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Objective: The sparse existing research on ipsilesional neglect supports an association of this disorder
with damage to the right frontal and subcortical brain networks. It is believed that dysfunction in these
networks may result in primarily “aming” motor-intentional spatial errors. The purpose of this study was
to confirm whether frontal-subcortical circuits are indeed commonly affected in ipsilesional neglect and
to determine the relative presence of “aiming” motor-intentional versus “where” perceptual -attentional
spatial errorsin these individuas. Methods: We identified 12 participants with ipsilesional neglect based
on acomputerized line bisection task and used the line bisection data to quantify participants perceptual-
attentional and motor-intentional errors. We were able to discriminate between these 2 biases using the
algebraic solutions for 2 separate equations, one for “aiming” and one for “where” biases. Lesion
mapping was conducted for al participants using MRIcron software; lesion checklist and overlap
analysis were created from these images. Results: A greater percentage of participants with ipsilesional
neglect had frontal/subcortical damage (83%) compared with the expected percentage (27%) observed in
published patient samples with contralesional neglect. We observed the greatest area of lesion overlap in
frontal lobe white matter pathways. Nevertheless, participants with ipsilesional neglect made primarily
“where” rather than “aiming” spatial errors. Conclusion: Our data confirm previous research suggesting
that ipsilesional neglect may result from lesions to the right frontal-subcortical networks. Furthermore,
in our group, ipsilesiona neglect was also strongly associated with primarily “where” perceptual-
attentional bias, and less so with “aiming” motor-intentional spatial bias.
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Spatial neglect isadisorder demonstrated by patientsasafailure
to report, respond to, or orient toward stimuli, causing functional
disability (Heilman & Valenstein, 1979; Barrett & Burkholder,
2006). Neglect usually results from and is most severe after right
hemisphere damage (reviewed in Barrett et al., 2006) and most
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commonly impairs processes, or responses to, stimuli in contral-
esional, left space. However, spatial neglect is a complex and
heterogeneous disorder (e.g., Coslett, 1997). Although contral-
esional neglect occurs more frequently, cases of ipsilesional or
right-sided neglect after right stroke have al so been described (e.g.,
Kwon & Heilman, 1991; Robertson et al., 1994; Beschin, Basso &
Della Sala, 2000). However, the literature on ipsilesional neglect is
scarce and much less is known about this relatively rare disorder
than itswidely studied counterpart, contralesional neglect. The few
cases that have been reported with lesion localization data show
that frontal-subcortial lesions are more common in patients with
ipsilesional, relative to contralesional neglect (Kim et al., 1999;
Na, Adair, Choi, Seo, Kang & Heilman, 2000).

Motor-Intentional and Per ceptual-Attentional Neglect

Stroke patients with spatial neglect may make different types of
spatia performance errors. Performance deficits may occur because
of pathological perceptua-attentional awareness of stimuli in oneside
of space (“where” spatial function), or may occur because of deficits
affecting motor-intentional movement preparation (“aiming” spatia
function) errors (Barrett, 2014); Buxbaum et a., 2004; Naet d., 1998;
Bisiach et d., 1990; Heilman, 2004). One method for fractionating
these specific components of spatial performance employs a variation
of the line bisection task. Na and colleagues (1998) used a video
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apparatus to dissociate “aming” versus “where” spatia errors. The
video image was manipul ated so that there were two conditions: Inthe
Natura condition the right side of the line to be bisected gopeared onthe
right Sde of the screen and vice versa. However, in the Reversed
condition, the video image was rotated 180 degrees, so that the
right side of the line to be bisected appeared on the left side of the
screen (see Chen et al., 2011 for a detailed description and picture
of the task). Rightward movements of the hand appear leftward
and vice versa. In the Natura condition, patients with contral-
esional neglect typically make right-sided line bisection errors. In
the Reversed condition, however, stroke patients can demonstrate
two different patterns of performance. In some individuas, a
failure to move leftward (directional hypokinesia) results in per-
sistent rightward errors:. the right-left reversal of visual feedback
has no effect on the primary direction of performance errors. Other
individuals, however, have a primary perceptual-attentional un-
awareness of the left side of the line, or fail to represent the left
side of thelineinternally as they represent the right side of the line
(Adair & Barrett, 2008). In these subjects, right-left reversal of the
line to be hisected results in the patient making leftward, rather
than rightward, errors in the workspace.

