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Abstract

Damage to the right posterior parietal cortex may result in left visual-field deficits in-
cluding hemispatial neglect and/or asymmetry in pointing accuracy (as in optic ataxia).
It is unclear whether these disorders are due to deficits in retina-fixed or world/action-
fixed coordinates. We trained parietal patients and age-matched controls to point at
remembered visual targets while looking through left-right optical reversing prisms.
If neglect remained fixed in retinal coordinates, reversing vision should reverse the
baseline pointing patterns. However, if neglect was fixed in action coordinates, the
prism task should not affect the baseline patterns. Remarkably, eight of the nine brain-
damaged patients learned this task, compared to only six of the ten age-matched con-
trols. Three right-parietal patients showed target neglect in pointing to the left, and this
neglect reversed from the left to the right during prism training. These results suggest
that parietal neglect (specific to our patients) remains fixed in visual coordinates rather
than in motor coordinates.
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7.1 Introduction

In everyday life, we use vision to guide movements of the hand when we perform
various tasks, such as reaching to and grasping a cup of coffee, driving a car, using
a tool or working on a computer. In other words, we perform eye-hand coordination
when carrying out these tasks. Although we do many of these things with ease, such
seemingly simple behavior requires a complex transformation of visual information
input into the appropriate coordinated motor responses of both the eyes and hands.
The question of how and where this transformation is implemented in the brain is, to a
large extent, unknown.

The posterior parietal cortex (PPC) is thought to be part of the “dorsal stream” of
vision and is involved in processing spatial information and directing visually-guided
actions (Andersen et al., 1997; Colby and Goldberg, 1999; Crawford et al., 2004;
Goodale and Milner, 1992; Milner and Goodale, 1993; Jeannerod et al., 1995). Hu-
man neuroimaging techniques have been successfully used to identify regions within
PPC that are activated during various tasks such as saccades and arm movements. In
a functional magnetic resonance imaging (fMRI) study, Sereno et al. (2001) reported
a bilateral region in the PPC that showed a contralateral topographic pattern of activa-
tions for memory-guided eye movements. In a subsequent event-related fMRI study,
Connolly et al. (2003) identified a human analog of monkey’s “parietal reach region”,
an area in the medial aspect of the PPC that responded preferentially when humans
planned to point to, rather than to make a saccade to a remembered location. Meden-
dorp and colleagues (Medendorp et al., 2003) found that the same PPC region showed
contralateral topographic activations for both saccades and pointing and, furthermore,
that this information in PPC was encoded and updated in a gaze-centered frame of
reference.

However, these gaze-centered signals within PPC could represent either the visual
stimulus (vision) or the movement command toward that stimulus (motor). Fernandez-
Ruiz and colleagues (Fernandez-Ruiz et al., 2007) used a reversing prism pointing tech-
nique to test whether the gaze-centered signal in human PPC encodes the visual goal
of the movement (that is, upstream from the vision-to-motor transformation) (Gottlieb
and Goldberg, 1999) or the direction of the movement (downstream from this transfor-
mation) (Kalaska, 1996; Eskandar and Assad, 1999; Zhang and Barash, 2000). The au-
thors trained healthy individuals to point in a MRI setup while looking through optical
left-right reversing prisms. Without the prisms, the PPC activations were contralateral
to both the visual goal and movement direction (since both were in the same visual
field), in agreement with previous fMRI studies (Sereno et al., 2001; Medendorp et
al., 2003). However, with the left-right reversing prisms, the activations remained con-
tralateral to the visual goal, but were ipsilateral to the direction of movement. These
results suggested that human PPC encodes visual target direction rather than movement
direction. It is not known how this relates to visuospatial symptoms of parietal damage.

Disruptions within parietal lobe may lead to various parietal syndromes such as
optic ataxia (misreaching), hemispatial neglect (failure to process or report information
presented in the contralesional space), constructional apraxia (difficulty in drawing or
constructing objects), gaze apraxia (inability to move the eyes voluntarily to objects of
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interest) and akinetopsia (inability to perceive movement).

