, the line orientation test was one of the few tasks that distin-
guished the nondemented PD patients from controls, whereas many tasks differentiated the demented
PD patients from controls. In conclusion, the line orientation test is often abnormal in PD patients but
may be normal in patients in whom the disease is less advanced.

Depth Perception
The perception of depth is based on both monocular and binocular sources (16,17). Monocular

cues include apparent size of familiar objects, texture and brightness gradient, linear perspective,
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occluding contours, shading, and monocular parallax (i.e., the ability to analyze disparate retinal
images successively produced by the same object on the retina). Stereopsis is the ability to discrimi-
nate depth on the basis of binocular information. Stereoacuity is commonly tested using the quantita-
tive Titmus stereotest, which requires the subject, who is wearing appropriately polarized lenses, to
detect circles that appear on a closer plane with respect to the background. Global stereopsis is tested
using Julez’s random dot stereograms, geometric forms that can—if viewed stereoscopically—be
seen from below or above the background plane.

Both the striate and the peristriate and parietal visual areas play a pivotal role in depth perception
based on binocular cues (18–20). To the best of our knowledge, no systematic study of depth percep-
tion in patients with parkinsonian disorders has to date been conducted.

Visuomotor Coordination
The impaired ability to reach for visually presented stimuli, not related to motor, somatosensory,

visual-acuity, or visual-field deficits, is named optic (visuomotor) ataxia. To detect subtle visuomotor
ataxia, the subject is asked to reach for an object that requires a precision grip (i.e., true opposition of
thumb and index finger). In a clinical setting, the examiner will hold the object (a coin or a paper clip)
by its edge while the patient attempts to grasp it between the index finger and thumb. In the most
severe cases, the disorder is apparent even when the patient is fixating when reaching for the object.
More frequently, the impairment is only apparent when the target is located at the periphery of the
visual field, or when the patient is not allowed to look at his reaching arm (21).

Reaching for an object is a movement that can be divided into two components: the proximal
component (the reaching or transportation phase) and the distal component (the grasping or ma-
nipulation phase). This dichotomy has received particular attention because it reveals the difference
between two pathways of visuospatial perception respectively devoted to determining the target coordi-
nates in a body-centered space (the occipito-parietal pathway) and to computing shape, size, and
weight of the target object (the occipito-temporal pathway) (4).

Examining in detail the different components of reaching for an object requires frame-by-frame
analysis of a video recording of the movement. Studies of visuomotor coordination in PD patients
show no deficit in the “transportation” and in the “manipulation” components of the reaching-to-
grasp movement (22). On the contrary, PD patients demonstrate some dysfunction when they are
required to respond appropriately to modification of object size and location (23,24). Rearick et al.
(25) demonstrated that global features observed in five-digit grasping are preserved in PD patients.
However, more subtle aspects of the coordination between digits, as revealed by frequency domain
analysis, are not preserved, possibly owing to action tremor.

Visuospatial Attention
When we move in the environment, we are confronted with a vast array of sensory information

that the nervous system cannot deal with on an equal basis. Thus, the brain must select which infor-
mation to process. Visuospatial attention refers to the processes engaged by the nervous system in the
selection of relevant information from the mass of information presented by the visual environment.

The neglect syndrome has been characterized as a failure to report, respond to, or orient attention
to novel or meaningful stimuli presented to the side opposite to a brain lesion, when this failure
cannot be attributed to either sensory or motor defects (26). In severe neglect, patients may behave as
though one-half of the world had suddenly ceased to exist. They may fail to eat the food on the left
side of their plate, or omit to shave, groom, and dress the left side of the body. In other patients, the
symptoms are much subtler and might not be detected by observation of their spontaneous behavior.
In the latter cases, special maneuvers may be needed in order to disclose the presence of neglect.

Cancellation tasks are often used for diagnosis of the syndrome. Albert (27) developed the sim-
plest form of these tasks, a test in which subjects are required to cancel each item in an array of 40
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scattered lines. In the Bells Test (28), rather than scattered lines, 315 small, silhouetted objects are
distributed in a pseudorandom manner on the page, with 35 bells scattered among them. Despite their
apparently random positions, the bells are actually arranged in seven columns with five bells to a
column. The subjects’ task is to circle the bells as quickly as possible. Similarly, Mesulam (29), with
the purpose of enhancing the method’s sensitivity to inattention to the right as well as to the left side,
devised verbal and nonverbal cancellation tasks consisting of four sheets, two (nonverbal) with vari-
ous shapes, and two (verbal) with randomized letters.

A different technique for investigating unilateral inattention is to ask the patient to bisect a line. In
the traditional version, patients are asked to mark the midpoint of a horizontal line drawn on a sheet
of paper. Normal subjects tend to bisect the line 1–2 mm left of its true center (30,31). Patients with
left hemineglect tend to place their mark rightward of the center. To interpret this finding, both space
representation and premotor impairment have been invoked. Assuming perceptual factors are respon-
sible, bisection toward the right would be a result of underestimation of the length of the left part of the
line, whereas the influence of premotor factors would result in reduced action toward the left (direc-
tional hypokinesia) or in reduced amplitude movement toward the left (directional hypometria). Dif-
ferent modifications of the line bisection paradigm have been devised to disentangle the
representational and premotor component of bisecting a line. In the landmark test (32), the subject’s
task is to point to the shorter side of a correctly prebisected line: when patients choose the left side as
the shorter their neglect can be attributed to a representational deficit. In the line extension test (33),
patients are requested to extend a horizontal line leftward to double its original length. If premotor
factors dominate, they should cause a relative left underextension (compared to the right) because of
left hypokinesia-hypometria.