Using the line bisection method of Na et al. (1998), Kim et al.
(1999) found that among a small sample of five patients with
ipsilesional neglect some exhibited primarily “where” spatia bias
(n = 2), and others primarily “aiming” spatial bias (n = 3). Thus,
itisnot clear whether ipsilesional neglect is preferential associated
with one of these forms of spatia bias.

Furthermore, whereas Na et al. (1998) used their paradigm to
categorize participants as having a primary motor-intentional ver-
sus a primary perceptual-attentional bias, many neglect patients
have a combination of both biases (Barrett & Burkholder, 2006;
Goedert et al., 2014). Recognizing this, we followed the method of
Barrett and Burkholder (2006) for quantifying the amount of
motor-intentional “aiming” and perceptual-attentional “where” bi-
ases, caculating both for every participant. The quantification of
both biases can be achieved by algebraically solving the following
equations based on the participant’s error in the natural and re-
versed viewing conditions:

Natural Error = “ aiming” + “ where” @
Reversed Error = “ aiming” — “ where” 2

When a participant performs line bisections under the natural
viewing condition, both “aiming” and “where” bias are considered

Table 1
Published Ipsilesional Neglect Lesion Data
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as contributing to the spatial bias—the visual input and the move-
ment itself are directionally congruent (an additive effect of “aim-
ing” and “where”’ biases). When a participant performs line bisec-
tions under the reverse viewing condition, the visual input (or
“where” component) becomes mirrored imaged, or reversed in
direction, whereas the motor movement (or “aiming” component)
remains unchanged. In this case, “aiming” is subtracted from
“where’ biases to represent their different valences. Were ipsile-
sional neglect to result from a compensatory strategy, as has been
suggested previously (Robertson et al., 1994), then participants
with ipsilesional neglect should show greater “aiming” than
“where” bias when it is quantified in this manner.

Neuroanatomical Correlates of I psilesional Neglect

Although contralesional neglect is traditionally associated with
posterior cortical lesions located in the parietal lobe (Vallar &
Perani, 1986), the temporal -parietal-occipital (TPO) junction (Lei-
bovitch et al., 1998), and the superior tempora gyrus (STG;
Karnath, Himmelbach & Rorden, 2002; Karnath, Berger, Kuker &
Rorden, 2004; Karnath, Rennig, Johannsen & Rorden, 2011), there
is less information about the anatomical correlates of ipsilesional
neglect. Studies of patients with ipsilesional neglect associated this
syndrome with right hemisphere lesions including the frontal lobe
(Na et al., 2000; Kim et a., 1999; Robertson et a., 1994), the
dorsolateral frontal lobe (Kwon & Heilman, 1991), the anterior
cerebral artery territory including the high mesial frontal cortex
(Drago et al., 2006), the temporal lobe (Na et al., 2000; Robertson
et al., 1994), parietal and occipital lobe (Robertson et al., 1994),
insula (Na et al., 2000), the middle cerebral artery territory
(Schwartz, Barrett, Kim & Heilman, 1999), the thalamus and
caudate (Barrett, Peterlin & Heilman, 2003), and the basal ganglia
(Naet a., 2000; Kim et a., 1999). Lesion data reported in these
studies support the frontal lobe (36%) and subcortical structures
(50%) as being most the most commonly lesioned sites in ipsile-
sional neglect (refer to Table 1).

