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Abstract

ical syndrome, and right-hemisphere stroke is the most common
Background: Visual-spatial neglect (VSN) is a neuropsycholog
cause. The pathogenetic mechanism of VSN remains unclear. This study aimed to investigate the behavioral and event-related
potential (ERP) changes in patients with or without VSN after right-hemisphere stroke.
Methods: Eleven patients with VSN with right-hemisphere stroke (VSN group) and 11 patients with non-VSN with right-
hemisphere stroke (non-VSN group) were recruited along with one control group of 11 age- and gender-matched healthy
participants. The visual-spatial function was evaluated using behavioral tests, and ERP examinations were performed.
Results: The response times in the VSN and non-VSN groups were both prolonged compared with those of normal controls
(P < 0.001). In response to either valid or invalid cues in the left side, the accuracy in the VSN group was lower than that in the non-
VSN group (P < 0.001), and the accuracy in the non-VSN group was lower than that in controls (P < 0.05). The P1 latency in the
VSN group was significantly longer than that in the control group (F[2, 30] = 5.494, P = 0.009), and the N1 amplitude in the VSN
groupwas significantly lower than that in the control group (F[2, 30] = 4.343, P = 0.022).When responding to right targets, the left-
hemisphere P300 amplitude in the VSN group was significantly lower than that in the control group (F[2, 30] = 4.255, P = 0.025).
With either left or right stimuli, the bilateral-hemisphere P300 latencies in the VSN and non-VSN groups were both significantly
prolonged (all P < 0.05), while the P300 latency did not differ significantly between the VSN and non-VSN groups (all P > 0.05).
Conclusions: Visual-spatial attention function is impaired after right-hemisphere stroke, and clinicians should be aware of the
subclinical VSN. Our findings provide neuroelectrophysiological evidence for the lateralization of VSN.
Keywords: Visual-spatial neglect; Right-hemisphere stroke; Behavior; Electrophysiology; Event-related potentials; Response time

Introduction its diagnostic sensitivity is quite limited, as some patientswith

subclinical VSN may show normal performance on paper-
Visual-spatial neglect (VSN), also known as hemispatial
neglect, hemineglect, or hemi-inattention, refers to a
neuropsychological syndrome occurring after brain injury,
which is pathologically characterized by asymmetric
spatial behavior.[1] In the majority of cases, VSN is
contralateral to the damaged brain hemisphere, while
ipsilesional VSN has also been rarely reported.[2] Visual
neglect commonly involves the left side of space; as
reported, spatial neglect caused by right hemisphere
damage accounts for approximately 13% to 82% of all
spatial neglect cases.[3] The pathogenetic mechanism of
VSN remains unclear. Previous neuroimaging studies
indicate that deficits in visual processing may be the major
contributor to unilateral spatial neglect.[4-6]

Currently, the most widely used tool for behavioral
assessment of VSN is the paper-and-pencil task. However,
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and-pencil tasks. Event-related potentials (ERPs) provide a
non-invasive and objective method for recording the brain
response to a specific sensory, cognitive, and motor event.
Recently, ERPs have been used for evaluating the attention
function in patients with VSN, and the most commonly used
components included P1, N1, and P300. P1 represents the
early processing stage of spatial attention, which is essential
for maintaining attention and regulated by endogenous
attention. Previous studies found that VSN is associated with
increased latencies of visual evoked potentials; the latency of
P1 evoked by contralesional stimuli is longer than that
evoked by ipsilesional stimuli.[7-9] The N1 component is
attenuated in neglect patients, indicating an impairment in
processing left-side visual input.[10,11] The P300 component
represents the late processing stage of spatial attention,which
has been found to be associated with the number of missed
contralesional targets.[12]
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The present study investigated the behavioral and ERP
changes in patients with or without VSN following right-

paper, and participants were instructed to mark all the
stars. The percentage of missed star targets was docu-
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hemisphere stroke. The visual processing function in these
patientswas compared to that in normal controls via analysis
of behavioral and electrophysiological parameters, which
may provide new insight into the pathogenesis of VSN.

Methods
Ethical approval

This study was approved by the Ethics Committee of
Xuanwu Hospital of Capital Medical University. Written
informed consent was obtained from each participant.

Participants
Based on the literature and our previous data, we
concluded that the minimum sample size was 6. A total
of 22 patients who were diagnosed with right-hemisphere
stroke were enrolled from our institute. Eleven of these
patients who developed VSN were allocated to the VSN
group, and the other 11 patients were allocated to the non-
VSN group. Additionally, 11 age- and gender-matched
healthy participants were recruited as controls from
outpatient clinics.