Animal studies have shown a central role of the dopaminergic system in the regulation of direc-
tional attention. Some authors believe that these circuits are purely premotor (34), whereas others
maintain that dopaminergic circuits also mediate perceptual aspects (35,36). In humans, some case
reports have shown significant improvement of patients with chronic neglect syndrome after therapy
with dopaminergic drugs (37,38). Asymmetric degeneration of the dopaminergic nigrostriatal path-
ways is the major mechanism underlying the motor symptoms of PD.

A number of early studies have found that patients with left hemi-PD tend to neglect the left side of
space (13,39–41). However, the rightward bias of left hemi-PD is at most mild and some authors
(42,44) were not able to demonstrate visual neglect in their patients. In a more recent study Lee et al.
(43) examined PD patients with two line bisection tasks. One was a conventional paper- and pencil-
test. In the other, subjects were required to bisect a line presented on a computer screen by adjusting
the position of a cursor operated by two pushbuttons, one in each hand. No significant differences
were found on the paper-and-pencil test. On the contrary, predominantly left-sided PD patients showed
significant rightward bias in their setting of the cursor. The same bias was found when subjects re-
peated the task with the pushbuttons switched between the hands, so that the cursor was moved to the
left by the right hand and vice versa, thus suggesting a perceptual rather than a premotor bias.

Adopting a different approach, Ebersbach et al. (44) demonstrated that patients with predomi-
nantly right-sided PD, as well as normal controls, were more likely to start visual exploration on the
left side of texture arrays requiring attentive oculomotor scanning. On the contrary, PD patients with
predominantly left-sided disease showed a rightward directional bias for initial exploration, a behav-
ior similar to that demonstrated by patients affected by visuospatial neglect following cortical lesions
of the right parietal lobe.

Work by Posner and colleagues (45) has provided a theoretical framework within which the dif-
ferent processes involved in orienting attention might be interpreted. They distinguish between two
distinct modes of spatial orienting. “Overt” orienting involves turning the eyes toward a particular
location of interest, whereas “covert” orienting requires attention to be shifted to this location while
the eyes remain fixated elsewhere. Several studies have examined overt orienting in PD patients, and
there is a general consensus that internal control of eye movements through voluntary saccades
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(remembered, delayed, and predictive saccades and antisaccades) is deficient in PD patients (46–
49). At the same time there appears to be no deficit in PD patients for purely reflexive (or visually
guided) saccades (46,47,50,51). Thus, studies in PD patients suggest deficits in voluntary (internal)
control, but no deficit in reflexive (external) control of overt orienting of attention. To evaluate covert
orienting, subjects, all the time maintaining central fixation, are asked to press a key as soon as a periph-
eral stimulus appears. At the beginning of each trial subjects are given a visual cue, meant to draw
their attention to the side where the stimulus is to appear. In most trials the target is presented where
it was cued to appear (valid trials), but in some it appears on the opposite side (invalid trials). As it
might be expected, normal subjects are significantly faster on valid than invalid trials. Patients with
parietal lesions, even if nearly as good as normal controls on valid trials, are severely impaired on
invalid trials, which require them to respond to a stimulus contralateral to the lesion. This impairment
indicates defective attentional disengagement from a cued location. A number of researchers have
reported conflicting results regarding the performance of PD patients in covert orienting tasks, with
some studies reporting small covert orienting effects in PD patients (52,53), and others finding no
difference (54–56). It turns out that, as for overt attention, it is important to distinguish between
voluntary and reflexive control of spatial attention. Voluntary covert attention is assessed by using
symbolic cues (e.g., arrows) presented at a central location. The purpose of these cues is to make the
subject shift his or her attention to the intended location. Reflexive covert attention is evaluated by
presenting a brief cue stimulus in the visual periphery that automatically draws attention to the loca-
tion of the cue. A couple of studies (57,58) compared voluntary and reflexive covert control of spatial
attention in PD patients. Both reported relatively normal cuing effects with voluntary (i.e., internally
controlled) cues at short (250 ms) and intermediate (500 ms) intervals between cue and target. How-
ever, in PD patients facilitatory effects were eliminated with longer (800–1000 ms) intervals, thus
demonstrating defective voluntary control of covert attention. On the contrary, PD patients appear to
be significantly faster than control subjects on covert reflexive orienting (59). Progressive supra-
nuclear palsy (PSP) and corticobasal degeneration patients (CBD) can show specific impairments in
visual-orienting tasks that will be discussed later in this chapter.

Perception of Size
In human perception theories, it is commonly assumed that size is processed independently of

shape. Experimental animal studies in monkeys (60,61) have confirmed that object size is processed
in the brain independently of other stimulus characteristics. An important consequence of this dis-
tinction between form and size concerns our general ability to identify objects of different size as
identically shaped. The disorder of size perception of which patients are aware is termed dysmetropsia
(also called dysmegalopsia or metamorphopsia). Objects can appear either shrunk (micropsia) or
enlarged (macropsia), compared to their actual size (62). Size perception can be also distorted in
visuospatial neglect (63), but in this case patients are unaware of the symptom.

It has recently been demonstrated (64) that predominantly left PD patients, probably because of
right-hemisphere impairment, perceive a rectangle presented in the left and upper visual space as
smaller compared to rectangles presented in different regions of space. The same authors (65) have
raised the possibility that perceptual errors might have a causal role in determining PD patients’
difficulties in negotiating doorways, narrow corridors, and other confined spaces. They asked PD
patients to judge whether or not they would fit through a life-size schematic doorway shown on a
large screen. Predominantly left PD patients obtained an increased ratio between the door width for
which 50% of the judgments were positive and the width of the participant’s body at the shoulders.
This finding was interpreted as suggesting that the visual representation of the doorway (or of its
relationship to perceived body size) is compressed in left PD. However, the clinical implications of
this finding are not yet clear, since the authors could not demonstrate a causal role of these perceptual
distortions in freezing episodes experienced by PD patients.
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Spatial Memory
Within spatial memory it is possible to identify short- and long-term components.