Current Study

In this study, we examined the anatomical and behavioral cor-
relates of ipsilesional neglect in aretrospective analysis of patients
selected from a cohort of consecutive poststroke individuals re-
cruited in a study of spatial neglect recovery. We tested two
hypotheses: (@) ipsilesiona neglect will be associated with a pri-

No. of ipsilesiona

Study neglect Frontal

Parietal

Temporal Occipital Insula Sub-cortical

Kwon & Heilman, 1991
Schwartz et al., 1999
Barrett at al., 2003
Drago et a., 2006
Robertson et al., 1994
Kim et a., 1999

Naet al., 2000

Totals

% lesion from all cases
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36%

27%

c0oouUiooRrO
ORrOWOoOORrO
NOOROORO
[N

RPhORrOROO

0
0
0
0
0
0
1
1
4

22% 9% % 50%

Note. Subcortical refers to the thalamus, caudate, basal ganglia, internal capsule, corona radiate, and centrum semiovale.
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mary “aming” spatial bias, and (b) ipsilesiona neglect will be
associated with damage to the frontal lobe and subcortical struc-
tures. Study participants underwent evaluation of “where” and
“aiming” spatial bias with a line bisection task, and we aso
compared the location of their brain lesions with past reports of
brain lesion locations associated with contralateral neglect.

M ethod

Archival Dataset

Participants were selected from a dataset (n = 132) reflecting a
consecutive sample (December 2, 2008 to June 15, 2011) of
right-hemisphere stroke patients with suspected spatial neglect,
enrolled from an inpatient rehabilitation hospital five to 10 days
poststroke. Participants in this dataset had unilateral right hemi-
sphere brain damage, with no history of dementia, uncontrolled
glaucoma, or previous head trauma with loss of consciousness
(data on subsets of the patients with contralesional neglect in this
dataset have previously been published; Chen et al., 2012; Goedert
et al., 2012, 2014). All 132 patients were evaluated with the
Mini-Mental Status Examination (MMSE; Folstein, Folstein, &
McHugh, 1975), Behavioral Inattention Test (BIT; Wilson, Cock-
burn & Halligan, 1987), Catherine Bergego Scale (CBS; Azouvi et
al., 2003), and Barthel Index (Mahoney & Barthel, 1965). The
BIT, a paper-and-pencil neglect assessment, consists of a line
bisection test, three cancellation test (lines, stars, and letters), and
three drawing tests (figures, shapes, and representational drawing).
The CBS is a functional assessment of neglect and was used to
evaluate the participant’s abilities in functional activities, specific
for the left side of space, and was performed by an occupational
therapist blind to the purpose of the study using the Kessler
Foundation-Neglect Assessment Process (Chen et al., 2012). Study
participants also underwent spatial performance testing to detect
and quantify “where” and “aiming” spatial bias (Chen et a., 2011).

Participant Selection Criteria

Using the existing data from these 132 patients, we identified
participants with ipsilesional neglect. Participants were catego-
rized as having ipsilesiona neglect if they demonstrated abnormal
leftward error in the natural viewing condition of the computerized
line bisection task. Cut-off values for defining abnormal leftward
error were based on Chen et al. (2011), which assessed age-related
and sex-specific differences in the spatial bias of healthy partici-
pants (n = 44) completing aline bisection task. Table 2 depictsthe
means and standard deviations of the age- and sex-specific healthy

Table 2
Mean and SD of Line Bisections in Healthy Individuals in Chen
et al. (2011)

Y oung (22-56) Old (57-93)
Sex M (SD, n) Cutoff M (SD, n) Cutoff
Males —.91(3.03,12) —6.97 2.53(2.88, 10) -3.18
Femaes  —3.06(2.71, 10) —848  —4.15(6.09, 12) —16.37

Note. M = mean, SD = standard deviation. Negative numbers denote a
leftward deviation.
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groups from Chen et a. (2011). Here, patients were categorized as
having ipsilesional neglect if their line bisection error fell more
than two standard deviations outside the lower cut-off (leftward
error) for the appropriate age- and gender-based healthy group. We
assigned each sex/age group its own cut-off score, because Chen et
al. (2011) demonstrated a difference in normal line bisection
performance with age and gender.

Participants

We identified 14 participants (10 male, 4 female) with ipsile-
sional neglect. Two participants from this group were dropped
from further analysis because on brain scan review, one participant
had bilateral strokes, and one participant did not score below a
conventional BIT cut-off (=129) for neglect. The remaining 12
participants were distributed as follows: older women (n = 2);
older men (n = 7); young women (n = 2); young men (n = 1).
Compared with the archival contralesional dataset, this group of 12
ipsilesional participants tested at a similar time poststroke (M =
23.62, SD = 21.33 daysfor contralesional; M = 18.25, D = 7.34
days for ipsilesional, t{36.01] = 1.85, p = .072). Therewas aso a
similar rate of hemianopia among the ipsilesional (n = 1) and
contralesional participants (n = 12; p = 1.00 for the Fisher’s exact
test comparing the hemianopia rates). Table 3 shows additional
demographic and clinical data for the 12 participants classified as
having ipsilesional neglect.