The inclusion criteria were as follows: (1) right handedness
evaluated according to the Edinburgh Handedness
Inventory Test[13]; (2) age within the range of 18 to 80
years; (3) normal or corrected visual acuity; and (4) first-
onset ischemic or hemorrhagic stroke restricted within the
right hemisphere with a clinical course of at least 2 weeks.

The exclusion criteria were as follows: (1) achromatopsia
or hemianopsia; (2) previous history of stroke; (3) severe
psychiatric disorders, such as schizophrenia; (4) neuro-
psychological diseases, such as dementia; (5) brain tumor;
(6) severe cardiac, pulmonary, or kidney diseases; and (7)
disturbance of consciousness.

Behavioral assessment
064
The individual visual-spatial functionwas evaluatedusing the
following behavioral tests as previously described[14]:

Line bisection task: five parallel line segments were
equidistantly distributed on the test paper, and subjects
were instructed to mark the midpoint of each line segment.
The distance from the marked point to the actual midpoint
was measured as a, and the length of the line segment was
represented as b. The neglect degree was calculated as
[a/(b/2)] � 100%, and >12% indicated VSN.

Line cancellation task: equivalent line segments were
randomly scattered in the left and right quadrants of the
test paper, and participants were instructed to mark all the
visible line segments. The percentage of missed line
segments was documented, and visual-spatial lateraliza-
tion was analyzed.

Star cancellation task: multiple stars, words, and letters
were abundantly and symmetrically distributed on the test

1

mented.

Clock drawing task: a clock with a random time was
presented on a paper, and participants were instructed to
copy a duplicate clock on the test paper.

Gap detection task: equivalent circles (two-thirds of the
circles have a gap and they are evenly distributed on both
sides) were distributed in the left and right quadrants of the
test paper, and participants were instructed to mark the
circles with a gap. The percentage of missed circle targets
was documented.

Text reading task: participants were instructed to read
aloud an article in three columns (left, center, right). The
number of omitted words was documented.

Electrophysiological evaluation
Participants were tested in a quiet, electromagnetic
interference-free testing room. Before the examination,
the scalp was washed to reduce electrical impedance.
Participants sat 57.5 cm away from the display screen,
facing the center of the display screen. During the
examination, they were instructed to press the left mouse
button when left-side target stimulation was observed, and
to press the right mouse button when right-side target
stimulation was observed. For this test, the participants
were told that accuracy and reaction time were equally
important.

Electrophysiological evaluation was performed using a
Neuroscan 64-lead ERP workstation (Compumedics USA
Inc., Charlotte, NC, USA). The grounding electrode was
placed in the forehead, and the reference electrode was
placed in the left mastoid. EEG and electrooculography
signals were recorded synchronously. The parameters were
set as follows: bandpass filter 0.05 to 80 Hz, sampling
frequency 1000 Hz, and electrical resistance <5 kV.

The ERP task consisted of 16 blocks, each with 40 trials.
Participants were instructed to fixate on the center of the
screen for the trial duration up until target onset. During
each trial, background was presented for 800 to 1000 ms,
then the cue was presented for 1400 to 1800 ms, and a
target was presented for 100 ms thereafter. The interval
between two consecutive trials was 1400 ms. The electrical
signals were collected using the International EEG
system and processed using E-prime software (Psychology
Software Tools, USA).

ERP signals were analyzed between 200 ms before
stimulation and 800 ms after stimulation. The artifacts
beyond 100 mV were removed. The waveforms of
standard stimuli and deviant stimuli were averaged and
digitally filtered, respectively. P300 referred to the positive
wave occurring 300 ms after stimulation onset, N1 was the
negative wave occurring 130 to 230 ms after stimulation
onset, and P1 was the positive wave presenting 90 to
160 ms after target onset. For P300 components, the
signals from the reference electrode were converted to
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the mean of signals from bilateral mastoid processes. The
analyzed parameters for the P300, N1, and P1 components

46.9 ± 12.8 years (range, 33.0–73.0 years). There was no
difference in age or gender distribution among the VSN

Chinese Medical Journal 2019;132(9) www.cmj.org
included presence of waves, latency, amplitude, and
electroencephalotopogram. The amplitude of the maxi-
mum crest in the time window was defined as the
amplitude of specific ERP components, and the interval
between the maximum crest and the baseline was defined
as the latency. The amplitude and latency of P300, N1, and
P1 components were measured using Neuroscan 4.5
software.

