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Ipsilateral Neglect from a Subcortical Lesion: Effects of
Spatial Position, Distractors, and Repeated Trials
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Objectives: This report describes a patient with right putaminal
hemorrhage who showed ipsilateral (right-sided) neglect.

Background: Although lesions to subcortical regions may result
in contralateral hemispatial neglect, ipsilateral neglect from
putaminal damage has not been reported. It has been posited
that ipsilateral neglect from unilateral frontal lesions may be
induced by a contralateral attentional grasp. This patient’s
putaminal hemorrhage may have induced frontal dysfunction
with an attentional grasp.

Methods: Because distracting stimuli, as well as close (vs. far)
spatial position, may alter an attentional grasp and because
fatigue may compromise the ability to disengage, we tested the
patient with repeated trials of line bisection in peripersonal
(close) and extrapersonal (far) space with left-sided, right-sided,
and both-sided distractors.

Results: The patient’s leftward bias increased with repeated trials,
particularly with those in the close condition and with left-sided
distractors.

Conclusions: Right putaminal hemorrhage may produce ipsi-
lateral neglect. Our patient’s putaminal-white matter injury may
have induced frontal dysfunction, and, with repeated trials, his
right basal ganglia-frontal network may have fatigued. This
fatigue, together with left-sided distractors in the close con-
dition, seemed to increase his contralateral attentional grasp.
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fter acute brain injury such as that from a stroke,

patients with spatial neglect who try to bisect lines are
most likely to err to the ipsilateral (ipsilesional) side of
the true midpoint. They may also fail to cancel targets on
the contralateral side of a stimulus array and may draw or
copy only the ipsilateral features of a figure.! Since the
early description of this phenomenon by Riddoch,? other
studies have observed it to be associated more commonly
with right-hemisphere than left-hemisphere lesions.>”
After weeks to months, some patients with contralateral
spatial neglect develop ipsilateral neglect, in which they
bisect lines toward the contralateral (eg, left) side of the
true midpoint,® ! but others have ipsilateral neglect from
the onset.’

Although most patients who show ipsilateral neglect
have injury to their frontal lobes,” animal models of
neglect have suggested that the striatum is a crucial
subcortical component of the cortical-striatal-thalamic
circuitry involved in directed attention and neglect.!'?
A portion of the striatum, the putamen, is the most fre-
quent site of intracerebral hemorrhages. Although neglect
has been reported with putaminal and surrounding white
matter infarctions,'»1371¢ to our knowledge ipsilateral
neglect has not been reported with damage to the puta-
men and surrounding white matter areas. The primary
purpose of this study is to report a patient with ipsilateral
neglect from a putaminal hemorrhage.

The mechanisms that might account for ipsilateral
spatial neglect are not fully known. As mentioned, many
patients with ipsilateral neglect have frontal lesions.” '
Denny-Brown and Chambers proposed a reciprocally
balanced and mutually inhibitory relationship between
the frontal lobes and the posterior (temporoparictal)
regions such that lesions in either area will result in
a transcortical release of the behaviors associated with the
intact region.!”!® They also suggested that the posterior
regions might primarily mediate approach behaviors, but
the frontal regions might be predominantly associated
with avoidance behaviors. Damage to posterior regions,
then, would elicit withdrawal-related reactions to visually
presented stimuli, particularly those from the contra-
lateral space (eg, avoidance neglect).”® 23 In contrast,
damage to the frontal lobes would result in approach
behaviors such as an attentional grasp with ipsilateral
neglect.!%2427 The putamen and surrounding white
matter have strong connections to the frontal lobes, and
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injury to these regions may induce frontal lobe dysfunc-
tion with a contralateral attentional grasp.!?