Procedure

Quantification of “where’” and “aiming” bias. All partici-
pants sat centrally in front a computer screen, which was 60 cm
away. The room was dimmed, and the experimenter sat out of the
participant’s view. The participants used their right hand to move
a computer mouse that was located under a shelf on the desk in
front of them. The shelf blocked participants' view of their hand
movements. To monitor what their hand was doing they had to
look at the computer screen. After a series of 8 practice trials, the
participant bisected 32 horizontal lines, 16 in the natural condition
and 16 in the reverse condition. Each line was presented at a visual
angel of 23.537 degrees and appeared in black in the center of a
white screen. The starting location of the cursor alternated each
trial, with half of the trials starting in the upper right-hand and half
starting in the upper left-hand corner of the computer screen. In the
Natural condition, the cursor on the screen moved in the same
direction as the hand movement. For example, rightward move-
ment of the hand moved the cursor to the right. In the Reversed
condition, the cursor on the screen moved in the opposite direction
as the hand movement. For example, rightward movement of the
hand moved the leftward. Errors were recorded as deviation (mm)
from the true center of the line, with rightward errors coded as
positive and leftward errors coded as negative.

To separate “where” and “aiming” errors we used an equation
that has been previously described by Barrett and Burkholder
(2006). The algebraic solution to Equations 1 and 2 allows us to
separately quantify “where” and “aiming” bias (see also Fortis,
Goedert & Barrett, 2011):

. (Natural — Reverse)
Where Bias= 5 ©)]
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Table 3

Demographic and Clinical Data of Twelve Participants With Ipsilesional Neglect

Subject Sex Age Edu. MMSE BIT Barthel CBS Where Aiming
S1 F 30 14 30 128 90 2 —35.35 —-1.63
S2 M 74 11 22 114 65 17 —-167 —251
S3 M 66 12 25 26 5 23 -0.83 —9.98
4 M 53 16 29 67 10 5 —-11.79 -3.44
S5 F 59 12 21 65 35 23 —14.00 —-235
S6 F 41 18+ 26 67 30 — —43.44 —4.57
S7 M 67 9 21 58 15 20 —14.46 3.08
S8 M 68 8 13 104 10 21 -10.73 6.00
SO M 76 12 23 59 0 27 —25.90 —-13.79
Si1 F 76 8 17 101 20 — -1000  —-15.92
Mean — 61 12 227 78.9 28 17.25 -16.82 —451
D — 15.48 3.30 5.19 31.39 28.79 8.01 13.99 6.93
S10 M 76 18 29 129 60 — —-1.55 —4.77
S12 M 78 12 16 93 30 5 -11.22 —-5.18
Mean — 77 15 225 111 60 — —-6.38 —4.97
D — 114 4.24 9.19 25.46 21.21 — 6.84 .29

Note. F = female, M = male; Edu.= Education in years; Where and Aiming error in mm (analysis performed
on z scores); S1-S9 & Sl1 are individuals whose brain scans were classified as demonstrating frontal
|obe/subcortical damage; S10 and S12 are individual s without classified frontal lobe/subcortical damage on brain

imaging.

(Natural + Reverse)
2

Aiming Bias = 4

A “where” biasand “aiming” bias score was calculated for each
participant using the above equations.

