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Objective: The aims of this study were to investigate the ef-
fects of low-frequency repetitive transcranial magnetic stim-
ulation on patients with visual spatial neglect and to explore 
the potential mechanisms of visual spatial neglect.
Methods: A total of 14 patients with prior stroke and visual  
spatial neglect were divided into a control group and a 
treatment group. The treatment group was exposed to low-
 frequency, repetitive transcranial magnetic stimulation for 
2 weeks, twice a day, for 15 min per session. Stimuli were 
delivered at 0.5 Hz to the left posterior parietal cortex (i.e. 
position P3 according to 10–20 electroencephalogram co-
 ordinate systems). All patients performed a battery of tasks, 
including line bisection and line cancellation tests, 2 weeks 
before treatment, at the beginning, at the end, and 2 weeks 
after treatment.
Results: Following low-frequency repetitive transcranial 
magnetic stimulation, the performance of the patients in the 
treatment group improved significantly. The behaviour as-
sessment data changed with time; at time-points 2 and 3 the 
comparison test showed a significant difference in line can-
cellation and line bisection results (p = 0.003 and p = 0.027, 
respectively). 
Conclusion: This study indicates that low-frequency repeti-
tive transcranial magnetic stimulation of the unimpaired 
hemisphere might improve visual spatial neglect after stroke 
and points to the need for further studies. The results sup-
port the theory of inter-hemispheric competition in the at-
tentional network. 
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INTRODUCTION

Visual spatial neglect (VSN) is the failure to report, respond, 
or orient to novel or meaningful stimuli presented to the side 
opposite a brain lesion, when this failure cannot be attributed to 
either elemental sensory or motor defects (1). Due to the VSN, 

patients suffer serious difficulties in rehabilitation of cognitive 
function, motor function and prognosis (2). Unilateral VSN is 
common following stroke or trauma to the brain (1). Clinical 
anatomy shows that parietal lobe injury is common in patients 
with VSN (3). More precisely, the key part of the cortex related 
to VSN is the posterior parietal cortex (PPC) (3–5). When 
patients with spatial neglect are asked to perform a variety of 
tasks in space, they neglect the hemifield contralateral to the 
lesion (6). A theory of attention hypothesis (7, 8) proposes 
that spatial attention is linked with the inter-hemispheric 
competition in the attentional network. This theory proposes 
that a lesion in the right hemisphere induces the disorder of 
attention on contralateral space and impairs the restraint to 
the left hemisphere. 

Studies suggest that the dysfunction underlying VSN might 
involve relative hyperactivity of the unaffected hemisphere 
due to release from reciprocal inhibition by its twin (9). It 
has been demonstrated recently that low-frequency repetitive 
transcranial magnetic stimulation (rTMS) over the parietal 
cortex of the unaffected side transiently reduces the magnitude 
of neglect (10). However, in that study, this positive effect 
was limited to the duration of rTMS train. It might therefore 
be worth exploring whether different magnetic stimulation 
parameters could induce a long-lasting improvement in contra -
lesional neglect.

We applied 0.5 Hz magnetic stimulation over the unaffected 
side in 7 patients with neglect after stroke during a 2-week 
treatment period. Pen-and-paper tests were used to measure 
neglect before and after treatment.

MATERIAL AND METHODS
Subjects
Inclusion criteria were: those patients with right brain haemorrhage 
or cerebral infarction confirmed by computerized tomography (CT) or 
magnetic resonance imaging (MRI) and with VSN according to line 
cancellation and line bisection tests. 

Exclusion criteria were: recurrent stroke, epilepsy, serious heart 
disease, serious physical disease, in vivo metal implants, such as 
cardiac pacemakers, increased intracranial pressure, obvious aphasia 
and understanding obstacles, use of tricyclic antidepressants or tran-
quilizers, pregnancy, age below 18 years. 

A total of 14 patients, selected from January 2006 to April 2007, at 
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Medical University, met the study criteria. All patients gave their 
informed consent to participate in the study. Patients were divided 
randomly into a treatment and a control group. 