Short-Term Spatial Memory
According to a widely accepted theoretical model (66) short-term memory is viewed as a “work-

ing memory,” where information can be temporarily stored and accessed for use in a wide range of
cognitive tasks. Working memory, on the other hand, is made up of an attentional system of limited
capacity (the so-called “central executive”) and of at least two “slave” subsystems: the “articulatory
loop” and the “visuospatial sketchpad,” respectively dealing with phonological and visuospatial items.
In this scheme, the visuospatial sketchpad would appear to keep visuospatial information “on line”
for subsequent processing by the “central executive.” This hierarchical organization could allow the
concurrent performance of phonological and visual tasks as long as they remain within the capacity
limits of the two “slave” systems, whereas the “central executive” would be called upon should the
information to be processed exceed these limits. A series of neuroimaging studies (67) has deter-
mined that spatial working memory is mediated by a network of predominantly right-hemisphere
regions that include posterior parietal (BA 40 and BA 7), anterior occipital (BA 19), and inferior
prefrontal (BA 47) sites. It has been hypothesized that the premotor area and the superior parietal
area might mediate spatial rehearsal, whereas the inferior posterior parietal area and the anterior
occipital area might mediate storage of spatial information (67,68).

A simple way to test the visuospatial short-term memory is to measure its span with the Corsi
Block Tapping Test (69). The test consists of nine blocks arranged on a board. The examiner taps the
blocks in sequences of increasing length, and after each one the subject is requested to copy the
sequence just tapped out. The longest sequence correctly tapped out by the subject constitutes his or
her visuospatial memory span. An important limitation regarding use of this task in a clinical setting
with parkinsonian patients is the fact that it requires a motor response: the spatial span might be
underestimated owing to the presence of bradykinesia. Nonetheless, studies that have used Corsi’s
test (70) failed to find any difference between PD patients and normal controls. On the contrary,
Bradley, Welch, and Dick (71) found that PD patients are slower that normal controls when perform-
ing complex visuospatial memory, but not verbal memory, tasks. Postle et al. (72) also found a selec-
tive impairment of spatial (but not object) delayed response in PD, indicating a selective disruption
of spatial working memory. A selective impairment of spatial working memory was also demon-
strated in PD patients by Owen et al. (73) using a computerized battery of tests designed to assess
spatial, verbal, and visual working memory. In the spatial working memory task, subjects were
required to search systematically through a number of boxes to find “tokens” while avoiding those
boxes in which tokens had previously been found. In the visual and verbal conditions, the subjects
were required to search in exactly the same manner, but through a number of abstract designs or
surnames, respectively, avoiding designs or names in which a token had previously been found.
Medicated PD patients with severe clinical symptoms were impaired on all three tests of working
memory. In contrast, medicated patients with mild clinical symptoms were impaired on the test of
spatial working memory, but not on the verbal or visual working memory tasks. Nonmedicated patients
with mild clinical symptoms were unimpaired on all three tasks. Further investigations by the same
group (73–76) focused on the cognitive heterogeneity in PD. Taken together, the results demonstrate
that impairment of spatial working memory can occur in the early stages of the disease in a subgroup
of PD patients with frontostriatal circuitry involvement.

Using the dual-task paradigm to measure the ability to cope with concurrent task demands, a
number of investigators (77–80) have hypothesized that the “central executive” is impaired in PD
patients. Le Bras et al. (81), using a specifically designed testing procedure, concluded that PD pa-
tients are impaired in all steps of executive information processing involved in spatial working
memory (stimulus encoding, storage, and response programming). More recently, Lewis et al. (76)
have found that PD patients performing badly on the Tower of London Test (a standard visuospatial
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task of executive functioning) were specifically impaired in manipulating information within verbal
working memory.

Recent functional magnetic resonance imaging studies (82) have implicated the rostral caudate
nucleus in the transformation of spatial information in memory to guide the action. Dorsal premotor
cortex (82) and premotor cortex (Brodmann’s areas 46 and 9) are also involved (83–85) in perform-
ing spatial memory tasks. PD patients are known to suffer loss of dopaminergic input to the rostral
caudate. Extensive two-way connections link the striatum, the premotor, and the dorsolateral pre-
frontal cortices. It is therefore conceivable that the functional impairment of these brain regions is the
basis of spatial working memory impairment in PD patients.

Long-Term Spatial Memory
Memory for location is commonly tested by presenting a sheet showing a number of figures,

representing objects, and then asking patients, after various time intervals, to relocate them on another
sheet in exactly the same position (86). Using a similar procedure Pillon et al. (87) demonstrated that,
compared to controls, PD patients show significantly impaired spatial location of pictures, a result
that contrasts with their relatively preserved verbal memory and only mildly impaired perceptual
visuospatial and executive functions. Subsequently, the same group (88,89) carried out a number of
experiments specifically aimed at determining the nature of the deficit and its relationship with the
dopaminergic depletion that characterizes the disease. Results suggested that the memory deficit for
spatial location observed in PD patients is a consequence of a disturbance of strategic processing and
of decreased attentional resources, which may be a result of dopaminergic depletion and related
striatofrontal dysfunction.

Postle et al. (72) examined the performances of PD patients and normal controls on a visual delayed-
response test with a spatial condition and a (nonspatial) object condition, equating the perceptual diffi-
culty of the tests for each participant. The stimuli were irregular polygons presented at different
locations on a computer screen. Results revealed a disruption of spatial memory unconfounded by
sensory processing difficulties. The authors hypothesized that the selectivity of this deficit might
reflect the circumscribed nature of pathophysiological change affecting the caudate nucleus in
early PD.