Lesion mapping. Clinical brain scanswere used to map lesion
location in each study participant. Lesions were mapped from
T1-weighted and FLAIR images (with DWI when available) to a
standard template that matched the clinical image (Karnath et al.,
2004; www.mricro.com). Patients who only had aclinical CT scan
(4 of 12) were not excluded. The lesion analysis method consisted
of generating individual maps of the full-extent of the lesion
visualized on standardized axial templates. A trained experimenter
mapped al of the patients' scans by manually locating the lesion
based on standard landmarks such as gyri, sulci, gray matter and
white matter boundaries, or vascular territories (Barta, Dhingra,
Royall & Schwartz, 1997; Ono, Kubik & Abernathey, 1990; Ta-
lairach & Tournoux, 1988). A computer-guided cursor was used to
draw the full-extent of the lesion including orthogonal views to
assist with the accurate delineation of lesion borders. Each lesion
map was realigned into stereotaxic Montreal Neurological Institute
(MNI) space to overlay them on standard brain templates. To
improve the lesion-mapping method, the following procedures
were followed: an experienced examiner mapped al of the lesions,
and these lesion maps were reviewed by a second rater following
procedures previously described to generate the final lesion maps
(Cola et al., 2010; Daniels & Foundas, 1999; Foundas, Daniels,
Vasterling, 1998; Hanna-Pladdy et al., 2001; Naeser & Hayward,
1978; Damasio & Damasio, 1989).

Two approaches to lesion localization were used including: (a)
anatomical checklist, and (b) areas of overlap. The anatomical
checklist (see Table 4) was used to identify cortical (frontal,
temporal, parietal, occipital, and insula) and subcortical (gray and
white matter) lesion locations. Subcortical lesion locations in-
cluded the thalamus, caudate/putamen, globus pallidus, subthaa-
mus, internal/external/extreme capsule, and the periventricular

white matter. Region of interest maps were generated for subse-
quent analysisin MRIcro (to compute group overlap and for group
comparison; Rorden & Brett, 2000) including an examination of
areas of overlap. The VLBM analysis was performed with the
MRIcron nonparametric mapping software (Rorden et al., 2007).
Lesion volume (cm?) was also calculated for each subject from the
lesion map.

Results

Lesion Analysis

Table 4 summarizes lesion locations identified in our subjects.
Consistent with our hypothesis, 10 of the 12 participants (83%)

Table 4
Lesion Locations of the 12 Participants Identified With
Ipsilesional Neglect

Subject Image FL PL SSM TL OL TPO Insula Subcortical
S1 MRI 0 0 0 X X 0 0 X
S22 MRl 0 0 0 0 0 0 0 X
S3? CT X X 0 X 0 X X X
ST CT X 0 0 0 0 0 0 X
S5 MRl 0 0 0 0 0 0 0 X
S6 MRl X X 0 0 0 X 0 X
S7 MRl 0 0 0 0 0 0 0 X
Sth MRl X 0 X X 0 0 X X
S9? CT X 0 X 0 0 0 X X
S10 MRl 0 0 X 0 0 0 0 0
S112 CT X X X X 0 0 X X
S12 MRl 0 0 0 0 X 0 0 0
Tota 6 3 4 4 2 2 4 10
% 50% 25% 33% 33% 17% 17% 33% 83%
Note. “X” indicates that the region was lesioned; values of 0 indicate that

no lesion was detected.
2Damage to anterior white matter.
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with ipsilesional neglect had damage to right frontal-subcortical
regions.

We conducted a x> goodness of fit analysis to determine
whether participants with ipsilesional neglect had a greater inci-
dence of right frontal-subcortical damage, relative to the incidence
typically observed in stroke patients with contralesional neglect.
We identified five anatomical studies on patientsin the acute stage
of stroke recovery from contralesional neglect (Leibovitch et al.,
1998; Karnath et a., 2002; Mort et al., 2003; Karnath et al., 2011,
Chen, Goedert, Shah, Foundas, & Barrett, 2012). Using the
weighted average of these five studies may not be the best com-
parison to our ipsilesional neglect sample because of differencesin
the exclusion criteria. Thus, we completed a x? goodness-of- fit
analysis excluding the two studies conducted by Karnath and
colleagues (Karnath et al., 2002; Karnath, Rennig, Johannsen, &
Rorden, 2011), because unlike our participant sample and those of
the Leibovitch et a. (1998), Mort et a. (2003), and Chen et al.
(2012) studies, the Karnath studies excluded individuals with
visual field deficits. The weighted average proportion of contral-
esional patients with frontal or subcortical damage from these
three studies was 0.347.* The expected values derived from the
weighted average of these three selected studies are shown in
Table 5. The results of the chi-square analysis indicated that a
greater proportion of participants with ipsilesional neglect in the
current sample had frontal or subcortical damage, compared with
expected proportions observed in published patient samples with
contralesional neglect, x*(1, n = 12) = 12.55, p < .001.