There are, however, other possible mechanisms
underlying ipsilateral neglect, such as a possible compen-
satory strategy or a crossover effect.?®3! Drago et al®
recently tested these alternative hypotheses. The authors
posited that if patients with ipsilateral neglect from right-
hemisphere lesions have contralateral neglect with an
exaggerated crossover effect, they should be more influ-
enced by irrelevant stimuli given in the right than the left
hemispace when they perform the line bisection task. In-
stead, the authors found that left-sided distracting stimuli
induced a significant increase in the contralateral (left-sided)
deviation, providing support for the attentional-approach
(grasp) hypothesis. We also wanted to learn whether left-
sided distracting stimuli presented in the contralateral
hemispace would increase our patient’s left-sided bias.

It has been proposed that, with regard to spatial
attention, interhemispheric inhibition is normally mutual.??
With unilateral (eg, right) hemispheric damage to the
temporoparietal region, patients lose right temporoparietal
inhibition over the left hemisphere, which becomes dis-
inhibited. As a result, patients with right-hemisphere in-
juries have a propensity to orient their attention toward the
right hemispace.

As a correlate to this hypothesis, if patients have
right frontal lobe dysfunction, their disinhibited left frontal
lobe may produce an avoidance response to ipsilateral
(right-sided) distracting stimuli and, thus, orient attention
further to the left (contralateral) side, increasing ipsilateral
neglect. If these patients have an avoidance response, then,
when presented with a right-sided distracting stimulus,
they may further direct their attention to the contralateral
space and worsen their ipsilateral neglect.

It is also possible that with right basal ganglia-frontal
dysfunction, both the left frontal lobe and the right parietal
lobe are disinhibited, and the patient could have both a
left-sided attentional grasp and an avoidance response for
right-sided distractors. Thus, distracting stimuli on either
side may increase the severity of ipsilateral neglect, and the
simultaneous presentation of distracting stimuli on both
sides may have an additive effect.

There is also evidence that the right-hemispheric
networks mediating spatial attention can interact si%-
nificantly with those mediating alertness and arousal. 3>
For example, patients with neglect often seem hypoaroused
and may have difficulty in maintaining attention even when
performing nonspatial tasks.’>® Manly et al’” have shown
that after sleep deprivation, healthy people trying to bisect
lines have a significant rightward shift in their attention.
Dufour et al’® also observed a rightward shift over the
course of a session of bisecting lines, a finding that suggests
within-participant changes in spatial bias as alertness
drops.

Although the role of the right hemisphere in mediat-
ing spatial attention and arousal has been well documented,
the contribution of the frontal-subcortical networks to these
processes is not fully understood. Patients with right frontal
lesions have been shown to have motor impersistence.’
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Nonetheless, little is known about the cerebral mechanisms
underlying the effects of continuous or repeated task per-
formance on visual spatial attentional impersistence fatigue.
In this study, we used line bisection tasks to test a patient
with injury to the right basal ganglia (putamen) and sur-
rounding white matter, to learn whether such a lesion might
produce ipsilateral (vs. contralateral) neglect, and to exam-
ine the influences of both repeated trials and contralateral
and ipsilateral visuospatial distractors.

METHODS

Participants

This study involved a patient with right putaminal
stroke and 9 controls without neurological disorders. We
first saw the patient while recruiting patients for a study
of how unilateral left-hemisphere and right-hemisphere
strokes influence spatial judgment. This 38-year-old left-
handed man had been born and raised in Asia and earned
a PhD in chemistry. He was fluent in English. At age 29,
he had been diagnosed with hypertension. At 37, he
had suffered a right-hemisphere putaminal intracerebral
hemorrhage. At first, the lesion measured 3.8 x 5.7 x 4cm,
meaning that it involved the surrounding white matter.
This injury was identified on a computed tomography
scan, reviewed first by a neuroradiologist and then by a
neurologist. Measurements were calculated using eFilm.
Two months later, 3-Tesla T1-weighted magnetic reso-
nance imaging showed that the subcortical lesion involved
the putamen and a portion of the centrum semiovale,
without evidence of cortical or ventricular compression
(Fig. 1).

The patient gave written informed consent to take
part in the research, and our protocol was approved by
the Institutional Review Boards at the University of
Florida and the Veterans Affairs Hospital, Gainesville.