Based on neuropsychological data, two main functional regions can be distinguished
within the PPC. Lesions to the right inferior parietal lobule and the temporal parietal
junction may induce left unilateral neglect (Heilman et al., 2000; Marotta et al., 2003;
Parton et al., 2004; Vallar and Perani, 1986), a neurological deficit involving percep-
tion, attention and/or performing actions within the left side of the subject’s workspace.
On the other hand, lesions to the superior parietal lobule and to the region including and
surrounding the intraparietal sulcus may induce a deficit in visually guided movements
(e.g., reaching, grasping, pointing) known as “optic ataxia” (Perenin and Vighetto,
1988).

Hemispatial neglect is a neurological disorder characterized by a failure to attend
to, report, or represent information appearing in the visual field contralateral to the
location of a brain lesion, in spite of sensory processing and visual acuity being intact
for that field (Heilman et al., 2000). Neglect induces many functional debilitating
effects in everyday life. For example, neglect patients may eat food only from the right
side of their plate, ignore people who approach from the left, miss words from the left
of the page when reading, or omit details on the left when copying pictures. It was
suggested that perceptual and visuomotor deficits seen in neglect patients may be due
to the patient’s inability to form good structural representations of the entire object for
use in visual perception and visuomotor control (Marotta et al., 2003).

Neglect is often associated with contralesional hemiplegia or hemiparesis (Bisiach
and Vallar, 1988; Robertson and Marshall, 1993), which has been shown to be re-
sponsible for poor functional recovery and reduced ability to benefit from treatment of
impaired motor functions (Katz et al., 1999; Pantano et al., 1996).

Some parietal neglect patients may have no apparent deficit for an isolated stimulus
on the affected side. Their deficit only emerges when stimuli are presented on both
sides simultaneously, in which case the previously detectable contralesional stimulus
is now “extinguished” from awareness by the competing ipsilesional stimulus. This
phenomenon is thought to reflect an attentional rather than sensory disorder (Baylis et
al., 1993; Ward et al., 1994).

Studies have shown that hemispatial neglect is not exclusively due to lesions cen-
tered on the PPC. Neglect has been also shown to occur after lesions to the parahyp-
pocampal region of the medial temporal lobe (Mort et al., 2003), temporal-parietal-
occipital junction (Leibovitch et al., 1999), superior temporal gyrus (Karnath et al.,
2001; Karnath et al., 2004), frontal lobe (Husain and Kennard, 1996) or putamen and
caudate nucleus within basal ganglia (Karnath et al., 2004).

Many studies have approached the issue of separating “perceptual” components of
neglect (patients could not perceive targets on the contralesional space, but were able
to direct movements toward that space) from “motor” components of neglect (patients
perceived targets on the contralesional space but were unable to direct movements to
that space) by the use of opposition tasks, in which the perceptual and motor demands
of the tasks were set in spatial opposition via, for example, a 90° angle mirror (Bisiach
et al., 1995; Tegner and Levander, 1991) or an epidiascope (Nico, 1996). Although
these studies show some evidence that neglect is fixed in retinal coordinates, these
opposition methods are extremely incompatible tasks even for neurologically intact
subjects, and the participants may give up after just a few initial attempts, therefore
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biasing the results.

The present study sought to address this question: Do spatial errors in left hemispa-
tial neglect as a result of the PPC damage arise in visual- or action-based coordinates?
One way to test this question is to train left neglect patients with right posterior pari-
etal damage due to stroke to point at left and right visual targets (dots) while looking
through left-right optical reversing prisms (Fernandez-Ruiz et al., 2007, Marotta et al.,
2005; Kohler, 1962; Sugita, 1996). We have recently shown that young healthy adults
can rapidly learn to reverse their visual-motor transformation for pointing to remem-
bered targets (Fernandez-Ruiz et al., 2007; Marotta et al., 2005).

The use of such prisms reverses the normal spatial relationship between the retinal
stimulus and the direction of movement (Kohler, 1962; Sugita, 1996), placing the reti-
nal stimulus in one visual hemifield and the direction of movement towards the other
visual hemifield. This condition is called visual-motor dissociation task. Since the
left-right reversing prisms reverse the horizontal position of an object across a vertical
midline, a target whose actual position is on the left is seen on the right with prisms.