Lesion overlap analysis of the 12 participants in the study (see
Figure 1) indicates the brain regions most commonly affected in
this sample of ipsilesional neglect participants. Lesion overlap
analysis depicts the greatest areas of overlap in frontal lobe white
matter; this region had a maximum overlap for 8 of the 12
participants. The results from the lesion overlap are also in support
of our hypothesis, implicating damage to the frontal lobe as an
important anatomical correlate of ipsilesional neglect.

“Where” and “Aiming” Spatial Bias

To evaluate whether participants with ipsilesional neglect had a
greater extent of “aming” relative to “where” spatial bias, we
performed a Wilcoxon signed-ranks test to compare the extent of
“where” and “aiming” deficits. We used this nonparametric statis-
tical analysis because of the small sample and skewed distribution
of the “where” and “aming” spatial bias fractions. Because
“where’ errors are typicaly greater in magnitude than are “am-
ing” errors, we transformed all the raw scores into z scores using
the means and standard deviations for healthy participants from
Chen et al. (2011). This allowed us to compare “where” versus
“aiming” spatial bias without being confounded by the general
tendency of a greater “where” bias that is observed even among

Table 5
Observed and Expected Values Derived From the Select
Weighted Average

Damage Observed Expected
Frontal lobe or subcortical damage 10 4.16
Other damage 2 7.84
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Number of overlapped lesions

Figure 1. Lesion overlap of the 12 participants identified with ipsile-
sional neglect. Each lesion was plotted onto a normal template brain using
MRIcron software (Rorden, Karnath, & Bonilha, 2007). Colors denoting
increasing numbers of participants having a lesion in a specific region,
from black (black; n = 1) to red (dark gray; n = 12). Seethe online article
for the color version of this figure.

neurologically unimpaired individuals. The results from the anal-
ysis showed that there was a statisticaly significant difference
between “where’” (M = —-583, SO = 5.05) and “aming’
(M = —2.04, D = 3.75) errors (z = —1.96, p = .050).% Contrary
to our hypothesis, as a group individuals with ipsilesional neglect
demonstrated a greater “where,” perceptual -attentional spatial bias
than “aiming,” motor-intentional bias.

Discussion

Ipsilesiona (left-sided) neglect is arare disorder following right
brain injury. In this study we assessed a cohort of 12 patients with
this syndrome to examine anatomical correlates and to determine
the nature of the spatial processing bias (i.e., primarily “where” or
“aiming” bias). There were two main results: first, the predominant
lesion sites were subcortical structures including the thalamus,
caudate/basal ganglia and adjacent white matter (i.e., interna
capsule), and portions of the frontal cortex with extension into the
periventricular white matter. The greatest area of lesion overlap
was in the frontal white matter with a maximum overlap in 7 of 12
subjects (58%). Ten of 12 patients (83%) in our sample had lesions
in either frontal cortex or subcortical regions. The second main
finding was that the extent of “where” feedback-dependent errors
was greater than the extent of “aiming” errors in this sample of
ipsilesional neglect participants.

1 Using all five samples of contralesional patients yielded similar results:
The weighted average proportion of contralesional patients exhibiting
frontal-subcortical lesions across al five studies was .273, resulting in an
expected value of 3.28 for frontal-subcortical damage and of 8.72 for other
damage. The ipsilesional sample reported here differed from these ex-
pected values, x3(1, n = 12) = 18.95, p < .001.