When we examined the patient, he was alert, coop-
erative, and well oriented. His cranial nerves were normal,
although on some tests he seemed to have a left upper
quadrantanopia. He also had a residual left hemiparesis, for
which he participated in a physical rehabilitation program.

Although the patient reported that he was left-
handed, when assessed with the Annett Hand Preference
Questionnaire he scored 0, indicating an equal number
of left-handed and right-handed activities, along with
4 responses of “either.” His total score on the Mini-
Mental Status Examination was 27. He missed 1 point on
orientation to time (he did not know the exact day of the
month), 1 on registration, and 1 on repetition. He misread
only 4 of 50 words on the Wechsler Test of Adult Reading,
and made 1 error on the Oral Alpha Numeric Sequencing
Task, which he completed 15 seconds after the given time
limit of 2 minutes. The Oral Alpha Numeric Sequencing
Task requires a person to alternate between reciting the
letters of the alphabet and counting numbers, from “A-1,
B-2, C-3...” to “Z-26.” On the Digit Span Task, used to
assess his auditory attention and working memory, his
performance was normal: he scored 11 on digits forward
and 6 on digits backward. His comprehension was good, as
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FIGURE 1. This patient’s 3-Tesla T1-weighted magnetic resonance imaging scan taken 2 months after his right subcortical
hemorrhage, showing the axial view of the ventral to dorsal sequence.

determined by the subtests of the Western Aphasia Battery
(Table 1). When tested for hemispatial neglect with the
Line Crossing and the Star Cancellation subscales of the
Behavioral Inattention Test,* he had no evidence of visual
neglect. Standard scoring procedures showed that he had
no omissions on the Line Crossing Test and 2 omission
errors (no commission errors) on the Star Cancellation
subscale (1 on the right-hand side of the page and 1 in the
middle of the page). Both of these scores are within the
normal range.

The Brain Research and Rehabilitation Center at
the North Florida Veterans Administration Medical
Center recruited neurologically healthy control partic-
ipants (4 men and 5 women), who were matched for age,
education, overall cognitive status, and auditory com-
prehension ability (Table 1). Eight of the 9 controls were
right-handed. None had a history of neurological or
psychiatric disorders or of alcohol or drug abuse, as de-
termined through a detailed clinical interview. However, 6
had controlled hypertension, and 1 had diabetes. All
control participants gave written informed consent.
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Apparatus and Procedures

We tested all 10 participants on line bisection tasks
presented in peripersonal (close) and extrapersonal (far)
space, as described below. We gave 60 one-line sequential
trials, 30 in close space and 30 in far space, with biological
distractors (irregular hand movements) randomly pre-
sented to the left, right, or both sides of the lines. The line
stimuli were presented in the coronal plane in both the
close and far conditions. In the close condition, the lines
were 24 cm long and were presented on a display placed at
eye level 30cm in front of the participant. In the far
condition, the lines were 134.2cm long, matched to sub-
tend the same visual angle (43.5 degrees) as the lines in the
close condition, and were presented at eye level 167.75cm
in front of the participant. The thickness of the lines was
also matched for the subtended visual angle: 3mm for
close lines, 17 mm for far lines. We administered the close
versus far trials in a counterbalanced manner. Partic-
ipants used a laser pointer to indicate the middle
of the line. We recorded their performance with a video
camera. The bisection marks and deviation from the
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TABLE 1. Participants’ Demographic and Neuropsychological Characteristics

Healthy Controls

Patient mn=9) Modified ¢ Test P
Age (y) 38 59.33 + 13.77 —1.47 0.18
Male sex 1 (100%) 4 (44.4%) — —
Years of education 18 14.78 + 3.03 1.01 0.34
Left-handedness 1 (100%) 1 (11%) — —
Mini-Mental State Examination score 27 28.66 + 1.32 —1.19 0.27
Wechsler Test of Adult Reading score 33 39.67 £9.27 —0.68 0.51
Yes/no questions (Western Aphasia Battery) 58 59.33 £1.32 —0.96 0.37
Sequential commands (Western Aphasia Battery) 80 79.22 £ 1.72 0.43 0.68

actual midline were computed by an investigator who was
unaware of the participants’ clinical or experimental data.