The treatment group comprised 4 patients with cerebral haemorrhage 
and 3 with cerebral infarction (2 men, mean age 56.14 (standard deviation 
(SD) 8.99) years), mean time since stroke 38.43 (SD 15.20) days. All 
patients in the treatment group were right-handed except for one man. 

The control group comprised 4 patients with haemorrhage and 3 
with infarction (all right-handed) (6 men, mean age 64.43 (SD 12.57) 
years), mean time since stroke 31.57 (SD 11.47) days. 

In each group there was one patient with hemianopia. The other 
patients had normal or corrected normal vision. The patients’ head 
movements were not restricted during testing. There was no significant 
difference between the 2 groups of patients with regard to age or dura-
tion of disease. Patient characteristics are listed in Table I. 

Evaluation
The study duration was 6 weeks. All participants performed line 
bisection and cancellation tests every 2 weeks, providing a total of 4 
time-points of evaluation. Evaluation at clinical testing was blinded.

The least significant difference (LSD) method was used to evaluate 
the performance of the treatment and control groups in the line cancel-
lation and line bisection tests at the 4 time-points, respectively. 

Line bisection. Lines of various lengths were presented on A4 white 
paper. The lines were 16, 14, 12, 10 and 8 cm long. Subjects were 
required to find the 2 ends of the lines and then mark the mid-point. 

The distance between the marked point and the mid-point of the line 
was termed R. For deviation to the right of the mid-point, R was given 
a positive value; and for deviation to the left of the mid-point, R was 
given a negative value. The formula to calculate the VSN is R / (L/2), 
where L is the length of the line. The formula 20R / L was used to 
transfer the original value to the 10-point diagram (11).

Line cancellation. Thirty black lines (length 15–20 mm, thickness  
1 mm) drawn in different directions were presented on an A4 sheet of 
white paper. The left and the right side each contained 15 lines. The 
subject were asked to mark all of the lines on the paper.

VSN was assessed according to the formula: 10 × [(30–R–
L)/30] × [(R–L)/(R+L)] (R = the number of lines marked on the right 
side, L = the number of lines marked on the left side). In this formula, 
(30–R–L)/30 denoted the omission index, and (R–L)/(R+L) denoted 
the laterality index. The degree of neglect was calculated by multi-
plying the omission index by the laterality index, and then the product 
was normalized to the 10-point scale by multiplying by 10 for ease of 
comparison. So the final formula used to assess the VSN in the test was 
10 × [(30–R–L)/30] × [(R–L)/(R+L)]. If the result was a positive value, 
it suggested neglect to the left, and a negative value suggested neglect 
to the right. In addition, if the subject scribbled on the right side of the 
paper without marking any line, the result would be 10. Conversely, if 
the scribbles occurred on the left side, the result would be –10 (11). 

Methods 
All patients were given conventional rehabilitation treatment. The 
treatment group also received rTMS treatment.

Measurement of motor threshold. Rapid magnetic stimulation was 
applied using a Magstim Rapid Transcranial Magnetic Stimulator 
with 2.0 T maximum field strength (Magstim Company, Dyfed, UK, 
P/N: 3013-00), peak intensity 2 T, time course of 1 pulse 250 µs and 
a figure-of-8 coil (diameter 7 cm). Motor evoked potentials (MEP) 
were recorded from the pollicis brevis muscle of the unaffected hand. 
With the muscle under resting conditions, the coil was placed on the 
primary motor area in the left cerebral hemisphere. The position of the 
coil was fine-tuned to identify where the largest MEP with the shortest 
latency could be achieved by use of the lowest stimulus intensity. The 
stimulus intensity was increased gradually until approximately 5 out 
of 10 consecutive stimuli elicited an MEP of approximately 50 µV. 
This intensity was defined as the motor threshold. 

Transcranial magnetic stimulation treatment protocol. Repetitive, low-
frequency stimuli were delivered with the patient lying on his or her back 
and the coil oriented with the handle pointing upwards. The stimulus 
intensity was set to 90% of the individual motor threshold and the fre-
quency was set to 0.5 Hz. The site of stimulation was the contralateral 
posterior parietal cortex corresponding to P3 with regard to electro- 
encephalogram (EEG) 10–20. Each treatment session was 15 min long 
and treatments were performed twice a day for 2 consecutive weeks.