Statistical analysis
SPSS 22.0 software (IBM Corp., Armonk, NY, USA) was
used for statistical analyses. Repeated measures analysis of
variance was used to compare the amplitudes and latencies
in different conditions, variables including one intra-group
factor (VSN group, non-VSN group, and normal group)
and two inter-group factors (left target, and right target;
left hemisphere, and right hemisphere). Greenhouse-
Geisser analysis was used for corrections. Probability (P)
values �0.05 were considered significant.

Results
Clinical characteristics

Among the 22 patients with right-hemisphere stroke, 11
patients (10 men and one woman) had VSN with an
average age of 54.7 ± 10.5 years (range, 36.0–73.0 years);
11 patients (nine men and two women) had no VSN with
an average age of 53.0 ± 14.7 years (range, 18.0–71.0
years). The average age of normal control participants was
Table 1: Clinical characteristics of patients and results of behavioral ev

Patient Gender
Age

(years)
Duration after
stroke (days)

Stroke
type Lesion site

1 Male 57 320 H BG
2 Male 54 160 I F, T, P, BG
3 Male 57 94 H BG, CR
4 Male 44 50 H BG
5 Male 49 30 I F, T, BG
6 Male 73 68 I F, T, P, BG, CR
7 Male 58 36 I F, BG, CR, CS
8 Male 53 43 I T, CR, CS
9 Female 36 56 I F, T, P, CR
10 Male 51 120 I F, T, P, BG, CR
11 Male 70 44 I F, T, P
12 Male 50 60 H BG
13 Male 65 71 I F, T, P
14 Male 51 37 H P
15 Male 48 36 I F, BG, CR
16 Male 18 17 I F, T, P, BG, CR
17 Male 45 30 I BG, CR, CS
18 Male 54 23 I BG, CR
19 Male 63 20 I F, T, P, BG
20 Male 49 25 I F
21 Female 69 154 H F, T
22 Female 71 100 I F, T, P, BG, CR

BG: Basal Ganglia; CR: Corona Radiata; CS: Centrum semiovale; F: Fronta
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group, the non-VSN group and the normal control group
(F[2, 30] = 1.174, P = 0.323).

Behavioral assessment
In this study, VSN was defined by a >12% rightward
deviation in the line bisection task, omission of >3 targets
in the line cancellation task, and/or omission of >5 targets
in the star cancellation task. All patients in the VSN group
showed VSN in the line bisection, line cancellation and star
cancellation tests, 9 of 11 patients (81.8%) showed VSN in
the clock drawing, and text reading tests, and 7 of 11
patients (63.6%) showed VSN in the gap detection test. In
the non-VSN and normal control groups, no patient
exhibited VSN in any of these tests. The detailed data are
presented in Table 1.

The line bisection mean score of patients in the VSN group
was 35.02 ± 25.36, and those of patients in the non-VSN
group and the normal control group were 4.00 ± 3.90 and
1.08 ± 2.11, respectively. The relevant data are summa-
rized in Table 2.

During the electrophysiological visual-spatial task, with
valid or invalid cues, the mean response time and
accuracy were analyzed [Table 3 and Figure 1]. To
either valid or invalid cues occurring in the left or right
side, the response times in the VSN and non-VSN groups
were significantly prolonged compared with that in
normal controls (valid cues in the left side, F [2, 30] = 
29.819, P < 0.001; valid cues in the right side, F [2, 30] = 
aluations.

Line
bisection

Line
cancellation

Clock
drawing

Gap
detection

Star
cancellation

Text
reading

+ + + + + +
+ + + + + +
+ + + + + +
+ + + � + +
+ + + + + +
+ + + + + +
+ + + � + +
+ + + + + �
+ + � � + +
+ + � + + +
+ + + � + �
� � � � � �
� � � � � �
� � � � � �
� � � � � �
� � � � � �
� � � � � �
� � � � � �
� � � � � �
� � � � � �
� � � � � �
� � � � � �

l lobe; H: Hemorrhagic; I: Ischemic; P: Parietal lobe; T: Temporal lobe.
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23.707, P < 0.001; invalid cues in the left side, F [2, 30] = 
12.143, P < 0.001; invalid cues in the right side, F [2,

groups (P > 0.05). To left valid and invalid cues, the
accuracy in the VSN group was lower than that in non-
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30] = 12.011, P < 0.001), while the response time showed
no significant difference between the VSN and non-VSN
Table 2: Behavioral scores on the paper-and-pencil tasks.