2 Although our main analysis was on the quantitative measures compar-
ing the magnitude of the “where” and “aiming” biases in this sample, we
also performed a post hoc analysis in which we categorized participants as
having either a primary where (n = 8) or primary aiming bias (n = 4).
Separate lesion overlaps for these two groups did not reveal any substan-
tive differences in the lesion patterns.
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Previous investigators have suggested that spatial processing in
“where” and “aiming” spatial networks may be neuroanatomically
distinct. A primary “where” spatial bias may be associated with
posterior cortical lesions, whereas “aiming” spatial bias might be
associated with anterior cortical and subcortical brain injury (Na et
al., 1998; Barrett et al., 1999; Barrett et al., 2001; Vossel, Eschen-
beck, Weiss & Fink, 2010). The frontal lobe may be strongly
associated with motor-intentional “aiming” neglect because of its
association with exploration and motor preparation in three-
dimensional space (Passingham, 1995). Also, frontal systems may
inhibit subcortical or parietal regions stimulating approach behav-
iors, and thus frontal cortical damage may cause a pathologic
release of asymmetric approach maotor behaviors (Denny-Brown &
Chambers, 1958; Drago et a., 2006).

As suggested by Drago et a. (2006), frontal |obe damage may
be common in in ipsilesional neglect if contralesiona bias is
explained by a deficit in avoidance behavior (Kwon & Heilman,
1991). If this is true, individuals with ipsilesional neglect may
actually be approaching the contralateral portion of a stimulus,
rather than neglecting the ipsilateral side. This alternative may
explain why ipsilesiona neglect is frequently task-dependent; it
may be more frequent when acting on stimuli with attentionally
salient characteristics. Although why anterior white matter damage
should be associated with ipsilesional neglect is not yet clear,
white matter disconnections are associated with contralesional
neglect symptoms (Doricchi et a., 2008; He et al., 2007; Karnath,
Rorden & Ticini, 2009; Urbanski et al., 2011).

Our results showed that ipsilesional neglect was not strongly
associated with an “aming” spatial bias; rather, it was more
strongly associated with “where” feedback-dependent spatial bias.
Although the reasons for this pattern of association are not yet
known, stroke patients with “where” spatia bias may make errors
consistent with degraded internal left spatial representations (ab-
normal left-sided imagery or visual working memory; Heilman et
al., 2012 & Adair & Barrett, 2008). When an internal representa-
tion of the left side of space is degraded disproportionately to
perceptual-attentional left spatial awareness, the novelty of per-
ceived left-sided stimuli may actually be enhanced, since these
stimuli do not match an internal expectation. Whether individuals
with a primary “where” spatial bias and ipsilesional neglect dem-
onstrate aprimary “where” representational bias, and whether their
leftward errors demonstrate a response to enhanced novelty in that
spatial region, should be evaluated in future studies.

It has been suggested that ipsilesional neglect may result from a
compensation strategy that patients with contralesional neglect
acquire after learning that they systematically ignore the left side
of space (Robertson et a., 1994). By this argument, patients make
more movements toward the left to compensate for their atten-
tional deficit. If this were true, however, we would have expected
to see a greater extent of the aiming bias than the where bias in
theseipsilesional participants. However, we observed the opposite.
Furthermore, the idea that ipsilesional neglect is compensatory
suggests that it may emerge later poststroke. WWhen comparing the
time poststroke of our ipsilesional sample to that of our archival
contralesional sample, we failed to find any significant differences.
Indeed, the data trended in the opposite direction, with the ipsile-
sional participants testing slightly closer to their stroke date than
the contralesional patients. Thus, our data are not consistent with
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the idea that ipsilesional neglect results from a compensatory
strategy.

One difficulty with group studies examining the characteristics
of patients with ipsilesional neglect isinconsistent identification of
the ipsilesional neglect syndrome. A criterion validated by dem-
onstrating association with functional disability would be most
desirable, as proposed for contralesional neglect (Barrett & Burk-
holder, 2006), but such a criterion is not yet available. Thus,
different studies of ipsilesional neglect included participants with
very different characteristics. We chose to use leftward line bisec-
tion errors exceeding that in an age-sex matched sample, but others
used different methods. Other studies on ipsilesional neglect used
95% confidence intervals for line bisection errors of control sub-
jects (Kim et al., 1999) or displaying ipsilesiona (right sided)
neglect on one of three different types of neglect assessments
(Robertson et a., 1994). We chose not to identify ipsilesional
participants based on any other type of neglect assessment besides
line bisection because those individuals who display symptoms of
ipsilesional neglect on a cancellation task for example, may be
different from those who display symptoms of ipsilesional neglect
on line bisection tasks. By only using one criterion we hoped to
reduce individual differences. We chose not to use a 95% confi-
dence intervals because it is not an appropriate criterion by which
to define the behavior of individuals as normal/abnormal: the
confidence interval refers to the range of likely values for the
population mean in a distribution of sample means, and its value
depends on the size of the sample from which it is computed. It
does not provide quantitative information about the likely distri-
bution of individual scores in the population. Because the confi-
dence interval underestimates the variability of individual scores,
defining individual scores as abnormal on the basis of confidence
intervals leads to more individuals being classified as abnormal.
Thus, we constructed an interval based on standard deviations
around the mean because we were categorizing individual scores.
Because there is not yet a standardized method of identifying
stroke survivors with ipsilesional neglect, it is possible that if we
altered our inclusion criteriawe would have gotten avery different
participant sample with very different results.