Statistical Analyses

To measure and quantify the deviation from midline
and to compare it across close and far conditions, we
calculated a ratio. The denominator was the entire length
of the line; the numerator was the distance from the left
end of the line such that the middle was 0.50, deviations
leftward were lower than 0.50, and deviations rightward
were higher than 0.50. For example, according to this
ratio, a score of 0.40 would represent a leftward deviation
of 10% from midline (0.50).

We used the Statistical Package for the Social Sci-
ences version 18.0 for descriptive statistical analyses. To
compare the patient’s performance with that of the control
group, we used modified ¢ tests, according to the proce-
dure formalized by Crawford, Howell, and Garthwaite*!#2
to deal with single cases in cognitive neuropsychology.

Because our variables of interest were normally
distributed, we used a series of repeated measures analysis
of variance to test the possible within-participant effects
that we next verified using a 7 test for dependent variables.
We also computed the r-Pearson correlation to test the
relationship between the attentional bias and the sequence
of consecutive trials (ie, early vs. late trials), an indicator
of attentional persistence. In this correlation analysis,
conducted separately for the patient and the controls, we
treated the scores from each of the trials as though they
were subjects.

RESULTS

Overall Asymmetries

The analysis revealed that, compared with the
healthy controls (mean performance [M] = 0.488; SD =
0.01), our patient’s line bisection was significantly de-
viated toward the left side (M = 0.408; SD = 0.07;
modified ¢ test = —6.32; P < 0.001), a finding consistent
with ipsilateral neglect.!0->4

Overall Spatial Effects

Compared with the controls (Table 2), our patient had
a leftward spatial bias for both the close (M = 0.396;
SD =0.09; P <0.001) and far (M = 0.421; SD = 0.05;
P =0.001) conditions, and his performances on these

© 2012 Lippincott Williams & Wilkins

2 conditions did not differ
paired sample ¢ test.

significantly, according to a

Overall Distractor Effects

For all trials, independent of the radial (close-far)
spatial conditions, the side of the distracting stimuli (left-
sided vs. right-sided vs. both-sided) did not alter the pa-
tient’s persistent left-sided bias (ipsilateral neglect)
(P =0.001) (Table 2). No statistically significant differ-
ences emerged when we used a paired samples ¢ test
to compare his performances with left-sided, right-sided,
or both-sided distractors.

Overall Sequencing Effects

The patient showed a significant correlation be-
tween the sequence of the 60 trials and the severity of
his left-sided spatial bias (r = —0.40; P = 0.001). Inde-
pendent of the distractor and spatial distance of the lines,
his left spatial bias gradually increased as a function of
the number of preceding trials. We did not see this as-
sociation in the control group (r = —0.077; P = 0.09).

Space-distractor Interactions

To explore the possible interactions between the
side of the distractor (right, left, both) and space (close,
far), we analyzed our patient’s results using a repeated
measure design, with space and the distractor as a within-
patient factor. We randomized the number of trials in the
various conditions. Because not all the conditions had the
same number of trials, we included 6 trials—the first
3 and the last 3—for our comparisons in all conditions.

Overall, the analysis revealed no effects. Nonetheless,
post-hoc testing showed a trend toward a statistically sig-
nificant difference in the left spatial bias between the close
condition with left-sided distractors (M = 0.3715; SD =
0.099) and the far condition with both-sided distractors
(M = 0.4420; SD = 0.038; t5s = —2.48; P = 0.056). That
is, the left-sided deviation tended to be greater with left
distractors in close space than with bilateral distractors in
far space.