The correct pointing movement with reversing prisms to a particular left target seen
on the right will be to the left, and in a closed loop condition subjects will see their
hands going to the right (where the target was seen). At the beginning of the adaptation
training, subjects will do the opposite. They will point to the apparent (seen) right
position of the target and, having visual feedback, will see their pointing hands going
to the left (away from the viewed target position) (Fernandez-Ruiz et al., 2007; Marotta
et al., 2005). After the training period, the majority of the subjects were found to have
learned to adapt their pointing so that they could successfully point to actual target
location while looking through left-right reversing prisms. This visuomotor adaptation
consisted of pointing in a direction that was opposite to the direction where the target
was seen.

The reversing prism technique used in the present study differs from the opposi-
tion tasks by allowing a direct visual feedback of both the remembered target location
and the pointing hand, promoting a more natural reaching behavior and adding only
one new visuomotor transformation to be learned (left-right reversal), thus eliminating
other possible confounding visuomotor transformations.

In the current study, if left neglect (quantified here as failure to respond/point to
left targets) due to right PPC damage remains fixed in visual coordinates, the neglected
targets should reverse from left (without prisms) to right (with prisms) in real space.
On the other hand, if neglect remains fixed in motor coordinates, the prisms will not re-
verse the motor behavior. Prism-reversal training might reveal new adapted visuomotor
pathways, or even help to alleviate the symptoms due to damage to these pathways, as
observed in neglect patients after rightward displacing prism adaptation (Farne et al.,
2002; Newport and Jackson, 2006; Rossetti et al., 1998).

In summary, using a reversing prism pointing paradigm, we investigated whether
unilateral right parietal patients (with or without left neglect) could be trained to point
with reversing prisms (parietal cortex would normally be required to control pointing
in contra-lesional space) and, if so, what effect the reversing prism training had on the
pointing pattern of neglect patients.
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Figure 7.1. MRI imaging scans for eight of the nine patients tested. All scans confirmed
that only the right hemisphere was affected by stroke, with no involvement of the left
hemisphere (R = right hemisphere, L = left hemisphere, white arrows - location of the
lesion(s)).

7.2 Materials and methods

Subjects Informed consent was obtained from all subjects prior to the beginning of
the experiment. All procedures were approved by the York University Human Par-
ticipants Review Sub-Committee and the Sunnybrook Health Sciences Centre Human
Participation Ethical Review Board. We tested nine right hemisphere stroke-affected
patients (all right-handed, mean age = 55.7 &+ 13.7 years, see Table 7.1). The lesion
locations were obtained from patients’ clinical charts, neurological assessments, and
MRI imaging scans where available (scans for eight patients are shown in Fig. 7.1).

Patients had no right (pointing) hand sensorimotor deficits and had normal or corrected-
to-normal visual acuity. Visual fields were assessed by clinical confrontation testing.
The presence of hemispatial neglect was assessed using the Sunnybrook Neglect As-
sessment Procedure (SNAP), consisting of four sub-tests: a shape cancellation task,
spontaneous drawing and copying of a clock and daisy, line bisection, and a line can-
cellation task (Black et al., 1990; Leibovitch et al., 1998). Depending on the total
score, performance is classified either as within normal limits, or as mild or severe ne-
glect. All stroke patients were tested in the chronic stage with a mean of seven years
post-stroke.

Three of the nine patients tested were diagnosed with mild hemispatial neglect
prior to the testing using the SNAP. They were classified as the “neglect group” and are
described in some detail in subsequent sections.

Patient TL is a right-handed 71-year-old male who had right hemisphere ischemic
strokes in July 1999 and April 2000. He was admitted to the hospital for marked confu-
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Age Gender Location of Stroke Time post- Performed Task Performed Task Sensorimotor Defici Visual Field Deficits Other Observations
stroke at testing Without Disclo- Disclo-
(months) sure?

TL. 71 M Right _ frontal, 3 Yes - Normal motor and sensory _ Left inferior Mild Teft Teglect
parietal and findings. by clinical confrontation  and optic ataxia in the b
occipital areas. testing. line testing.

ML. 67 F Right frontal, 134 Yes - Moderate left hemiparesis Normal visual fields to clini- Showed mild left hemispatial
temporal  and and normal sensory findings.  cal confrontation testing. neglect in the baseline test-
parietal areas. ing.