Maze learning can also be used to evaluate long-term spatial learning. Wallesch et al. (90), to
analyze spatial learning and cognitive processes described as impaired in PD, used a computerized
maze task that allowed only partial vision of the maze. Results demonstrated that PD patients require
more trials than controls to solve the maze problems. Differences between the performances of patients
and controls were interpreted as owing to a response bias in the PD patients that resulted in a tendency
to repeat the previous action and in impaired multistep plan generation.

Spatial Imagery
The ability to create and manipulate images plays a central role in many daily activities: from

navigation to memory and to creative problem solving. According to Kosslyn (91) imagery abilities
fall into at least four categories: image generation, image inspection, image maintenance, and image
transformation. Several neuroimaging studies (92–94) have provided strong evidence that visuospatial
imagery activates the same brain areas that are involved in visuospatial processing. In line with this
finding Levin et al., on the basis of the double dissociating performance of two patients, demon-
strated that the distinction between the “what” and “where” cortical visual systems extends to mental
imagery tasks. An open question is whether or not image generation, besides being associated with
activation of the same representations that are involved in visuospatial processing, also involves the
activation of circuits specifically devoted to mental image generating per se. In investigating
visuospatial impairments of patients with movement disorders, imagery tasks have the advantage
that they do not involve overt motor components liable to interfere with the recording of subjects’
responses.
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Image generation was investigated by Jacobs et al. (95). These authors demonstrated that PD
patients are impaired on a task of emotional facial imagery but not on an object imagery control task.
They are also impaired on tasks of perceiving and making emotional faces. Performance on both the
perceptual and motor tasks of facial expression correlated significantly with performance on the
emotional facial imagery task.

Image transformation was investigated in Brown and Marsden’s study (96). They employed a
mental rotation task that required subjects to align mentally an arrow with one arm of a Maltese cross
and to decide whether a dot was on the left or the right of the arrow. PD patients, although slower than
controls, did not perform differentially worse in the conditions that required a greater amount of
reorientation (e.g., when the arrow was pointing down), thus demonstrating lack of a generalized
visuospatial deficit in PD. However, in a subsequent study, Lee et al. (97), using both two- and three-
dimensional visual rotation tasks, demonstrated that PD patients make more errors on mental rota-
tions involving larger rotations in depth (or three-dimensional rotations). Furthermore, when
three-dimensional rotation is involved, they showed a pattern of reaction time suggesting a specific
impairment with larger rotations, thus indicating that PD patients may indeed have some problems in
extrapersonal space image transformation.

Disorders of Topographical Orientation
An individual’s successful navigation of the environment depends on his or her ability to establish

an integrated viewpoint from which objects are represented spatially in relation to her or himself and
to each other. To achieve this, visual inputs have to be processed and the results of visuospatial
processing associated with information already stored in long-term memory (2). Disorders at any of
these levels may affect route finding. Bowen et al. (98) demonstrated that a standardized “route
walking test” yields deficiencies in PD patients, especially those with left-sided or bilateral symp-
toms. However, natural environments usually provide a subject with a much richer supply of external
cues, which have been shown to facilitate performance (99). Indeed, there is one report in the litera-
ture that may account for the thesis that mild-to-moderate PD patients’ object-in-location memory
does not show spatial deficits when tested in a natural setting (100). Yet, Montgomery et al. (101)
compared the ability of mild and moderate PD patients and controls to remain oriented to the starting
position after being transported passively in a wheelchair. They examined subjects under the condi-
tion of either visual or vestibular processing. The moderate PD group demonstrated the poorest per-
formance in both sensory conditions. The visual condition discriminated between the mild PD group
and the controls, but both groups gave similar performances in the vestibular condition. Poor perfor-
mance in the visual condition correlated significantly with poor performance on judgment of line
orientation in the mild PD group. The authors concluded that spatial updating, or maintaining a sense
of orientation while being moved in the environment, is impaired in PD. More recently, Leplow et al.
(102) corroborated the view that PD patients show spatial memory deficits also in real-life settings.
They devised a “search through” locomotor task incorporating the basic features of two paradigms
(the radial maze and the water maze) widely used to assess spatial behavior in animal research
(103,104). The participants had to find and remember 5 out of 20 hidden locations within a com-
pletely controlled environment. The performances of PD patients were found to worsen if the starting
position was moved by 90° and the proximal cues were deleted simultaneously. The results were
interpreted as indicating patients’ inability to generate rules that can be used flexibly in changing
environments.

VISUOSPATIAL DISORDERS IN PARKINSON DISEASE

Visuospatial abnormalities have often been reported in PD patients. Early in 1964, Proctor et al.
(105) demonstrated that PD patients have difficulty in determining when a rod is vertical if they are
in a darkened room. Later, this abnormality was confirmed both in patients seated in a chair that is
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tilted either to the right or to the left (13), and in patients who are upright (106). Subsequently, as we
have already documented, a number of authors reported that PD is associated with disproportionate
impairments in visuospatial abilities. However, for a long time, consensus on the specificity and
significance of experimental data was lacking. Part of the debate stemmed from methodological inad-
equacies of early studies that did not account for factors such as motor speed, dexterity, and presence or
absence of pharmacological treatment. On this basis, it was suggested (107) that impaired visuospatial
ability in PD patients may be owing to “generic” increase in reaction time or other aspects of
attentional disorders.