Sequence-spatial (Close vs. Far) Position
Interactions

We found in our patient’s performance an attentional
spatial fatigue effect: during the later trials, his leftward
deviation was greater than during the earlier trials. We
also wanted to learn whether spatial position (close vs. far)
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TABLE 2. Mean Performance on the Line Bisection Task by the Patient and Healthy Controls

Patient Healthy Controls (n = 9) Modified ¢ Test P

Overall asymmetries 0.408 (0.07) 0.488 (0.01) —6.32 < 0.001
Overall spatial effects

Close 0.397 (0.09) 0.487 (0.01) -7.17 < 0.001

Far 0.421 (0.05) 0.489 (0.01) —5.37 0.001
Overall distractor effects

Left-sided 0.414 (0.06) 0.487 (0.01) —5.38 0.001

Right-sided 0.396 (0.09) 0.488 (0.01) —7.59 < 0.001

Both-sided 0.414 (0.07) 0.489 (0.01) —5.47 0.001

influenced the patient’s sequencing (spatial attentional fa-
tigue) effect. In our sequence effect analysis, the dependent
variables were the first 3 trials and/or the last 3 trials in
each spatial condition. The repeated measure design, with
sequence (first 3 trials vs. last 3 trials) and space (close vs.
far) as the within-patient conditions, revealed a significant
sequence effect (F = 292.81; P = 0.003). That is, in both
spatial conditions, regardless of the side of the distractors,
the overall left-sided deviation was greater during the
last 3 trials than the first 3 trials. Post-hoc analysis revealed
that a greater left-sided deviation during the last 3 trials
(M = 0.2481; SD = 0.027) than the first 3 trials (M =
0.4908; SD = 0.051) was statistically significant in the close
condition (#, = 12.57; P = 0.006), but for the far condition,
we found only a trend (¢, = 3.42; P = 0.08).

Sequence-distractors Interactions

Repeated measures analysis of variance, with sequence
(first 3 trials vs. last 3 trials) and distractors (left vs. right vs.
both) as within-patient factors, revealed no effects. Post-hoc
analysis, however, showed that for the left-sided distractor
condition, there was a simple effect of trial. That is, in-
dependent of the spatial (close-far) position of the lines, with
left distractors in the last 3 trials (M = 0.3603; SD = 0.040),
the left-sided deviation was greater (f, = 6.11; P = 0.026)
than in the first 3 trials (M = 0.4578; SD = 0.013).

Sequence, Space, and Distractor Interactions
The repeated measures analysis of variance, with
space (close vs. far), sequence (first 3 trials vs. last 3 trials),
and distractors (left vs. right vs. both) as within-patient
factors, yielded a significant effect of the distractor (F =
19.17; P =0.01), modified by a space x sequence inter-
action (F =42.18; P =0.02). That is, when the patient
was asked to bisect lines with a distractor on the right side
of the line, his performance on the first 3 trials in the far
condition was significantly more deviated to the left than
his performance on the first 3 trials in the close condition
(t, = 6.17; P =0.025). However, in the last 3 trials, this
pattern reversed: the patient had a pronounced left-sided
bias in the close condition that differed significantly from
his somewhat improved performance in the far condition
(t, = —8.92; P =0.012) (Fig. 2). Further, this change on
repeated trials with the right-sided distractor was significant
not only in the close condition (2, = 12.72; P = 0.006) but
also in the far condition (2, = —4.29; P = 0.050).
Similarly, when we presented the left-sided dis-
tractor in the close condition, the patient’s performance
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significantly deviated toward the left side with repeated
trials (1, = 5.39; P = 0.033). In contrast, in the far con-
dition, his performance trended better (reduced left-sided
bias) with repeated trials (z, = —4.13; P = 0.054). As a
result, his performance during the last 3 trials in close
space was significantly more left-deviated than that in the
far space (1, = —13.09; P = 0.006) (Fig. 3).

When distractors appeared on both sides, during the
first 3 trials he showed no difference in left-sided deviation
between the close and far space. During the late trials,
however, a tendency toward a more pronounced left-
sided bias emerged for both the close (t, = 3.39; P =
0.077) and far (t, = 5.41; P = 0.033) conditions. This left-
sided deviation tended to be smaller during the last
3 trials in the far condition than the last 3 in the close
condition (#, = —3.63; P = 0.068) (Fig. 4).