FN. 27 F Right  temporal s Yes - Moderate left hemiparesis Normal visual fields to clini- Showed mild left hemispatial
and parietal areas. and normal sensory findings.  cal confrontation testing. neglect in the baseline test-

ing.

SH. 59 M Right frontal 84 No No Normal motor and sensory Normal visual fields con- Very confused when point-
temporal, parietal findings firmed by formal testing. ing with prism.
and supple-
mentary  motor
areas.

RK. 53 M Right frontal, 6 Yes - Mild left hemipare: and Normal visual fields to clini- -
temporal and normal sensory findings. cal confrontation testing.
parietal areas.

LC. 56 Right frontal Yes - Moderate left hemiparesis Normal visual fields to clini- -
temporal and and left tactile extinction. cal confrontation testing.
parietal areas.

MP. 63 M Right  frontal, 178 No Yes Left arm paralysis, moderate  Normal visual fields to clini- -
temporal and leg paresis and normal sen- cal confrontation testing.
parietal  aras sory findings.
and right basal
ganglia.

RC. 42 M Right frontal, 28 Yes - Left arm paralysis, moderate Normal visual fields to clini- -
temporal  and cal confrontation testing.
parietal  areas sory findings.
and right basal
ganglia.

MB. 64 M Right frontal and 59 Yes - Normal motor function and Normal visual fields con- -

parietal areas and
thalamus.

mild sensory deficits.

Table 7.1. Characteristics of the patients tested.

firmed by formal testing.
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sion and peripheral vision problems. On admission, TL showed severe left hemispatial
neglect and left hemifield deficits. CT scans taken in February 2005 showed stroke
lesions involving the right parietal, right frontal and occipital areas (Fig. 7.1), with no
involvement of the left cerebral hemisphere. At the time of experimental testing (Oc-
tober 2004), he had fully recovered (no sensorimotor deficits) except for mild residual
left neglect and left inferior quadrantanopia.

Patient ML is a right-handed 67-year-old female that had a right carotid dissection
in September 1993 with right middle cerebral artery infarction involving right frontal,
parietal and temporal cortices and sparing deep structures. On admission, she showed
significant left hemispatial neglect and anosognosia (impaired awareness of illness).
The left cerebral hemisphere was not affected by stroke. She was ambulatory with a
residual left hemiparesis, but at the time of the present study, showed only mild left
neglect.

Patient FN, a right-handed 27-year-old female, suffered a severe right middle cere-
bral artery territory stroke (temporal, parietal and frontal) with hemorrhagic transfor-
mation and malignant edema in December 1998, for which she underwent a partial
right temporal lobectomy and skull removal for decompression. At the time of the
present testing she was ambulatory with residual hemiparesis and showed mild left
hemispatial neglect.

The other 6 stroke-affected patients (RK, LC, MP, RC, SH and MB) had cortical
damage that included the right parietal lobe and other non-parietal areas, such as right
frontal, temporal, occipital, basal ganglia and thalamus, but in every case only the right
cerebral hemisphere was affected (unilateral stroke) (see Table 7.1 and Fig. 7.1). They
were not diagnosed with neglect prior to testing, and were classified as “brain-damaged
controls”.

We also tested 10 neurologically intact age-matched controls (all right handed,
mean age = 58.2 + 9.7 years) (Table 7.2), in order to identify whether this healthy
population could perform the reversing prism task. All subjects were naive as to the
aims of the experiment.

7.3 Apparatus and procedure

We have recently showed that pointing with reversing prisms in young healthy subjects
produces a rapid task-specific visuomotor adaptation (Marotta et al., 2005). Similar
methods were used here. In brief, subjects’ heads were stabilized and vision was ob-
structed by opaque goggles, except through a rectangular tube placed in front of the
right eye (Fig. 7.2A). Visual stimuli were presented through the tube, in dim light, on
a computer screen located 40 cm in front of the subject. Subjects were instructed to
maintain visual fixation throughout the experiment on a central cross that remained on
the screen at all times.