More refined neuropsychological studies both in de novo PD patients (88) and using tasks either
requiring no motor response or minimizing the dexterity, speed, and coordination, provided insight
into the existence of visuospatial disturbances free of such confounding motor factors. In addition,
statistical techniques were used to explore relationships between motor and visuospatial deficits and
helped to determine whether or not spatial deficits are of the same magnitude as, or in excess of, those
attributable to motor abnormalities.

Since degeneration of dopaminergic neurons constitutes the main biochemical abnormality found
in PD, dopamine depletion has been considered to account for most of the symptoms, including
behavioral abnormalities and cognitive deficits (89). If striatal dopamine deficiency plays a role in
PD patients’ cognitive deficit, specialized hemispheric functions contralateral to the motor symp-
toms should be altered in patients with hemiparkinsonism, providing a unique opportunity to study
the effect of asymmetrical subcortical degeneration on cognitive functions (108). Yet, the results of
these studies have been controversial. A number of studies were not able to demonstrate a specific
pattern of difference between patients with predominantly left and right symptoms (9,109–111).
However, a number of more recent studies (43,44) did find a specific directional bias related to the
side of the predominant symptoms. On the other hand, Pillon et al. (112) demonstrated that cognitive
impairment is poorly correlated with symptoms responding well to levodopa treatment (e.g., akinesia
and rigidity) and is strongly related to axial symptoms (such as gait disorders and dysarthria), which
respond little if at all to levodopa treatment. This finding was interpreted as suggesting that cognitive
impairment in PD patients is, to a great extent, a result of dysfunction of non-dopaminergic neuronal
systems. A further suggestion that the visuospatial deficits of PD patients do not always depend on
the same mechanisms subserving motor impairments derives from the observation that patients treated
with bilateral deep brain stimulation of the subthalamic nucleus, despite obtaining clinical motor
benefits, show a significant decline in their ability to encode visuospatial material (113). According
to this study, the decline was more consistently observed in patients over the age of 69 yr and it led to
a mental state that the authors describe as similar to that observed in progressive supranuclear palsy
(PSP) patients.

In conclusion, it is still possible that striatal dopamine deficiency, even if it is not the major deter-
minant of visuospatial deficits, could play a role in determining attentional bias underlying the subtle
neglect phenomena that are encountered in predominant left-sided PD patients.

PROGRESSIVE SUPRANUCLEAR PALSY

The most striking feature of PSP patients is the fixity of gaze that, resulting from supranuclear
ophthalmoplegia, gives the disease its name. However, far from being a purely oculomotor problem,
PSP patients’ ocular movement difficulties are accompanied by a severe deficit in orienting attention.
Rafal (114) has outlined very well the difficulties that PSP patients encounter in everyday life and
how these difficulties interact with other components of the disease (gait disorder, dysphagia, and
nuchal dystonia). When conversing with others, reaching for objects, eating, or dressing, PSP patients
typically tend not to look at what they are doing. This failure to orient spontaneously the lower visual
field contributes to gait disequilibrium (the source of falls) and to the ingestion of boluses that are too
large to swallow (the source of ab ingestis). Loss of spontaneous social orienting is also a striking
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feature of PSP and it is kind of unique to this disease. Relatives tend to note this as an early sign and
often attribute it to a change of mood or to carelessness.

A further characteristic trait of visuomotor impairment in some PSP patients is, conversely, diffi-
culty in inhibiting orienting responses in situations in which orienting is disadvantageous. One need
only think of patients who, as they walk, tend to orient toward the door or a wall mirror or TV set they
have just passed, as if they were magnetically attracted to and fixed upon that object in the environ-
ment. This visual behavior, also called “visual grasping” by Ghika et al. (115), is associated with
repeated backward head movements while walking and is, consequently, a further cause of backward
falls (114).

As early as 1981, Kimura et al. (116) demonstrated that PSP patients are impaired in visual search
and scanning tasks. Subsequently, Fisk et al. (117) performed systematic observations in an attempt
to relate the performances of PSP patients on visual search and scanning tasks to the pattern of their
oculomotor deficits. In one of these tasks, subjects were required to scan lines composed of a variable
number of dots and dashes and to report either the number of dashes or the number of dots. Scanning
in each of the four directions was measured: left to right, right to left, top to bottom, and bottom to
top. PSP patients were less accurate than controls only when scanning along the vertical plane. This
confirmed that bradykinesia and psychomotor retardation could not account for impaired perfor-
mance and that some specific defect of visual search and scanning along the vertical plane had to be
assumed.

Impaired performance on a visual search task, as well as on the Benton’s Judgement of Line
Orientation Test (8), was also demonstrated by Soliveri and coworkers, in comparison with both
normal controls (118) and PD patients (119). The same authors could not demonstrate any difference
on these tasks between PSP and CBD patients (119).

In a detailed study of 25 patients, Esmonde et al. (120) confirmed a severe visuo-perceptual deficit
in PSP. They found marked differences between patients and controls in two subtests of the Visual
Object and Space Perception Battery (121), (the Fragmented Letter and Cube analysis tests) which
were explicitly chosen to minimize the effect of oculomotor scanning on performance.

Subsequently, in a series of experiments, Rafal, Posner, and colleagues (45,122,123) demonstrated
that PSP patients are not only slow in scanning and searching when allowed to move their eyes, but
also in covertly shifting their visual attention, especially in the vertical plane. However, unlike PD
patients, who demonstrate defective voluntary control of covert attention, PSP patients are especially
impaired in reflexive orienting.