DISCUSSION

Our patient demonstrated ipsilateral neglect, which,
to our knowledge, has not previously been reported with
subcortical-putaminal lesions. Chung et al*} analyzed the
different forms of striatocapsular hemorrhages. According
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left-sided distractors on line bisection task. The y axis repre-
sents deviation from midline (0.5). A score <0.5 shows devi-
ation to the left; a score >0.5 shows deviation to the right.
The lower the score, the greater the left-sided deviation.

to their classification, and unlike our patient with ipsi-
lateral neglect resulting from chronic putaminal damage,
these striatocapsular hemorrhages are often associated
with a hemiparesis and a transient contralateral neglect
that typically resolves over several weeks.

The mechanism or mechanisms causing the ipsi-
lateral neglect in our patient are unknown, but there
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with both-sided distractors on line bisection task. The y axis
represents deviation from midline (0.5). A score <0.5 shows
deviation to the left; a score >0.5 shows deviation to the right.
The lower the score, the greater the left-sided deviation.
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are several possibilities. Robertson et al’' argued that
persons with right-hemispatial neglect learn to direct their
attention volitionally toward the contralateral space, and
this learning may reduce or reverse the initial right-spatial
bias. In accordance with this hypothesis, our patient’s
overall left-sided bias might have been caused by a
learned compensatory strategy to direct attention voli-
tionally toward the contralateral space. In contrast, Kim
et al’ found that although ipsilateral neglect often evolves
from earlier contralateral neglect, some of their patients
developed ipsilateral neglect without prior contralateral ne-
glect. Early assessment of patients with similar putaminal
injuries may help to determine the cause of ipsilateral neglect.

With the limited data available to us, we could
not determine whether our patient first had contralateral
neglect. Nonetheless, in light of the Kim group’s report,’
the explanatory theory proposed by Robertson et al’!
might not fully account for our patient’s ipsilateral
neglect. Further evidence against this theory is that
although ipsilateral neglect most commonly results from
frontal lesions, contralateral neglect is most often caused
by temporoparietal lesions.***> Therefore, if a compen-
satory strategy produced ipsilateral neglect, we should see
this disorder in more patients with chronic temporopa-
rietal lesions than in those with frontal lesions. Still, it
remains possible that patients with frontal or subcortical-
putaminal lesions have a better ability to compensate.

Why a chronic right putaminal lesion apparently
produced the ipsilateral neglect in our patient is not well
understood. Because ipsilateral neglect is most frequently
associated with lateral frontal-subcortical lesions,”!! this
patient’s stroke may have induced dysfunction in a frontal-
subcortical network. Support for this idea comes from
Weiller et al,** who performed functional imaging on
patients who had suffered strokes in this area and found
reduced blood flow (less activation) in the dorsolateral
frontal lobe.

Although people with right-hemisphere lesions and
contralateral spatial neglect have a propensity to attend
more to stimuli presented in their ipsilateral space, possibly
because of problems in disengaging from the right-sided
stimuli,*’ 32 evidence suggests an opposite phenomenon in
patients with ipsilateral neglect. In these patients, per-
formance on line bisection tasks may be influenced more
by stimuli presented in the contralateral (left) space. Thus,
consistent with the approach-avoidance theory proposed
by Denny-Brown and Chambers, !® a lesion to our patient’s
right-frontal network might have released the approach-
related behaviors that increased the allocation of attention
to the contralateral portion of the line (contralateral
attentional visual grasp), producing ipsilateral neglect.

Alternatively, given that both the right and left
frontal lobes can mediate avoidance behaviors,!”8 it is
also possible that the right frontal lobe dysfunction induced
by our patient’s subcortical-basal ganglia hemorrhage dis-
inhibited the frontal lobe in the left hemisphere, and this
greater left frontal lobe activation produced a right-sided
avoidance response, contributing to a left-sided bias or
ipsilateral neglect. Future studies that include functional
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imaging of patients with this lesion may help us better
understand the mechanisms inducing the disorder.