A target (5 mm dot) was presented for 500 ms at 3.2 cm (4.7° visual angle) to
the left or right of the cross (Fig. 7.2B) (this was considered one trial). Subjects were
instructed to point-to-touch the screen where they saw the target (therefore at the actual
position of the target in space) as soon as the target was off and do this as fast and as
accurately as possible. If they did it correctly, they would see their pointing index finger
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Control Age Gender Performed Performed Other observations
task without task after
disclosure? disclosure?
FF. 55 M No No Very confused when
pointing with prism.
GK. 46 M Yes - -
T.M. 54 F No No Very confused when
pointing with prism.
T.F. 50 F Yes - -
H.W. 57 F No No Pointed to the wrong
direction with prism.
IN. 52 M Yes - -
G.N. 54 F No Yes -
EL. 68 F Yes - -
DG. 71 M No No Pointed to the wrong
direction with prism.
S.M. 75 F Yes - -

Table 7.2. Characteristics of the neurologically intact controls tested

landing where they saw the target. Six seconds were allowed for the subject to touch
the remembered target location with the index finger of their right hand, and return to
resting position.

Fifteen experimental blocks were run in total, each block consisting of 20 trials,
10 to the left and 10 to the right presented in random order. Two blocks were run in
the baseline condition (no reversing prism). A dove reversing prism was then inserted
into the viewing tube, and subjects were then required to point for an additional eleven
blocks (subjects received the same initial pointing instructions). If subjects were not
able to perform the reversing prism task after two of these blocks, we disclosed the
nature of the task to them and then continued recording (see Tables 7.1 and 7.2 for
details). Two more blocks were run at the end without prisms (recovery condition).

Pointing performance was recorded using an Optotrak recording system (Northern
Digital, Inc., Waterloo, Canada; sampling rate = 200 Hz) and analyzed off-line. We
used three IRED markers placed on the distal phalanx of the pointing index finger
of the right hand, arranged so that we could record the position of the finger even if
subjects performed pronation/supination movements during pointing.

The initial position of the hand was not visible at all, with the hand being visible
starting about half way into the pointing movement. We did not select a particular
starting position for the pointing hand (which was at each patient’s discretion, but as
close to their bodies as possible) because we did not want patients to focus on placing
hand on a particular location on the table instead of focusing on performing the task
properly (given the challenge of the task).

Because it was not possible to monitor eye movements with our goggle set-up, the
subjects were instructed and tested “off-line” before the beginning of experimental tri-
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Painting with pristis

Normal view

Figure 7.2. Apparatus (A) and conditions of the experiment (B). A. The goggles-
chin rest setup was affixed on a custom-built, modular aluminum pipe apparatus that
was firmly attached vertically to a table. The subjects were seated in an adjustable
chair in front of a tabletop with their heads at the level of the goggles-chin rest setup.
They looked through the tube and pointed-to-touch a computer screen that was situated
within comfortable pointing distance from their body. B. Baseline and recovery condi-
tions (left). Prism condition (prisms are worn) (right): the left target is viewed on the
right, and, when pointing to the left, subjects will see the image of their hand reversed
and moving in the opposite direction to where they pointed (right), and vice-versa.

als in order to ensure that they understood how to perform the task (the subjects were
not, however, aware that their eyes were not monitored during the experiment). The
experimenter and the subject were seated facing each other, with no other piece of
equipment/setup in between. The “off-line” testing began by instructing the subjects
to fixate a point located in between experimenter’s eyes. The experimenter then po-
sitioned his left and right index fingers at about 20 cm to either side of the subject’s
fixation point. The fingers were moved briefly up and down, one at a time and in
random order, without moving the hands, while the experimenter kept looking at the
subjects’ gaze, and the subjects were instructed to point-to-touch the experimenter’s
moving index finger while maintaining the fixation. The experimenter observed the
subject’s gaze direction during these pointing tasks, and the “off-line” testing was con-
sidered successful if the subject made five consecutive pointings without shifting their
gaze. All of our subjects met this condition.
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7.4 Data analyses

Pointing errors in the x (left-right) and y (up-down) directions were computed for each
trial, relative to the coordinates of the two target positions. We counted the number of
trials that subjects failed to point to the presented target (“neglected” trials) in each of
the three conditions of the experiment.

7.5 Results

Target neglect related to our task was considered present when patients consistently
failed to point (move their pointing hand) to targets presented in their contralesional
visual field in the baseline condition (Heilman et al., 2000).