Similar to the potential task-dependency for defining ipsile-
sional neglect, it is possible that the quantitative values we derived
for the magnitude of “where” and “aiming” biases from the re-
versed line bisection task may change if derived from a different
task. Researchers have employed different kinds of tasks to dis-
entangle perceptua—attentional from motor—intentional deficits
(e.g., pulley system, Bisiach, Geminiani, Berti, & Rusconi, 1990;
perceptual and motor versions of the Landmark task, Toraldo,
Mclntosh, Dijkerman, & Milner, 2004). Previoudly, it has been
observed that classification of participants as having a primary
perceptual—attentional versus primary motor-intentional bias may
change with the task (Harvey, Kramer-McCaffery, Dow, Murphy
& Gilchrist, 2002). Although we acknowledge the potential for
task-dependency, we suggest that it may be a greater problem for
binary classification of participants’ biases as either perceptual-
attentional or motor-intentional than it is for simultaneously quan-
tifying both forms of bias. While different tasks may possess
different demands that alter the magnitude of individuals' “where’
and “aiming” deficits, Landmark and traditional line bisection also
recruit common spatial -attentional mechanisms and common neu-
ral regions (Cigek, Deouell, & Knight, 2009). The quantitative
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measures used here have been validated, with perceptual manipu-
lations selectively altering “where” and not “aiming” biases, and
conversely, motor manipulations selectively atering “aiming” but
not “where” (Garza, Eslinger, & Barrett, 2008). Additionally, these
measures respond in a qualitatively similar way to experimental
manipulations and neglect treatment as do the perceptual and
manual versions of the Landmark task (e.g., compare Fortis, Chen,
Goedert & Barrett, 2011 and Striemer & Danckert, 2010).

Our dataindicated that in a consecutive cohort of stroke patients
suspected to have spatial neglect, 9% made potentially pathologic
spatial errors, suggestive of ipsilesional spatial neglect. Asagroup,
the 12 subjects in our sample with ipsilesional neglect had a
greater likelihood of damage to the frontal lobe or subcortical
regions than did prior published contralesional neglect groups,
with frontal white matter the area of greatest lesion overlap in our
sample. We aso identified an unexpected association of ipsile-
sional neglect with “where” spatia bias. Clinical implications of
these results are not yet clear, but future study is warranted to
determine whether ipsilesional neglect may be associated with
different functional deficits than contralesional neglect, and
whether this syndrome may also require different and specific
rehabilitative treatments (Schwartz et al., 1999).
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Correction to Sacchetti et al. (2014)

In the article “Ipsilesional Neglect: Behavioral and Anatomical Correlates’ by Daniela L. Sacchetti,
Kelly M. Goedert, Anne L. Foundas, and A. M. Barrett (Neuropsychology, Advance online
publication. September 1, 2014. http://dx.doi.org/10.1037/neu0000122), the funding source infor-
mation was missing from the author note. The research in this article was funded by the National
Institutes of Health (K0O2NS047099, K24HD062647, R0O1 NS055808, Barrett), National Institute on
Disability and Rehabilitation Research (H133G120203, Barrett), and the Kessler Foundation. This
does not imply endorsement of the manuscript contents by the federal government.

Likewise, A. M. Barrett’s institutional affiliation was incorrect. It should read: Kessler Foundation
and Rutgers-New Jersey Medical School.

All versions of this article have been corrected.
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