Guidance for using TMS. Safety and guidance suggestions for using 
TMS, as set out by Eric M. Wassermann in 1996, were followed (12). 
The normal index of life was recorded during the stimulation. No 
patient in the treatment group had any obvious adverse effects related 
to TMS during the study.

Statistics
Statistical software SPSS13.0 (SPSS Inc.) was used to process the data. 
The behaviour assessment (line cancellation test and line bisection test) 
data from the treatment and control groups at 4 time-points (2 weeks 
before TMS (time 1), beginning of TMS (time 2), end of TMS (time 
3), and 2 weeks after TMS (time 4)) were processed by multivariate 
analysis of variance (MANOVA). Greenhouse-Geisser was used to 
correct the p-value if the Mauchly’s test of sphericity was significant. 
A repeated measurements analysis of variance was used to calculate 
the differences in the line cancellation test and the line bisection test 
between the 2 groups of patients at the 4 time-points.

Table I. Patient characteristics

Group and 
patient 
number

Age, 
years
/gender

Time 
since 
stroke, 
days Lesion 

Hemia-
nopia, 
yes/no 

Treatment group
1 43/M 21 Cerebral haemorrhage in right 

basal ganglia
No

2 50/M 30 Right basal ganglia 
haemorrhage
Right basal ganglia and right 
frontal infarction No

3 57/F 60 Right thalamic haemorrhage No
4 59/F 27 Multi-infarction in right 

frontal, temporal, parietal, 
occipital cortex. Yes

5 70/F 33 Right cerebral infarction No
6 51/F 40 Right cerebral multi-infarction No
7 63/F 58 Right basal ganglia 

haemorrhage No
Control group
8 72/F 24 Right basal ganglia and 

temporal-parietal junction  
area infarction No

9 49/M 29 Right cerebral haemorrhage No
10 57/M 27 Right temporal-parietal cortex 

haemorrhage
Right thalamus infarction No

11 80/M 36 Right basal ganglia 
haemorrhage No

12 73/M 40 Right basal ganglia 
haemorrhage No

13 71/M 50 Right basic ganglia, right 
corona radiata, and right 
parietal-occipital cortex 
infarction Yes

14 49/M 15 Right cerebral infarction No

M: male; F:female.
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Two independent samples t-test (the data was tested to satisfy the 
prerequisite for inspection) was used to compare the 2 groups’ behav-
iour data before and after treatment, respectively.

RESULTS

Change in cancellation performance of 2 groups of patients 
at 4 time-points
The time factor was F (1, 16) = 14.695, p = 0.001 and the 
interaction of time factor and group factor: F (1, 16) = 7.909, 
p = 0.008; both p < 0.05, which means that the measurement 
results at the 4 time-points differed significantly. The interac-
tion of time factor and group factor was statistically significant. 
The values showed a trend to change over time and the changes 
differed between the 2 groups (Fig. 1).

Treatment group. There was no difference between perform-
ance at 2 weeks before the treatment and at the beginning of 
the treatment (p =0.662). The difference between the begin-
ning point of treatment and the end-point of the treatment 
was statistically significant (p = 0.003), while there was no 
significant difference between the end-point of treatment and 
2 weeks after the treatment (p = 0.261). This indicates that the 
patients’ neglect symptom did not improve before the TMS 
intervention, while it improved significantly after that interven-
tion. Furthermore, patients’ performance was not significantly 
different between 2 weeks after the TMS treatment and the 
end-point of the treatment (p = 0.261).

Control group. There was no difference between 2 weeks 
before the treatment and at the beginning of the treatment, or 
between the beginning point of treatment and the end-point 
of the treatment, nor between the end-point of treatment and 
2 weeks after the treatment (p = 0.997, p = 0.196, p = 0.368, 
respectively).

Change in line bisection performance of 2 groups of patients at 
4 time-points 
The time factor was F (1, 17) = 4.651, p = 0.034 and the in-
teraction of time factor and group factor: F (1, 17) = 4.602, 

p = 0.035; both p < 0.05, which means the measurement results 
at the 4 time-points differed significantly. The interaction of 
time factor and group factor was statistically significant. The 
values showed a trend to change over time and the changes 
differed between the 2 groups (Fig. 2).