7.5.1 Neurologically intact controls

Half (five) of our age-matched, neurologically intact control subjects (Table 7.2) were
able to rapidly learn the prism reversal task. The other half of intact controls failed to
perform the prism-reversal task after two blocks of visually guided trials. The latter
subjects were then informed of the nature of the prism reversal task, but still, only one
additional subject was then able to perform the task. During experiments with the 4
remaining ‘“non-learning” intact controls, we often observed that they began pointing
in the wrong direction and, after the pointing hand became visible, they continued to
make movements further and further in the same (wrong) direction.

7.5.2 Stroke-affected subjects

Seven of the nine stroke patients learned the prism reversal task quickly. Of the re-
maining two patients, one learned the task after we disclosed its nature, so only one
patient (SH) was not able to learn the task (he kept pointing to the perceived location
of the targets, and not to their reversed spatial location).

The “brain-damaged control group” (six subjects) did not fail to point to any tar-
get presented in their contralesional visual field in the baseline testing. Regardless of
whether they learned or not how to perform the prism task, they did not fail to point to
any target presented on the screen during prism training as well.

All (three) subjects in the “neglect group” failed to respond (point) to some of the
trials presented in their left (contralesional) visual hemifield during baseline testing (we
defined this deficit within the parameters of our task as left target neglect, see Fig. 7.3).
For example, TL neglected 5% of the trials presented on the left, ML neglected 10% of
trials and FN neglected 25% of them. All three subjects pointed to all targets presented
in their right (ipsilesional) visual field.

The question posed was what would happen to the left inattention (specific to our
task) when these three patients pointed while looking through the left-right reversing
prisms, where the left targets would then be seen on the right, and the right targets
would be seen on the left (subjects still had to point toward their actual location). If
target neglect remained fixed in visual coordinates, reversing vision should reverse
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Figure 7.3. Target neglect patients’ performances. These three patients (A - patient
TL, B - patient ML, C - patient FN) neglected left targets in the baseline condition
(darker bars), right targets in the prism condition (lighter bars) and left targets in the
recovery condition (darker bars). Bars represent percentage of neglected trials in each
block; horizontal axis - percentage of neglected trials; vertical axis - conditions of the
experiment.

neglect to rightward-positioned targets. On the other hand, if target neglect stayed
fixed in motor coordinates, then reversing the vision should not affect the subject’s
overt behavior.

During reversing prism training, target neglect reversed from left to right in the
“neglect group”: all three patients failed to respond to some targets that they viewed on
the left, although they were presented on the right (ipsilateral to the lesion) (Fig. 7.3).
TL neglected 15.45%, ML 32.72% and FN 31.81% of the right-positioned targets. TL
and ML did not neglect any of the left targets with prisms, and FN neglected only two
(out of 110). There was an increase in the percentage of overall neglected trials for each
patient during prism training compared to trials neglected in the baseline condition; the
increase was from 5% to 15.45% for TL, from 10% to 32.72% for ML and from 25%
to 31.81% for FN.

In the recovery condition, the left/right neglect pattern reversed again in the “ne-
glect group”: TL and FN failed to point to some targets presented only on the left (5%
and 25% of the trials, respectively). ML did not neglect any targets in the recovery
condition.
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7.6 Discussion

Our three right parietal patients diagnosed pre-testing with mild left neglect showed
signs of some type of left neglect in the baseline condition, defined in relation to our
task as target neglect (i.e., they consistently failed to point toward some of the leftward
targets). This type of left neglect reversed to the right with prisms and then it reversed
back to the left when the prisms were taken off. These results support the hypothe-
sis that target neglect (related to our task) obeys visual coordinates rather than motor
coordinates.