Our behavioral analyses compared the effects of
distractors on bisection performance and found that our
patient neither approached nor avoided the distracting
stimuli presented at either side. The lack of a significant
difference might seem to refute both the approach and the
avoidance hypotheses. It is possible, however, that this
lack of difference resulted from our patient’s equal degree
of approach with the left-sided distractors and avoidance
with the right-sided distractors. Unfortunately, we did
not have a no-distractor condition; therefore, we could
not test this hypothesis.

Our patient’s interactions with distracting stimuli did
change over successive trials. It is possible that, at first, he
could focus his attention on the lines, and thus was not
influenced by the distractors. With repeated trials, how-
ever, his ability to focus may have diminished and, as it
diminished, the lateral distractors did change his bisections.

The patient’s left-sided bias grew as he completed
more trials. This finding is consistent with observations by
Kwon and Heilman.'” When they presented repeated line
bisection trials to a patient with a right frontal lesion, the
patient’s ipsilateral neglect also worsened. Thus, it could be
posited that, although many patients with chronic lesions
and neglect do recover from their attentional bias,3! an
impaired hemispheric attentional network may be more
fragile and more susceptible to the effects of fatigue in-
duced by repeated trials. We also found that, independent
of the close-far spatial position of the lines, the increasing
left-sided deviation with repeated trials was particularly
strong when our patient tried to bisect lines in the presence
of left-sided (contralateral) distractors. This observation
helps support the postulate that his left-sided deviation was
related to a contralateral attentional approach-grasp re-
sponse!*?* that became manifest with fatigue.

This study has several limitations. The first is the
chronic nature of our patient’s brain lesion. For example, it
would have been useful to know whether his neglect was
at first contralateral or, given that his lesion most likely
affected his prefrontal networks, to learn whether his ipsi-
lateral neglect was even more severe just after his stroke.
Because we do not know his spatial abilities just after
the stroke, we cannot support or refute the compensatory
hypothesis as a mechanism of his ipsilateral neglect. Thus,
it might be valuable for future research to contrast patients
with acute and those with chronic putaminal strokes. Sec-
ond, we did not give a baseline trial with no distractors;
therefore, we could not fully test the approach-avoidance
postulate. Third, we do not know the influence of this
patient’s handedness. In view of his intact language skills,
however, it is most likely that his language and attentional-
arousal hemispheric dominance, like that of many other
non-right-handed people, was organized like that of most
right-handed people. Fourth, because of the small number
of trials used to analyze some possible within-patient
interactions, we must be cautious in interpreting these in-
teractions. Finally, although we used the term fatigue to
describe our patient’s performance decrements, we do not
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know the exact mechanism accounting for his decrements.
However, with a task that continues to be repeated,
changes do occur in functional brain networks. For
example, functional magnetic resonance imaging studies
have shown that the repetition of a stimulus leads to a
decrease in the functional magnetic resonance imaging
signal in the brain region that processes the stimulus.>
Although this reduction can be related to an increase in the
system’s efficiency, the decrements that we observed in our
patient point more toward dysfunction of the neurons in
the damaged networks, reducing the ability to repolarize or
release neurotransmitters.

In general, our results support and might probably
be best understood in light of Luria’s theory positing that
the brain, although modular in organization, works in an
integrated manner: any given function is a product of a
complex and dynamic system directed toward the per-
formance of a particular task.>* Changes in this functional
system, caused, for example, by brain injury, distracting
stimuli, or fatigue, would likely disrupt or impair the sys-
tem'’s balance and lead to abnormalities such as those seen
in our patient. Many of the explanations for our patient’s
task performance are post hoc. They need to be further
tested in better-controlled experiments that use electro-
physiological and imaging technology and that include
more participants. With such experiments, we can better
understand the role of the activation of the right and left
frontal-subcortical and parietal networks as a function of
repeated trials and spatial (close-far) position in the allo-
cation of spatial attention.
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