The authors came to this conclusion after comparing attentional movements from both endog-
enous and exogenous cues. In both cases the subjects’ task was to press a button upon detecting a
target. In these tasks, targets are preceded by cues that may orient the attention to the target location
(valid cue) or to another location (invalid cue), or may have only an alerting value and provide no
spatial information (neutral cue). For testing voluntary control of attention, the (endogenous) cue is
typically an arrow in the center of the display, instructing the subject where to expect the forthcoming
target. Reflexive orienting is tested by an exogenous cue, e.g., lighting up of the box where the target
might appear. In this case, unlike the case of the central cue paradigm, the cue has no predictive value
and the target is equally likely to appear in an uncued as in the cued location. Results demonstrated
that PSP patients show no “validity effect” on reflexive orienting of attention along the vertical plane:
i.e., they are no faster in responding to a target when it is preceded by a valid exogenous cue. A
similar trend for smaller orienting effects in the vertical plane is also seen in endogenous orienting
but it is not as dramatic as in reflexive orienting. In other words PSP patients have problems in
“shifting” attention, especially in the vertical plane and especially in response to exogenous signals.

Kertzman et al. (124) also provided evidence consistent with the conclusion that PSP has little or
no effect on endogenous orienting of attention. In their experiment the cue was lighting up of a
peripheral box that predicted the location of the forthcoming target. Vertical and horizontal attention
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movements were tested in separate blocks, thus giving the subjects maximum opportunity to use the
cue to shift attention. Under these conditions the PSP patients did not show a smaller effect of cue
validity in the vertical plane. This demonstrated that PSP patients’ attentional deficit can be con-
trasted with that of inferior parietal lobe patients. These latter patients are typically impaired in the
presence of endogenous cues, in the horizontal plane, and in the invalid cue condition, i.e., when they
have to “disengage” attention that was cued by a central signal to the side opposite the target.

Rafal et al. (114) demonstrated quite convincingly that PSP attentional deficit is likely to be a
result of the degenerative damage to the superior colliculus and the adjacent tectal nuclei. This part of
the midbrain constitutes the phylogenetically older retinotectal pathway, which retains important
functions for regulating visual attention and visually guided behavior. The frontal eye fields are also
important in controlling saccadic eye movements (125), show dramatic hypometabolism in PSP
patients (126), and might also be responsible for visual attention deficits. Nonetheless, patients
with lesions restricted to the dorsolateral prefrontal cortex (including the frontal eye fields) perform
normally in covert orienting of attention (127), even if they show increased latencies for endogenous
saccades to targets contralateral to the lesion (128). Furthermore, converging evidence from normal
subjects (129) and from hemianopic patients (130) demonstrates that the midbrain retinotectal path-
way is important in reflexive orienting to exogenous signals and corroborate the view that it is deci-
sive in determining the visuomotor and attentional deficit typically found in PSP patients.

CORTICOBASAL DEGENERATION

Corticobasal degeneration (CBD) is clinically characterized by the combination of motor with
cognitive disorders. Neuropathologically, it features circumscribed parietal or frontoparietal atrophy,
associated with basophilic and tau-postive inclusions in the neurons of the substantia nigra and basal
ganglia.

Reflecting this definite pattern of neuronal damage, neuropsychological deficits of CBD patients
most commonly include deficits of executive functions and of retrieval processes (in relation to the
damage of the prefrontal cortex and the striatum) and apraxia (owing to the involvement of the pari-
etal cortex). Leiguarda et al. (131) described the nature of apraxia in CBD. To minimize the con-
founding effects of the primary motor disorder, they examined the least affected limb. They found
that ideomotor apraxia is the most frequent type of apraxia in CBD patients and they hypothesized
that it was because of the dysfunction of the supplementary motor area (SMA). They also examined
a subgroup of CBD patients with severe (ideomotor and ideational) apraxia, correlating this with
global cognitive impairment, and attributed it to additional parietal or diffuse cortical damage. Sev-
eral authors have hypothesized that SMA dysfunction underlies limb apraxia in CBD (132,133), but
a similar role has also been attributed to the lateral premotor cortex (133,134) and to the parietal
regions (135,136).

Indeed, the left supplementary motor cortex has been repeatedly implicated in the genesis of
apraxia (137–140). However, the role of the left posterior parietal lobe in determining ideomotor
(141,142) and ideational (143) apraxia is well documented. Furthermore, the assumption that ide-
ational apraxia is an extreme form of ideomotor apraxia (a result of brain damage superimposed on
that causing the latter form of apraxia) is disproved by the lack of correlation between the two
deficits (144).

A couple of studies have tried to determine the origin of apraxia in CBD patients. Blondel et al.
(132) tried to characterize the different processes underlying apraxic disorders in these patients ac-
cording to a theoretical framework postulating a two-step system controlling limb gestures: the con-
ceptual system and the production system. The results, extremely similar in the three patients they
studied, showed a sparing of the conceptual system and an impairment of the production system with
a dramatic deficit in the control of the temporal and spatial aspects of the gestures. The authors inter-
preted these results as suggesting a dysfunction of the SMA. Similarly, Jacobs et al. (133) reported the
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results of testing three nondemented CBD subjects on tasks requiring the production of meaningful
or meaningless gestures to command, gesture imitation, gesture discrimination, and novel gesture
learning. The results suggested that apraxia associated with CBD is initially induced by a production-
execution defect with relative sparing of the movement representations. However, combining neu-
ropsychological and neuroimaging investigations, Peigneux et al. (145) found that, in CBD patients,
the anterior cingulate cortex is involved when visuospatial attention and conflict monitoring is neces-
sary or when task difficulty, motor output, and recent memory requirements must be combined. How-
ever, when apraxia is defined according to a more stringent test of the integrity of the components of
the praxic system (measuring the patients’ ability to correct their errors on a second attempt), hypome-
tabolism is found in the superior parietal lobule and in the SMA. This demonstrates the importance of
parietofrontal circuits in the transformation of sensory input into action. Damage to these systems is
likely to produce different types of limb apraxia depending on the injured site, the context in which
the movement is performed, and the cognitive demands of the action (146,147).