A remarkable observation is the high capacity of our “recovered” unilateral pari-
etal patients — in particular our brain-damaged controls with extensive lesions including
much of the right cerebral hemisphere — to accurately perform this particular memory-
guided pointing task. How could patients with so much brain damage be similar to
age-matched controls at performing/learning the prism task? The answer may be in
the nature of the mechanisms required to point with reversing prisms. To do this task,
the subjects must learn to reverse the feed-forward motor command, based on the vi-
sual information and memory of performance in previous trials (Marotta et al., 2005).
They must also ignore direct visual feedback from the hand during pointing, because it
(being reversed) provides inappropriate information to guide the hand. We did not con-
sistently observe problems with this in our previous study, which employed young adult
subjects (Marotta et al., 2005), but it is thought that older adults (like those used here)
may differ in their use of visual feedback (Collins et al., 1995; Baugh and Marotta,
2007). If some of our neurologically intact subjects were unable to disengage the use
of (inappropriate) visual feedback during the prism task, this would account for the
anti-corrective movements that we observed in subjects who failed to learn the task.
On the other hand, parietal cortex is thought to be an important target for these visual
feedback signals (Pisella et al., 2000; Prablanc et al., 2003). Thus, it is possible that in
parietal-damaged patients the visual control may be compromised, which in this special
case - pointing with reversing prisms — could be an advantage.

Anti-pointing paradigms may also seem to produce a left-right reversal in visuo-
motor coordinates. However, reversing prism tasks and anti-pointing tasks are differ-
ent. In anti-pointing task, subjects are instructed to point in a direction opposite to
the perceived location of the target (Connolly et al., 2000; DeSouza et al., 2003; Hal-
lett, 1978). The motor command produces a congruent corollary discharge, because
subjects see the pointing hands (vision) going to the same direction where the motor
commands were (motor). Moreover, anti-pointing does not alter subjects’ perception
of the target (Fischer and Weber, 1992). In contrast, in reversing prism pointing task,
the subjects are not given any specialized instructions, but to point where the target
was. The motor command with prisms produces an incongruent corollary discharge,
because the subjects see the pointing hands (vision) going to the opposite direction
where the motor commands were (motor) (dissociation between vision and proprio-
ception). Reversing prism pointing task provides direct visual feedback of pointing
errors and affects perception.

The apparent increase in the number of neglected trials in the prism condition com-
pared to trials neglected in the baseline condition may be due to a phenomenon similar
to extinction, or it could be due to the increased difficulty of the prism task and subse-
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quent shift of attentional resources. In contrast to neglect, extinction is defined as the
inability to process or attend to the more contralesionally located stimulus when two
stimuli are simultaneously presented (Rapcsak et al., 1987). Mattingley et al. (1997)
showed that extinction can occur with two simultaneous stimuli from different sensory
modalities (one visual and the other one tactile). In our study, in the prism condition, for
pointing to right targets, the visual goal was on the left (contralesional) hemifield, and
the required motor command was towards right (ipsilesional) space. The two “stimuli”
(left-viewed target and right motor command) were not presented simultaneously per
se. But, because of the nature of the prism task, some phenomenon similar to extinc-
tion may have occurred: the two stimuli may have competed with each other, resulting
in the “extinction” of the stimulus located in the left (contralesional) visual hemifield
(visual goal). Without a visual goal, there was no subsequent pointing movement (to
the right).

Although we could not monitor subjects’ eye movements during experiment (which
would have been ideal), it is less likely that eye movements would change the results
significantly due to the nature of the neglect itself. Subjects with left neglect will
ignore stimuli presented on their left visual field even when they are allowed full head
and eye movements. Therefore, we consider that lack of fixation would not influence
the results.

Visual field deficit may be a confounding factor in this experiment, as patient TL
was diagnosed with left inferior quadrantanopia prior to testing. Patients with this
condition will not see/perceive all targets presented on a fixed area within their left
visual hemifield, area that has the same spatial location relative to patient’s gaze. In
our experiment, had it been an overlap between TL’s left quadrantanopic field and
the location of left targets, TL should not have been able to perceive all left targets.
However, all baseline leftward targets were presented on the same left location with
respect to his gaze and he did not perceive only some (not all) of them. Therefore, it
seems that the omitted baseline targets on the left in patient TL were due to some form
of neglect rather than due to left visual field loss.

In short, our results from the prism task suggest quite clearly that this form of ne-
glect remained fixed in visual coordinates. Of course, this is a very special type of
neglect: we cannot directly conclude that all types of neglect that have been tested
experimentally and clinically (Behrmann and Tipper, 1999) would show the same re-
versal. Further studies are warranted regarding this issue.
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