Patient

Line
bisection
score

Line
cancellation

score

Star
cancellation

score

1 64.95 2.123 6.43
2 60.55 8.67 8.57
3 83.76 8 8.57
4 53.28 0.333 1.03
5 16.24 0.71 6.61
6 17.24 0.333 3.57
7 13.91 0.333 7.5
8 16.52 1.667 2.885
9 19.84 3.81 8.57
10 20.57 0.5 4.356
11 18.314 1.286 0.7361

Figure 1: Mean response times and accuracies during the electrophysiological visual-spatial

1066
VSN group (valid cues, F [2, 30] = 18.652, P < 0.001;
invalid cues, F [2, 30] = 29.542, P < 0.001), and the
accuracy in the non-VSN group was lower than that in
controls (valid cues, F [2, 30] = 18.652, P = 0.010; invalid
cues, F [2, 30] = 29.542, P = 0.006). To right valid cues,
the accuracy in the VSN group and the non-VSN group
was lower than that in normal controls (F[2, 30] = 6.142;
VSN vs. Control, P = 0.048; non-VSN vs. Control,
P = 0.006).

Electrophysiological evaluation
The mean amplitude and latency of P1 are summarized in
Table 4. There was no significant difference in the P1
amplitude among the three groups (F[2, 30] = 2.238,
P = 0.125). When the target cues occurred on the right
side, the left-hemisphere P1 latency in the VSN group was
significantly longer than that in the control group (F[2,
30] = 5.494, P = 0.009), and the right-hemisphere P1
latency in the VSN group was significantly longer than that
in the non-VSN group (F[2, 30] = 4.586, P = 0.018).
task.
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The mean amplitude and latency of N1 are summarized in
Table 5. When the target cue occurred on the left side, the

response to rehabilitation, leading to severe disability.[16]

Clinically, unilateral VSN is characterized by difficulties
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right-hemisphere N1 amplitude in the VSN group was
significantly lower than that in the control group (F[2,
30] = 4.343, P = 0.022). There was no significant differ-
ence in the N1 latency among the three groups (F[2, 30] = 
1.267, P = 0.297).

The mean amplitude and latency of P300 are summarized
in Table 6. When the target cue occurred on the right side,
the left-hemisphere P300 amplitude in the VSN group was
significantly lower than that in the control group (F[2,
30] = 4.255, P = 0.025), and the right-hemisphere P300
amplitude in the non-VSN group was significantly lower
than that in the control group (F[2, 30] = 4.291,
P = 0.024). With either left or right stimuli, the bilater-
al-hemisphere P300 latencies in the VSN and non-VSN
groups were both significantly longer than those in the
control group (all P < 0.05), while the P300 latency did
not differ significantly between the VSN and non-VSN
groups (all P > 0.05). The ERP results are shown in
Figure 2.

Discussion
Unilateral VSN is a frequent post-stroke complication,
occurring in approximately 25% to 30% of all
stroke patients, and the number of patients affected in
the United States annually has been estimated to be
250,000.[15-17] Although VSN can be secondary to
lesions in either hemisphere, it is more common and
severe following right-hemisphere injury.[18] In addition
to the attention disturbance, unilateral spatial neglect is
also associated with poor motor recovery and poor
Figure 2: Results of event-related potential examinations.
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in attention and response to contralesional stimuli.[19]

Regarding the pathogenetic mechanisms of VSN, there
are several existing theoretical hypotheses. Some scholars
have proposed that unilateral VSN is mainly attributed
to lateralized perceptual impairment, which may be
associated with injured spatial attention function and/or
inaccurate perception of the position of a sensory
stimulus.[20,21] While some scholars consider unilateral
VSN to be a distinct subtype of directional hypokinesia; in
this theory, neglect is caused by lateralized deficit of
action, causing affected individuals to exhibit delay in
initiating movements to the contralesional space.[22,23]

Additionally, there is another hypothesis that unilateral
VSN arises from the impaired dominant role played by
the right hemisphere in regulating visual-spatial atten-
tion, which can account for the high prevalence of neglect
following right hemisphere damage. Numerous neuro-
imaging and clinical studies have suggested that VSN is
associated with an interaction between the frontoparietal
dorsal attention network and the frontoparietal dorsal
network.[24] The ventral network, as well as its neural
connections to the dorsal network, is anatomically
lateralized to the right hemisphere, and this neuroana-
tomical and functional asymmetry may explain the
lateralization of VSN.[25] Due to the paucity of compel-
ling evidence for the above theories, the definitive
pathogenesis still requires further validation.