The superior parietal lobule appears to be crucial in visually guided movements (148), mental
transformation of the body in space (149), and elaboration and maintenance of working representa-
tion of gestures to perform (150,151). It is also involved in successful integration of internal and
external representations to direct action (152). In turn, the SMA is most likely to be involved in
transcoding stored space-time representations of movement into limb innervatory patterns (153).

Wenning et al. (154) have reported that constructive apraxia, possibly demonstrable as a failure to
copy drawings, is reported at the first visit in 64% of pathologically confirmed CBD patients. Since
constructive apraxia is unlikely to be an early sign in a patient with an asymmetric parkinsonism,
drawing copying might be a useful test to corroborate the CBD diagnosis.

Interestingly, in the same study, two patients with onset of motor symptoms on the left side devel-
oped left-sided visuospatial neglect, whereas patients with onset of right motor symptoms developed
aphasia. A further pathologically confirmed CBD demonstrating left neglect was reported by Rey et al.
(155). More recently, Kleiner-Fisman et al. (156) reported a single case study of a professional artist in
whom presumed CBD was associated with left hemispatial neglect. It led to a complex alteration of
his artistic judgment and production. From a clinical standpoint it should be concluded that in the
absence of focal lesions (e.g., of vascular or neoplastic origin), the presence of both ideomotor apraxia
and left neglect should give rise to suspicion of CBD.

Following bilateral involvement of the parieto-occipital junction, CBD patients can also show a
complete Balint–Holmes syndrome (157), consisting of gaze apraxia (defective visual scanning),
optical ataxia (defective visual reaching), impaired visual attention, defective estimation of distance,
and impaired depth perception. Mendez (158) recently described a patient whose illness began with a
slow, rigid gait, abnormal postures of his right hand, and retrocollis. As the disease progressed, he
developed prominent visuospatial deficits that, after 8 yr, included a Balint–Holmes syndrome. We
have personally observed (159) a patient with an opposite disease progression: i.e., beginning with
the visuospatial symptoms of the Balint–Holmes syndrome and showing signs and symptoms of
basal ganglia involvement only 4 yr after disease onset. Examples of Balint–Holmes syndrome can
also be found in early stages of Alzheimer’s dementia (160,161). There has been some suggestion
that cognitive impairment is a common feature of CBD (162,163). According to Grimes, Lang, and
Bergeron (163) CBD patients fulfilling classical diagnostic criteria might represent a minority of
those with a pathologically confirmed diagnosis. They argue that case series emphasizing motor
deficits, originating prevalently from movement disorder clinics, might slight the importance of cog-
nitive impairment in CBD. Such a bias would indeed make the differential diagnosis of a patient
presenting with Balint–Holmes syndrome particularly challenging, including besides CBD,
Creutzfeld–Jakob disease, multifocal progressive leucoencephalopathy, strokes (164), and a progres-
sive posterior atrophy occurring in isolation (165–168).
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DIFFUSE LEWY BODY DISEASE

Dementia with Lewy bodies (DLB) is the second most common type of cognitive degeneration
after Alzheimer’s disease (AD) (169). Clinically, DLB is characterized by spontaneous parkinsonism
and progressive dementia associated with fluctuating cognitive functions, and hallucination (169).
Parkinsonism and dementia tend to co-occur. A history of Parkinsonism predating dementia by more
than 1 yr might be better designated “Parkinson’s disease with dementia.” Since publication of the
clinical and pathological diagnosis criteria (169), several studies have tried to delineate the neuropsy-
chological features that distinguish DLB disease from AD. A number of them have demonstrated
that, compared with AD, visuospatial and visuoconstructive abilities are disproportionately impaired
in patients with DLB disease (170–173). Compared with AD patients matched for age, sex, educa-
tion, and Mini Mental State Examination (MMSE) score, DLB patients perform worse on the Raven
Colored Progressive Matrices test and on the picture arrangement, block design, object assembly,
and digit symbol substitution subtests of the Wechsler Adult Intelligence Scale–Revised (173). They
also perform worse on size discrimination, form discrimination, visual counting, and overlapping
figure identification (174).

Mori et al. (174) also demonstrated that, in the DLB group, patients with visual hallucinations
scored significantly lower on overlapping figure identification than those without, whereas patients
with television misidentifications gave significantly lower scores on the size discrimination, form
discrimination, and visual counting tasks than those without. The underlying assumption is that spe-
cific brain regions are involved in the performance of these tests: the occipital visual association
cortex for size discrimination, the occipito-temporal visual association cortex for size discrimination,
and the occipito-parietal cortex for visual counting.

Similar results were obtained by Simard, Rikum, and Myran (175). These authors compared the
performance on the Benton Judgement Line Orientation Test of patients with DLB and predominant
parkinsonism, with DLB and predominant psychosis, and with AD. For this purpose they analyzed
errors as resulting from visual attention and visuospatial perception failures. The study did not find
significant differences on the total score of the Benton Judgement Line Orientation Test. However,
error analysis demonstrated that subjects with DLB and psychosis have more severe visual-percep-
tion (VH errors) impairments than subjects with DLB and predominant parkinsonian features, and
AD subjects.

These results suggest that defective visual input caused by visual-system damage can result in
hallucinations from defective visual processing or abnormal cortical release phenomena (176). Indeed,
Imamura et al. (177) using positron emission tomography, found that visual hallucinations in DLB
patients are associated with relatively preserved metabolism in the right temporoparietal association
cortex and severe hypometabolism in the primary and secondary visual cortex.