Treatment group. There was no difference between 2 weeks 
before the treatment and at the beginning point of the treat-
ment (p = 0.545). The difference between the beginning point 
of treatment and the end-point of the treatment was statistically 
significant (p = 0.027), while there was no significant differ-
ence between the end-point of treatment and 2 weeks after 
the treatment (p = 0.564). This indicates that patients’ neglect 
symptom did not improve before the TMS intervention, while 
it improved significantly after the intervention. Furthermore, 
patients’ performance was not significantly different between 
2 weeks after the TMS treatment and the end-point of the 
treatment (p = 0.564).

Control group. There was no difference between 2 weeks 
before the treatment and at the beginning of the treatment, or 
between the beginning point of treatment and the end-point 
of the treatment, or between the end-point of treatment and 
2 weeks after the treatment (p = 0.600, p = 0.283, p = 0.268, 
respectively). 

Comparison of 2 groups’ behaviour data before the treatment
The 2 groups of patients showed no difference in the results 
for the line cancellation test (treatment group: 6.90 (SD 3.34), 
control group: 6.34 (SD 3.08), p = 0.652), or the line bisection 
test (treatment group: 7.46 (SD 1.86), control group: 7.13 (SD 
2.91), p = 0.799) before treatment.

Comparison of 2 groups’ behaviour data after the treatment
The 2 groups’ behaviour data after treatment showed that there 
was a significant difference on cancellation (treatment group: 
1.51 (SD 2.05), control group: 5.86 (SD 2.89), p = 0.007), 
while in the line bisection, there was no significant difference 
between the 2 groups (treatment group: 4.32 (SD 2.47), control 
group: 7.36 (SD 3.10), p = 0.065).

Fig. 1. Performance in line cancellation test at 4 time-points for the two 
groups of patients.

Fig. 2. Performance in the line bisection test at 4 time-points for the two 
groups of patients.
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DISCUSSION

Non-invasive rTMS can stimulate the cortex by inducing a 
painless current, thereby changing the physiological state of 
the brain cortex (13). rTMS has been applied as a non-inva-
sive electrophysiological technique in treatment studies for 
movement disorders, epilepsy, depression, anxiety disorders, 
stuttering and schizophrenia (14). Existing studies have con-
firmed that high frequency rTMS can increase cerebral cortex 
excitability (4), while low-frequency rTMS can reduce cerebral 
cortex excitability (10). 

The present study used low-frequency rTMS to stimulate 
the unaffected posterior parietal cortex of patients with VSN. 
The results show that the treatment group’s performance in 
both cancellation and line bisection tests did not change sig-
nificantly between time 1 and time 2, which means that the 
patients’ VSN did not recover. While between time 2 and time 
3 the comparison test showed a significant difference, which 
means that the TMS treatment improved patients’ VSN sig-
nificantly. The comparison test between time 3 and time 4 did 
not show any significant difference, thus the effect of TMS on 
VSN was stable by 2 weeks. In the control group, the paired 
comparison test among 4 time-points showed no significant 
difference, the VSN did not recover significantly under the 
normal rehabilitative methods.

Moreover, 2 independent sample t-test with both groups’ 
behaviour data for time 1 and time 2 showed no significant 
difference, while the test for time 3 and time 4 showed a sig-
nificant difference in line cancellation, but not in line bisection 
results. This may be due to the lower number of subjects in 
the sample. In spite of that, we can still see that the treatment 
group’s behaviour test scores were much better than control 
group’s after TMS.

The above discussion suggests that low-frequency TMS 
of the posterior parietal cortex can significantly improve the 
symptoms of VSN, with better results than conventional re-
habilitation alone. No patient in the treatment group had any 
obvious adverse effects related to TMS during the study. In 
summary, our results support the theory of inter-hemispheric 
competition in the attentional network.

The time between the stroke and the intervention was not 
very long and the study sample was not very large. There is 
no control group using a sham stimulus to rule out the placebo 
effect. Thus, even if there was a difference between groups, 
the study does not allow general conclusions to be drawn. 
However, the results suggest that low-frequency rTMS might 
represent a complementary rehabilitative treatment in VSN. 
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