In the current study, we used ERPs to study VSN following
right-hemisphere stroke, since this modality offers a high
temporal resolution. We divided the subjects into three
groups: the VSN group, which had apparent neglect
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symptoms, the non-VSN group, which was speculated to
have subclinical spatial neglect, and normal controls. We

those in the control group. From the above results, in
the non-VSN group, even though the patients performed

1. Salazar APS, Vaz PG, Marchese RR, Stein C, Pinto C, Pagnussat AS.
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monitored multiple ERP components, including early-
stage P1 and N1 and late-stage P300.

In the behavioral assessments, the line bisection mean score
of patients in the non-VSN group was significantly higher
than that of the control participants. This result suggests
the left-side spatial attention function may be impaired
even though there was no apparent VSN. In the neuro-
electrophysiological task, we also noted that the left-target
accuracy in the non-VSN group was significantly lower
than that in the normal controls, and ERPs showed
abnormalities as well, which supports the above behav-
ioral manifestations. Furthermore, we found the accuracy
for both left and right targets in the VSN group was
significantly lower than that in the other two groups and
the response times for both left and right targets were
prolonged, indicating that the right-side spatial attention
function may be impaired.

In the ERP monitoring, we found significant heterogeneity
in the early-stage ERP components (P1 and N1) between
bilateral hemispheres; specifically, the response of the left
hemisphere to valid cues was more severely impaired than
that of the right hemisphere. This result provides neuro-
electrophysiological evidence for the lateralization of VSN.
There was no significant difference in the P1 amplitude
among the three groups; nevertheless, the P1 latency
responding to the right stimuli in the VSN group was
significantly longer than those in the non-VSN and control
groups, while no significant difference was observed in the
P1 latency responding to the left stimuli among the three
groups. Generally, the latency represents the course of
information processing, and amplitude reflects the number
of activated neurons.[26] Thus, we speculate that the
contralesional VSN may be mainly attributed to the
prolonged information processing time rather than a
reduction in neurons in the early stage of spatial attention
function. For the N1 component, the right-hemisphere
amplitude for responding to the left stimuli in the VSN
group was significantly lower than that in the control
group. This finding was consistent with previous reports.
Di et al observed that unilateral stimuli elicited an
enhanced amplitude of the contralateral N1 compo-
nent.[27,28] Lange et al also noted that unilateral stimuli
enhanced both the contralateral P1 and N1.[29] There was
no significant difference in the N1 latency among the three
groups, which is somewhat contradictory to the above
speculation; a definitive conclusion requires further studies
involving a much larger cohort.

P300 is a late component of ERPs that reflects the late stage
of cognitive processing. In the current study, we found that
bilateral P300 in response to the right stimuli had a lower
amplitude and longer latency in patients with VSN
compared with normal controls. These results indicate
that the responses of bilateral hemispheres to right-sided
targets were both impaired. In the literature, some scholars
also noted attenuated P300 when subjects with unilateral
VSN fixate on left targets.[11,12,30] Interestingly, with either
left or right stimuli, the bilateral-hemisphere P300 latencies
in the non-VSN group were both significantly longer than

1

well on the paper-and-pencil task, the ERPswere abnormal,
including inter-hemispheric heterogeneity of P1 and
N1 components as well as reduced amplitude and
prolonged latency of P300, which indicates potential
visual-spatial impairment in the non-VSN group. ERP is
a non-invasive and objective method with high temporal
resolution, which has been widely for evaluating the
attention function in patients with VSN. Especially, the
P300 component can sensitively reflect the cognitive
function.[31,32] Therefore, ERP parameters may be superior
to the conventional paper-and-pencil task for the clinical
evaluation of VSN.

Thepresent studyhas some limitations. First, the sample size
was relatively small, which may lead to inherent bias.
Moreover, we only performed behavioral and neuro-
electrophysiological assessments, which could not provide
synchronous evidence for the regional activation of cerebral
cortices. In future studies,wewill recruit a large-scale cohort
and use a combination of ERP and functional neuroimaging
modalities (such as functional magnetic resonance imaging
and magnetoencephalography).

In conclusion, visual-spatial attention function is impaired
after right-hemisphere stroke, independent of the presen-
tation of apparent clinical neglect symptoms. Clinicians
should be aware of subclinical VSN. This study provides
neuroelectrophysiological evidence for the lateralization of
VSN, and both the early (P1 and N1) and late (P300) ERP
components were altered in patients with VSN after right-
hemisphere stroke.
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