A practical implication of the disproportionate impairment of DLB patients in visuospatial tasks
has been demonstrated by Ala et al. (178). These authors analyzed accuracy in copying the interlock-
ing pentagon item of the MMSE in patients with neuropathologically confirmed DLB and AD. They
concluded that in patients with MMSE scores �13 an inability to accurately copy the pentagons
suggests that the diagnosis is more likely DLB than AD with a sensitivity of 88% and a specificity
of 59%.

MULTIPLE SYSTEM ATROPHY

Multiple system atrophy (MSA) is a term used to describe a progressive neurological condition
incorporating a parkinsonian syndrome (striatonigral degeneration), often accompanied by autonomic
failure (Shy–Drager syndrome) or cerebellar and/or pyramidal signs (olivopontocerebellar atrophy—
OPCA) (179,180).
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Cognitive deterioration is not generally considered to be an integral feature of MSA (181). Indeed,
lack of dementia throughout the course of the disease has been proposed as a feature that might help
to differentiate between MSA and PD premortem (182).

However, routine neuropsychological assessment often reveals multiple cognitive deficits sug-
gesting a prominent involvement of the frontal lobe (183). MSA patients perform normally on tasks
of spatial and pattern recognition, which are sensitive to deficits in patients with AD and medicated
PD (183,184). On the contrary, Robbins et al. (183) demonstrated that MSA patients are impaired in
comparison with matched controls on test of visual memory and learning but in specific and unusual
ways. Thus on a matching-to-sample test they were significantly impaired at the simultaneous stage,
when no memory was involved, but showed normal delayed matching performance. This particular
pattern of deficit is distinct from that reported in PD patients (184). Moreover, on the test of visual
learning, unlike PD patients (184), the MSA subjects performed surprisingly well at the more diffi-
cult levels of the task but were inefficient at the early stages.

Taken together, this pattern of performance is suggestive of problems in attention and orientation
rather than of primary visual learning or memory deficits. Visuospatial contrast thresholds are also
unimpaired in MSA, unlike PD patients, who normally exhibit a reduction in contrast sensitivity (185).
This finding suggests that reduced contrast sensitivity is related to a dopaminergic pathology, possibly
at the level of retinal amacrine cells, which might be affected in PD (186–188) but not in MSA (185).

CONCLUSION

Abnormalities of visuospatial functions are common in PD and in atypical parkinsonian disorders.
They have been described in several domains of visuospatial ability. In some tasks the alteration can
reflect the motor disorders. However, in many instances it is possible to demonstrate that the contri-
bution of motor skills to a task is either minimal or absent. Different disorders have different patterns
of impairment. For instance, in CBD, apraxia and optic ataxia are most common, whereas PSP patients
show a characteristic impairment in shifting their visual attention downward.

To date, no systematic study of atypical parkinsonian syndromes has been performed using a
predefined battery of visuospatial tasks aimed at helping the clinician in the differential diagnosis at
disease onset. We would propose that such a battery (see Table 1) should at least contain a perceptual
task such as the Benton’s Judgement of Line Orientation Test (8), a task of visuospatial working
memory and a task of visuospatial learning. To examine visuospatial working memory we would
propose a visuospatial span task as proposed by Le Bras et al. (81). A computerized maze task (90)
could be used to test visuospatial learning. The Tower of London task (189,190) or one of the several
versions of the Tower of Hanoi Test (191) could be useful to test visuospatial working memory and
some aspects of planning. If administered repeatedly, it can also allow exploration of implicit rule
learning, which is typically impaired in PD and in Huntington’s disease patients (192). Three-dimen-
sional visual rotation tasks (97) appear to be most sensitive to test visuospatial transformation in the
imagery domain.

In the clinical setting, we have found it extremely useful to test visuomotor coordination by asking
patients to reach for an object that requires precision gripping. Patients with damage to the posterior
parietal lobe (as in CBD) show early impairment on this task. A standardization of the procedures for
testing visuomotor coordination is likely to improve the sensitivity of this procedure.

To test visuospatial attention in this group of patients we prefer to use visuospatial search tasks.
For this purpose, it is important to present the stimuli on a screen in front of the subject and to prepare
visual displays that can allow exploration of attentional movements in both the horizontal and the
vertical direction. Finally, testing visuospatial functions may be extremely useful in the differential
diagnosis of disorders associating parkinsonian features and early cognitive damage. For this pur-
pose, a copying drawing task should be included in the test battery. In this case the motor components
cannot be eliminated. However, in most cases it is not difficult to separate them from errors owing to
faulty organization of the spatial arrangement of the design to be copied.
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SPECIFIC ISSUES THAT CAN BE ADDRESSED BY FUTURE RESEARCH
OF VISUOSPATIAL COGNITION IN PARKINSON DISEASE AND
IN ATYPICAL PARKINSONIAN DISORDERS

1. What is the role of the colliculus and of the dorsal frontallobe damage in the visuospatial impairment of
PSP patients?

2. To develop a suitable method for assessing attentional movements both in the horizontal and in the verti-
cal direction in a clinical setting.

3. Does unilateral neglect in CBD patients have a different qualitative pattern than in PD patients?
4. Which is the physiological basis of neglect in unilateral PD patients compared with parietal lobe damaged

patients?
5. Which is the role of the dopaminergic system in controlling visuospatial exploration in PD patients? Can

dopaminergic drugs improve directional attention deficits in PD patients?
6. Is there any difference in depth perception and in reaching performance between PD and atypical parkin-

sonian syndromes?
7. Can a careful assessment of visuospatial skill help diagnostic accuracy in the early stage of parkinsonian

diseases?
8. Is there any role of impairment in size discrimination in determining “freezing” episodes in PD patients?
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